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DISCLOSURE 

• Chief Science Officer Healogics 
• NIH funding 
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OVERVIEW 
• History 
• SSI/Wound care 
• UIC Department structure/ACWHTR 
• Physiology 
• Diagnosis/Surveillance 
• Advanced technologies 

• Diagnostic 
• Therapeutic 

• Prevention 
• Rules,Benchmarks, Payment structure 
• Summary and Q+A 
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HISTORY 

CHANGE IS DIFFICULT! 
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INFECTIOUS DISEASE AND THE 
SURGICAL PATIENT 

•Community acquired 
infections 

•SSI 
•Nosocomial 
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SSI AND WOUND CARE 
COMMONALITIES 

• Absence of large volume of well designed RCT’s to drive practice 
• Wide practice variation 
• Adequate risk based evaluations lacking 
• Numerous treatment options 
• Culture of dogmatic approaches 
• Complex patients 
• Increased surveillance leads to increased cost and reported frequency 
• Are superficial SSI’s really all the same, reported as such, are all wounds the 

same 
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SSI=CHRONIC WOUND 

• Wound Healing Society Definition of a chronic 
wound 

• A wound that fails to heal within an anticipated 
time frame 

• Although considered a surgical wound, after the 
occurrence, the SSI is essentially a chronic non 
healing wound and all the principles of modern 
moist wound care should and do apply 
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• 20 billion dollar industry 
• 5-7 million patient in US 
• Increasing age, diabetes, obesity, chronic conditions, surgical procedures 
• Simultaneous health care reform, cost containment, pay for performance, 

increasing complexity of medical technology 
• No formal medical education in wound care 
• Conflicting certification process and confusion as to representative voice of 

the field 
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UIC SECTION OF  WOUND HEALING AND TISSUE REPAIR 

*2004 first physician one year fellowship in wound 
healing, Advocate Christ hospital, Univ. of Illinois 
teaching facility 
*Physician hired into practice 
*December 2009, key opinion leaders met in St.    
Thomas and drafted initial conceptual model 
*Launch of SST meeting July 2008 
*University of Illinois Hospital and Health Sciences 
System creates Section of Wound Healing and 
Tissue Repair 
*First fellow accepted to University based 
program 
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PROTOCOL 

LCD MODEL 
Tissue perfusion 
Bioburden/Infection 
Immune status/Nutrition 
Pressure 
Wound bed 
Psychosocial/Functional 
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TRAJECTORY 
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ACUTE WOUND 

One-time injury 
↓ 

Bleeding/platelet activation/growth factor 
release 
↓ 

PMN influx → secretion of pro-inflammatory 
cytokines 

                             → bacterial kill/debridement 
↓ 

PMN’s recede 
Macrophage/fibroblast influx 

↓ 
Inflammatory phase ends/Proliferative phase 

begins 
 

• Metabolically active cells  

• Growth factors present 

• Appropriate levels of pro-inflammatory 
cytokines (TNFα, IL-1, etc.) 

• Balance between matrix metalloproteinases 
(MMP’s) and tissue inhibitors of 
metalloproteinases (TIMP’s) 

• Healing occurs in predictable phases 

• Excellent potential to heal despite dressing 
choice 

• Complications are rare 

• Good patient compliance  
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CHRONIC WOUND 

• Repeated trauma 

• Ischemia 

• Bacterial contamination 

 

Prolonged PMN influx and secretion of  
pro-inflammatory cytokines (TNFα, IL-1, 

etc.) 
↓ 

Increased MMP/decreased TIMP activity 
↓ 

Degradation of growth factors and target 
cell receptors 

Degradation of extracellular matrix 
↓ 

Impaired healing 
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TREATMENT MATRIX? 

