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• The views/opinions expressed in this presentation do 
not reflect the views/opinions of the United States 
Government, the Department of Defense, or the U.S. 
Army

• Board member/Cm Appointments
– OTA - Chair, Disaster and Emergency Preparedness committee

– SOMOS – President

– METRC – Presentations and Publications Committee

Disclaimer
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• Emergency Room 
– Antibiotics
– Wound / Reduction / Splint

• Operating Room
– Debridement 
– Skeletal Stability 
– Wound management / 

Coverage

Open Fractures
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• Fractures with direct 
communication to the 
external environment 
– Require Immediate IV 

antibiotics and Urgent 
irrigation and debridement 

– Tibial / Phalanx most common 
– Higher energy – additional 

injuries (30%) / Compartment 
syndrome*

Open Fractures
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• Consider Saline Load 
– Knee

• 175 cc (99%)
• 155 cc (95%)
• 145 cc (90%)
• 110 cc (75%)

• CT Scan 
• 100% Sensitivity & Specificity
– SLT 92% sensitivity

Konda SR, Davidovitch, Egol KA – JOT 2013  

Physical Exam
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• Wound
– Start Antibiotics / Tetanus
– Examine Once
– Take Pictures
– Remove any gross debris 

manually
– Irrigate
– Reduce fracture/dislocation
– Apply moist sterile dressing 
– Splint 
– Re-assess NV status 

ER Management
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• Shock trauma – 1986
• Retrospective 
• 180 patients in 198 open tibial fracture 
• 9% had compartment syndrome despite open 

compartment 
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xABI
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• Incidence: 0.1 – 7% of orthopaedic procedures
• 500,000 Surgical Site Infections / year in US
• Cost: $7 – 10 Billion / year

Infection
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• CMS (Medicare) will not reimburse hospitals 
for certain infections (10/2008)
– CA-UTIs
– CVC-associated bloodstream infection
– SSI following spine, neck, shoulder, or elbow 

procedures

Infection
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Transparency?

Legacy Code Operative Procedure Description Surveillance

AMP Limb Amputation Total or partial amputation or 
disarticulation of the upper or lower limbs, 
including digits

Superficial – 30 day
Deep – 30 day

FUSN Spinal Fusion Immobilization of spinal column Superficial – 30 day
Deep - 90

FX Open Reduction of 
Fracture

Open reduction of fracture or dislocation of 
long bones with or without internal or 
external fixation; does not include 
placement of joint prosthesis

Superficial – 30 day
Deep - 90

HPRO Hip Prosthesis Arthroplasty of hip Superficial – 30 day
Deep - 90

KPRO Knee Prosthesis Arthroplasty of knee Superficial – 30 day
Deep - 90

LAM Laminectomy Exploration or decompression of spinal 
cord through excision or incision into 
vertebral structures

Superficial – 30 day
Deep – 30 day

RFUSN Refusion of spine Refusion of spine Superficial – 30 day
Deep - 90
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What About Trauma Patients?

Minor 
Complication 
Superficial wound 
infection

Major 
Complication 
Deep wound 
infection
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Current Gustilo ClassificatoinGustilo-Anderson Classification
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Gustilo-Anderson 1976
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– 1955 to 1960 (12% infection Rate)

• Debridement and Copious Irrigation (10 - 14L) 
• Primary Closure whenever possible regardless of severity

• Post-operative Antibiotics 

– 1961 to 1968 (5% infection Rate)
• Pre-operative Abx for 7-10 days) 

– 1969 to 1973 (2.5 % infection Rate)
• New Guideline 

– Primary closure (Type I & II injuries)

– Delayed closure in type III

Gustilo-Anderson 1976
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Gustilo 1984
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• 1976 to 1979 patients with type III fractures experienced increased morbidity prompting 

an expansion of the classification

• Expanded Type III classification 

• IIIA – Adequate soft-tissue coverage of a fracture despite soft-tissue laceration or flaps 

• IIIB – Extensive soft-tissue loss with bone exposure and periosteal stripping (Massive 

contamination)  

• IIIC – Arterial Injury requiring repair

• Increase in Gram negative infection (24% to 77%) prompted the addition of an aminoglycoside to 
cephalosporins in type III injuries

• Wound Sepsis Rates were 4%, 52%, and 42% respectively

• Amputation Rates were 0%, 4%, and 5% Respectively 

Gustilo 1984
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Antibiotic Coverage

• Gustilo Type I & II 

– 1st generation cephalosporin for gram (+)

– Clinda vs Vanco if Allergy 

• Until 24 hours after closure 

• Gustilo Type III 

– Add Aminoglycoside for gram (–) coverage (Weight & Kidney)

