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Objectives 

• Describe Cincinnati’s 4 Year I/V Extravasation Harm 
Reduction Initiative 

• Describe Our 3 Phase Strategy 

– Reliable Hourly Bedside I/V Checks 

– Evidence Based 3 Tier Med Tissue Risk Stratification 

– “No Grade” 2 Component Assessment / Documentation Tool 

• Discussion and Sharing 

 



Outline 

• The Cincinnati Children’s Safety Environment 

• Definitions 

• Mechanisms of Extravasation Injury 

• Reliable Hourly I/V Checks (Volume / Swelling) 

• Medication Risk Stratification (Tissue Toxicity) 

• 2 Component Extravasation Assessment Tool 

• Goodbye Grading: Why We Divorced “Grading” 

…… 

 

 



Outline cont’d  

• Treatment, Feedback and Accountability 

• Other Extravasation Assessment Systems 

• Results 

• Questions and Discussion 

 



CCHMC Safety Culture 



http://cincinnatichildrens.org 



http://cincinnatichildrens.org 



CCHMC Safety 

• CCHMC Board Takes Active Ownership 

• Major Focus of Hospital 

• Anderson Center 

– Academic and Operational Safety Center 

• Serious Safety Events 
– Executive Cabinet Investigations 

– Prevention Plan 

– Multiple Issues  Raised 





CCHMC infusion and Vascular Access Governance (iVAG) 

Cabinet Sponsors 
•Medical Members of Cabinet 

•Bob Carpenter J.D. 
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Outline 

• The Cincinnati Children’s Safety Environment 

• Definitions 
• Mechanisms of Extravasation Injury 

• Reliable Hourly I/V Checks (Volume / Swelling) 

• Medication Risk Stratification (Tissue Toxicity) 

• 2 Component Extravasation Assessment Tool 

• Goodbye Grading: Why We Divorced “Grading” 

 

 



Definition 

• HARM 
– Institute for Healthcare Improvement (IHI) 

• “Unintended physical injury resulting from 
….medical care…” 

– Canadian Disclosure Guidelines (JAMA 2012 Vol307 #20) 

• “an outcome that negatively affects a patient’s 
health / quality of life…” 



CCHMC I/V Extravasation HARM 

OUTCOME  

or 

TREATMENT  

Based 



Definition 

• SAFETY 
 

Institute of Medicine (2000): 
“….no commonly accepted definition of the 

safety net exists…..” 

 
Institute of Medicine,2000 America’s Health Care Safety Net: Intact but Endangered. National Academy Press p3-4 

 



Definition 

• SAFETY:   CCHMC Vascular Access Team (VAT) 

– The Processes, Policies, People and Systems 
which seek to: 

•AVOID Unnecessary Risk  

•MINIMIZE Necessary Risk 

“NOTHING in Life or Medical Practice is Risk Free” 
The ONLY way to achieve Zero Risk is to close the Hospital 



Definition 

• EXTRAVASATION      Vs Infiltration 

– We Only Use The Word “EXTRAVASATION” 

• EXTRA = “Out Of or Outside” 

• VASCULAR = Vessel 

• EXTRAVASATION = “Out of the Vessel” 

“Infiltration” better used to refer to purposeful injection of fluids 
  Example:   

“The skin was infiltrated with Xylocaine solution before incision” 



Definition 

• VESICANT 
– An agent that causes Blistering 

– Originally a Chemical Warfare Term 

• e.g. Mustard Gas 

Serious PIV Harm May NOT Involve BLISTERING 
 

Therefore: The Word “VESICANT” not used at CCHMC 
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• Mechanisms of Extravasation Injury 
• Reliable Hourly I/V Checks (Volume / Swelling) 
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• TOXICITY (Local Tissue) 

– Osmolality 

– pH (Acid – Base) 

– Biological Activity 

• VOLUME  (Pressure) 



Mechanisms of Extravasation Injury 

• OSMOLALITY 
– Non-Isotonic Solutions Destroy Cells / Tissue 

 

 

 

 

 
EXAMPLES: TPN, 8.4% Na Bicarbonate, 20% Dextrose 

 

