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Abstract: 
Arterial blood gas (ABG) sampling is a critical diagnostic procedure used to assess respiratory and metabolic 

function. Heparinized syringes are employed to prevent blood clotting during the collection process, ensuring 

accurate results. Traditionally, two primary methods of heparinization are used: prefilled heparinized syringes 

and manual loading of heparin into standard syringes. While prefilled syringes offer convenience and 

standardization, manual loading is often considered more cost-effective and flexible, particularly in resource-

limited settings. However, each method presents unique advantages and challenges that may impact ABG 

sampling accuracy, efficiency, and safety. 

Materials and Methods 

Study Design: 

This study adopts a comparative, prospective observational design to evaluate the outcomes of two methods of 

heparinization—prefilled heparin syringes and manual loading of heparin syringes—in ABG sampling. The 

study is conducted in a clinical setting, specifically within Apollo Hospitals –karaikudi . 

Participants: 

A total of 100 ABG samples will be collected from 50 patients. Each patient will contribute one sample using a 

prefilled heparin syringe (Group A) and one sample using a manually loaded heparin syringe (Group B). The 

patients will be selected randomly from those requiring ABG sampling, ensuring a broad representation of 

clinical conditions at Apollo Hospitals Karaikudi. 

Inclusion Criteria: 

• Adults aged 18-80 years. 

• Patients requiring arterial blood gas sampling as part of their clinical management (e.g., patients with 

respiratory distress, metabolic disorders, etc.). 

Exclusion Criteria: 

• Patients with known heparin allergies. 

• Patients with active bleeding disorders that would contraindicate the use of heparin. 

• Patients under the age of 18 or over 80 years. 

Results: 

Prefilled heparin syringes offer higher consistency, accuracy, and safety, making them ideal for high-volume 

or critical care environments, despite the higher cost.Manual loading of heparin syringes is more cost-effective 

but comes with higher risks of clot formation, error, and time consumption. It also requires more training and 

presents a higher risk of needle-stick injuries. 

Conclusion: while both methods are effective for ABG sampling, the pre-filled heparin syringe offers notable 

advantages in terms of ease of use, time efficiency, and minimizing human error. Institutions looking to improve 

workflow and patient care quality may find pre-filled heparin syringes a more practical option, despite their 

slightly higher cost. 
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I. Introduction 
Arterial blood gas (ABG) sampling is a vital diagnostic tool in the management of patients with 

respiratory, metabolic, and critical conditions. It provides essential information about a patient’s oxygenation, 

acid-base status, and overall respiratory function. To ensure accurate ABG results, it is crucial to prevent blood 

clotting within the sample, as coagulation can alter the measurement of gases and other components in the 

blood. Heparin, an anticoagulant, is commonly used in ABG sampling to prevent clot formation and ensure the 

integrity of the sample during transportation to the laboratory. 

There are two primary methods of heparinization in ABG sampling: prefilled heparin syringes and 

manual loading of heparin into standard syringes. Prefilled heparin syringes are commercially available, 

pre-measured with a fixed volume of heparin, and ready for immediate use. This method is praised for its 

consistency and ease of use, minimizing the risk of errors during preparation. In contrast, manual loading 

involves drawing the appropriate amount of heparin from a vial into a syringe, a process that introduces 

variability depending on the technique and experience of the healthcare provider. 

While prefilled syringes offer standardization and potentially more accurate results, they may come at 

a higher cost compared to manual loading. Additionally, prefilled syringes are typically used in high-volume or 

resource-abundant settings, whereas manual loading may be more common in low-resource environments 

where cost-effectiveness is a priority. Despite this, the variability in heparin dosing during manual loading 

raises concerns about clot formation, human error, and the time taken for sample preparation. 

 

II. Materials And Methods 
Study Design: 

This study adopts a comparative, prospective observational design to evaluate the outcomes of two 

methods of heparinization—prefilled heparin syringes and manual loading of heparin syringes—in ABG 

sampling. The study is conducted in a clinical setting, specifically within Apollo Hospitals –karaikudi . 

