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Introduction

Pressurized wound irrigation is a proven, effective method of cleansing open wounds to reduce the 
risk of infection. The American College of Emergency Physicians treatment guidelines for penetrating 
extremity trauma recommends copious irrigation with normal saline at pressures of 7 to 8 pounds per 
square inch (7-8 psi).i 

However, wound irrigation can produce splatter and aerosol contamination when pressurized saline 
is directed at open, contaminated wounds. Blood, tissue, debris, and microorganisms dispersed 
by irrigation are potential sources of contamination for other patients, healthcare workers, and the 
environment. This environmental contamination may occur at a significant distance from the treatment 
area. Staphylococcus aureus, methicillin-resistant S. aureus (MRSA), Streptococcus, vancomycin-
resistant enterococcus (VRE), �&�O�R�V�W�U�L�G�L�X�P���G�L�I�¿�F�L�O�H and other pathogenic bacteria can survive on 
inanimate objects for prolonged periods.ii Indeed, an outbreak of multi-drug resistant Acinetobacter 
baumannii has been associated with pulsatile wound lavage.iii
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Earlier investigations of wound irrigation focused on blood-borne illnesses and transmissions to medical 
care workers. Concern was directed at cutaneous and mucous membrane exposure with possible 
transmission of HIV and hepatitis B or C viruses during jet wound irrigation.iv Subsequently, effective 
barrier precautions have been developed and implemented. However, today the medical community is 
faced with threats from environmental contamination with pathogenic bacteria.  

Community-associated (CA) MRSA has more than tripled the number of skin and soft tissue infections 
treated in emergency departments (EDs), increasing potential hospital environmental exposure.v The 
Centers for Disease Control and Protection (CDC) reports that wound care procedures, including 
irrigation, are the second most common procedures in the emergency department setting.vi  Although 
no studies directly compare hospital-acquired infections to wound lavage environmental contamination 
in the ED, a proportional relationship is likely given studies in other wound treatment clinical settings.vii  
The results of one study suggested that patients occupying a room in which the previous occupant was 
a MRSA carrier had an increased risk of acquiring MRSA.viii

Most ED staff perform wound irrigation with syringes, saline bottles, and other methods that offer little-
to-no device protection from splatter and aerosol contamination. This study investigates the role of 
irrigation devices in environmental and healthcare professional contamination and highlights the need 
for increased awareness of the risk and adoption of improved standards and techniques.

Study Objective

This study compares the amount, distribution, and size of splatter contamination produced during 
wound irrigation by two current methods used in emergency departments compared to the IrriMax® 
Wound Irrigation System. This study also assesses clinical utility by evaluating the irrigation time 
required of each of the 3 methods to deliver a standard volume and explores differences in operation 
technique.

Materials and Methods

This descriptive comparison study occurred in a single clinical location isolated for study purposes. No 
patients participated. 

A model wound (Figure 1) was placed 1 meter from the floor in an ED treatment room. Ten healthcare 
volunteers irrigated the wound using 3 different devices and 200 mL of methylene blue irrigation 
solution per device in a design similar to the study by Pigman et.al.iv Each device operator wore paper 
grid sheets on their chest and lower face (Figure 2). Six paper grid sheets were suspended at 9:00, 
12:00, and 3:00 positions 1 meter from the wound model to simulate exposure to nearby individuals 
(Figure 3). Two grid sheets were placed on the floor at the 10:30 and 1:30 positions, 1 meter from the 
base of the model wound stand. Each grid sheet was coded by position, irrigator name, and device 
type. The study area was enclosed in plastic sheets to prevent air drafts. 

To explore device operator effects on the spatter endpoints, demographic information was recorded and 
analyzed as well as the time to deliver the test volume of irrigation fluid.

Three devices (Figure 4) were evaluated, each capable of delivering the recommended irrigation 
pressures (7-8 psi): a 20 ml syringe with attached 1.25 inch, 18-gauge angiocath IV catheter that 
offered no splatter protection (syringe); a 20 ml syringe with attached splashcup and 1 nozzle for 
irrigation (splashcup); and the IrriMax Wound Irrigation System, a 450 ml compressible bottle with a 7 
cm splashguard (SplatterGuard™) housing four, 18-gauge jet nozzles (IrriMax).
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A standard linear wound 1 cm deep and 5 cm long was created with a surgical scalpel in a large piece 
of fresh, non-frozen beef rump roast. Each individual was instructed to irrigate the model wound using 
their normal technique and practices using a different device and 200 mL of methylene blue irrigation 
solution for each timed irrigation run. After each run, the grid sheets were collected and new ones 
employed. 

Ten individuals performed the irrigation trials in this study, including 4 nurses, 2 technicians, one 
medical doctor, 1 medical student, 1 paramedic, and 1 individual familiar with proper wound irrigation 
techniques and procedures. 

