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A comparison of traditional technique peripheral intravenous insertion to the 

utilization of ultrasound guidance for the development of a vein classification 

system and difficult intravenous insertion algorithm. A prospective 

observational study.

Introduction

• In the preoperative setting, elective ultrasound guided PIV insertion 

is rarely used as the primary modality but rather performed as a 

rescue technique after multiple failed attempts.

• The purpose of this research study is to compare 2 established PIV 

techniques (traditional vs ultrasound guided) in order to develop an 

algorithmic approach to PIV insertion in the preoperative setting 

based on a pre-insertion vein classification system.

• Selecting the optimal modality for initial and subsequent IV insertion 

will decrease the total number of attempts, facilitate appropriate 

gauge and location of IV insertion, avoid central line placement, and 

improve patient satisfaction during their perioperative experience.

Methods

• A prospective observational study of 95 patients 

• A pre-insertion vein classification system was utilized based on 

degree of visualization; Excellent (Grade 1), Fair (Grade 2), and 

Absent (Grade 3)

• The ‘best vein’ criteria was used to categorize patients with dual 

provider confirmation

• IV Approach dictated by provider

• Traditional IV insertion attempts were recommended for grade 1 

veins

• Ultrasound guided IV insertion recommended for grade 3 veins

• 18’ gauge was the average IV placed for both methods

• A Fisher Exact test analysis compared IV insertion between the 

traditional vs ultrasound guided modalities on grade 2 veins. 

Conclusions

• Based on the data from our study, we propose a 0-1-2 rule for traditional 

IV attempts, which describes when to escalate to ultrasound guided PIV 

insertion in Grade 3-2-1 classified patients, respectively, to have the 

most successful rate PIV placement. 

• A visual vein classification score and difficult IV algorithm can minimize 

PIV insertion attempts in pre-operative setting. Additionally, improve 

patient experience and minimize failed attempts
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Grade 1 Vein: Excellent visualization; Raised 

above the skin and protuberant portion wider 

than 1mm

Grade 3 Vein: Absent visualization; Vein not 

visible to the naked eye (absent visualization)
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Grade 2 Vein: Fair to Poor visualization; Not raised above skin, <1mm diameter. Visualization 

ranging from minimal vein shadowing as lower limit (any visualization present) to upper limit of 

grade 1 criteria (not raised above skin and protuberant portion <1mm wide) (A,B)
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Patient Characteristics

Methods (Cont’d)

Visual Vein 

Classification 

Scale

IV Insertion 

Methods

Success of placement %

(# of success / # of total 

attempts)

Grade 1 Vein
Traditional Technique 79.6% (43/54)

Ultrasound Guided 100% (5/5)

Grade 2 Vein1
Traditional Technique 53.6% (15/28)

Ultrasound Guided 94.9% (37/39)

Grade 3 Vein
Traditional Technique2 0% (0/3)

Ultrasound Guided 100% (23/23)

Table 3

IV Attempts and successful placement across all vein classifications
1. Fisher exact test (p=0.0002) of Traditional vs Ultrasound Guided IV placement for Type 2 Veins 

2. Successful Elective Peripheral IV inserted in external jugular excluded

Results

Visual Vein 

Classification Scale

Recommended traditional

IV Attempts

Grade 3 Vein 0

Grade 2 Vein 1

Grade 1 Vein 2

Table 4

0-1-2 rule for traditional IV attempts

Risk Factors Percentage %

Presence of IV Restriction Site1 34.7%

History of difficult peripheral IV placement2 40.0%

BMI > 30 34.7%

BMI > 35 17.9%

Peripheral vascular disease 17.9%

History of chemotherapy 10.5%

Presence of Inflammatory illness 11.6%

Table 2

Patient Risk Factors
1. Determined by surgery specific restriction, or limb alert 

2. Two patients had history of central line placement for inability to obtain PIV

Inclusion Criteria Exclusion Criteria

All patients who require peripheral 

IV insertion in the pre-operative 

and intraoperative area

Patient refusal to participate

Emergency setting

Both modalities of IV insertion 

are not readily available

Table 1

Inclusion and Exclusion Criteria


