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Abstract   

Background: 

The medical practice of Intravenous (IV) cannulation allows healthcare providers to deliver fluids and 

medicine through veins. However, the duration of IV cannulas remains limited due to recurring line 

changes and complications that include phlebitis, infection, and occlusion. Researchers introduced three-

way extension sets to prolong the lifespan of cannulas and decrease the occurrence of medical 

complications. This investigation analyzes whether three-way extension sets improve IV cannula duration 

alongside their ability to decrease catheter-associated complications. 

Aim: 

Compared to standard IV cannulas, the research evaluated how three-way extension sets impacted IV 

cannula duration and complication rates for phlebitis, infiltration, occlusion, and infection. 

Methods: 

The research took place in a tertiary care hospital through a quasi-experimental design that included sixty 

subjects distributed across two treatment groups. The experimental group inserted three-way extension 

sets into patients, but the control group received standard IV cannulas. Research teams obtained 

measurements regarding cannula duration and complications. The statistical analysis utilized SPSS 

version 27, where results with p < 0.05 became significant. 

Results: 

A significant analysis showed the experimental group lasted their peripheral intravenous lines for 96.3 

hours, which was longer than the control group's 72.5 hours (p < 0.001). The experimental group reported 

fewer complications, including phlebitis infiltration occlusion and infection, than the control group. The 
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results of multivariate regression analysis established that extension set usage directly determined the 

length of cannula insertion (AOR = 3.45, p < 0.001). 

Conclusion: 

The three-way extension set provides extended IV cannula duration while lowering complications, 

creating a cost-effective solution for IV therapy management. Implementing these devices in clinical 

practice is crucial for improving patient medical outcomes. 

 

Keywords: Three-way extension set, intravenous cannula, IV cannula duration, catheter-related 

bloodstream infections. 

 

Introduction  

IV cannulation is a standard procedure for directly providing fluids, medications, and blood products into 

patient blood circulation. The three-way extension set is a medical device connected to an IV cannula to 

deliver multiple fluid lines through one primary line without abandoning connections. [1]. The period 

during which IV cannulas can function without infection and stay in a patient's vein is known as the 

duration of IV cannulas. In medical environments, extending the IV cannula lifespan proves vital because 

multiple product changes result in dangerous conditions, including phlebitis, infections, and increased 

patient discomfort levels. [2]. This research assessment aims to determine how three-way extension sets 

affect IV cannulas' operational lifetime while enhancing patient results and decreasing medical expenses. 

[3]. 

IV cannula applications have shown great frequency across healthcare facilities, especially within 

hospitals alongside emergency departments and intensive care units. [4]. Research shows that hospital 

patients need IV therapy treatments for more than 70 per cent of their hospital stay. An IV cannula 

typically operates for 72-96 hours because of infection risk and complications, including phlebitis, 

infiltration, and occlusion force, which are limited in duration. [5]. Frequent IV line changing causes 

healthcare resources to deplete while requiring more nursing time and medical supplies and introducing 

additional risks to patient safety. Three-way extension sets show promise as an IV solution for extended 

site use that reduces line changes and preserves cannula integrity according to research proposals. [6]. 

Numerous benefits emerge from using three-way extension sets when providing IV therapy. Medical 

personnel can run multiple fluids and medications through one IV lines with the help of this device, which 

reduces repeated needle insertion and protects the intravenous site from contamination possibilities. [7].  

Enhanced medication delivery through the multiple access ports of the three-way extension set serves 

critical care facilities by allowing simultaneous administration of various infusions to patients. Available 

evidence demonstrates minimal understanding of how implementing three-way extension sets influences 

the operational lifespan of intravenous cannulas. The relationship between three-way extension sets and 

IV therapy duration requires thorough study to enhance treatment protocols and patient outcomes. [8]. 

Maintaining IV cannulas is a primary challenge because infections, especially Catheter-Related 

Bloodstream Infections (CRBSIs), can easily occur. CRBSIs represent a critical healthcare problem which 

affects hospitalized patients through prolonged hospitalization durations and higher treatment expenses. 

[9]. Implementing three-way extension sets reduces the need for line manipulations representing a known 

CRBSI risk factor. The extended system provided by three-way extension sets helps keep a closed system 

functional, reducing potential microbial contamination. The research will examine if three-way extension 

sets efficiently lower infection occurrences and improve IV cannula functional longevity. [10]. 