• 24-72 hours after last debridement procedure 

– Penicillin should be added for potential anaerobic

• Farm (Soil)/Bowel contamination - clostridia – Gas Gangrene 

• Other Considerations

– Fluoroquinolones for fresh water or salt-water wounds to cover Pseudomonas and Vibrio 

resp

Antibiotic Coverage 1984
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• When should abx be given? 
– Gustilo, Arch Surg 1979

• #1 reduction infection risk → Early abx

– Patzakis, CORR 1989
• >3hrs → 7.4% deep infection
• <3hrs → 4.7% 

– Gillespie, Cochrane 2004
• 8 studies, n=1106
• Protective against early infection (relative risk .41)
• Absolute risk reduction .08

Why Are Antibiotics Important?
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• Cochrane Database – 2000
– 8,307 participants in 22 studies
– Single dose abx prophylaxis for treatment of closed 

fractures
• Significant reduction in deep wound, superficial wound, 

urinary, and respiratory infections

• Patzakis, JBJS 1974
– Infection rates

•  No abx (14%)
•  PCN/Streptomycin (9%) 
• 1st Gen Ceph (2.4%)

Antibiotics
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• Cephalosporins
– Cefazolin – GP coverage
– Good tissue, muscle, bone penetration
– Cheap
– Safe

• Open Fractures?
– Lack of evidence to support use of 

aminoglycosides or PCN

Antibiotics
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• Beta-Lactam Allergy?
– Serious cross reactivity with cephalosporins is rare
– PCN skin test
– Alternatives: Vancomycin or Clindamycin

Antibiotics
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• When should antibiotics be given?
– Lack, JOT 2015

• Abx < 66 min, wound coverage < 5 days
– Univariate predictors of decreased infection

– Penn-Barwell, JBJS 2012
• Delaying debridement up to 24 hrs no statistical 

significant increase in infection rate

ASAP!!!
Early ABX >>> Early OR

Why Are Antibiotics Important?
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• JOT 2015
• Retrospective, 137 Type III Open Fracture 
• Age, Smoking, DM, ISS, type 3A vs 3B/C, time to 

debridement were NOT associated with infection
• Time from injury 
– to Antibiotics (>66 minutes) 
– to wound coverage (>5 days) independently predict 

infection of Type III open tibia fractures 

24
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• When should abx be given?
– ACS Trauma Center Certification

• Abx compliance rate
• Time to Abx <1hr

Why Are Antibiotics Important?
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• PLOS One, 2018 
• 117 Patients with open fractures
• Standard open fracture protocol
• Cefazolin given within 17 minutes (14 for trauma 

patients, 53 minutes for non-trauma)
• Gentamicin given within 180 minutes (Weight 

based, not-immediately available) 
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• LEAP Study – 2010 
• Administration of Abx ASAP 

• Infection Highly correlated with time from injury 
to arrival to the ED (Surrogate for Abx) 

JBJS 2010
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• Automated Dispensing Machines in ED 
stocked w/ pre-mixed Zosyn and Ceftriaxone

Standardizing ER Antibiotics
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• Operative Factors
– Antibiotics

• Type

• Timing

• Duration

– Skin Prep
– Drapes
– Shaving
– Drains?
– Wound Closure
– NPWT

Decreasing Perioperative Infection Risk
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Skin Prep
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Skin Prep
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• CHG appears superior to PVI

• PCMX and Triclosan
– Inferior to either CHG or PVI

• CHG
– Slower than PVI, but sustained longer
– Less toxic to wounds
– Less skin irritation

Skin Prep
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• 14 hospitals in Canada, Spain, and the USA
• Open fractures 

– Aqueous 10% povidone-iodine
– Aqueous 4% chlorhexidine

• either can be selected for skin antisepsis on 
the basis of solution availability, patient 
contraindications, or product cost

Skin Prep – PREP-IT 2022
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• Cluster Randomized Control 25 US hospitals
• Closed fractures – SSI 2.4% (Duraprep) vs 3.3% 

(Chloraprep)
• Open Fractures no difference

Skin Prep – PREP-IT Trial
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• Ioban™
– CDC – Insufficient evidence to support use

Drapes/Skin Sealants?
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• Increased risk of SSI if shave night before
• CDC – if hair must be removed, use clippers

Shaving
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• Controversial
• 6 hour dogma historically 
• Multiple recent studies do not corroborate 
• Leap Study – No correlation with timing
– in the absence of life-threatening injuries, there is no 

clinical advantage to performing surgery within 6 
hours of injury versus 6-24 hours

• No study advocates waiting 
• Dirt, debris and devitalized soft 
    tissues increase the risk of 
    infection/complications

Debridement - Timing
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• Data did not indicate an association between 
delayed debridement and higher infection 
rates for 
– All infections
– Deep infections
– Higher grade open fractures