Systemic therapy 
Standard wound care 

Systemic therapy in 
combination with local 
therapy 

Normal Healing Process Local wound bed 
treatments directed 
towards lowering 
inflammation 

Local Inflammation 

Systemic Inflammation 

High 

Low High 
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SSI EQUATION  DONALD FRY MD 

Innoculum 
Virulence 
Adjuvant effects 
Acquired host 
defense liabilities 

Intrinsic host 
defense 
 In
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INNOCULUM 

• SSI 
• Clean 
• Clean contaminated 
• Contaminated 
• Dirty 

• Chronic wound 
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VIRULENCE 

• Robson 10 to the 5th 
• Robson 10 to the 6th 
• Streptococcus 
• Biofilm 
• Adjuvant effects 

• Cautery 
• Hematoma 
• Seroma 
• Prosthetic 
• Suture  
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HOST 

• Genetic variability 
• Comorbid conditions 
• Hypoxia 
• Anemia 
• Medications 
• Albumen 
• Inflammation 
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SURVEILLANCE AND 
CLASSIFICATION 

• Superficial SSI 
• Deep SSI 
• Organ/Space SSI 
• All categories have an option for the surgeon to make the diagnosis 
• Prosthetic involved  one year time frame 
• Are all superficial SSI’s the same 
• SENIC 

• Abdominal operations 
• Operations > 2 hours 
• Surgical site: contaminated or dirty 
• More than 2 discharge diagnoses noted 
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NATIONAL HEALTHCARE SAFETY 
NETWORK 

• ACS contaminated or dirty category 
• ASA score of >/= 3 
• Surgery lasting > 75%  in duration for type 
• Surgical community looking for risk stratification to 

include patient risk and severity of SSI in one 
predictive model 



William J. Ennis, DO 

ADVANCED TECHNOLOGIES 

• Diagnostic and therapeutic 
• Can we determine who will get an infection 
• Can we direct costly therapy to those at the most risk 
• Can we determine who will heal and who will not 
• Can we follow our guidelines 
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HEALOGICS/STANFORD DATA 
EFFORT 

Wound Repair and Regen2016 
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Study period: 1/1/2014-11/2015
Table #. Sample identification and healing- excludes no wound, consult, in treatment for one week or less, and missing data 

Wounds Patients* Wounds per Patient Wounds Patients Wounds per Patient Wounds Patients* Wounds per Patien
All wound records w/outcome 907,389 412,687 2.20 (2.10) 1-25 2578 1111 2.32 659 500 1.32
Exclude- No wound 4,080 2,408 63 34 79 64
Total 903,309 410,279 2.20 (2.09) 1-25 2515 1077 2.34 580 436 1.33
Exclude- Consult only 44,142 27,806 652 268 114 102
Total 859,167 382,371 2.25 (2.14) 1-25 1863 809 2.30 466 334 1.40
Exclude- seen once (days first to last <=7) 191,876 87,325 75 46 35 24
Total 667,291 295,046 2.26 (2.14) 1-25 1,788 763 2.34 431 310 1.39
Exclude- missing wound measurement data  24,042 10,327 0 0 0 0
Final Total 643,249 284,719 2.24 (2.19) 1-25 1,788 763 2.34 431 310 1.39
Percent of screened 71.21 69.40 69.40 68.70 65.40 62.00

483,652 1,322 319
Completely healed 75.19 73.80 74

185,269 471 214
Patients with all wounds healed 65.07 61.70 69
*Patient admissions Number of centers= 626 Number of centers=1 Number of centers= 1

2014-2015 2006-2009 1995-1998
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THERAPEUTIC ADVANCES? 
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• Prospective, observational registry 
• N = 32 infected joint implants (22 acute, 10 

chronic) 
• % of patients where joints retained 

- 86.6% acute, 80% chronic 
• Published literature retention rates 

- 65% acute, 30% chronic 

International Orthopaedics  (SICOT) 
DOI 10.1007/s00264-011-1274-y 

ORIGINAL PAPER 

First experiences with negative pressure wound 
therapy and instillation in the treatment of infected 
orthopaedic implants: a clinical observational study 

Burkhard Lehner · Wim Fleischmann · Rolf  Becker ·  
Gerrolt N. Jukema 

Received: 19 January 2011 /Accepted: 27 April 2011 
© Springer-Verlag: 2011 
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*off label use in the 
US 
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•Prospective study: n = 131 patients treated with Veraflo Therapy 
•Wounds were either “infected or at risk for infection” 

•Soak time 10 minutes, interval at least 4 hours 
•Wounds included: 

•Open fracture 
•Infected Hematoma 
•Pressure Ulcers 
•Dehisced Surgical Incisions 
•DFUs 
•Necrotizing Fasciitis 
•35% of wounds were not responding to standard NPWT 

•98% could be closed after debridement 

40 
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• Retrospective chart review, n=142 wounds 
requiring admission and operative debridement 

6 min dwell time/3.5 hrs VAC:  n=34 
20 min dwell time/2 hrs VAC:  n=34 
Standard VAC:    n=74 

• Solution used: Prontosan (Polyhexanide/Betain) 
•Single Center, 4 surgeons (2 plastic and 2 
podiatric) 

Kim P, Attinger C, Steinberg J,, et al. Plastic and Reconstructive Surgery.  March 2014. 
   