Each individual irrigated the model wound 3 times using each device and 200 ml of methylene blue 
solution. The irrigation stream was directed in a manner consistent with cleansing a human wound and 
directed at the margins to cleanse the wound interior and adjacent surfaces.

Each individual performing the irrigation was timed and observed during the irrigation procedures. 
Other subjective observations such as adherence to technique and the observed efficacy of each 
device were noted.

Endpoints: The primary endpoint was the mean of the total splatter from each sized category (<1mm; 
1-5 mm; 6-10 mm; and >10 mm) on each grid sheet for each device. The secondary endpoint was time 
to deliver the irrigation test volume.

Statistical Interpretation: Results were analyzed using a one-way Analysis of Variance (ANOVA) 
followed by Tukey’s pairwise multiple comparison procedure (SigmaStat 2.0,  SPSS, Chicago, Il).  The 
statistical model included mean splatter from each grid sheet, device and operator. A second statistical 
model included the device, operator, operator sex and time to deliver the test volume of irrigation.  
Significance was set at alpha=0.05.  Data are reported as mean ± standard deviation.  

Results

A total of 9,787 splatter droplets were counted and measured on 300 separate grid sheets (Table 1). 
The IrriMax had significantly fewer splatter droplets (118 droplets, 1.2%) than the IV catheter (3,703 
droplets, 37.8%), and splashcup (5,966 droplets, 61%) systems (P<0.001). For the latter two methods, 
total droplets measuring less than 1 mm in diameter were 51% and 42%, respectively. The face and 
chest grid sheets of the irrigators contained 86% of all droplets counted (8,418 droplets).  

The 10 individuals performing the irrigation trials were evenly divided between male and female with an 
average age of 36 years. Male users produced 69% of total droplets. All users were able to discharge 
200 ml in an average of 12 (± 3.4) seconds with IrriMax, 147 (± 341) seconds with the syringe, and 134 
(± 19.4) seconds with the splashcup. 

The ANOVA was significant for the primary endpoint model, (P<.001, 95% confidence interval [CI]). The 
IrriMax produced significantly less splatter compared to the other methods (P<.001).  There was no 
significant difference in the average number of splatters based on the user (P=0.23), suggesting that 
differences in splatter were specific to the device.

The mean time to deliver the test volume was 147 seconds for the syringe, 134 seconds splashguard,  
and 12 seconds IrriMax (P<0.001). Male users delivered the volume in less time (123, 125, 12 mean 
seconds) than female users (171, 143, 13) (P<0.001) (Table 2).
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Discussion

High-pressure wound irrigation is capable of generating significant splatter and aerosol contamination 
over a considerable portion of patient treatment areas, exposing healthcare professionals and patients 
to infection. This study suggests that splatter produced in routine wound irrigation with syringe devices 
are abundant, difficult to see with the naked eye (aerosolized), and can contaminate a large area 
surrounding the target wound. However, the IrriMax system appears more effective at controlling 
splatter while delivering a higher volume of irrigation in less time than a syringe-only or syringe-
splashcup method.

Environmental contamination associated with wound lavage is a serious concern.  Studies show that 
an outbreak of multidrug-resistant Acinetobacter baumanii associated with wound lavage treatment 
may be identified in a cleaned stretcher, a sink, or a supply shelf above a treatment area.iv Studies also 
show very low frequencies of environmental contamination with Acinetobacter baumannii associated 
with wound lavage treatment.vii One patient with heavy growth of Acinetobacter baumannii from wound 
cultures produced significant environmental contamination after wound lavage treatment; a strain of the 
same organism reached distances of 0.6 to 2.4 meters from the subject site, including a nearby bedrail. 
A recent systematic review of 10 studies reported that environmental colonization by MRSA was 
associated with a 4-fold increase in the risk of subsequent MRSA infection.ix

In our study, the splashcup device accounted for 61% of total splatter. This was attributed to deviations 
from proper user technique and may be the result of higher pressure associated with the device’s 
shorter barrel. It is possible that proper technique with the Splashcup could have resulted in similar 
splatter numbers to that of the IrriMax system. However, most of these experienced users deviated 
from correct technique in tilting the syringe to direct the pressurized stream at vertical planes of tissue 
inside the wound. 

The syringe method, which offered no splash protection, accounted for 37.8% of total splatter. The fact 
that it resulted in less splatter than the splashcup may be due to the length of the 18-gauge channel in 
the IV catheter (1.25”), which creates more fluid resistance than the shorter channel in the splashcup. 

In addition to producing significantly less splatter, the IrriMax Wound Irrigation System enabled faster 
irrigation. The mean time to irrigate with 200 ml of solution was 12 seconds with IrriMax compared 
to 147 seconds and 134 seconds for the IV catheter and splashcup methods, respectively. Users 
administering the latter two methods removed the IV catheter and splashcup to refill the syringe barrels, 
risking breaks in sterile technique and potential contamination of the irrigation solution. 

