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ABSTRACT 

A descriptive study was conducted to compare electrolyte 

values obtained by two different techniques from arterial lines in 

pediatric patients. The convenience sample consisted of ten 

patients in the Pediatric Intensive Care Unit who were under two 

years of age and had an arterial line in place. Twenty-five pairs of 

arterial blood samples were obtained by utilizing both the Traditional 

Blood Withdrawal Technique and Gal vis Blood Withdrawal Technique. 

Electrolyte analysis was conducted on each sample and t-tests were 

used to compare the results between techniques. 

Findings revealed that there was a significant statistical 

difference between techniques. However, no significant differences 

were found on sodium, potassium and chloride when the Traditional 

Technique immediately preceded the Galvis Technique. 
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CHAPTER I 

STATEMENT OF THE PROBLEM 

Introduction 

Over the last fifteen years arterial catheterization has 

become common in pediatric patients who are unstable or potentially 

unstable (Lemen, 1983 and Adams and Rudolph, 1975). Indwelling 

systemic arterial catheters allow for a continuous display of arterial 

blood pressure, both numerically and by waveform; frequent sampling 

of the child's blood to determine oxygen and carbon dioxide tensions 

and pH; and rapid, atraumatic, and hopefully accurate, blood sampling 

for other frequently obtained tests (Levin and Mast, 1980). The 

indications for use in a child include hemodynamic instability, 

respiratory failure and mechanical ventilation, use of vasoactive 

drugs, and/or a need for repeated blood sampling (Lemen and Quan, 

1983). By utilizing an arterial line, minimal discomfort occurs to 

the child from whom large quantities of blood (in respect to total 

volume) may be required. This study will address methods of drawing 

blood from an arterial line. 

Overview of Problem 

The most commonly used procedure to draw blood from arterial 

lines includes withdrawing two millimeters (ml) of fluid and blood 

from the catheter prior to withdrawal of blood for laboratory analysis. 

1 
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However, a controversy exists over this traditional method regarding 

the initial amount of fluid withdrawn and whether or not the fluid 

needs to be discarded or returned to the child via the arterial line. 

Some physicians and critical care reference texts believe the two ml 

volume needs to be returned while others maintain the fluid must be 

discarded due to the potential risks of thrombosis and infection. 

However, the likelihood of hypovolemia and subsequent blood trans

fusions arises if the two ml volume is continually discarded. 

Therefore, a new procedure for drawing blood from arterial lines, 

which eliminates the initial two ml fluid withdrawal, needs to be 

developed and substantiated as bearing advantages over the traditional 

technique while maintaining accuracy in the laboratory values. The 

problem addressed in the present study is the need for ascientifically 

tested improved technique to withdraw blood from arterial catheters 

in pediatric patients. 

Purpose of the Study 

The purpose of this research was to compare two techniques of 

drawing blood from arterial catheters in critically ill children for 

accuracy of laboratory values. The traditional two ml technique was 

tested against a four-drop technique first introduced by Gal vis, 

Donahoo, and White (1976). The traditional technique utilizes a 

three-way stopcock, opens the catheter system to room air and requires 

two ml of blood to be discarded or returned to the patient. The 

catheter then needs to be flushed with at least two ml of intravenous 



solution after the required blood has been withdrawn. The four-drop 

technique requires a T-connector and the introduction of one needle. 

Therefore the system remains closed to room air. Only four drops of 

blood are discarded and a minimal flush is needed to clear the 

catheter. No stopcocks are needed with the four-drop technique. 

Significance of Proposed Research 

Many medical decisions concerning critically ill children are 

based on the results from arterial blood samples sent to the hospital 

laboratory for analysis. Nurses are responsible for withdrawing the 

blood samples from an arterial line in most hospitals. Blood can be 

drawn in a variety of ways; therefore the nurse must choose a tech

nique that will collect accurate blood samples yet also minimize the 

risks and complications involved in the procedure. Nursing knowledge, 

judgment, and skill are essential in making the decision. 

The risks and complications associated with drawing blood from 

an arterial line include infection, thromboemboli, arterial spasm, 

overinfusion and hypovolemia (Lemen and Quan, 1983 and Levin and 

Mast, 1979). Infection is possible when a sterile, closed system is 

opened to air and also when the child's blood is returned to him 

through the arterial catheter after resting in a syringe (Lemen and 

Quan, 1983). Thrombosis has been documented by Gardner et al. (1974) 

in over 40% of arterial catheters. After a child's blood is removed 

for sampling, the clots or thrombi that have formed in the catheter, 

tubing, or stopcock may break away resulting in the formation of 
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emboli when the line is flushed with intravenous fluid. Blockage of 

the artery by these emboli can cause ischemia, necrosis of digits or 

even cerebral embolization (Downs et al., 1974). A third risk is 

arterial spasm. When a relatively large volume of blood is quickly 

removed or replaced into an artery, the smooth muscle is likely to 

contract and relax. Frequent and prolonged spasms will lead to 

arterial shutdown and the discontinuation of the line. A fourth 

complication is overinfusion. Recurrent and liberal flushing after 

the sample of blood is obtained to clear the catheter can be 

detrimental for a small infant sensitive to changes in fluid balance. 

Hypovolemia is another important potential complication. 

Many children are at risk for hypovolemia due to their small surface 

area and subsequent smaller blood volume. For example, a blood loss 

of 50 ml in a seven kilogram (Kg) infant represents ten percent of 

the total blood volume (Lemen, 1983). When fifteen to twenty percent 

or more of circulating blood volume is lost acutely, tachycardia, 

hypotension and shock may develop (Vaughan et al., 1979). Arterial 

blood gases require one-half ml (0.5) of blood, electrolytes require 

0.5 ml, and a complete blood count (CBC) with differential requires 

one and one-half ml (1.5). When these amounts plus an additional two 

ml of fluid are withdrawn and discarded, the volume of blood lost over 

a period of time will be significant in an infant or small child. At 

least 36 hours are necessary before the plasma volume is restored to 

normal after such blood loss (Nathan and Oski, 1981). 

