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CHAPTER 1
INTRODUCTION

Arterial blood-gas composition is widely used clinically to assess
cardiopulmonary function and acid-base status of critically i1l patients.
The use of arterial blood alone to assess acid-base status is, however,
now being challenged (Roos & Thomas, 1967; Tung, Bettice, Wang & Brown,
1976). In fact, recent research indicates that mixed venous blood pro-
vides as accurate an assessment of acid-base status as does arterial
blood (Griffith, McKenzie, Peterson & Keyes, In preparation).

Since arterial blood-gas composition is determined primarily by
the ratio of alveolar ventilation to pulmonary blood flow, anything that
interferes with the process of perfusion, diffusion of gases themselves
and/or alveolar ventilation will produce changes in arterial blood-gas
composition. Oxygenation blood returns from the pulmenary circulation
and is mixed in the left side of the heart, thus circulating systemic
arterial blood is of uniform composition. Hence, arterial blood-gas
composition is a convenient, sensitive indicator of cardiopulmonary
function. |

In contrast to arterial blood, venous blood-gas composition is
determined primarily by the ratio of tissue metabolic activity to tissue
perfusion. Tissues have fluctuating, non-uniform ratios of metabolic
activity to blood flow (Smith & Kampine, 1980). Therefore, systemic
venous blood-gas composition is also non-uniform. However, upon reach-
ing the pulmonary artery, venous blood has been thoroughly mixed in the

right ventricle and is of uniform composition. The blood-gas
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composition of mixed venous blood is a flow-weighted average of peri-
pheral venous blood-gas compositions. Mixed venous blood-gas composition,
then, seems to be the more logical indicator of systemic acid-base status
than that obtained from arterial blood.

The physiological instability of critically i11 patients necessi-
tates frequent reassessment of their cardiopulmonary function and acid-
base status. Currently, arterial blood-gas composition is widely used
for both these assessments. It is routine for critically i1l patients
to have their arteries repeated]y'punctured for sampling purposes.
Decreased arterial sampling and increased mixed venous sampling can be
anticipated if mixed venous blood proves efficacious in determining
acid-base status. Unfortunately, acquisition of both kinds of blood
samp]es can result in serious, sometimes 1ife-threatening iatrogenic
injuries to patients (Boontje, 1978; Puri, Carlson, Bander & Weil,
1980). |

Peripheral venous blood is generally easier to obtain than
arterial or mixed venous blood. Additionally, fewer hazards and com-
plications are associated with venous sampling as opposed to arterial or
mixed venous sampling. Because of these qualities, several groups of
investigators (Collis & Neaverson, 1967; Schriver, 1981) have examined
the use of peripheral venous blood in lieu of arteria1 of mixed venous
blood (Schriver, 1981). The overall aim of this étudy is to deter-
mine whether peripheral venous blood can be used in lieu of arteria]
or mixed venous blood for blood-gas analysis. The fo]]owihg

theoretical framework provides the basis for much of this reasearch.



Theoretical Framework

The model in Figure 1 depicts arterial and venous blood as flowing
in parallel, but opposite directions within the body. Arterial blood
represents output from the lungs or pulmonary circulation to systemic
tissues and organs. Schematically, systemic tissues and organs (head,
viscera, limbs, etc.) are depicted as parallel circuits within the
systemic circulation. Venous blood represents the output from the
systemic tissues and organs to the Tungs. What the lungs add andAremove
| (O2 and CO2 respectively) establish the physiological difference between
systemic arterial and venous blood.

The difference§ between arteriail and peripherai venous biood-gas
compositions can be minimized through active hyperemia. Active hyperemia
describes the pfocess whereby microcirculatory vessels dilate in response
to heat resulting in increased arterial and subcutaneous venous flow
(Smith & Kampine, 1980). The following equations taken from Schriver,
V(198]) quantitate the relationships between peripheral venous and

arterial blood-gas compositions:

Q {0,3a = Q {0,}v + VO, (1)
where Q = flow

VO2 = oxygen consumption,

{Oz}a = the concentration of oxygen
in arterial blood,
{02}v = the concentration of oxygen

in venous blood.
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Q {0,3a - Q {0,}v = Vo, (2)
Q [{0,a - {0,v] = VO, (3)
10,02 - {0,bv = Y02 (4)

Q

From equation (4) it can be seen that if flow is increased
relative to tissue oxygen consumption then the difference between arterial
and venous O2 concentration will decrease. Thus, under these circum-
stances, venous O2 concentration may more closely resemble arterial O2
concentration. Hence, venous blood under conditions of active hyperémia
might be used to estimate the pO2 arterial blood.

