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QUESTION 2: What is the recommended volume of irrigating fl uid in the emergency 
department (ED) for open fractures?

RECOMMENDATION: In the ED sett ing, open fractures should be irrigated suffi  ciently to remove all visible contamination and debris prior to 
applying dressings.

LEVEL OF EVIDENCE: Consensus

DELEGATE VOTE: Agree: 75%, Disagree: 15%, Abstain: 10% (Super Majority, Strong Consensus)

RATIONALE

Search Method: A comprehensive literature review was performed 
to identify all studies on the use of irrigation for the treatment of 
open fractures in the ED. We searched Ovid Medline, Scopus, and 
the Cochrane Central Register of Controlled Trials (CENTRAL) up to 
May 2018 for published studies. Search strategy, including keywords 
and MeSH headings, are provided in the Appendix. Eligible studies 
met the following criteria: (1) all patients included in the study had 
an open fracture, (2) infection was an outcome variable and (3) irri-
gation in the emergency sett ing was the intervention. Exclusion 
criteria were non-English language articles, nonhuman studies, 
retracted papers, case reports, review papers, studies without clin-
ical follow-up/infection 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 six papers. After removal of duplicates and screening of titles and 
abstracts, one article was assessed and reviewed.

RATIONALE

Thorough irrigation is a cornerstone in the treatment of open 
fractures. It is an important step in decreasing bacterial load and 
removing foreign bodies. Despite extensive literature in the manage-
ment of open fractures, there has been very litt le data on the role 
of wound irrigation in the ED prior to formal debridement in the 
operating room. Furthermore, the literature is lacking with regard 
to the optimal volume of irrigation during formal debridement in 
the operating room [1].

One study by Basat et al. looked retrospectively at clinical 
outcomes of patients with open fractures of the hand treated with 
antibiotics and irrigation in the ED alone without formal irrigation 
in the operating theater. Irrigation with sterile saline was performed 
by the orthopaedic surgery resident, until the wound was grossly 
clean. The volume of irrigation and degree of wound contamina-
tion were recorded. Of the 68 open fractures treated, 14.8% developed 
an infection. They found that volume of irrigation correlated with 
development of infection, with 70.5% of fractures requiring > 1,000 
ml of irrigation. They concluded that in the ED, one should use as 
much fl uid as needed to obtain a grossly clean wound. However, this 
study clearly has its limitations. The degree of contamination is a 
highly subjective and confounding variable in the association found 
between increased irrigation volume and increased infection rate. 
This study looked at open factures of the hand, which are diff erent 
from those of the lower extremity and typically have a lower degree 
of contamination and typically exhibit an improved ability to fi ght 
infection. Furthermore, this was a retrospective study without 
control or comparison groups [2]. 

In contrast to the ED sett ing, there have been several studies 
investigating the amount of irrigation required during formal 
debridement in the operating theater. However, the recommended 

volumes of irrigation in theater were always described arbitrarily in 
several published studies [3–6].

Gustilo et al. described the use of 10-14 liters of irrigation intra-
operatively [4,5]. Anglen recommended the use of irrigation bags, 
which are readily available in three liters, for intraoperative irriga-
tion (three liters for Gustilo type I, six liters for Gustilo type II and 
nine liters for Gustilo type III) without citing any supporting data [6].

Although several studies have investigated open fracture 
management, the volume of fl uid irrigation utilized in them was 
based on the same rule of “3, 6 and 9” and none of them addressed 
the amount of irrigation used in the ED [7–11].

After review of the literature, there has been only one clinical 
study related to the volume of irrigation for open fractures in the 
ED and this was limited to open fractures in the hand and fi ngers. 
Nevertheless, in the ED sett ing, irrigation of the wound with enough 
volume until all grossly visible contamination and debris is removed 
seems, at the very least, an appropriate amount.
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APPENDIX - SEARCH STRATEGY

Ovid Medline: ((open adj3 fracture*).ab,ti. or “Fractures, Open”.sh.) 
AND ((irrigat* or lavage or wash*).ab,ti. or “debridement”.sh.) AND 
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((volume or amount or quantity).ab,ti. ) AND ((emergen* or imme-
diate* or urgen*).ab,ti. or “Emergency Service, Hospital”.sh.) AND 
((infection* or sepsis).ab,ti. or Infection/ or “Wound Infection”.sh. or 
“Cross Infection”.sh. or “Sepsis”.sh.)

Scopus: ((open w/3 fracture* ) AND ( irrigat* OR lavage OR wash* ) 
AND ( volume OR amount OR quantity ) AND ( emergen* OR imme-

diate* OR urgen* ) AND ( infection* or sepsis )) in Title, Abstract, 
Keywords

CENTRAL: ((open near/3 fracture* ) AND ( irrigat* OR lavage OR 
wash* ) AND ( volume OR amount OR quantity ) AND ( emergen* 
OR immediate* OR urgen* ) AND ( infection* or sepsis )) in Title, 
Abstract, Keywords

•    •    •    •    •
Authors: Brianna Fram, Paul Tornett a III, Roman Natoli 

QUESTION 3: What is the recommended volume and composition of irrigating fl uid in the 
operating room for open fractures and post-traumatic wounds?