A new scientifically proven technique is needed that is as 

valid as the traditional one but has fewer potential complications. 



A review of the literature points to the fact that little work has 

been done in nursing or medicine to develop and/or study a safer 

technique. In addition, many discrepancies exist concerning the 

technique currently in use. Some of these discrepancies involve the 

initial amount of fluid to be removed and whether to discard the 

fluid or return it to the pediatric patient. 

Summary 

Arterial lines are being used extensively today in pediatric 

intensive care units nationwide. The critical care nurse primarily 

decides which technique to utilize in obtaining the arterial blood. 

Therefore, she must choose a method that will decrease the risks of 

hypovolemia, infection, thromboemboli, arterial spasm, and over-

infusion in the pediatric patient. Two techniques have been proposed; 

one is the traditional technique currently used in pediatric intensive 

care units. The traditional technique is associated with several 

risks. The new four-drop technique may overcome some of the risks. 

However, the technique lacks scientific evidence related to its 

validity. The present study addressed the validity problem, as the 

technique must prove to be valid before its impact on the reduction 

of potential risks can be ascertained. 



CHAPTER II 

THE CONCEPTUAL FRAMEWORK 

Introduction 

The conceptual framework (see Figure 1) constructed to study 

the relationship between types of arterial blood withdrawal and 

physiological risks, is described in this chapter. Two techniques 

of drawing arterial blood from an indwelling arterial monitoring 

catheter are presented, including their potential to increase or 

decrease risks. The comparability of the two methods is then 

discussed, as this comparison was the subject of the present research. 

Arterial Blood Withdrawal 

Indwelling arterial catheters are widely used in acute situ

ations for pediatric patients who are unstable or potentially unstable. 

A major indication is to obtain frequent sampling of blood to deter

mine oxygen and carbon dioxide tensions, pH, bicarbonate, serum 

electrolytes, calcium, hemoglobin, hematocrit, serum acetone, and 

blood for type and crossmatch (Levin and Mast, 1979). Blood is 

usually collected for analysis at least twice in 24 hours. However 

the frequency of sampling depends on the physiological status of the 

child. A critically ill child may require arterial blood to be drawn 

hourly for prolonged periods. These laboratory results are essential 

for the proper management of the child (Galvis et al., 1976). Because 

6  
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Level 
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+ 
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Traditional Blood 

Withdrawal Technique 

Two ml Withdrawal 

Technique With 

Stopcock 
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Withdrawal 
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Without Stopcock 
( ? )  

Potential for: 
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Infection 
Thromboemboli 
Hypovolemia 
Arterial Spasm 
Overinfusion 

Figure 1. Arterial Blood Withdrawal Techniques and Potential for Physiological Risks: 

Conceptual Framework 
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a normally developing child has an extreme fear of needles and frequent 

arterial punctures can cause thrombosis (Levin and Mast, 1979), an 

arterial line provides the least traumatic means for frequent blood 

withdrawal. 

Physiological Risks 

Any time blood is withdrawn from an arterial line, risks are 

involved. The risks increase when blood is drawn frequently over a pro

longed length of time (Galvis et al., 1976). Infection, thromboemboli, 

hypovolemia, arterial spasm, and overinfusion are the major risks cited 

in the literature and by experts in Pediatric Intensive Care. 

According to Lemen and Quan (1983), nosocomial infections caused 

by infected intravascular catheters are a common problem in critically 

ill children due to frequent manipulation for blood withdrawal and 

flushing. After four days of cannulation, arterial catheter infection 

and septicemia have been shown to be markedly increased (Lemen and 

Quan, 1983). 

Embolization to the cerebral circulation of a child with 

axillary or brachial artery cannulation is possible when clearing the 

arterial catheter with a flush solution after drawing the blood 

sample. "Because of the short distance from the point of catheter 

insertion to the branch of the common carotid arteries, embolizing 

the cerebral circulation becomes relatively easy" (Lemen and Quan, 

1983, p. 9). Lemen and Quan (1983) further indicate that a flush 

solution for the pediatric patient with radial artery cannulation may 

also lead to cerebral infarction or abscess from emboli of small 
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clots, bacteria, or air bubbles. Again, the fact that the volume of 

intravascular blood from the wrist to the junction of the common 

carotid artery may be as small as three milliliters (ml) in infants 

(Lemen and Quan, 1983) is significant when considering the amount of 

flush. Thromboemboli might also lead to ischemia and necrosis of the 

fingers and hand of a child (possibly necessitating amputation), when 

care is not taken during the blood withdrawal procedure (Crowe, 1983). 

Lemen and Quan (1983) point out that thrombosis of the radial artery 

has been documented in over forty percent of arterial catheters left 

in place over forty hours. Priem et al. (1978) claim small clots can 

be found in and around the majority of umbilical and radial artery 

catheters. 

Hypovolemia is another risk confronted when drawing blood 

frequently from an arterial line (Levin and Mast, 1979). This risk 

can stem from loose connections in the arterial line tubing, as the 

tubing extends from the catheter insertion site to the fluid source. 

When frequently manipulating the line for sampling, blood loss is 

obviously a potential risk. Also, frequent and/or relatively large 

volumes of blood may be needed from the patient, depleting the 

child's fluid volume. Such fluid loss contributes to anemia, often 

requiring blood transfusions. 

Arterial spasm has been cited as another risk when obtaining 

blood for analysis, especially when large volumes are drawn rapidly 

from the child (Brill, 1983). Continual arterial spasm may lead to 

intimal damage with eventual occlusion of the lumen (Levin and Mast, 

1979). 



A flush is needed to clear the line and catheter of arterial 

blood after the required amount of blood is obtained. Either over-

infusion or an increase in the amountof flush solution may be a 

critical factor in precipitating problems in postoperative patients 

with acute renal and cardiac failure (Galvis et al., 1976). Also, 

neurological patients maintained on fluid restrictions to decrease 

intracranial pressure and all patients sensitive to fluid and 

electrolyte balance, may be susceptible to small changes in fluid 

volumes, especially overinfusion. 