Source: Wikipedia 

 

• TOXICITY (Local Tissue) 

– Osmolality 

– pH (Acid – Base) 

– Biological Activity 

• VOLUME  (Pressure) 

Blood 



Mechanisms of Extravasation Injury 

• pH   (Acid – Base) 

– Blood pH = 7.4     

– High or Low pH  

•Damages Proteins and Kills Cells 

 
– pH = - log10  [H

+] 

• pH = 5 is 10 times more acidic than pH=6 

pH = 2 pH = 12 

pH = 11 

 

• TOXICITY (Local Tissue) 

– Osmolality 

– pH (Acid – Base) 

– Biological Activity 

• VOLUME  (Pressure) 



• BIOLOGICAL ACTIVITY 
– Vasopressors (Epinephrine / Dopamine) 

• CONSTRICT vessels 

– Chemotherapy Drugs  

• KILL Cells (!) 

– Other 

Mechanisms of Extravasation Injury 

Journal of Hand Surgery 

Vol 36, Issue 12, Dec 2011.  pg: 2060-2065 

 

• TOXICITY (Local Tissue) 

– Osmolality 

– pH (Acid – Base) 

– Biological Activity 

• VOLUME  (Pressure) 



• VOLUME 
– Massive Amounts of I/V Fluid in Tissues 

– Compartment Syndrome 

• Fluid Pressure Occludes Veins 

• Venous Occlusion  More Swelling 

• Progressive Swelling  Arterial Compromise 

• Dead Limb 

 

 

 

 

Mechanisms of Extravasation Injury 

Our WORST Extravasation Injury was caused by Normal Saline 

Google Images 

 

• TOXICITY (Local Tissue) 

– Osmolality 

– pH (Acid – Base) 

– Biological Activity 

• VOLUME  (Pressure) 



Outline 

• The Cincinnati Children’s Safety Environment 

• Definitions 

• Mechanisms of Extravasation Injury 

• Reliable Hourly I/V Checks (Volume)  
• Medication Risk Stratification (Tissue Toxicity) 

• 2 Component Extravasation Assessment Tool 

• Goodbye Grading: Why We Divorced “Grading” 

 

• TOXICITY (Local Tissue) 

– Osmolality 

– pH (Acid – Base) 

– Biological Activity 

• VOLUME  (Pressure) 

MINIMIZE Necessary Risk 
AVOID Unnecessary Risk 

 



Journal Pediatric Nursing (2012) 27, 682-689) 



Strategies 

• Peripheral I/V (PIV) Policy Revision 

• Nursing Staff Education 

– Significant Institution-Wide Effort 

– TLC Methodology for Hourly Checks 

• Nursing Unit Manual Hourly Checks AUDIT 

– >90% Compliance (after 3 months)  STOP Manual Audit 

– <90% Compliance    Continue Audit until >90% Achieved 

• PROBLEMS:   
– Manual Data Collection  

– Variable Documentation 

– Two Electronic Data capture Systems 

  
• TOXICITY (Local Tissue) 

– Osmolality 

– pH (Acid – Base) 

– Biological Activity 

• VOLUME  (Pressure) Reliable Hourly Checks 



Result:  Good But Not Sustained 

 
• TOXICITY (Local Tissue) 

– Osmolality 

– pH (Acid – Base) 

– Biological Activity 

• VOLUME  (Pressure) Reliable Hourly Checks 



New Efforts: Reliable Hourly Checks 

 

• EPIC  EMR Implemented 

– All I/V Documentation now in ONE place 

• 18 month VAT – IT Project 

• >60% Extravasation = 1 Month Manual Audit 

– Unpopular! 

