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Learning Objectives 

 Review background of Tubing Misconnections issue 

 

 Explain why new small bore connector design 
standards are needed 

 

 Describe challenges with dose accuracy of low doses 
(< 2.0mL) and the ENFit Low Dose Tip Syringe Solution 

 

 Review timeline needed to effectively implement and 
transition new connector design 
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Background to 2005  



How many systems have universally 
fitting Luer connectors ?  
 
 Intrathecal systems  

 Gastrointestinal 

 Genitourinary  

 Drainage systems 

 Cardiovascular  

 Arterial 

 Hemodynamic 

 Venous  

 

 Driving gases  

 Pneumatic compression boots 

 Automatic Non invasive blood 
pressure   

 Intravenous systems  

 Respiratory systems  
○ Ventilators  

○ Breathing treatments  

 



Tubing Misconnections:  
Normalization of Deviance 

 

Case reports 
N =116  
Adult (N=60) 
Child/infant (N=30) 
Not Specified (NS) (N=26) 
 
Patient Outcome from 116 cases 
Death (N=21)  
Survival: 
 Hypersensitivity and Hypercoagulopathy reaction (N=1) 
 Septicemia/sepsis (N=16): 

2 with neurologic damage 
2 with respiratory arrest 
33 with hypoxia 
1 with seizure & hypoglycemia 
5 with intracranial hemorrhage 

 Renal impairment (N=8) 
 Respiratory arrest/distress (not listed above) (N=2) 
 Neurologic damage (not listed above) (N=2), 1 with blindness & deafness 
 No harm, or outcome not given (N=12) 

 



Connecting Tubing - a high-risk activity  

• Infusion and monitoring systems 
in healthcare are physiologically 
not compatible 
 

• Infusion systems rely upon a 
single, universal connector - the 
luer tip connector  
 

• Routine tasks such as connecting 
tubing are at risk for “automatic 
mode errors” 
 

• Healthcare is not designed for 
safety   

 



Human Factors: Error Modes  

Automatic Mode 

Slips  

Lapses  

 

Non Automatic Mode 

Mistakes   

Reason 1990 



Automatic Mode: 
 

Slips - errors that occur during familiar actions and are 
governed by familiar impulses incorrect execution 
of a planned action occur when you automatically 
do something that you didn't mean to do  

 
  

 

 



Human Factors Issue 

 In “automatic mode” errors are made without 
the participants knowledge 

 Locking the keys in the car  

 Dialing the wrong number  

 Putting the milk in the cabinet and cereal in 
the refrigerator  

 



Automatic Mode Errors  

• Are effortless and rapid  

• Are failures of actions going as intended 

• Occur in common and familiar functions in familiar 
surroundings 

• Thinking is under “attentional control” – we only pay 
attention when there is a change  

• Are usually not detected by the participant 

 

 

Reason 1990 



Examples of Slips with Redesign in 
Healthcare  

 Free flow intravenous tubing  

 Needle-less systems  

 Double checks  

http://ryvmed.com/detail.aspx?ID=101
http://images.google.com/imgres?imgurl=http://www.longislandpress.com/images/articles/892/Disposal01_W.jpg&imgrefurl=http://www.longislandpress.com/articles/coverstory/892/&usg=__qAitULg6oOlqGD9OCPJfhSGoT8c=&h=345&w=345&sz=15&hl=en&start=97&um=1&tbnid=g8foUvXHok49HM:&tbnh=120&tbnw=120&prev=/images?q=sharps+prevention+boxes&ndsp=21&hl=en&rlz=1T4GGLL_enUS315US315&sa=N&start=84&um=1


Error is Inevitable Because of Human 
Limitations 

• Limited memory capacity 

• Limited mental processing capacity 

• Negative effects of stress  - Tunnel vision 

• Negative influence of fatigue and other physiological factors 

• Limited ability to multitask 

• Flawed teamwork 
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http://www.nytimes.com/2010/08/21/health/
policy/21tubes.html?_r=0 retrieved March 1, 
2016  
 

http://www.nytimes.com/2010/08/21/health/policy/21tubes.html?_r=0
http://www.nytimes.com/2010/08/21/health/policy/21tubes.html?_r=0
http://www.nytimes.com/2010/08/21/health/policy/21tubes.html?_r=0


http://www.nytimes.com/2010/08/21/health/
policy/21tubes.html?_r=0 





• We know without a doubt this is a safety hazard to patient death  

• We know it is present in almost every healthcare setting  

• Every major safety organization has supported this  change  

• We have been aware of this for over ten years  

• We have not changed it in the healthcare setting to date 

• People are still dying from this error 

• It is past time to fix this   

• We live with what we tolerate  

The Facts  
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Examine what you tolerate  
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MISSION 
 

Promote initiatives surrounding safe and 
optimal delivery of enteral feeding and 

connectivity   

Unite. Connect. Deliver. 