Traditional Blood Withdrawal Technique 

The most commonly used technique to withdraw blood from 

arterial lines is well documented in the literature. Levin and Mast 

(1979) describe this technique in detail for pediatric patients. In 

the present study the commonly used method of arterial blood withdrawal 

was designated the Traditional Technique. Levin and Mast (1979) state 

a minimum of one ml of blood is necessary to clear the catheter and 

stopcock of intravenous solution in the Traditional Technique. This 

volume is equal to three times the volume of the system from the 

sampling port to the source of blood. After specimens are obtained, 

the blood and flush solution are returned to the patient to decrease 

the chance of anemia (Levin and Mast, 1979). Lemen and Quan (1983) 

state a T-connector needs to be joined at the catheter to minimize 

deadspace and therefore blood loss when samples are obtained. T-

connectors are generally utilized in the pediatric units known to 



the investigator. According to Lemen and Quan (1983)? a volume of 

three times the deadspace volume is aspirated and again returned 

to the patient. Bourke (1976) studied the amount of volume necessary 

to be withdrawn to obtain hematocrit values reliable with ninety five 

percent of the actual values in adults with arterial lines. He 

concluded: "It is our general observation that one can be assured of 

accurate results only after six times the deadspace volume has been 

withdrawn" (Bourke, 1976, p. 359). 

The investigator is associated with a pediatric intensive 

care unit in which two ml of blood and fluid are withdrawn from the 

stopcock and discarded. The procedure for discarding the fluid is 

based on the potential risks involved in returning the blood to the 

patient (Crowe, 1983). Hospital procedure determines the amount of 

fluid (two ml) to be withdrawn from patients in this Pediatric 

Intensive Care Unit. 

Gal vis Blood Withdrawal Technique 

The Gal vis technique eliminates the use of stopcocks. 

Instead, a needle is introduced into the port of the T-connector and 

four drops of blood are allowed to drip onto a sterile two-by-two 

gauze. The laboratory specimen is then obtained from the needle and 

only an undetermined, minimal amount of solution flows into the 

patient when the T-connector clamp is released (Galvis et al., 1976). 



Potential for Risks 

Unfortunately, a higher potential for risks is associated with 

the Traditional Technique of drawing blood from an arterial line set

up. Utilizing a stopcock as the route for blood access allows greater 

manipulation than the Galvis Technique and also opens the system to 

room air. If the blood is returned to the patient, as both Lemen 

(1983) and Levin and Mast (1979) advise, the possibility for infection 

is increased (Lemen and Quan, 1983). 

Returning blood to the patient also increases the chance of 

thrombi and emboli that may occlude circulation to the fingers and 

hand (Crowe, 1983). When blood is not returned to the patient and 

discarded, hypovolemia leading to anemia and blood transfusions may 

occur (Levin and Mast, 1979. Increased manipulation associated with 

the Traditional Technique may also lead to careless handling of the 

connections and therefore bleeding (Levin and Mast, 1979). In 

addition, the likelihood of arterial spasm is greater, especially if 

the initial two ml volume of blood is returned to the child. Flushing 

can also lead to overinfusion (Lemen and Quan, 1983). 

The Galvis Technique was studied in 57 infants and children 

over a four month period. Forty-two of fifty catheter tips cultured 

were found to be sterile (Galvis et al., 1976). No incidences of 

septicemia, thromboemboli, or hemorrhage occurred. The technique has 

been used with success at The University of California Los Angeles 

Hospital Pediatric Intensive Care Unit and the staff state the 



13 

technique increases the lifetime of the arterial line, therefore 

minimizing patient discomfort (Brill, 1983). The staff also state 

arterial spasms are less likely because less force is required to 

obtain the necessary blood sample and no blood and fluid is returned 

to the patient. However, no scientific evidence has been collected 

to validate these anecdoted reports. 

A further benefit is the Galvis technique does not require a 

stopcock, allowing for a patient savings of $1.75 per stopcock, when 

the tubing is changed every 48 hours. Lastly, if the lifetime of the 

arterial line is actually prolonged, less sterile equipment will be 

needed. Sterile equipment such as catheters, cutdown trays and 

two-by-two\s increase patient costs. 

Comparability of Two Techniques 

Before the relationships between the types of arterial blood 

withdrawal c.nd physiological risks can be studied, the Galvis 

technique must be compared with the traditional technique to verify 

that four drops of blood withdrawn will produce as valid laboratory 

values as the current two ml withdrawal technique. Krueger et al., 

(1981) found a hematocrit analysis required less fluid to be aspirated 

than sodium studies for comparable laboratory values to be obtained 

between patients. Supposedly, sodium is most sensitive to fluid 

dilution of arterial blood (Krueger et al., 1981). The amount of 

fluid needed to be withdrawn in the Krueger. et al. study was less' than 

three times the deadspace volume. In this study, four drops of arterial 

blood was discarded and four common electrolytes values were obtained. 
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Research Question 

Will electrolyte values obtained by the traditional technique 

of arterial blood withdrawal differ significantly from electrolyte 

values obtained by the Gal vis technique? 

Operational Definitions 

The operational definitions were as follows: 

1. Traditional Blood Withdrawal Technique: The traditional 

technique was defined as an eleven step method of arterial blood 

withdrawal utilizing a stopcock with two ml of blood initially 

discarded. 

2. Galvis Blood Withdrawal Technique: The Gal vis technique 

was defined as an eight step method of arterial blood withdrawal which 

eliminated the stopcock and discarded only four drops of blood. 

3. Electrolytes: Electrolytes were defined as serum sodium, 

potassium, chloride, and carbon dioxide. 

Summary 

The chapter has described the development of a conceptual frame 

work to explain the relationship between arterial blood withdrawal and 

physiological risks. The framework was derived from a review of the 

literature and discussions with experts in the field regarding the 

different techniques utilized and the potential benefits and risks of 

these techniques. However, before the relationship between the tech

niques and potential benefits and risks can be tested, a study was 

needed to examine the validity of the Galvis blood withdrawal technique 



CHAPTER III 

METHODOLOGY 

Introduction 

The study was designed to investigate the relationship between 

electrolyte results obtained from arterial lines by two different 

techniques in pediatric patients. A discussion of the research design, 

study sample and setting, and the protection of human rights are 

presented. The data collection procedure and analysis of the data are 

also described. 