• Immediate Feedback System 

• “Personal Interview”  (>60%) 

 
 

• TOXICITY (Local Tissue) 

– Osmolality 

– pH (Acid – Base) 

– Biological Activity 

• VOLUME  (Pressure) Reliable Hourly Checks 



New Efforts: Immediate Feedback System 

 -Supports Reliable Hourly Checks (Volume) 

 -Supports “R” Medication Injury Prevention (Toxicity) 

• Automated (EPIC) Digital Messaging to VAT leadership and 
PIV team  

– Extravasations >30%  

– Any Amount of “R” drugs 

• VAT Nurse (24/7) Visits Unit 

– Immediate FEEDBACK TO THE PERSON(S) RESPONSIBLE 

– Early Treatment (If Appropriate) 

– Educational Opportunity 

– Intelligence Gathering for Analysis by VAT Improvement Team 

Extravasation Alert: X / Y Ratio 65% 

Room: B4103 

Unit: B4N 

 

 

 

• TOXICITY (Local Tissue) 

– Osmolality 

– pH (Acid – Base) 

– Biological Activity 

• VOLUME  (Pressure) 



“Instant” Pager Notification  

XXX !! 



• ALL VOLUME Extravasations >60% 

– Detailed Report Required from Unit Manager 

– Personal Interview (Tofani-Johnson-Rineair) 

• Bedside Nurse(s) Involved 

• Unit Manager 

• TREND: 

– Marked Decrease in >60% Fluid Extravasations 

– Most now “justifiable” or exceptional 

– Still Not Acceptable (O.R. Under Drapes etc.) 

New Efforts: Personal Interview 

 

 
• TOXICITY (Local Tissue) 

– Osmolality 

– pH (Acid – Base) 

– Biological Activity 

• VOLUME  (Pressure) Reliable Hourly Checks 



Compare Is SO Important 
Pager Feedback Strategy Identified “Compare” Not Done Reliably 



 “Compare” Not Done Reliably  

 -Recent Change: Evidence Based 

So…. TLC Poster Revised 

 
• TOXICITY (Local Tissue) 

– Osmolality 

– pH (Acid – Base) 

– Biological Activity 

• VOLUME  (Pressure) Reliable Hourly Checks 



Outline 

• Cincinnati Children’s Safety Environment 

• Definitions 

• Mechanisms of Extravasation Injury 

• Reliable Hourly I/V Checks (Volume) 

• 3 Tier Medication Risk (Local Toxicity) 
• 2 Component Extravasation Assessment Tool 

• Why No Grading?? 

“AVOID Unnecessary Risk” 
MINIMIZE necessary risk  

  

• TOXICITY (Local Tissue) 

– Osmolality 

– pH (Acid – Base) 

– Biological Activity 

• VOLUME  (Pressure) 



• Medication Risk Stratification 
– 18 Month Project 

– Multi-Disciplinary 

• Pharmacy 

• Nursing (VAT) 

• Physicians 

• Evidence Based Expert 

• Nutrition Service 

• NICU 



Medication Risk Stratification 

• Literature Evidence Search 

• MEASUREMENT 

– pH 

– Osmolarity 

• Measurements of COMMON 
Pediatric Formulations 

• Blood Products Excluded 

– Blood = Bruise 

– Not Tissue Toxic 

RED Criteria 

• pH <5 or >9 

• Strong Published Evidence 

• >950 Mili Osmoles 

 

• TOXICITY (Local Tissue) 

– Osmolality 

– pH (Acid – Base) 

– Biological Activity 

• VOLUME  (Pressure) 



Journal of Infusion Nursing  Vol 36, 
Number 1.  Jan/Feb 2013 
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Unexpected Positives 

• Universal Availability R/Y/G 

– Every Computer Workstation 

– Every Pyxis etc. 

– Hard To Avoid 

• Nurses Strongly Influence Doctor Behavior (!) 

– Trend  Central Access for Red Drugs 

– Increased Awareness of IV Risks of Red Drugs 
– “Pseudo Policies” are Sometimes a Positive Phenomenon  
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• The Cincinnati Children’s Safety Environment 

• Definitions 

• Mechanisms of Extravasation Injury 

• Reliable Hourly I/V Checks (Volume / Swelling) 

• Medication Risk Stratification (Tissue Toxicity) 

• Goodbye Grading: Why We Divorced “Grading” 
• 2 Component Extravasation Assessment Tool 

 

 