The same principle holds for CO2 concentration as shown in
equation (5):

(€0,}v - {C0,}a = VFoz (5)

Q
where \}CO2 = CO2 production,

{COZ}a = CO2 concentration in arterial blood.

{COZ}V CO2 concentration in venous blood.

Warming the site from which the venous sample is obtainéd pro-
duces the vasodilation necessary to increase blood flow to tissues in
disproportion to their metabolic needs. As a result, the blood-gas
composition of the venous blood sample will more closely resemble that
of arterial blood. The term "arterialized peripheral venous blood" is
used to identify venous blood drawn from such a warmed site.

The use of peripheral venous blood in lieu of mixed venous blood

to assess systemic acid-base status is just beginning to be explored.



Results from recent research (Schriver, 1981) suggest that non-
arterialized peripheral venous blood may be a satisfactory substitute
for mixed venous blood.

Review of the Literature

The following review of the Titerature includes: (1) the reported
complications associated with arterial and mixed venous sampling, and
(2) studies pertaining to the use of arterialized and non-arterialized
peripheral venous blood as opposed to arterial or mixéd venous”blood
respectively.

Complications of arterial sampling. A variety of iatrogenic

injuries to patients may resuit from arterial punctures. The potential
for such injuries increases as the freguency of arterial sampling
increases. Arterial punctures are painful and may result in arterial
spasm or damage to the vessel wall (Goldschmidt & Light, 1925; Hall,
1971; Stern, Kaplan & Furman, 1973). Specifically, injuries such as
false aneurysms and arteriovenous fistulas may occur (Boontje, 1978).
In addition, ecchymosis and hematoma formation may occur, especially
with repeated sampling (Cole & Lumley, 1966).

Patients receiving anticoagulant therapy suéh as heparin and
coumadin seem more prone to complications secondary to arterial sampling
than patients not receiving anticoagulant therapy. Median, obturator,
sciatic and femoral neuropathies may result from spontaneous hemorrhage
following arterial punctures in patients receiving anticoagulants
(Macon & Futrell, 1973; Neviaser, Adams & May, 1976). According to
Neviaser, et al. (1976), femoral or brachial punctures on patients

receiving heparin therapy may produce hematomas resulting in skin
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sloughing and/or infection. Subsequent incision and drainage and/or skin
grafting may be required in such cases.

Indwelling arterial catheters have alleviated the necessity of
repeated arterial punctures. Unfortunately, these too are aésociated
with complications. Factors recognized to predispoSe patients to com-
plications include prolonged cannulation of the vessel, low cardiac
oUtput, iarge catheter size, pre-existing arterial disease and sustained
- local pressure required to stop arterial bleeding after the catheter has
been removed (Baker, Chunprapaph & Nyhus, 1976; Hall, 1971).

Studies on the use of arterial catheters reveal that the follow-
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require blood transfusions, arterial thrombosis with arterial occlusion
which may result in severe ischemic injuries, and sepsis (Baker, et al.,
1976; Hall, 1971; Puri, et al., 1980).

Complications of mixed venous sampling. Acquisition of mixed

venous blood involves the more invasive procedure of introducing a
Swan-Ganz flow-directed catheter into the pu]monafy artery. Both the
procedure and the catheter can produce serious, sometimes 1life-threaten-
ing complications.

Two recent prospective studies (Puri, et al., 1980; Sise,
Hollingsworth, Brimm, Peters, Virgilio & Schackford, 1981) of pulmonary
artery catheterizations document that complications may occur. These
include pneumothorax, ventricular arrhythmias which may fequire treat-
ment including direct current cardioversion, and subclavian vein
thrombosis. Somewhat less serious complications which may resu]t from

this procedure include: arrhythmias not requiring treatment; puncture
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of the subclavian artery or venous bleeding at the catheter insertion
site, cellulitis at the insertion site, and sepsis (Puri, et al., 1980;
Sise, et al., 1981).