Research Design 

A descriptive design was employed to study electrolyte values 

obtained from an indwelling arterial catheter by the Gal vis Blood With

drawal Technique. Electrolyte values obtained by the Traditional Blood 

Withdrawal Technique were compared to the values obtained by the Gal vis 

method. 

Study Sample and Setting 

The sample was comprised of twenty-five paired specimens of 

blood drawn from ten pediatric patients admitted to the Pediatric 

Intensive Care Unit (PICU) of a 600 bed, acute care hospital in the 

southwestern United States. No more than three samples were drawn 

per patient. Criteria for subject inclusion were: 

1. Age one week to 2 years 

15 



2. Arterial catheter inserted 

3. Physiologically stable 

The rationale for the narrow age range was to ensure a 

homogeneous group. Most children admitted into the PICU under one 

week of age are usually extremely unstable. Therefore the ages one 

week to two years were chosen. The necessity of insertion of an 

arterial line was determined by the attending physician or House 

Officer on duty; however, the PICU staff nurses were responsible for 

maintaining and drawing blood from the catheter. Patients who were 

physiologically unstable were not included as these patients needed 

as much fluid volume as possible. Also, when a child was physio

logically unstable, the psychological climate existing in the room 

was not conducive to an investigator's interventions. 

Protection of Human Rights 

The research proposal and Parent Consent Form received 

approval by The University of Arizona, Human Subjects Committee and 

the hospital's Pediatric Committee (see Appendices). All parents of 

the subjects were informed of their right to withdraw from the project 

at any time without incurring ill will. Questions were encouraged 

throughout. To assure subject anonymity and confidentiality, each 

subject was assigned a code number and all data were coded 

accordingly. 



Data Collection Procedures 

Parents were approached four hours or more after their child 

had an arterial line inserted. After the informed consent, demo

graphic data, such as age, weight, sex, diagnosis, and arterial line 

fluid, were collected. All blood was withdrawn from the patient by 

the investigator. When electrolyte studies were ordered, the 

traditional technique was employed as well as the Gal vis blood with

drawal technique. The techniques were randomized to reduce error due 

to ordering effects. A description of the two techniques are as 

follows: 

Specimen A: Traditional Blood Withdrawal Technique 

1. Place three milliliter (ml) syringe at 

stopcock port. 

2. Turn line "OFF" of fluid source. 

3. Withdraw two ml of blood and fluid. 

4. Turn stopcock position halfway between 

present position and syringe. 

5. Introduce syringe with 23-gauge needle into the 

rubber port on T-connector after cleaning with 

alcohol swab. 

6. Aspirate 0.4 ml of blood for electrolyte 

analysis into tuberculin syringe. 

7. Turn stopcock to 90-degree position. 

8. Remove three ml syringe with two ml of blood 

and discard. 



9. Flush the line with three to four drops of 

fluid by irrigating with intraflow valve. 

10. Place 0.4 ml of blood into microtainer after 

removing needle from syringe. 

11. Label as Specimen A. 

Specimen B: Galvis Blood Withdrawal Technique 

1. Occlude distal end of T-connector with attached 

clamp. 

2. Clean rubber port with alcohol swab and intro

duce 23-gauge needle into the rubber port. 

3. Allow four drops of fluid and blood to drip onto 

sterile two-by-two gauze. 

4. Attach tuberculin syringe and aspirate 0.4 ml. 

5. Remove needle and syringe. 

6. Release clamp on T-connector (pressure built up 

in line will be sufficient to clear the tubing 

and catheter). 

7. Place 0.4 ml of blood into microtainer after 

removing needle from syringe. 

8. Label as Specimen B. 

The investigator carried both specimens to the hospital's 

chemistry laboratory for immediate electrolyte analysis. Immediate 

analysis of blood from the Pediatric Intensive Care Unit was routine 

in the study hospital. Both samples were analyzed on the same 

machine by the same technician and the patient was charged only for 
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the routinely ordered electrolyte analysis (Specimen A). The labora

tory results were then recorded by the investigator on the data 

collection sheet (see Appendix C). 

Analysis of the Data 

The demographic data were analyzed using descriptive 

statistics. Frequencies, means, and standard deviations were 

calculated for age, weight, sex, diagnosis, IV fluid, time between 

specimens, and the ordering of the specimens. 

Hypothesis Testing 

The hypothesis for this research was as follows: electrolyte 

values obtained from arterial blood drawn by the Gal vis Blood Withdrawal 

Technique will not differ significantly from arterial blood withdrawn 

by the Traditional Blood Withdrawal Technique. 

Correlated t-tests were performed to ascertain any significant 

differences between the two methods of blood withdrawal. A signifi

cance level of 0.10 was set to decrease the likelihood of a type II 

error. The alpha level of 0.10 provides for a more conservative test 

when attempting to support the null hypothesis and therefore reduces 

the probability of accepting a false hypothesis of no difference 

between the groups. 

Summary 

The chapter has explained the descriptive design employed 

to assess the relationship between electrolyte values drawn by two 



different techniques from arterial lines in pediatric patients. An 

explanation of the study sample, setting, protection of human rights, 

data collection procedure and data analysis were included. 



CHAPTER IV 

RESULTS OF DATA ANALYSIS 

Introduction 

Chapter four describes the results of the data analysis. 

Characteristics of the sample are included as well as results of 

the hypothesis testing. 

Description of the Sample 

Ten children who were patients in the Pediatric Intensive Care 

Unit (PICU) met the study criteria. A total of 25 pairs of blood 

samples were obtained from the ten children. Six patients had blood 

drawn three times, three patients had blood drawn twice and one patient 

had blood drawn once. 