41 

http://journals.lww.com/plasreconsurg/pages/currenttoc.aspx
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RESULTS 
• The authors found a statistically significant difference in the following: 

• Number of OR Visits (6-minute and 20-minute dwell) 

• Length of Stay (20-minute dwell) 

• Time to Final Surgical Procedure (6-minute and 20-minute min. dwell) 

 
 

 
 
 
 
 

 
 

 

 

6-minute instillation dwell time 
followed by 3.5 hours of NPWT 

 
 
 
 
 
 
 
 

20-minute instillation dwell time 
followed by 2 hours of NPWT 

 
 
 
 
 
 
 
 

p = 0.03 

p = 0.002 

p = 0.003 

p = 0.10 

p = 0.04 

p = 0.04 
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OUTCOMES 
NPWT (%) NPWTi –d 

 (6 min dwell)  
(%) 

P – Value * NPWTi –d 
(20 min 
dwell) 
(%) 

P-Value† 

No. of OR visits 3.0 
 

2.4 0.04 2.6 0.003 

Length of stay 14.9 11.9 0.10 11.4 0.03 
Time to final surgical 
procedure 

9.2 7.8 0.04 7.5 0.002 

Closed at d/c 46 
(62) 

32 (94) 0.0004 27 (80)  0.08 

Remained closed @ 1 
month 

28 
(61) 

24 (75) 0.23 14 (52) 0.47 

Culture improvement 
with Gram-negative 

17 
(63) 

19 (90) 0.0001 13 (65) 0.77 
Source:  Kim PJ, Attinger CE, Steinberg JS, et al. The Impact of Negative-Pressure Wound Therapy with Instillation Compared with Standard 
Negative-Pressure Wound Therapy. Plastic and Reconstructive Surgery. 2014;133(3):709-716. doi:10.1097/01.prs.0000438060.46290.7a. 

More patients were  closed prior to discharge and in fewer days 
compared to NPWT 
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PROTOCOL 

• Evaluate patient, understand goals of wound care, maximize modifiable 
conditions 

• Debride the wound, in OR if at all possible, remove all non viable tissue, 
prosthetic material if possible 

• Local wound care includes 
• Moist dressings 
• Pt modalities,  UVC light, electrical stimulation, ultrasound, npwt 

• Social service involvement 
• Sub acute wound unit  when possible and indicated 
• Follow up in multidisciplinary surgical clinic 
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EVIDENCE 
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INSTILLATION 
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ADMISSION DATE: April 22, 2015 72 yo s/p massive BCCA resection 
  *Initiated Veraflo therapy; Instillation of Saline, dwell time of 20 min & NPWT 
125mmHg 2hours 
* Current view: Posterior shoulder        Measurements: 26x27x1.2 
 

Photos courtesy of Dr. Brian Bradow, Peoria, Illinois 
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Admission Date:                 
April 22, 2015 
 
Side view of patient’s LEFT 
shoulder 
 
Measurements: 26x27x1.2 
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April 24, 2015 
 
Veraflo therapy: 20min dwell, 2hour Soak; 
125mmHg 
Application of Adaptic Touch over exposed 
structure 
 

Back view of left shoulder 

Side view of left shoulder 
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April 28, 2015 
 
Veraflo therapy: 20min dwell, 2hour NPWT; 
125mmHg 
Application of Adaptic Touch over exposed structure 
 

Side view of left shoulder 

Measurements: 25x26x0.8 
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May 1, 2015 : Veraflo therapy cont’d 

Back view of left shoulder 
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May 1, 2015 cont’d 

Front view of left shoulder 
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May 4, 2015 
 
Veraflo therapy  20 min dwell; 
2hour Soak; 125 mmHg 
 
Facility switched to Mepitel for 
contact layer 

Back view of left shoulder 

Measurements: 25x25x0.5 
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MAY 6, 2015 : Veraflo Therapy discontinued & 
standard VAC therapy was applied  
NOTE: Pressure set to 150 mmHG, Continuous & still applied Mepitel 
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MAY 6, 2015: Veraflo Therapy discontinued & 
standard VAC therapy was applied  
NOTE: Pressure set to 150 mmHG, Continuous & still applied Mepitel 