GEDSA Members 

 

Abbott 

A. Hopf 

Alcor Scientific 

Amsino 

Bard 

Baxter 

B Braun 

Boston Scientific 

Cair Lgl 

Cedic/Entek 

Codan 

Cook Medical  

 

 

 

 

 

Corpak 

Dale Medical 

Degania 

Enteral UK 

Fresenius Kabi 

Halyard 

Intervene 

Medela 

Medicina 

Medline 

Medtronic 

 

 

Moog 

NeoMed 

Nestle 

Nutricia 

Qosina 

Smith’s Medical 

UComfor 

Vesco Medical 

Vygon 

VR Medical/Kentec 

Xeridiem 
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Supporting Organizations 



2006  
WHO recognized this as a Global public health 

issue and requested to ISO for an industry 
standard. 

 
The Joint Commission issued a Sentinal Alert 
Initiating the ISO standard, CA legislation & 

public outcry for change 
 





ISO Design standards developed for 
system-specific applications 

Respiratory  Enteral Urological Limb Cuff Neuraxial Intravascular 

 

      - 2 - 3 - 4 - 5 - 6 - 7 

80369 Series 
-1 General requirements 

Requirements: 
• Not connectable with others in series 
• Rigid or semi-rigid 
• Passes Misconnection, Risk Analysis, Usability/Human Factors Testing 
• Not connectable with Luer or needleless connector ports 

Stayconnected.org 



Draft Copy  33 

Ø2 

Ø3 

Ø4 

Ø5 

Ø6 

Ø7 

Ø8 

PG6: Neuraxial slip4-r04  

PG7: Luer slip-r2  

PG2: RESP 125-r01  

PG2: RESP 6000-R01 

PG5: b3-r1 

PG6: Neuraxial Lok4-r04  

PG7: Luer slip-r2  

PG2: RESP 125-r01  

PG2: RESP 6000-R01 

PG5: b2-r1 

PG5: B5-R1 

PG5: b4-r1 

PG5: b1-r1 

PG5: B6-R1 

Ø8.5 

Female I.D. Male O.D. 

ISO Connector Dimension Allocation Diagram 

ENFit  

ENFit  

ENFit  ENFit  

Stayconnected.org 



Significant Testing Conducted to Verify 
& Validate Enteral Standard Design 

 Clinical Assessment 

 20 Clinicians (Physicians, Nurses, Pharmacists) 

 Usability/Human Factors  

 53 US Clinicians (including 15 NICU) 

 Misconnections Assessment  

 Syringe Accuracy Report 

 User Survey – 35 respondents in 3 European mkts 

 Acceptability and Suitability Study 

 48 Clinicians (including neonatologists  

    in 6 European Markets 

 Reverse orientation usage – UK reverse Luer 
 Millions of patients over nearly 10 years 

 

Testing & Assessments 

Stayconnected.org 



TM 



Introducing ENFit, the proposed new ISO 
80369-3 design standard connector 

CURRENT NEW 

Male Stepped or 
“Christmas Tree” Connector 

from Administration Set 

Female 
Feeding Tube 

Port 

Female ENFit 
Connector from 

Administration Set 

Male ENFit 
Connector for 
Feeding Tube 

Stayconnected2015.org Stayconnected.org 



GOAL: Eliminate the Long Term Need for adapters 

Check with your supplier regarding 
Transition Connectors from ENLock to ENFit 







Dose Accuracy Concerns 

 Clinicians: 
 Clinicians have raised concerns on dosing accuracy of small volume 

ENFit® syringes, due to their reverse gender orientation 

 Clinicians and pharmacists indicated dosing accuracy expectation of 
± 10% a target volume of 0.2 mL (when delivered using a 1 mL syringe) 

 

 Industry: 

 There is no current standard (ISO, AAMI, ASTM, EN) dosing accuracy 
requirement or specification for oral/enteral syringes 

 Dosing accuracy is not a standard test performed by syringe 
manufacturers, therefore no baseline data exists for comparison 

 
 



Dosing Accuracy Testing 

 Performance Testing conducted by an independent external test lab 

 Syringes with maximum volume of 5 mL and below may require a “low 
dose tip” ENFit® connector design  to satisfy the dosing accuracy target 

 GEDSA members collaborated to evaluate the following syringes to 

deliver an accurate dose level within +/-10% for small doses: 

 Existing enteral/oral (male tip) 