The mean age of the ten patients was 14.9 months with a range 

of two to 24 months and a standard deviation of 7.82 months. The mean 

weight of the patients was 9.22 kilograms (Kg) with a standard 

deviation of 2.76 Kg. Nine of the ten patients were male; 23 out of 

the 25 pairs of samples were obtained from the male subjects. Thus, 

only two pairs of samples were drawn from the female subject. The 

diagnoses of the patients are listed in Table 1. They included near 

drowning, pneumonia, head injury, intussusception, sepsis, teratoma 

and tracheoesophageal fistula. 
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Table 1. Diagnoses of Patients in Sample (Frequencies) 

Diagnosis N 

Near drowning 3 

Pneumonia 2 

Head injury 1 

Intussusception 1 

Sepsis 1 

Teratoma 1 

Tracheoesophageal fistula 1 

Total 10 Patients 
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The l'ntraveneous solution infusing into the arterial line at 

the time the blood was drawn was also recorded. Dextrose, five percent, 

and water with one unit of heparin per 1000 milliliters (ml) of fluid, 

was infusing through the arterial Tines of ten pairs of samples. Normal 

saline with one unit of heparin per 1000 ml of fluid was infusing 

through the arterial line of another ten pairs of samples. In addition, 

Dextrose, five percent, and quarter normal saline was infusing when 

three pairs of blood samples were drawn and Dextrose, five percent, and 

normal saline was infusing when two pairs of blood samples were drawn. 

The same amount of heparin (500 units per 500 ml) was found in these 

five pairs of samples. The intravenous fluids were infusing through all 

arterial lines at the constant rate of three ml per hour. This rate is 

standard for arterial lines in the unit in which the study was conducted. 

Two intervening variables were controlled for by random 

assignment: the order of the technique to draw the blood samples and 

the time lapse between drawing the pairs of blood samples. The investi

gator flipped a coin to determine the order of the techniques by which 

to draw the blood and the length of time to allow between drawing the 

two specimens. For example, after flipping a coin on patient one, the 

first blood sample was obtained with the Traditional Technique 

(Specimen A). The second blood sample was drawn by the Gal vis 

Technique (Specimen B) three minutes later. Blood was drawn first by 

the Traditional Technique fourteen times, while the Galvis Technique 

was used to draw blood first 11 times. When the Traditional Technique 

was utilized first, the Galvis Technique followed immediately in seven 

instances and three minutes later in seven instances. When the Galvis 
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Technique was utilized first, the Traditional Technique followed 

immediately seven times and four times three minutes elapsed between 

withdrawal of the second specimen by the Traditional Technique. 

Hypothesis Testing 

The null hypothesis tested was: there is no significant 

difference between electrolyte values obtained by the Gal vis Blood 

Withdrawal Technique and electrolyte values obtained by the Traditional 

Blood Withdrawal Technique. Correlated t-tests were performed between 

the two samples on each electrolyte value: sodium (NA), potassium (K), 

chloride (CL) and carbon dioxide (CC^). Significant differences were 

found between the two techniques on all electrolyte values (see 

Table 2). Thus, the null hypothesis was rejected. 

Significant differences were also found between the two 

techniques on each electrolyte value when samples were divided into 

two groups based on the type fluid infusing through the arterial line. 

The samples with Dextrose, five percent, and water and Dextrose, five 

percent and quarter normal saline were grouped together because of the 

high dextrose and minimal sodium chloride content (see Table 3). The 

second group was composed of those fluids with high sodium chloride 

content: Normal saline and Dextrose, five percent, and normal saline. 

Significant differences existed between the electrolyte values when 

either type fluid was infusing (see Table 4). However, the values for 

chloride were more similar with saline infusing when compared to 

dextrose in water infusing. The mean for chloride by the Traditional 

Technique was 108.75 mil 1iequivalents per liter (meq/1) with a standard 
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Table 2. Significance of Differences Between Traditional Blood 
Withdrawal Technique and Gal vis Blood Withdrawal 
Technique on Electrolyte Values: t-tests (N=25) 

GROUP A = Traditional Blood Withdrawal Technique 

GROUP B = Gal vis Blood Withdrawal Technique 

Variable Mean Standard 
Deviation t-Value 

Sodium A 

Sodium B 

138.08 

135.0 

meq/1 5.16 meq/1 

8.81 
2.92* 

Potassium A 

Potassium B 

4.05 

3.87 

meq/1 0.69 meq/1 

0.68 
4.03* 

Chloride A 

Chloride B 

108.0 

105.04 

meq/1 5.52 meq/1 

7.46 
2.56* 

Carbon Dioxide 

Carbon Dioxide 

A 

B 

18.19 

17.01 

meq/1 3.75 meq/1 

3.56 
4.55* 

* p <  0 .10  
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Table 3. Significance of Differences Between Techniques on 
Electrolyte Values With Dextrose, Five Percent, and 
Water and Dextrose, Five Percent, and Quarter Normal 
Saline as Arterial Line Fluid, t-tests (N=l3) 

GROUP A = Traditional Blood Withdrawal Technique 

GROUP B = Gal vis Blood Withdrawal Technique 

Variable Mean t-Value 

Sodium A 135.85 meq/1 4.79 meq/1 
6. .17* 

Sodium B 128.77 6.57 

Potassium A 4.0 meq/1 0.59 meq/1 
2. 50* 

Potassium B 3.85 0.53 

Chloride A 107.31 meq/1 5.42 meq/1 
8. 24* 

Chloride B 102.0 5.77 

Carbon Dioxide A 16.52 meq/1 3.73 meq/1 
3. 28* 

Carbon Dioxide B 15.33 3.62 

* pf  0 .10  
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Table 4. Significance of Differences Between Techniques on 
Electrolyte Values With Normal Saline and Dextrose, 
Five Percent, Normal Saline as Arterial Line Fluid, 
t-tests (N=12) 

GROUP A = Traditional Blood Withdrawal Technique 

GROUP B = Gal vis Blood Withdrawal Technique 

Variable Mean Standard 
Deviation t-Value 

Sodium A 

Sodium B 

140.50 

141.75 

meq/1 4.56 meq/1 

5.17 
-2.53* 

Potassium A 

Potassium B 

3.89 

4.10 

meq/1 0-81 meq/1 

0.80 
-3.12* 

Chloride A 

Chloride B 

108.75 

108.33 

meq/1 5.77 meq/1 

7.89 
.20 

Carbon Dioxide 

Carbon Dioxide 

A 

B 

20.0 

18.3 

meq/1 2.92 meq/1 

2.52 
3.02* 

* p< 0.10 
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deviation of 5.77 meq/1. With the Galvis Technique the mean for 

chloride was 108.33 meq/1 with a standard deviation of 7.89 meq/1. The 

t-value indicated no significant difference between the chloride means 

in this situation. 