• Usually Based on 

– Severity 

– Treatment Pathways 

– Outcomes 

• Type 1: Minor Injury 

• Type 2: Almost Always Heals 

• Type 3: Involves joint 

• Type 4: High Risk 

• Type 5: Disaster 

Medical Grading Systems: Fractures 



NANT Web Site 

Medical Grading Systems: Neuroblastoma 



The INS Grading System (Briefly) 

• Grades 1-4 
– Mostly Descriptive 

– “Skin Blanched” is feature of ALL Grades 

– “Cool to Touch” is feature of THREE Grades 

• Adult Based  
– Fixed Edema Measurements regardless of Ped. Patient Size 

• Poor Outcome (Harm) Correlation for “Grades” 

– All Bad Outcomes are Grade 4 (Sensitive) 

– BUT….VERY Few Grade 4’s have Bad Outcome  (NOT Specific) 

• (eg Small Amounts Vancomycin) 

• Bundles TWO Separate Harm Components Into One “Grade” 

– Extravasated Fluid VOLUME (“Edema”) 

– MEDICATION (Local Tissue) TOXICITY (“Vesicant or Blood”) 

 

 

 

 



• “Vesicant” Extravasation = Grade 4 

– 1ml or 100 ml  -   

• Same Grade, Very Different Outcomes 

• No “Official” Vesicant List 

– “We Know It When We See It….” 

The INS Grading System (Briefly) 

Grade 4 



Blood Products Dangerous = Grade 4 ? 



Blood Products = Grade 4 



The INS Grade 4 Problem 
Assumption:  Highest Grade = Highest Harm 

• CCHMC Safety Leaders Assumed “GRADE 4” =“Serious Harm” 
– “It’s the HIGHEST Grade.. Why not??” 

• Grade 4 PIV “Harm” was >40% of  “Total Hospital Harm” 

• Pressure on VAT to “Reduce Serious Harm” was Substantial 
 

Extremely HIGH Sensitivity 
 Every Serious Harm = Grade 4 

Very LOW Specificity 

 Very Few Grade 4 = Serious Harm 

 

 



• No Longer Recommended by……. INS 

• Grades Are Problematic for  

– Treatment Decisions 

– Institutional Harm Reduction Programs 

• Grades Only Loosely Associated with OUTCOMES 

The INS Grading System 

See Excellent Discussion in: 
Rodica Pop, PhD, RN 

J. Infusion Nursing, Vol. 35, Number 4,  

July/August 2012  

Children’s Medical Center, Dallas 

?? 



Outline 

• The Cincinnati Children’s Safety Environment 

• Definitions 

• Mechanisms of Extravasation Injury 

• Reliable Hourly I/V Checks (Volume / Swelling) 

• Medication Risk Stratification (Tissue Toxicity) 

• Goodbye Grading: Why We Divorced “Grading” 

• CCHMC 

– 2 Component  

– Extravasation Assessment / Coding Tool 

 

 



CCHMC Extravasation Coding System 

• Step 1  -   VOLUME Measurement 

• Step 2  -   MEDICATION (If Any) 

 

 

 

 

• Step 3 -   DOCUMENTATION 

 

 

 



Step 1:  VOLUME 



Step 1a: 

• Measure Max Dimension 

• Includes ANY Extravasation 
– PIV 

– PICC 

– CVC 

– PORT 

– Scalp / Chest 

 



Step 1b: 

•  Measure ARM Length 

– Surrogate for Body Size 

 

• “Y” is ARM length 

– Surrogate for Patient Body Size 

– Easy To Measure 

– Used for ALL Extravasations 

– Allows Consistent Quantification  

• Even If Extravasation is Scalp or Chest 

If Patient has NO Arms: 

Refer to CCHMC Policy #1 



Step 1c:  Calculate 

Nurses USE Mobile Phone  or… 

CCHMC Online Calculator  

(In EPIC) 

XXX XXX 



Step 2:  MEDICATION 



• CCHMC Uses EPIC 

Step 3:  DOCUMENT 



• Other Institutions 

Step 3:  DOCUMENT 



Implementation 

• BIG Education Effort 
– Julie Stalf, RN 

– Sylvia Rineair, RN  

– Mary Haygood, RN 

– Barb Tofani,  RN 

• CCHMC Education Team 



Initial Validity Testing 

• Validity and Repeatability 

– 100 patients coded using 2 Vascular Access 
Team (VAT) RNs assessing PIV site separately 