Observations in this study revealed that most users observed proper technique while using the IrriMax 
delivery system without being given specific instructions. 

This study’s findings demonstrate a plausible mechanism of contamination in trials that have recovered 
wound bacteria from air samples and inanimate objects as far as 8 feet from the wound treatment 
area.x 

Limitations to this study include lack of randomization of either the sequence of irrigations or devices 
used. In addition, the operators of the devices were not blinded to the system used, nor was the 
individual who counted and tabulated the size and total splatter.

Further studies should include randomized trial sequence and order, and splatter evaluation should be 
blinded.



© 2010 IRRIMAX Corporation, All Rights Reserved. IrriMax®, IrriSept®, IrriRinse™, SplatterGuard™ and Splatter Matters™ are trademarks of Innovation Technologies, Inc.

www.irrisept.com
© 2010 IRRIMAX Corporation, All Rights Reserved. IrriMax®, IrriSept®, IrriRinse™, SplatterGuard™ and Splatter Matters™ are trademarks of Innovation Technologies, Inc.

www.irrisept.com

Conclusion

This descriptive comparison study demonstrates that commonly employed, high pressure wound 
irrigation systems produce measurable amounts of splatter. Irrigation performed with these commonly 
used devices produces significantly more splatter than the IrriMax Wound Irrigation System. More 
splatter may lead to increased exposure and contamination, exposing patients and healthcare workers 
to pathogenic organisms and infection.  

The IrriMax delivery system, coupled with good user technique, may be an effective method to minimize 
splatter and aerosol contamination during irrigation.

Figure 1. Irrigation with 20-ml syringe 		  Figure 2. Face and Chest Splatter Sheets 
and IV catheter

Figure 3. Irrigation Room
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Figure 4. Devices Used

Figure 5. Total Splatter by Method of Delivery

Graph 1a.  Total Splatter by Device

DEVICE < 1 mm 1-5 mm 6-10 mm > 10 mm TOTAL %
IV catheter 1580 2008 88 27 3703 37.80%
IRRIMAX 13 101 4 0 118 1.20%

Splashcup 3099 2763 76 28 5966 61.00%

48% 50% 2% 1% 9787

Total Splatter by Method of Delivery 

IV CATHETER
IRRIMAX
SPLASHCUP
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Figure 6. Splatter Count and Size By Device

Splatter Droplets by Device
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Table 1. Splatter by Device and Location

Table 2. Irrigation Time By Participant and Device

IRRIGATION TIME  (SECONDS)
Irrigator Ht (in) Wt (lbs) Age Sex IRRIMAX® IV Catheter Splashcup

1 70 175 47 M 11 145 104

2 64 108 19 F 12 138 113

3 73 185 21 M 12 139 132

4 74 220 46 M 14 95 126

5 64 159 27 F 8 160 131

6 66 126 30 F 13 185 141

7 68 200 53 F 19 240 161

8 72 240 36 M 7 120 134

9 67 130 47 F 11 131 168

10 70 200 30 M 15 115 128

Mean 69 174 36 12 147 134
     Males 72 204 36 12 123 125

     Females 66 145 35 13 171 143

±SD 3.6 43.2 12 3.4 41 19.4

Chest Splatter by Device
DEVICE < 1 mm 1-5 mm 6-10 mm > 10 mm Total

IRRIMAX 5 22 0 0 27
IV Catheter 912 818 16 1 1747
Splashcup 2085 1866 48 13 4012

Face Splatter by Device
DEVICE < 1 mm 1-5 mm 6-10 mm > 10 mm Total

IRRIMAX 0 3 2 0 5
IV Catheter 450 440 14 7 911
Splashcup 973 732 9 2 1716

Splatter to nearby individuals by Device
DEVICE < 1 mm 1-5 mm 6-10 mm > 10 mm Total

IRRIMAX 5 20 2 0 27
IV Catheter 42 290 17 6 355
Splashcup 3 29 2 0 34

Floor Splatter by Device
DEVICE < 1 mm 1-5 mm 6-10 mm > 10 mm Total

IRRIMAX 3 56 0 0 59
IV Catheter 176 460 41 13 690
Splashcup 38 136 17 13 204

Face & Chest splatter as a percent of total splatter 8418 droplets 86%
Chest splatter as a percent of total splatter 5786 droplets 59%
Face splatter as a percent of total splatter 2632 droplets 27%
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IrriMax Corporation develops wound solutions that incorporate an innovative delivery method 
to obtain unmatched efficacy and safety. IrriMax’s goal is to treat and prevent infection, improve 
patient outcomes and increase the safety of medical staff. Continual innovation and ongoing 
clinical research guide the development of IrriMax products.

U.S. Patent No. 5,830,197; 6,468,253; 7,662,125; D588,692; and D556,595. Additional U.S. and Foreign Patents Pending.
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