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into the UPPER/LOWER infection checklists
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Three wounds with diverse etiologies were imaged with the fluorescence imaging device at various stages of the wound 
process. Wounds that were positive for red fluorescence signal were considered to be contaminated with bacteria. 

Bacterial Fluorescence Imaging (MolecuLight i:X)

• When excited by 405 nm violet light, tissues fluoresce green while 
bacteria fluoresce red (porphyrin-producers, e.g. Staphylococcus 
aureus) or cyan (pyoverdine-producing Pseudomonas aeruginosa)5.

• This enables real-time, point-of-care detection and localization of 
bacterial burden within and around wounds3-5.

Observational Study

• Chronic wound patients  (n=26) being seen by study clinicians for 
the first time were assessed with the checklists to look for signs or 
symptoms of local/superficial infection (UPPER) and deep infection 
(LOWER); three symptoms present from either checklist was the 
threshold for infection-positive. 

• Fluorescence images of their wound were then acquired to look for 
regions of bacteria, which uniquely fluoresce red or cyan under the 
violet light of the imaging device3-5. 

• Wounds that were positive for red or cyan fluorescence signal were 
considered to have clinically significant bacterial loads. This real-
time information guided immediate treatment decisions.

METHODS

INTRODUCTION
• The UPPER/LOWER infection checklists look for signs and symptoms 

of local/superficial infection (UPPER) and deep infection (LOWER) to 
assist clinicians in identifying and distinguishing between these 
infection levels. This facilitates appropriate treatment with topicals 
vs. systemic antibiotics1. 

• All UPPER/LOWER checklist items are possible host responses to 
high levels of bacteria. However, host response can vary widely and 
it is well known that many infected wound care patients are 
asymptomatic2.

• Fluorescence imaging is a novel method to visualize regions of 
bacteria in wounds, in real-time, without any need for contrast 
agents or patient contact. Clinical trials have demonstrated 
detection of moderate-to-heavy bacterial loads (> 104 CFU/g)3.

• This multi-site observational study evaluated the utility of 
incorporating real-time information on high bacteria loads, via real-
time bacterial fluorescence imaging3,4, into these checklists. 

METHODS
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Bacterial Fluorescence Provides “Third Checkmark”, 

Post Cleansing Fluorescence Images Support 
Lack of UPPER/LOWER symptoms

CONCLUSIONS
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• Results of this multi-site study suggest that the 
UPPER/LOWER checklists and fluorescence images work 
in a complementary manner, with each providing 
additional, unique information not captured by the 
other. 

• Incorporation of a bacteria-specific component into 
these infection checklists had high utility, identifying 
additional patients in need of topical or systemic 
antimicrobial treatment (8/26).

• Fluorescence images also contributed to clinician 
treatment decisions regarding:

(1) wound cleaning/wound bed preparation
(2) locations to debride and extent of debridement
(3) sampling location

• Larger studies are required to validate these findings. If 
validated, incorporation of fluorescence image 
information into standard of care for wound assessment 
would be warranted.  This would provide a bacterial-
specific data point in wound assessment checklists, 
which currently focus on host responses to bacterial 
presence. 
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Patient with healing dehisced flap procedure post pressure injury. Only two 
UPPER symptoms were present. Although red fluorescence was present 

around the wound, after surface scrubbing with modified sodium 
hypochlorite no red fluorescence remained, suggesting surface 

contamination only and supporting UPPER/LOWER findings.

Culture results: Post-cleansing swabs revealed only light growth of mixed 
coliforms and beta hemolytic Streptococcus

VLU patient exhibited two clinical signs/symptoms on LOWER checklist. 
Wound had no clinical signs and symptoms of Pseudomonas aeruginosa, yet 
fluorescence images revealed its signature cyan/white fluorescence (arrows). 
A Pseudomonas-targeted dressing was therefore selected. Images also guided 
additional cleaning targeted to regions of cyan/white fluorescence. A notable 

decrease in cyan/white was observed post-cleanse with modified sodium 
hypochlorite solution. 
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RESULTS
UPPER and LOWER:

• 2/26 wounds were positive (3 or more checks) for LOWER (< 10% of 
study wounds). 13/26 were positive (3 or more checks) for UPPER 
(50% of study wounds). One wound was positive on both checklists. 
In total 14 wounds were considered infected based on UPPER 
and/or LOWER checklist (54% of study wounds).

FLUORESCENCE FINDINGS:

• Bacterial fluorescence (red or cyan) was present on images of all 14 
of the wounds deemed clinically infected, confirming the 
UPPER/LOWER findings. 

- Fluorescence information influenced treatment decisions in many of these 
cases, guiding additional wound bed preparation and more targeted 
treatments (see example cases)

• In 8 wounds (31%), adding bacterial fluorescence information 
brought the wound past the UPPER checklist threshold, greatly 
influencing treatment decisions. 

• In the remaining 4 wounds (15%), fluorescence images were positive 
for red or cyan, yet UPPER and LOWER had identified zero or one 
signs and symptoms. 

- Two of these wounds exhibited bacterial fluorescence that was entirely 
removed with targeted cleaning, suggesting surface bacteria only and 
supporting the lack of UPPER/LOWER symptoms. Samples taken post-
cleaning were negative in both these wounds. 

MICROBIOLOGY (Cultures):

• 10 wounds were sampled, and cultures confirmed fluorescence 
findings in all cases (8 were confirmed positive, 2 confirmed 
negative; the negatives were post cleaning or debridement). 

Note: moderate or heavy growth was considered microbiologically 
positive, light or lower considered negative. 

Interpreting Images

Fluorescence images showing cyan/white fluorescence signals (arrows) that is a 
hallmark of Pseudomonas5. Sampled region of red fluorescence (*) was positive 

for heavy growth of Staphylococcus aureus. 

This DFU patient was positive based on both the UPPER and LOWER checklists, 
received IV antibiotics, assessment for osteomyelitis, and referral to 

orthopedics for possible amputation. 
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Identifies Asymptomatic Pseudomonas, Guides Cleaning
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(Post-cleaning)
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Images Support UPPER/LOWER Findings 
and Inform Antibiotic Prescribing

Patient with abdominal wound (midline dehiscence) after Hartman’s surgery 
performed for ruptured bowel d/t diverticulitis. Patient previously on IV 
antibiotics and was about to be discharged. Local/superficial infection was 
clinically diagnosed based on UPPER symptoms, and red fluorescence 
supported the diagnosis. 

Culture results: Heavy Growth of Klebseilla pneumoniae, Staphylococcus 
lugdunensis, and mixed anaerobes.

Based on the substantial red fluorescence present, the infectious disease 
physician prescribed two oral antibiotics and requested follow-up in 5 days. 

Images Support UPPER, Provide 3rd LOWER Checkmark

Pressure ulcer patient local/superficial infection was clinically diagnosed 
based on three UPPER symptoms. Two LOWER symptoms were observed in 
addition to red fluorescence. Notably, based on the substantial red 
fluorescence present, expedited intervention for a CT scan occurred, 
revealing an abscess which prompted surgical evacuation/drainage.
Culture results:  heavy growth methicillin resistant Staphylococcus aureus
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