The pairs of blood samples were then grouped according to the 

order of the two techniques and time interval between blood withdrawal 

techniques as follows: 

Group 1: The first blood sample was drawn by the Galvis Tech

nique and the second was drawn by the Traditional 

Technique. 

Group 2: The first blood sample was drawn by Traditional 

Technique and the second sample was drawn immediately 

by the Galvis Technique. 

Group 3: The first blood sample was drawn by the Traditional 

Technique and the second was drawn three minutes later 

by the Galvis Technique. 

When Group 1 (Galvis Technique followed by Traditional Technique) was 

considered, a significant difference was found between the two tech

niques for sodium, potassium, and carbon dioxide but not for chloride 

(see Table 5). With Group 2 (Traditional Technique followed immediately 

by Galvis Technique) a significant difference existed only on carbon 

dioxide between the two techniques; however, no significant differences 

were found between the Traditional Techniques and the Galvis Technique 

for sodium, chloride and potassium (see Table 6). In the third group 

(Traditional Technique followed three minutes later by Galvis Technique) 

significant differences were found between the two techniques on 

sodium, chloride and carbon dioxide values but no significant difference 

was found on potassium (see Table 7). 
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Table 5. Significance of Differences Between Techniques on 
Electrolyte Values When Galvis Technique. Precedes 
Traditional Technique - t-tests (Group 1, N=ll) 

GROUP A = Traditional Blood Withdrawal Technique 

GROUP B = Galvis Blood Withdrawal Technique 

Variable Mean Standard 
Deviation t-Value 

Sodium A 137.45 meq/1 6.41 meq/1 
1.91* 

Sodium B 134.91 9.85 

Potassium A 3.85 meq/1 0.88 meq/1 
-3.14* 

Potassium B 4.06 0.94 

Chloride A 106.18 meq/1 5.69 meq/1 
1.07 

Chloride B 104.91 7.58 

Carbon Dioxide A 17.48 meq/1 4.35 meq/1 
2.23* 

Carbon Dioxide B 16.45 3.83 

p < 0.10 
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Table 6. Significance of Differences Between Techniques on 
Electrolyte Values When Traditional Technique was 
Drawn First and Gal vis Technique Followed Immediately, 
t-tests (Group 2, N = 7) 

GROUP A = Traditional Blood Withdrawal Technique 

GROUP B = Gal vis Blood Withdrawal Technique 

Variable Mean Standard 
Deviation 

t -Value 

Sodium A 

Sodium B 

139.0 

138.14 

meq/1 4.24 meq/1 

8.51 
0 .39 

Potassium A 

Potassium B 

3.96 

4.11 

meq/1 0.57 meq/1 

0.45 
-1 .93 

Chloride A 

Chloride B 

109.43 

105.14 

meq/1 6.63 meq/1 

10.12 
1 .24 

Carbon Dioxide 

Carbon Dioxide 

A 

B 

19.0 

17.57 

meq/1 2.89 meq/1 

2.57 
3 

*
 

C
O

 C
O

 

* p <  0 .10 
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Table 7. Significance of Differences Between Techniques on 
Electrolyte Values When Traditional Technique was 
Drawn First and Gal vis Technique Followed Three 
Minutes Later, t-tests (Group 3, N = 7) 

GROUP A = Traditional Blood Withdrawal Technique 

GROUP B = Galvis Blood Withdrawal Technique 

Variable Mean Standard 
Deviation t-Value 

Sodium A 

Sodium B 

138.14 meq/1 

132.0 

4.30 meq/1 

7.37 
3.03* 

Potassium A 

Potassium B 

3.81 meq/1 

3.96 

0.39 meq/1 

0.44 
-1.55 

Chloride A 

Chloride B 

109.43 meq/1 

105.14 

3.65 meq/1 

4.91 
2.97* 

Carbon Dioxide A 

Carbon Dioxide B 

18.50 meq/1 

17.33 

3.80 meq/1 

4.29 
2.59* 

* p <  0.10 
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Table 8 summarizes the T-values obtained for electrolyte 

results based on ordering and time interval between the two techniques. 

A review of the results obtained overall for the three groups helps to 

explain reasons for the differences. For example, looking at the 

table, one can conclude that electrolytes drawn by the Gal vis Technique 

immediately after electrolytes drawn by the Traditional Technique were 

not significantly different except for carbon dioxide. Whereas in the 

other two groups significant differences were found between three of 

the four electrolyte values. 

Summary 

In conclusion, a comparison of electrolyte values drawn by two 

different techniques from arterial lines in pediatric patients resulted 

in significant differences in the laboratory values obtained with the 

two techniques. When the samples were grouped according to the fluid 

infusing into the artery before the blood was drawn, a significant 

difference was also found between the two techniques for each electrolyte 

value. An exception was chloride when Normal saline and Dextrose, five 

percent, and normal saline were infusing. Also considered were the 

ordering of technique and time interval between the two techniques. 