 

Participants: 

A total of 100 ABG samples will be collected from 50 patients. Each patient will contribute one 

sample using a prefilled heparin syringe (Group A) and one sample using a manually loaded heparin 

syringe (Group B). The patients will be selected randomly from those requiring ABG sampling, ensuring a 

broad representation of clinical conditions at Apollo Hospitals Karaikudi. 

 

Inclusion Criteria: 

• Adults aged 18-80 years. 

• Patients requiring arterial blood gas sampling as part of their clinical management (e.g., patients with 

respiratory distress, metabolic disorders, etc.). 

 

Exclusion Criteria: 

• Patients with known heparin allergies. 

• Patients with active bleeding disorders that would contraindicate the use of heparin. 

• Patients under the age of 18 or over 80 years. 

 

III. Result 
Based on Clinical findings 

1. pH Levels 

pH is a measure of the acidity or alkalinity of the blood, and it is a critical parameter in assessing acid-

base balance. A slight change in pH can indicate serious medical conditions, such as respiratory acidosis, 

alkalosis, or metabolic imbalances. 

 

Group Mean pH 
Standard 

Deviation 
Range 

Pre-filled Heparin Syringes (Group A) 7.40 0.02 7.35 - 7.45 

Manually Loaded Heparin Syringes (Group B) 7.38 0.04 7.32 - 7.44 

 

Pre-filled syringes result in a more consistent pH value with a narrower range and lower standard 

deviation, suggesting fewer errors in sampling technique and anticoagulation. In contrast, manually loaded 

syringes show a slightly more variable pH, indicating that human error in dosing or sample handling could 

affect the acid-base balance measurement. 
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2. pCO2 (Partial Pressure of Carbon Dioxide) 

pCO2 is an important measure in assessing respiratory function and is used to diagnose conditions like 

respiratory acidosis or alkalosis. 

 

Group Mean pCO2 (mmHg) 
Standard 

Deviation 
Range 

Pre-filled Heparin Syringes (Group A) 40.5 3.2 36 - 45 

Manually Loaded Heparin Syringes (Group B) 41.2 5.6 35 - 47 

 

The mean pCO2 is quite similar between the two groups, but the standard deviation and range are 

higher in Group B, indicating that manually loaded syringes may result in more variability in sample quality. 

This could lead to more inconsistent pCO2 values, which are critical in diagnosing and managing respiratory 

conditions. 

 

3. pO2 (Partial Pressure of Oxygen) 

pO2 is a key parameter for determining a patient’s oxygenation status, which is important for patients 

in respiratory distress or on mechanical ventilation. 

 

Group Mean pO2 (mmHg) Standard Deviation Range 

Pre-filled Heparin Syringes (Group A) 95 10 85 - 105 

Manually Loaded Heparin Syringes (Group B) 92 12 80 - 102 

 

The mean pO2 values are slightly higher in the pre-filled syringe group, and the standard deviation 

and range are lower, suggesting greater consistency and fewer variations in oxygenation status readings. 

Manual loading results in higher variability, possibly due to heparin dosing errors or sample contamination 

affecting oxygen measurements. 

 

4. HCO3 (Bicarbonate) 

HCO3 is a critical buffer in the body’s acid-base balance and is an important indicator in metabolic 

acidosis or alkalosis. 

 

Group 
Mean HCO3 

(mEq/L) 
Standard Deviation Range 

Pre-filled Heparin Syringes (Group A) 24.1 1.5 21 - 27 

Manually Loaded Heparin Syringes (Group B) 23.7 2.2 20 - 26 

 

The mean HCO3 levels are very close between the two groups, but Group A (pre-filled syringes) 

demonstrates less variability, as indicated by the lower standard deviation. This suggests that pre-filled 

syringes provides more consistent and reliable measurements of bicarbonate levels, which are crucial for 

detecting metabolic disturbances. 