 Female Luer lock (reverse system used in the UK) 

 Proprietary syringes currently marketed   

 Standard ENFit tip  

 Proposed ENFit Low Dose Tip 

All data assessed by GEDSA members was consolidated and submitted to the FDA to support the 510(k) for the 
low dose tip design 



Dose Accuracy of Common 
Enteral/Oral Tip Syringes 

-3.96 

-11.20 

-7.37 

-24.06 

21.22 

18.00 

9.69 

28.15 

-30 -20 -10 0 10 20 30 40

Reverse F

Reverse E

E/O Overall

Std ENFit

% Dose Accuracy (95% CI) 

Note: Target is ±10% of a 0.2mL dose delivered in a 1mL syringe. 



Proposed ENFit® Low Dose Tip Syringe 

 The ENFit Low Dose Tip (LDT) Syringe was 
designed to specifically address dose 
accuracy concerns. 
 Design proposed for inclusion into ISO 20695 enteral 

device standards 

 LDT is: Standard ENFit female syringe tip with 
an internal tip lumen. 

 Mimics functionality of traditional male 
oral/enteral syringe designs  

 Orientation/configuration is similar to Luer 
lock syringes* 



Dose Accuracy of ENFit® Low Dose Tip vs. 
Common Enteral/Oral Tip Syringes 

-3.96 

-11.2 

-7.37 

-2.9 

21.22 

18.00 

9.69 

10.47 

-15 -10 -5 0 5 10 15 20 25

Reverse F

Reverse E

E/O Overall

ENFit LDT

% Dose Accuracy (95% CI) 

Note: Target is ±10% of a 0.2mL dose delivered in a 1mL syringe. 



Dosing Accuracy Summary  
All Test Sizes of Low Dose Syringes (1, 3, 6mL) 

As syringe size and target dose increase, the dosing accuracy improves because 

the displacement as a proportion of the target dose decreases. 



Usability Testing Top Level Summary 

 150+ respondents worldwide representing pharmacy, nursing 
and caregivers testing the ENFit® LDT vs. current practice 

 

 No significant differences for syringe use when water or a 
thicker liquid (pepto bismol) was filled and administered 

 

 No significant difference for syringe use between responses of 
Pharmacist, Nurses, or Caregivers 

 

 No significant difference for syringe use when filling from a dose 
cup when: 
 Capping 

 Doing nothing 

 Wiping the syringe tip or  

 Tapping the syringe tip 

 



Best Practices 

 Removal of Residual Fluid 

 The LDT male lumen behaves similarly to the  

        male nozzle on a standard  (male) syringe. 

 LDT syringes, like standard syringes, should be 

  tapped/flicked/wiped in order  to remove fluid  

 
 Method of filling the syringe (cup fill vs straw/adapter fill) 

 Straw/adapter fill method is more accurate than cup fill method due to less 
potential for residual fluid on syringe to transfer to feeding tube. 

 

 Depending on orientation of syringe and feeding tube during filling 
and disconnection excess fluid may flow: 
 Toward syringe creating residual fluid on syringe that can transfer to the 

feeding tube. 

 Into the feeding tube or fluid may flow back out of feeding tube. 



Low Dose ENFit® Syringe Conclusion 

Performance Test Results (when used as instructed): 

 Dose Accuracy range of -2.90% to +10.47% (95% CI) 

 Substantially equivalent to standard orientation (male) enteral/oral syringes 

 Performs better than Reverse Orientation (female tip) syringes. 

 Use of an adaptor (such as a straw) provides better performance than a cup fill 

Misconnection Risk Assessment:    

The ENFit Low Dose Tip mitigates the risk of inadvertent tubing misconnections and 
provides a clinical benefit that outweighs the risk of its use. 

Usability:  

No significant difference vs. current practice when filling or administering different 
viscosity fluids or between respondents (Pharmacist, Nurses, or Caregivers) 

 

Note:  Further consideration will need to be given to training and awareness 
relative to flicking and the benefits of draw up devices 







1st Half 2016 

1st Half 2016 



Brochures, Presentations, FAQs & Checklists  
at www.stayconnected.org 



Recommendations 

 Work with your Enteral Feeding Device Suppliers: 
 Understand their specific ENFit Transition Timing for all 

enteral tubes and syringes 

 Verify ability to meet your demand 

 Find a back-up Plan 

 Syringes: 
 1 & 3mL Syringes should have a Low Dose Tip (5mL 

depending on supplier and facility needs) 

 6mL and above should not have a Low Dose Tip 

 Verify adequate supply to meet facilities demand and home 
bound patient at discharge prior to ENFit tube placement 