Significant differences were found for sodium, potassium and carbon 

dioxide when the first sample was drawn by the Galvis Technique and 

the second sample was drawn by the Traditional Technique. When the 

first sample was drawn by the Traditional Technique and the second 

sample was drawn immediately after by the Galvis Technique, a significant 



Table 8. Electrolyte Results Between Techniques Based on Ordering 
and Time Intervals. T-Values 

GROUP A = Traditional Blood Withdrawal Technique 

GROUP B = Galvis Blood Withdrawal Technique 

GROUP 1 = Galvis Technique Followed by Traditional Technique 

GROUP 2 = Traditional Technique Followed Immediately After by 
Galvis Technique 

GROUP 3 = Traditional Technique Followed in Three Minutes by 
Galvis Technique 

/ Group 1 Group 2 Group 3 
Variable n = 11 n=7 n=7 

Sodium A 

Sodium B 

Potassium A 

Potassium B 

Chloride A 

Chloride B 

Carbon Dioxide A 

Carbon Dioxide B 

* p * 0.10 

1.91* 0.39 3.03* 

-3.14* -1.93 -1.55 

1.07 1.24 2.97* 

2.23* 3.33* 2.59* 



difference was found only on carbon dioxide. Finally, significant 

differences were found on sodium, chloride and carbon dioxide when 

the first sample was drawn by the Traditional Technique and the second 

sample followed three minutes later by the Galvis Technique. 



CHAPTER V 

CONCLUSIONS AND IMPLICATIONS 

Introduction 

In the final chapter, the results of the data analysis are 

discussed. Conclusions drawn from the results are presented along 

with implications for nursing practice. Limitations of the study and 

recommendations for further nursing research are suggested. 

Conclusions 

The hypothesis tested was: Electrolyte values obtained from 

arterial blood drawn by the Gal vis Blood Withdrawal Technique will not 

differ significantly from electrolyte values obtained from arterial 

blood drawn by the Traditional Blood Withdrawal Technique. The null 

hypothesis was rejected as the findings indicated that the electrolyte 

values did indeed differ significantly between techniques. Therefore 

the Traditional Technique must continue to be utilized by Pediatric 

Intensive Care nurses as the method of choice for withdrawing blood 

from arterial lines for electrolyte analysis. The Traditional Blood 

Withdrawal Technique which utilizes a stopcock and removes at least 

two milliliters (ml) of blood has been considered a valid method for 

withdrawing blood from arterial lines (Levin and Mast, 1979 and Lemen 

and Quan, 1983). The two ml withdrawal volume is based on an 

exponential curve which concludes that a volume of three times the 
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volume of the system from the sampling part to the source of blood is 

necessary to obtain an undiluted sample (Levin and Mast, 1979 and Lemen 

and Quan, 1983). However, Galvis, et al (1976) and Molter (1983) 

suggests a smaller volume is sufficient to obtain comparable undiluted 

laboratory results. The Galvis Technique may also decrease the 

potential risks associated with the Traditional Blood Withdrawal 

Technique, namely infection, thromboemboli, hypovolemia, arterial 

spasm and overinfusion. However, the results of this study indicated 

that a statistically significant difference was found between the two 

techniques for the electrolyte values, sodium, chloride, potassium, and 

carbon dioxide. The Galvis Blood Withdrawal Technique appears to 

provide a diluted arterial blood sample. When conducting an electrolyte 

analysis, it is important to measure the sodium, potassium, chloride 

and carbon dioxide content of the blood only and not a diluted sample 

of blood and intravenous fluid. 

The mean values of the electrolytes were quite similar for the 

two techniques. However, in small children clinical decisions can vary 

with small differences in electrolyte values. For example, a difference 

of three milliequivalents per liter in a sodium value may influence 

sodium replacement for a small child. 

The reason for the lack of a significant difference in the 

chloride value obtained between techniques when Normal saline or 

Dextrose, five percent, and normal saline was infusing into the arterial 

line is unknown. Krueger, et al. (1981) found that sodium was the most 

sensitive electrolyte to a flush solution but the sensitivity of 



chloride was not addressed. Chloride was also found not to differ 

significantly between the two methods when the Galvis Technique was 

drawn before the Traditional Technique. Again, the reason for this 

result is unknown to the investigator. Evidently the four drops of 

blood removed was a sufficient volume to produce comparable chloride 

values but the other electrolyte values - sodium, potassium and carbon 

dioxide, were affected by the dilution of intravenous fluid. 

When the Traditional Technique immediately preceded the Galvis 

Technique, a significant difference was found only on carbon dioxide. 

Evidently since the blood was withdrawn immediately after two milli

liters of blood and fluid were removed from the arterial catheter by 

the Traditional Technique, the second blood sample was not diluted 

enough by the flush solution administered to produce significant 

differences between the sodium, potassium, and chloride results. 

Apparently after three minutes, blood in the arterial catheter 

had become more diluted with the intravenous fluid to significantly 

alter the sodium, chloride and carbon dioxide results. The investi

gator is unable to explain why potassium was not affected and did not 

differ significantly. 

In summary, based on the findings of the study, the investigator 

concludes the Galvis Technique must not be employed to draw blood in 

pediatric patients. Further investigations are needed before the 

technique can be implemented as a clinically useful technique. 
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Implications for Nursing Practice 

One implication for nursing practice learned from this study 

is the necessity for validation of a new technique before implementation 

into clinical practice. A technique found in the literature or 

introduced by word of mouth may not have any theoretical or scientific 

basis. If these procedures are taken at face value many clinical 

errors may result. In the case of arterial blood sampling, medical 

decisions may be made on laboratory results obtained from a diluted 

specimen. 

In a recent nursing critical care journal (1983) an article 

described the Galvis Technique as a new method of arterial blood with

drawal in Neonatal Intensive Care Units-to--eliminate potential risks of 

the Traditional Technique. However, the research base for the technique 

is not mentioned. Thus, the findings of this study need to be published 

in these nursing journals to not only educate nurses on the technique 

(to disseminate the findings for clinical utilization) but to alert 

nurses to question the rationale for new procedures and the scientific 

basis for these procedures. This investigator intends to inform 

other Pediatric Intensive Care Units presently employing the Galvis 

Technique to the results of the present study. 

Limitations 

The following possible limitations have been identified: 

1. Small sample size 

2. Variation in catheter size and length (24 to 22 gauge) 
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3. Age limit of sample: the sample was limited to children 

under two years of age. The findings may be different 

in an older population. 

4. The investigator did not analyze each sample, but had to 

rely on;»l a bora to ry technician who varied according 

to the time of day the specimens were drawn. 

5. The three minute time lapse between techniques had been 

arbitrarily selected and was not based on any scientific 

rationale. 

