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• Direct blood-contacting devices should be evaluated for 
thrombogenic potential 

• The non-anticoagulated venous implant (NAVI) model is a standard 
in vivo thrombogenicity test

• Method: 
– Absence of anticoagulants

– Insert up to 15 cm of catheter-shaped device into 

veins of animals for 4 hours

– Canine jugular vein 

– N = 2 to 3

– Control: legally marketed comparator device

BACKGROUND NAVI 
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Caveats in test methodology limit the NAVI model’s 

predictiveness

– inherent differences in “thrombotic potentials” among individual 

animals

– lack of statistical power

– placement in venous anatomy

– incubation period

– lack of anticoagulants

Reference: ISO 10993-4:2017 Annex C, Table C.3 

NAVI CAVEATS
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IN VITRO THROMBOSIS TEST METHODS 
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Test Standard Purpose

SC5b-9 

Complement 

Activation (CAA)

ISO10993-4: 2017

Complement activation has the potential

to indicate whether a test article, when exposed to

Normal Human Serum, can affect the hemolytic,

platelet function, and thrombogenic potential of

NHS.

Partial 

Thromboplastin 

Time (PTT)

ASTM F2382-18 

ISO10993-4: 2017

Clotting time can indicate whether a test article,

when exposed to human plasma, has the potential

to activate the intrinsic clotting pathway.

Platelet & 

Leukocyte Counts 

(PLC)

ASTM F2888-19

ISO10993-4: 2017

Platelet counts can indicate whether a test article,

when exposed to human whole blood, has the

potential to cause thrombus formation.



In vivo thrombogenicity is influenced by device materials as well 

as geometry and surface characteristics

Can in vitro thrombosis assays predict in vivo thrombogenicity?

To conduct a review of previous NAVI studies and determine if

there is any correlation between NAVI scores and in vitro

thrombosis test results

OBJECTIVE
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NAVI SCORING SCHEME  
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Thrombus formation score description Score

No significant thrombosis (a very small clot is acceptable at insertion). 0

Minimal thrombosis, one location. 1

Minimal thrombosis, multiple locations. 2

Significant thrombosis, >1/4 to < ½ the surface of the implant, vessel patent 3

Significant thrombosis, >½ the surface of the implant, vessel patent 4

Vessel completely occluded 5



RESULTS FROM NAVI STUDIES
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Study # TA 

Animal 

#1

TA 

Animal 

#2

TA 

Animal 

#3

CA 

Animal 

#1

CA 

Animal 

#2

CA 

Animal 

#3

1 4 3 3 1 2 2

2 3 0 1 4 0 3

3 2 4 2 3 2 1

4 1 3 3 0 3 3

5 3 3 2 3 3 3

6 3 2 2 1 2 2

7 4 4 3 0 2 0

8 1 0 1 2 1 3

9 3 4 4 2 3 3

10 0 0 2 2 3 4



NAVI RESULTS Continued
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Study # TA 

Animal 

#1

TA 

Animal 

#2

TA 

Animal 

#3

CA 

Animal 

#1

CA 

Animal 

#2

CA 

Animal 

#3

11 4 4 4 4 4 4

12 3 1 4 3 2 4

13 3 4 4 4 4 3

14 2 0 2 2 0 3

15 1 1 2 0 0 1

16 2 3 2 2 3 2

NAVI scores of 3 and higher in 2 or more animals occurred in 

half of this dataset.



NAVI SCORES WERE VARIABLE
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Study # TA 

Animal 

#1

TA 

Animal 

#2

TA 

Animal 

#3

CA 

Animal 

#1

CA 

Animal 

#2

CA 

Animal 

#3

1 4 3 3 1 2 2

2 3 0 1 4 0 3

3 2 4 2 3 2 1

4 1 3 3 0 3 3

5 3 3 2 3 3 3

6 3 2 2 1 2 2

7 4 4 3 0 2 0

8 1 0 1 2 1 3

9 3 4 4 2 3 3

10 0 0 2 2 3 4



NAVI RESULTS WERE OFTEN 
INCONSISTENT
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Study # TA 

Animal 

#1

TA 

Animal 

#2

TA 

Animal 

#3

CA 

Animal 

#1

CA 

Animal 

#2

CA 

Animal 

#3

11 4 4 4 4 4 4

12 3 1 4 3 2 4

13 3 4 4 4 4 3

14 2 0 2 2 0 3

15 1 1 2 0 0 1

16 2 3 2 2 3 2

Scores differed by 2 among three animals in almost half of the dataset 

(14/32 = 44%).



• In vivo NAVI test/control article results were split into 2 

categories: 

– HIGH with scores of ≥ 3 in at least 2 animals

– LOW with scores of < 2 in at least 2 animals

• The corresponding in vitro results were evaluated

• Results were statistically analyzed

ANALYSIS METHOD 
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PTT vs. NAVI  
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Partial Thromboplastin Time

In Vivo Thrombogenicity Score
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PTT results (clotting time normalized to plasma) were on average 20% lower in 

devices associated with high NAVI scores.



SC5b-9 vs. NAVI  
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Complement Activation (Sc5b-9)

In Vivo Thrombogenicity Score
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SC5b-9 levels were statistically significantly higher in devices associated with high NAVI scores.



PLATELET COUNTS vs. NAVI  
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No association between platelet counts and elevated thrombus scores was observed.

Citrated human blood was used in these studies.

Platelet Counts
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• Variable results and elevated thrombus scores are commonly

reported in NAVI studies - Inconsistent thrombogenicity predictions

• Reduced PTT and elevated SC5b-9 activation may be associated

with in vivo thrombogenicity

• PTT, CAA and P&L are useful in assessing material-mediated

thrombogenicity

• These in vitro assays conducted in static conditions, possibly

combined with in vitro flow loop to cover dynamic, flow-mediated

thrombosis, may provide a feasible alternative to NAVI

CONCLUSION 
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• Since there is no absolute pass/fail criteria for a clinically acceptable 

level for PTT or CAA, it is important to include a marketed comparator 

device to assess biological relevance of the in vitro results

• PTT testing should be performed with one of FDA’s “preferred” 

analyzers

– New analyzer is more sensitive

– Reduced PTT (50-80% of negative control) was found in 24% (13/54) of test 

articles and 19% (7/36) of marketed comparator at WuXi using new analyzer 

and updated methods. HDPE was about 96%. Positive control was 47%.

• Follow latest version of ASTM F2382-18 PTT and ASTM F2888-19 for P&L

Key Takeaways
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