RECOMMENDATION: Irrigation in open fractures should be performed with normal saline and gravity fl ow irrigation. 3-9L is a reasonable 
volume to use. Bactericidal washes with agents like chlorhexidine or povidone-iodine have not been adequately studied in orthopaedic trauma 
patients, but basic science studies raise concern that they may damage tissues. 

LEVEL OF EVIDENCE: Moderate

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)

RATIONALE 

Irrigation is a central tenet in open fracture management, reducing 
bacterial concentrations and removing foreign materials from trau-
matic wounds. The goal in these injuries is to reduce the known risks 
of infection, wound healing problems and nonunion. Irrigation 
requires a balance between removing contaminants and causing 
further trauma to tissues or spreading contamination. Questions 
about irrigation include the ideal volume, fl uid composition and 
pressure of irrigation solutions. 

The one identifi ed randomized controlled trial comparing 
diff erent osmolality irrigating agents of distilled or boiled water and 
isotonic saline did not have clearly-defi ned outcome measures or 
follow-up criteria, but reported a 25.5% overall infection rate without 
any signifi cant diff erence between the irrigation solutions [1].

Regarding antiseptic solutions, the majority of data is in animal 
or cadaveric models. This literature raises concerns about host cell 
toxicity that could aff ect wound healing or fracture union when 
utilizing agents such as ethanol, povidone-iodine, bacitracin solu-
tion, chlorhexidine solution, or hydrogen peroxide [2–8]. Addition-
ally, there is some data showing that bacterial count reductions 
from soap or antiseptic solutions may be temporary and followed 
by disproportionate rebound at later time points, which has led 
some authors to recommend saline irrigation [9]. Regarding human 
clinical data, there is one moderate-quality randomized controlled 
study comparing bacitracin to castile soap for the irrigation of 458 
open fractures in 400 patients. Minimum follow-up was 180 days, 
with an overall infection rate of 15.3%, a wound complication rate of 
6.8% and a nonunion or delayed union rate of 23.9%. They reported 
similar infection and nonunion rates but increased wound-healing 
complications in the bacitracin group [10]. 

Volume
We were unable to identify any studies that specifi cally 

compared the volume of irrigation in a controlled manner in open 
or traumatic wounds. However, most studies used a minimum of 3L 
of irrigation and increased this amount by 3L per additional Gustilo 
type (3L for Gustilo type I, 6L for Gustilo type 2, 9L for Gustilo type 3), 
as in the 400-patient RCT by Anglen et al. [10].

Pressure
Pulsatile lavage theoretically improves dislodgement by 

cyclically compressing tissues then allowing them to decom-
press and recoil, freeing bacteria and foreign material. Pulsatile 
lavage has a proven clinical track record in reducing debris and 
bacterial counts in traumatic wounds when compared to gravity 
or bulb syringe irrigation [11–14]. However, basic science studies 
have raised concerns that pressurized lavage may be detrimental 
to bone healing and may seed bacteria distant to sites of initial 
contamination [5,15–18]. 

In the largest study on wound irrigation in open fractures, the 
Fluid Lavage of Open Wounds (FLOW) Group conducted an inter-
national, 41-center, blinded, randomized controlled trial assigning 
2,447 patients with open extremity fractures to irrigation with high 
(> 20 psi), low (5-10 psi) or very low (1-2 psi) pressure with either 
castile soap or normal saline [19]. Irrigation for Gustilo type I inju-
ries was 3L and types II and IIIA/B were 6L, with type IIIC injuries 
excluded from the trial. Of note, this study had the additional 
benefi t of relatively standardized care in the pre-, intra- and post-op 
sett ings regarding components such as prophylactic antibiotic 
type and timing, skin prep solutions, debridement, skeletal stabi-
lization and wound management including closures, dressings 
and soft tissue coverage. They reported no statistically signifi cant 
diff erence between the pressure groups for the primary endpoint 
of reoperation within 12 months for promotion of wound or bone 
healing or for a wound infection. This study reported an overall 6.8% 
infection rate, 3.6% wound complication rate and 6.8% nonunion 
rate at 12 months.

The overall reoperation rate for infection, wound or bone healing 
was 13.2%. There was a signifi cantly lower reoperation rate in the 
saline group than the castile soap group (14.8% vs. 11.6%, hazard ratio 
1.32, 95% confi dence interval 1.06–1.66, p = 0.01). Neither pressure nor 
solution composition led to signifi cant diff erence in the secondary 
outcomes of non-operatively managed infection, wound-healing 
problem or bone-healing problem. In the subgroup analyses, there 
was a trend toward superiority without reaching statistical signifi -
cance for very low-pressure irrigation in tibial fractures [19]. 