Recommendations 

Recommendations for further nursing research include: 

1. Replication of the study with a larger sample size. 

2. Allow ten drops of blood and fluid to be removed by the 

Galvis Technique. 

3. Replicate the study by analyzing arterial blood gas 

results. 

4. Utilize on an older study population (perhaps children 

five to ten years of age). 

Summary 

In conclusion, the study examined the differences between electro

lyte values obtained by two different techniques of arterial blood 

withdrawal. Twenty-five pairs of blood samples from ten patients were 

examined. Significant differences were found between the two techniques. 



Possible reasons for these differences were discussed. Limitations of 

the study were recognized and recommendations were made for further 

study. 
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H U M A N  S U B J E C T S  C O M M I T T E E  
ARIZONA HEALTH SCIENCES CENTER 2305 

T H E  U N I V E R S I T Y  O F  A R I Z O N A  

T U C S O N ,  A R I Z O N A  8 5 7 2 4  

TELEPHONE: 626-6721 OR 626-7575 
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Ms. Mary Ann Schaber 
College of Nursing 
Arizona Health Sciences Center 

Dear Ms. Schaber:  

We are in receipt  of your project ,  "A Comparison of Electrolyte Values 
Obtained by Two Different Techniques from Arterial  Lines in Pediatric 
Patients",  which was submitted to this Committee for review. The procedures 
to be followed in this project  pose no more than minimal r isk to the subjects 
involved. Regulations issued by the U.S. Department of Health and Human 
Services (45 CFR Part  46.110) authorizes approval of this type project  through 
the expedited review procedures,  with the condition that  subjects '  anonymity 
be maintained. Although full  Committee review is not required,  a brief 
summary of the project  is  submitted to the full  Committee for their  information 
and comment,  if  any,  after administrative approval is  granted.  This project  
is  approved effective 11 April  1983. 

Approval is  granted with the understanding that  no changes will  be 
made in ei ther the procedures followed or in the consent form to be used 
(copies of which we have on fi le)  without the knowledge and approval of the 
Human Subjects Committee and the Departmental  Review Committee.  Any 
physical  or psychological  harm to any subject  must also be reported to each 
committee.  

A university policy requires that  all  s igned subject  consent forms he 
kept in a permanent fi le in an area designated for that  purpose by the 
Department Head or comparable authority.  This will  assure their  accessibil i ty 
in the event that  university officials require the information and the principal 
investigator is  unavailable for some reason. 

Sincerely yours 

Milan Novak, M.D.,  Ph.D. 
Chairman 

MN /jm 

cc:  Ada Sue Hinshaw, R.N.,  Ph.D. 
College R.eview Committee 



August 2, 198 3 

Mary Ann Schaber, RN, BS 
c/o Nursing Office 
TMC 

Re: A Comparison of Electrolyte Values Obtained by Two 
Different Techniques from Arterial Lines - Pediatrics 

Dear Ms. Schaber: 

This is to advise you that the above protocol was 
approved by the Human Research Committe on 6/7/8 3 
and subsequently by the Medical Advisory Board (MAB) 
on 3/1/83. You may now proceed with your 
research. 

Review by Human Research has been set at six months. 
A copy of our Guidelines for Continuing Review is 
enclosed. 

Should you have any questions, please contact me at 
extension 5321. 

Rii^ar^^Jtrmstrong, M./D 
Chairman," TMC Human Rasia? Chairman, TMC Human Research. Committee 

JS:dll 

Enclosure' 
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PARENTS' CONSENT FORM 

A COMPARISON OF ELECTROLYTE VALUES 

OBTAINED BY TWO DIFFERENT TECHNIQUES 

FROM ARTERIAL LINES IN PEDIATRIC PATIENTS 

The purpose of this study is to examine the validity of electro

lyte values (constituents of the blood) drawn by a new proposed 

technique from a catheter in your child's artery. This new technique 

may reduce the potential risks associated with drawing blood from an 

arterial line, such as infection, blood clots in the bloodstream, fluid 

and blood loss, spasms of the artery, and too much fluid going into the 

patient. Also, the new technique requires less blood to be withdrawn 

from the patient. However, the medical and nursing professions do not 

know if laboratory values obtained with both methods are comparable. 

Children between one week and two years of age who have an 

arterial catheter in place and are stable are being recruited. Your 

pediatrician has approved of this study, to take place in the 

Pediatric Intensive Care Unit. 

If you agree to participate, the investigator will obtain an 

additional 0.4 ml (about 1/6 tsp) of blood when drawing the amount 

ordered by the Pediatric House Officers or your child's physician. A 

maximum of three samples will be collected over a 24-hour period. The 

results of the blood tests drawn by the new technique will then be 

compared with the results of the present technique. 

To protect the confidentiality of your child, all results will 

be coded. The results may be published in group form or reviewed by 



the Food & Drug Administration, but your child's identity will not be 

revealed. No known risks are involved with this technique and the 

results will not change your child's treatment in any way. No cost for 

this laboratory analysis or equipment will be included due to your 

participation. 

If you decide not to participate in this study, it will in no 

way affect you or your child's relationship with the institution, your 

physicians, nurses or the quality of care. You are free to withdraw 

from the study and to ask questions that you may have at any time. 

"I have read the above 'Parent Consent.' The nature, demands, 
risks, and benefits of the project have been explained to me. I under
stand that I may ask questions and that I am free to withdraw from 
the project at any time without incurring ill will or affecting my 
child's medical care. I also understand that this consent form will 
be filed in an area designated by the Human Subjects Committee with 
access restricted to the principal investigator or authorized 
representatives of the particular department. A copy of the consent 
will be given to me." 

Parent or Guardian Date 

Witness Date 

"I have carefully explained to the subject's parents the 
nature of the above project. I hereby certify that to the best of 
my knowledge, the subject signing this consent form understands 
clearly the nature, demands, and benefits involved in participating 
in this study. A medical problem, language or educational barrier 
has not precluded a clear understanding of his/her involvement in 
this project." 

Investigator Date 

Mary Ann Schaber 
795-9142 
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