38

• Difficult to assess wounds outside 
OR

• Urgency depends on 
– Contamination
– Periosteal Stripping
– OR availability 
– Patient Resuscitation 

Debridement - Timing

39
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• Want to avoid 
bacterial adhesion and 
colonization 

• Time Dependent*
• Longer time = 

increased colonization

Debridement - Timing
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• Debridement most 
critical

• Extend the wound
• Foreign material and 

necrotic tissue nidus 
for bacteria

Debridement - Timing
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Debridement

• Systematic 
– Layer by layer
– Excise necrotic skin & sub Q
– Ground in particulate debris

• Muscle (4 C’s) 
– Incise fascia 
– Expose longitudinally (Consider future 

incisions)
– Excise non-viable muscle

• Bone
– Expose and Debride canal
– Remove free cortical fragments
– Retain articular fragments when possible

Debridement
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• Repeat q48-72 
hours

• Stabilize fracture 
definitively when 
wound stable

Debridement
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• NEJM 2015 
• Castile soap vs normal saline and high vs low 

pressure irrigation 
• 2447 patients randomized in 41 centers around 

the world
• Similar rates of reoperation with high vs low
• Higher rates of reoperation with soap vs saline 

(14.8% vs 11.6%) 
• Take Home - Use low pressure saline 

FLOW Trial
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• JOT 1995 
• Should we use Antiseptics? 
• Betadine? 
– Studies have shown it to be cytotoxic to fibroblasts, 

osteoblasts & leukocytes
• Controversial
• Conflicting Data 

Irrigation Additives?
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• No evidence supports use in clean cases

Drains

Closed Fractures: Hip Fractures Fractures:
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• Primary closure 
acceptable if: 
– Adequate, thorough 

debridement 
– Tension-free closure

Wound Coverage
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• Consider layered closure for dead space 
management

• Allgower-Donati least effect on skin blood flow
– Laser Doppler

Wound Coverage
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• Early is better 
– Flap failure rate much 

higher > 7 days 
• Older concepts:

– Loose approximation
• NPWT

– May decrease infection / 
need for flap

Wound Coverage
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• A) 44  pts in hematoma/draining wound
• Drainage > 5 days àpressure dressing vs. NPWT

• B) 44 pts high-energy trauma (dressing v. NPWT)
• Results: 

– A) +3.1 d (dressing) vs. 1.6 d (NPWT), p=0.03
– B) +4.8 d (dressing) vs. 1.8 d (NPWT), p=0.02
– No difference in infection or dehiscence

NPWT

J Trauma 2006
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NPWT

• 249 patients with high-energy tibial plateau, pilon, and 
calcaneus fractures randomized to:
• Standard post-op dressing (control)
• Incisional NPWT

• 125mmHg, changed q1-2 days
• Results:

• Time to d/c: No difference
• Infection: NPWT (10%) vs. control (19%), p=0.049
• Wound Dehiscence: NPWT (8.6%) vs. control (16.5%), 

p=0.044

J Orthop Trauma 2012

51



12/11/24

18

• How long should abx be given?
– Benirschke, Arch Surg 1988

• Grade 1 fx – 1st Gen Ceph equal at 24 hrs vs 5 days

• Grade I: 24-48 hrs
• Grade II&III: 48 hrs 

Antibiotics
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• Timing
– Within 60 minutes of skin incision
– ≥ 10 minutes prior to tourniquet inflation (if used)

• Re-dosing
– Cefazolin – q 2-5 hrs
– Clindamycin – q 3-6 hrs
– Vancomycin – q 6-12 hrs

Antibiotics

My practice: 
Re-dose q 4 hrs
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• Duration
– No benefit to continuing > 24 hrs post-op

• Dosing
– 2 grams Ancef (Vanc/Clinda based on BMI)

Antibiotics
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• Patient-related Factors
– Age
– Nutrition status
– Diabetes
– Smoking history
– Obesity

Decreasing Perioperative Infection Risk
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• Glucose optimization
– Stress hyperglycemia associated with increased 

risk of infection in trauma patients

Patient Factors
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• Oxygenation
– Decreased rates of SSI in colorectal/GS pts
– METRC

Patient Factors
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• Hypothermia à Bad
– Hypothermia in OR associated with increased risk 

of SSI
– Keep patients warm in the OR

Patient Factors
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• Nutrition
– Any sign of malnutrition according to MUST more 

than 2 times likely to get infection, DVT, 
respiratory failure or other reason for readmission

– Supplement when needed

Patient Factors
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• Smoking
– Wound healing/infection risk

• Transfusions
– Independent risk factor for infection

Patient Factors
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• Plenty of room for errors

• Do not take shortcuts

• Optimize patient outcomes

Summary
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Questions?
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Thank You
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