Once a flow-directed catheter has been placed in the pulmonary
artery, mixed venous blood can be obtained. However, Puri, et al.
concluded that the intracardiac position of the catbeter coupled with
the repeated break of this closed system for samples of mixed venous
blood may result in an increased incidence of catheter-related sepsis
and endocarditis.

Arterialized peripheral venous blood. Meakins and Davies (1920)

venous blood. Varying the local temperature of tissues at the sampling
site was an important aspect of their study. The hand and forearm of
one subject was exposed to five different temperature conditions:
(1) room air, (2) cool atmosphere, (3) cold atmosphere, (4) arm
immersed in a water bath at 45°C for 10 minutes prior to sampling, and
(5) arm immersed in a water bath at 45°C for 20 minutes prior to
sampling. Paired arterial and peripheral venous blood samples were
obtained from the treated forearm after each temperature exposure.
Results of this study indicated that arterial O2 saturation
remained stable at 96.1% despite exposure of the sampling site to
different temperatures. However, peripheral venous 02 saturation
varied widely in response to the different temperatures. Exposure of
the sampling site to progressively lTower temperatures resulted in the
steady decline of peripheral venous 0, saturation from 56.4% (room air)

to 0.0% (cold atmosphere). Warming of the sampling site for 10 and
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20 minutes raised the peripheral venous 02 saturation to 94.2%. Meakins
and Davies concluded that the temperature—re]atéd instability of peri-
pheral venous 0, saturation made it an unreliable indicator of arterial
02 saturation. They did not comment, howeﬁer, on the fact that warming
the subject's sampling site produced values of peripheral venous O2
saturation similar to those of arterial blood. »

Based in part on the work of Meakins and Davies, Goldschmidt and
Light (1925) investigated the use of arterialized peripheral venous
blood in Tieu of arterial blood to determine oxygen content (vol%),

oxygen capacity of hemoglobin (vol%), 0, saturation and carbon dioxide

Arterialization of the peripheral venous sampling site was
achieved by immersing a hand and wrist of each subject in a water‘bath
at 45-47°C for 10-15 minutes. Peripheral venous b]ood samples were then
~obtained from the dorsal surface of the hand. Arterial blood samp]és
were drawn from the radial or brachial arteries. |

Paired samples of arterial and arterialized peripheral venous
blood were obtained from six subjects for purposes of comparison. The
Oz-content of arterialized peripheral venous blood ranged from 16.03
vol% to 21.20 vol% while that of arterial blood ranged from 14.56 vol%
to 21.13 vol%. It should be noted that in one subject the 02 content
was lower in arterial blood than arterialized peripheral venous blood.
Goldschmidt and Light attributed this paradox to the subject's heart
condition, pulmonary stenosis with a patent ductus arteriosus, coupled
with breath-holding at the time of arterial sampling. The subject had

remained calm during the venous sampling which preceded the arterial
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sampling.

The CO2 content of arterial and arterialized peripheral venous
blood were also similar. The values of 602 content for arterialized
peripheral venous blood ranged from 29.7 vol% to 49.6 vol% compared to
the range of 31.4 vol% to 49.9 vol% for arterial blood. Additionally,
Goldschmidt and Light found that arterial and arterialized peripheral
venous blood had comparable 02 capacity and saturation values. They
therefore concluded that peripheral venous blood, artefia]ized by their
method, was reliable for determining arterial O2 content, O2 capaéity
and C02 content.

Brooks and Wynn (1959) further explored the possibility of using
arterialized peripheral venous blood to determine the pH and pCO2 of
arterial blood. In this study arterialization of peripheral venous
blood was accomplished by wrapping the subject's hand and forearm in 2
electric heating pads for 15 minutes. Peripheral venous blood samples
were drawn from the dorsal surface of the hand when the skin temperature
reached approximately 38°C. Arterial blood samples were drawn from
- brachial or femoral arteries.