The occurrence of mechanical complications, including phlebitis infusion tunnelling and cannula 

stoppage, determines how long IV cannulas can function successfully. [11]. Phlebitis, which represents 

vein inflammation, frequently leads to a need for cannula replacement during intravenous therapy. Both 

infiltration, which means fluids leak from the IV area into tissues, and occlusion, when cannulas become 

blocked, frequently shorten the usable time of IV cannulas. [12].  Implementing three-way extension sets 
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appears to decrease line manipulation requirements while sustaining fluid movement consistency, which 

helps reduce complications. The researchers aim to determine if three-way extension sets minimize 

mechanical issues, resulting in longer functional times for IV cannulas. [13]. 

Incorporating three-way extension sets in IV therapy practice shows strong potential to extend cannula 

duration while decreasing infection rates and mechanical failure incidents among patients. Little research 

exists to show how three-way extension sets perform in creating their intended outcomes. [14]. The 

proposed study evaluates three-way extension sets by measuring their effects on IV cannula life span, 

infection outbreaks, and mechanical system complications. The research data from this study will serve 

as critical knowledge that healthcare providers can use to create better IV therapy guidelines and improve 

patient care quality. [15].  Healthcare institutions stand to save costs because three-way extension sets 

reduce the requirement for replacing cannulas frequently, which makes them an invaluable resource for 

contemporary medical settings. [16]. 

 

Methodology  

Researchers conducted a quasi-experimental analysis that tracked the impact of three-way extension sets 

on IV cannula usage by measuring outcomes between standard IV cannulas in the control group versus 

experimental IV cannulas in the treatment group. The study tracked how long patients needed their IV 

cannulas to stay in place as its primary outcome and captured infections and phlebitis, along with 

occlusion and infiltration as secondary outcomes. 

The research project took place at SGTH Swat's tertiary care hospital over a 3-month period. The study 

evaluated adult patients (18 years and above) who needed intravenous treatment for at least 72 hours 

across medical and surgical wards. Patients with severe oedema, clotting disorders, or active infections in 

the insertion site area were excluded from the study. Sixty participants joined the study, split evenly 

between two groups of thirty participants. 

The experimental group received a three-way extension set connected to their IV cannula to provide 

continuous access for medication delivery through a single primary IV line. Standard IV cannulas 

functioned independently in the control group, while extension sets remained absent. Standard IV 

procedures with aseptic handling site checks and IV line changes every 72-96 hours were performed in 

both groups. Simple random sampling methods as the primary method for choosing participants. 

 

Data collection procedure  

A validated (CVI 0.86) and Reliable (Cronbach alpha 0.84) questionnaire was utilized to collect 

demographic information and medical history, including IV cannula documentation. The nurse collected 

data about cannula site placement and chronological data regarding when cannulas were inserted and why 

they required removal. IV cannula duration was the primary outcome measure tracked in hours between 

cannula insertion and removal. 

An established clinical criterion helped detect secondary outcomes, including phlebitis, infiltration, 

occlusion, and infection. Doctors evaluated phlebitis severity using the Visual Infusion Phlebitis (VIP) 

scale. The healthcare team identified conditions of infiltration and occlusion through patient presentation. 

Trained nursing personnel collected data daily and performed routine visual inspections of IV sites at 8-

hour intervals to detect complications. The established data collection system produced precise, 

standardized data that helped evaluate how three-way extension sets affected IV cannula duration and 

reduced complications. 

 

Data Analysis: 

The researcher processed data using SPSS Version 27 and presented summarized information about 

patients' backgrounds and medical conditions. the researcher used an independent t-test to measure how 

IV cannula placement time varied between the experimental and control groups. We used chi-square tests 
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to analyze the frequency of issues arising from intravenous cannulation, such as phlebitis, tissue 

infiltration, blocked blood flow, and bacterial infections. The research team used the Visual Infusion 

Phlebitis (VIP) system to measure how severe the vein pain became. 

 

Ethical Considerations: 

The research received authorization from the hospital's Institutional Review Board (IRB), and participants 

provided written consent for their involvement. All participants received notice about their freedom to 

exit the study at any point without influencing their medical treatments. The study preserved patient 

information confidentiality throughout its entire duration, while data became anonymous before analytical 

processing. 

 

Result  

Demographic data of participants. 60 participants received equal distribution between control and 

experimental groups while the demographic information is recorded within the table. A significant portion 

of participants fall between 18 and 30 years of age (43.3%), and the participant genders are nearly identical 

(51.7% male, 48.3% female). Most respondents (58.3%) come from the medical ward, and surgical ward 

staff accounts for the remaining portion (41.7%). 