– Next phase 100 patients coded using 2 RNs 
assessing PIV site separately (one VAT and 
one unit RN) 

 

 



Correlation: Bedside RN   Versus  VAT Team RN  
First 50 Patients 



CCHMC System:  Driving Treatment 

TREAT  
unless very good reason 

not to 

Probably TREAT 
unless good reason  

not to 

Probably NOT Treat 
unless good reason to do 

so 

NO Treatment 

Consult and TREAT: 
Rx Phentolamine 

PICU / CICU /NICU Attending 

Or Dr. Johnson 

In Plain English 



Result:  Hyaluronidase Rx 

• $350 

• 4-5 Needle Sticks 

• Previously Widely Recommended 
– E.R. Small Saline Extravasation Event 

 

• 75% DECREASED Use (Last 12 months) 

– No Serious Harm Events 



CCHMC I/V Extravasation HARM 

OUTCOME  

or 

TREATMENT  

Based 



Outline  

• Other Extravasation Assessment Systems 
• Treatment, Feedback and Accountability 

• Results 

• Questions and Discussion 

 



Other “Grading” Systems 

• Focused on  (Plastic Surgery) Treatment Decisions 

• Determines TREATMENT Algorithm not PREVENTION 

A New Approach to Management of Intravenous Infiltration in 

Pediatric Patients 

Ibrahim Amjad M.D.  et.al.   

J. Infusion Nursing Vol 34 #4 July / August 2011 



CMC Dallas System 

• Sensible Pediatric Modification of INS 

• Introduces “% SWELLING” Concept 

• Uses MEASUREMENT 

 



CMC Dallas System 

Similar Issues to INS Grading: 

 Mixes VOLUME and Medication local TOXICITY in one scale 

 No “Vesicant” List 

 Blood is NOT Dangerous Over and Above the Volume Issue 

 ANY Amount of “Vesicant”    Immediate GRADE 4   

  Makes it Difficult to Show IMPROVEMENT (e.g. Hourly Checks) 

  Discourages Improvement Project Participants 



CMC Dallas J. Inf. Nursing Paper 

DISCUSSION: 

We Agree 



CMC Dallas J. Inf. Nursing Paper 

DISCUSSION: 

We Agree 



Results:  Calendar 2012 

• ZERO Severe Harm 

• Moderate Harm = 0.55/1000 Line Days 

• Red Drugs 
– Most PIV Red Drugs Now Only Given PIV in 

Code Situations  ? Early Intraosseous Rx 

– BUT: 

• New EPIC Data System (3 months) 

• Complete data but not yet analyzed 

 

“No one has all the answers.   

Severe Harm is only one slip up away” 

 





Documents Available: 

• http://cincinnatichildrens.org/vascularaccess 



Summary 
• Primary CCHMC Institutional Safety Focus:  

– Serious Harm PREVENTION 

– CCHMC Data Centric Standardized Institutional Improvement Requirement 

• INS 1-4 PIV Grading System Inhibited Improvement Success 

• We Separated VOLUME and TOXICITY Harm Components 

• New Assessment Tool Developed for ALL I/V Extravasations 

– No “Grading”  Continuous Numerical Scale (% Swelling - Volume)  

– Eliminates Vague Descriptive Components 

– Automatically Accounts for Pediatric Body Size  (Ratio X/Y) 

– Evidence Based Three Tier Stratification of Med Toxicity Risk (RYG) 

•  PRIMARY Focus is PREVENTION of I/V Injuries 

– “No Treatment Required if Injuries PREVENTED or Minimized” 

 
• AVOID        Unnecessary Risk  

• MINIMIZE   Necessary Risk 
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Questions???? 

X 

http://www.staples.com/office/supplies/moreviews?catalogId=10051&catentryId=130700&langId=-1&storeId=10001&imageClickSequence=0