 

Side view 
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May 11, 2015 
 
Patient discharged from LTAC;  
 
Application of Promogran Prisma 
until HHA could apply the ActiVAC 
 

Rear view of left shoulder 

Front view of shoulder 

Measurements: 22.5x24x0.2 



William J. Ennis, DO 

MAY 19, 2015 
 
VAC therapy; Continuous at 
150mmHg 
 
Mepitel as contact layer 
 
Measurments: 18.5x22x0.2 
 

Back view of left shoulder 
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MAY 19, 2015 
 
VAC therapy; Continuous at 150mmHg 
 
Mepitel as contact layer 

 
 

Side view of left shoulder 
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MAY 23, 2015  

Side & Front views of left shoulder 
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MAY 25, 2015 : Back view of shoulder  Measurment: 18.0 x 21.0 x 0.1 
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CASE MAY 26, 2016—STSG 
NOTE: VAC therapy was utilized to bolster the graft; 125 mmHg, Continuous  
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June 2, 2015 : Side view of shoulder 
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June 4, 2015 
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PAYMENT, REGULATIONS, VALUE 
BASED PURCHASING, AT RISK MODELS 

 



PATIENT EDUCATION PROGRAM WITH 
AMERICAN COLLEGE OF SURGEONS 
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RESEARCH  (IF TIME PERMITS) 



 



Examining Chemical and Structural Information from 
Tissues 

Molecular and 
Structural 
Analysis 

Use stains to 
visualize and identify 
molecular information 

Chemical Imaging 



It is Critical to Segment Tissues into Key Cell 
Types/Components for Tissue Diagnosis 

Vimentin 

SMA 
Massons 
Trichrome 

Calponin 

H&E 

CD31 

PR 

ER 

Her2/neu 

Ki67 

P53 

P63 

Cytokeratin 

Collagen 
Distribution Protein 

Distribution 
Classification e.g. epithelial vs. 

stromal distribution 

Goal: Acquire same information 
in a label-free approach 







 



NEUTRALIZING ANTIBODY IL-1B, IL knock out 
mice also used 





aMSC nMSC Fibroblast 
(3T3) 

MSC Treatment and Tensile Strength 

Hypothesis 
      Treatment with MSC may reprogram 

wound healing towards regeneration 
 

Regeneration can be analyzed by tensile 
strength of the wound 

 
Stronger wound may indicate tissue 

regeneration versus scar formation 

B6 Mouse 





MSC and Tensile Strength 

4 Treatment Groups 
• Allogeneic aMSC (activated) 
• Allogeneic nMSC(naïve) 
• Fibroblast (3T3)  
• Control (HBSS) 
 

3 Cell Doses adjusted to standardized volume 200 
microliters 

• 50,000 
• 250,000 
• 500,000 

 

 Subcutaneous injection into a 3 cm incisional wound 
on the dorsum of B6 mice and surgically clipped.   

 

Day 7 - wounds excision and tensiometry 
Mark -10 ESM300 Motorized Force and Torque Stand 

© Mark-10 Corporation (Copiague, NY) 2010 



Activated MSC provide more powerful anti-inflammatory and 
pro-angiogenic properties 

Polchert, D., et al. IFN-y activation of mesenchymal stem cells for treatment  
and prevention of graft versus host disease. Eur. J. Immunology 2008 38: 1745-55. 
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Treatment with aMSC, nMSC, fibroblast 



MSC Treatment and Blood Flow 
• Diabetic cynomolgus monkey model (n = 3)  

 
• [Insert chart of different glucose readings to show 

hyperglycemia] 
 
 

– 4 (2 x 1 cm) wounds on lateral and medial side 
of the anterior femoral region 

1. Autologous aMSC with Integra 
2. Autologous nMSC with Integra 
3. Integra alone 
4. Saline soaked guaze 
 

– Blood flow measured hourly for first 6 hours 
with  Laser Doppler  
 

A

B

 

A = control excision wound 
B= scaffold with MSC 



Excised Nonhuman Primate Wound VEGF 
Content 
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QUESTIONS/SUMMARY 
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