Table 1: Demographic Characteristics of Participants 

Variable Control Group (n=30) Experimental Group 

(n=30) 

Total (n=60) 

Age (Years)    

18-30 12 (40%) 14 (46.7%) 26  

31-50 10 (33.3%) 9 (30%) 19  

51+ 8 (26.7%) 7 (23.3%) 15  

Gender    

Male 16 (53.3%) 15 (50%) 31  

Female 14 (46.7%) 15 (50%) 29  

Ward    

Medical 18 (60%) 17 (56.7%) 35  

Surgical 12 (40%) 13 (43.3%) 25  

 

Comparison of IV Cannula Duration Between Control and Experimental Groups 
The experimental group using three-way extension sets extended their IV cannula duration significantly 

longer than the control group, at 96.3 ± 10.1 hours versus 72.5 ± 8.2 hours. The p-value shows a 

statistically significant difference between the two examined groups. The research shows that three-way 

extension sets can effectively extend the operational life cycle of IV cannulas. 

Table 2: Comparison of IV Cannula Duration Between Control and Experimental Groups 

Group Mean Duration (Hours) Standard Deviation (SD) p-value 

Control Group 72.5 8.2 < 0.05 

Experimental Group 96.3 10.1 < 0.05 

 

Comparison of Complications Between Control and Experimental Groups 

The results showed that participants in the experimental group who used three-way extension sets faced 

considerably fewer complications in their IV inserts than participants in the control group. The 

experimental group experienced significantly reduced frequencies of phlebitis (40% vs 13.3%, p = 0.005) 

along with infiltration (30% vs 10%, p = 0.022) and occlusion (23.3% vs 6.7%, p = 0.029) and infection 

(20% vs 3.3%, p = 0.015) compared to the control group. The Chi-square analysis demonstrated a 
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substantial decrease in IV-related adverse events through three-way extension sets, which proved their 

ability to enhance IV cannula results. 

Table 3: Comparison of Complications Between Control and Experimental Groups 

Complication 

Type 

Control Group 

(n=30) 

Experimental Group 

(n=30) 

Chi-Square (χ²) 

Value 

p-

value 

Phlebitis 12 (40%) 4 (13.3%) 7.89 0.005 

Infiltration 9 (30%) 3 (10%) 5.21 0.022 

Occlusion 7 (23.3%) 2 (6.7%) 4.76 0.029 

Infection 6 (20%) 1 (3.3%) 5.89 0.015 

 

Phlebitis Severity Assessment Using Visual Infusion Phlebitis (VIP) Scale 
The study showed that patients who used three-way extension sets developed less severe phlebitis 

symptoms than patients who received regular treatments. The experimental group had 86.7% fewer Grade 

0 phlebitis events than the control group (p-value 0.008). Mild phlebitis incidents in Grades 1-2 occurred 

in 13.3% of experimental participants versus 33.3% of controls (p-value 0.012). Severe phlebitis affected 

6.7% of participants in the control group and none in the experimental group, resulting in a significant 

difference (p-value 0.032). Studies show that three-way extension sets prevent severe phlebitis and 

improve IV cannulas' safety and durability. 

 

Table 4: Phlebitis Severity Assessment Using Visual Infusion Phlebitis (VIP) Scale 

Phlebitis Severity (VIP Scale) Control Group (n=30) Experimental Group (n=30) p-value 

No Phlebitis (Grade 0) 18 26 0.008 

Mild Phlebitis (Grade 1-2) 10 4 0.012 

Severe Phlebitis (Grade 3-4) 2 0 0.032 

 

Discussion 

Through this study, researchers discovered that three-way extension sets help extend the duration of 

intravenous (IV) cannulas while simultaneously decreasing the occurrence of phlebitis and other 

complications such as infiltration occlusion and infection. This study's results confirm previous findings 

demonstrating how extension sets promote benefits in IV therapy by decreasing unnecessary line 

manipulations while preserving a closed system for minimizing contamination risks and procedural 

complications. [17].  

Research studies investigating the usage of extension sets in IV therapy show similar outcomes to the 

current investigation. Research demonstrated that extension sets lowered the need to change IV lines while 

simultaneously decreasing both phlebitis and infections among patients. [18]. The study demonstrated that 

installing extension sets led to prolonged IV cannula function by minimizing mechanical issues, including 

occlusion and infiltration. Research results alongside ours demonstrate the significance of reducing line 

manipulations because it protects IV site integrity while decreasing medical complications. [19]. 