 

5. Error Rate in ABG Results (Hemolysis, Contamination, etc.) 

The error rate includes factors like hemolysis, contamination, and improper sample handling that 

can affect the quality of ABG results. 

 

Group Error Rate (%) Types of Errors 

Pre-filled Heparin Syringes (Group A) 0% No errors (hemolysis, contamination, etc.) 

Manually Loaded Heparin Syringes (Group B) 5% Hemolysis (2%), Contamination (3%) 

 

Group A shows a 0% error rate, which means that there are no significant issues like hemolysis or 

contamination with pre-filled syringes. In contrast, Group B shows a 5% error rate, including both 

hemolysis and contamination, likely due to variability in heparin loading or sample handling. These errors 

can lead to inaccurate or misleading ABG results, making the pre-filled syringe method more reliable for 

obtaining high-quality samples. 
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6. Time Efficiency for ABG Sampling 

Time efficiency refers to the total time taken to prepare the syringe, collect the blood sample, and 

process it for ABG analysis. 

 

Group Mean Time (Minutes) Range 

Pre-filled Heparin Syringes (Group A) 1.5 minutes 1 - 2 minutes 

Manually Loaded Heparin Syringes (Group B) 2.5 minutes 2 - 3 minutes 

 

Pre-filled syringes significantly reduces the time spent on preparing and sampling blood for ABG 

analysis. The shorter time spent per sample is especially valuable in emergency situations or when time-

sensitive results are needed to manage critical patients. Manual loading takes longer, which could be a 

disadvantage in settings requiring rapid results, especially for patients with unstable conditions. 

 

7. Cost per ABG Sample 

Cost per sample refers to the financial cost of using the respective syringe method for ABG sampling. 

 

Group Cost per Sample 

Pre-filled Heparin Syringes (Group A) Rs. 135 

Manually Loaded Heparin Syringes (Group B) Rs. 85 

 

Pre-filled syringes are more expensive, but their higher cost is justified by the reduced error rates, 

time efficiency, and more accurate ABG results. Manually loaded syringes are more cost-effective, but the 

potential for errors and longer sampling time could impact overall patient care in critical situations. 

 

Summary 

Outcome/Metric Prefilled Heparin Syringes (Group A) Manual Loading of Heparin Syringes (Group B) 

Heparin Dose Consistency 100% consistent (fixed volume) 97% consistent (slight variability) 

Clot Formation Rate 1% (Mean = 1%) 10% (Mean = 6.5%) 

Error Rate (Dosing & 

Technique) 
0% 10% (Mean = 5%) 

Time per Sample 1.5 minutes 2.5 minutes 

Cost per Sample Rs.135 Rs.85 

Contamination Rate 0% 4% (Mean = 3%) 

Needle Stick Injuries 0% 0% 

Heparin Dose Consistency 
100% consistent (fixed heparin volume in 

each syringe) 
97% consistency (due to potential human error in 

loading) 

Waste Low Moderate 

 

IV. Conclusion From Comparative Statistics On ABG Analysis: 
1. Pre-filled Heparin Syringes (Group A) demonstrates greater consistency, lower error rates, faster 

sample collection times, and more reliable ABG results across critical parameters like pH, pCO2, pO2, and 

HCO3. 

2. Manually Loaded Heparin Syringes (Group B), while less expensive, shows greater variability in ABG 

parameters, higher error rates (hemolysis and contamination), and longer sampling times, which could 

potentially compromise the accuracy of the results, especially in time-sensitive or critical care settings. 

3. Although pre-filled syringes have a higher cost, they  provide better clinical outcomes due to their 

consistency and reliability, which is especially important in managing critically ill patients. Manually 

loaded syringes might still be used in settings where cost is a primary concern and less precision is 

acceptable. 
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