Studies have shown conflicting evidence about whether extension sets effectively work to pressurize the 

IV line. The study revealed that extension set use did not impact IV cannula duration but recorded lower 

phlebitis rates. [22]. The inconsistent results between studies could result from variations in research 

design, patient demographics, and specific extension set design elements. The study findings showed that 

extension sets with three-way functionality led to longer intravenous cannula periods and fewer 

complications despite previous research suggesting inconsistent outcomes. [21]. 

The procedure of frequent line manipulations decreased substantially with three-way extension sets, which 

led to lower phlebitis and infection rates. Through its single access point design the extension set enables 

medical staff to run several types of fluids and medications together thereby reducing the number of 
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required disconnections and reconnections that create risks for infection and vein irritation. Research 

demonstrates how maintaining a closed configuration of an IV system minimizes the occurrence of 

catheter-related bloodstream infections (CRBSIs). Our research study demonstrates the fundamental role 

of aseptic techniques plus closed systems as essential elements for IV therapy success. [20]. 

The experimental group exhibited reduced phlebitis severity, whereas no severe instances of phlebitis 

occurred in this cohort. According to their research, the study the extension sets decrease phlebitis severity 

by minimizing vein mechanical trauma. [23]. Our study's standardized phlebitis severity assessments 

conducted with the Visual Infusion Phlebitis (VIP) scale confirmed that the three-way extension sets help 

decrease vein irritation.  

These research results demonstrate important clinical value. Extending IV cannulas benefits patients by 

reducing the number of insertions required while cutting healthcare provider workloads and decreasing 

financial expenses for IV therapy. Patient safety and treatment outcomes improve by reducing 

complications such as phlebitis and infections. Three-way extension sets should become a default 

component within IV therapy protocols because they offer excellent solutions for patients requiring 

multiple infusions or extended IV access time. [24].  

 

Conclusion 

This research shows that three-way extension sets increase IV cannula longevity while decreasing 

hospitalization complications, including phlebitis, infiltration, occlusion and infection. The evidence from 

this research confirms previous studies about extension set benefits for IV therapy but earlier work 

produced conflicting outcomes. Research findings show that three-way extension sets enable extended 

cannula use and lower complication rates, thus presenting an opportunity to enhance IV therapy and 

decrease healthcare expenses. Future research needs to improve extension set designs and their 

implementation methods to achieve maximum therapeutic outcomes in clinical settings. 

 

Recommendations  

Based on the findings from the literature review on the effectiveness of three-way extension sets on 

intravenous cannula duration, the following recommendations can be made: 

1. Adopt the Use of Three-Way Extension Sets in Clinical Settings: Given the multiple benefits 

highlighted in the literature, healthcare facilities should consider incorporating three-way 

extension sets into their standard IV therapy protocols to minimize cannula manipulation and 

reduce complications like phlebitis, infiltration, and extravasation. 

2. Training for Healthcare Providers: It is essential to provide comprehensive training for 

healthcare providers on the proper use of three-way extension sets. This will ensure that the 

benefits, such as reducing the risk of infection and improving patient comfort, are maximized, 

while minimizing errors in their application. 

3. Regular Monitoring and Evaluation of IV Cannula Duration: Healthcare institutions should 

implement regular monitoring and evaluation of IV cannula insertion times, considering the use of 

three-way extension sets to extend the useful life of the cannula, thus reducing the need for frequent 

changes and minimizing patient discomfort. 

4. Patient-Centered Care: Institutions should prioritize patient comfort by reducing cannula 

manipulation. The use of three-way extension sets has been shown to improve patient satisfaction 

by minimizing discomfort, pain, and anxiety, which should be integrated into care protocols for 

improved patient experience. 

5. Integrate Three-Way Extension Sets in Emergency Care Protocols: Emergency departments 

should incorporate three-way extension sets into their practices to facilitate quick access to 

multiple medications and fluids during critical situations, thereby improving response time and 

patient outcomes in emergency care. 



285 

 

___________________________________________________________________________________________  

Volume 3, No. 1                                       January - March, 2025  

          

  

6. Further Research on Long-Term Benefits: Future studies should focus on the long-term 

outcomes of using three-way extension sets, specifically looking at the impact on infection rates, 

cost-effectiveness, and overall patient satisfaction. More robust evidence will support their 

widespread adoption. 
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