Three sets of subjects were investigated: ambulatory, non-
ambulatory, and anesthetized patients. Results from the first group of
subjects, 5 ambulatory patients, indicated much sma11er arteriovenous
differences when peripheral venous blood was arterialized as opposed to
being non-arterialized. ‘The mean arteriovenous differences in pH and
pCO2 were 0.018 and 3.5 mmHg, respectively, using arterialized peri-

pheral venous blood.
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The second group of subjects consisted of 9 pafients confined to
bed prior to the test. The mean arteriovenous differences, again using
arterialized peripheral venous blood, were less than in the previous
group. Comparison of arterial and arterialized peripheral venous blood
revealed a mean pH and pCO2 difference of 0.002 and 0.8 mmHg respect-
ively. |

Brooks and Wynn then studied 10 anesthetized patients undergofng
unspecified surgical procedures. As general anesthesia induces peri-
pheral vasodi]atibn, heating of the sampling site was unnecessaky to
achieve arterialization. The mean arteriovenous differences for this
group of patients were comparable to the other 2 groups. The differences
for pH and pCO2 were 0.002 and 1.1 mmHg respectively. Brooks and Wynn
noted, however, that significant arteriovenous differences would result
if other factors resulted in decreased skin flow during surgery.

Brooks and Wynn concluded that the proper degree of arterial-
ization of peripheral venous blood exists when the subject is at rest
and the skin temperature of the sampling site is at least 35%C. If these
conditions of arterialization were met, the authors cohc]uded that peri-
‘pheral venous blood could be used to assess the pH and pCO2 of arterial
blood.

Paine, Boutwell and Soloff (1961) also investigated the use of
arterialized peripheral venous blood to assess the pH and pCO2 of
arterial blood. Venous blood was arterialized by wrapping a subject's
hand in a hot towel or placing it in a container of hot water for 15 to
20 minutes. Temperatures of the water bath and the skin sampling site

were not reported. All subjects were recumbent for 1% hours prior td
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sampling. Arterialized peripheral venous blood samples were drawn from
the dorsal surface of the hand. Simultaneous samples of venous blood
from the antecubital vein and arterial blood (vessel not specified)
wefe drawn for comparison with arterialized peripheral venous blood.

Six subjects had tourniquets applied above the elbow and 10 ml
vacuum tubes were used for blood collection. In 9 subjects, samples
were drawn with heparinized syringes and with the tourniquet placed as
described above. Fourteen subjects had tourniquets applied af the
wrist. Finger flexion was necessary to induce vein fi]]ing in 50% of
the subjects. |

| The following results were obtained for each of the methods.
1) The use of vacuum tubes for the collection of arterialized peri-
pheral venous blood produced the greatest arteriovenous differences in
pH and pCO2 values. The mean pH difference between arterial and
arterialized peripheral venous blood was 0.050 and that of pCO2 was
4.9 mmHg. (Standard deviations were not reported). 2) An arteriovenous
pH difference of 0.038 and pCO2 difference of 8.5 mmHg resulted when
tourniquets were placed above the elbow and heparinized syringes wére
used to collect the arterialized peripheral venous blood. 3) The final
technique used on subjects, i.e., tourniquet above the wrist and use of
heparinized syringes, proved superior to the other two methods. The
authors reported the pH of arterialized peripheral venous blood to be
0.022 and the pCO2 to be 2.86 mmHg lower than artéria] blood.

Since it is highly unusual for the pCO2 of arterialized peri-
pheral venous blood to be lower than that of arterial blood, I

recalculated the mean difference from the data reported by the authors.
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The mean pCO2 of arterialized peripheral venous blood was found to be
1.52 mmHg higher than that of arterial blood.

The values obtained for arterialized peripheral venous blood were
closer to those of arterial blood than were those obtained from non-
arterialized peripheral venous blood. The mean pH difference betWeen
arterial and noﬁ—arteria]ized peripheral venous blood was 0.11, while
the pCO2 difference was 3.4 mmHg.

According to Paine, et al., arterialized peripherai venous blood
is best obtained by: warming the dorsal surface of the hand for approx-
imately 20 minutes, then applying a tourniquet at the wrist, and fina]]j
drawing venous blood from the dorsal surface of the hand. Using this
method of arterialization, they concluded that venous blood was accept-
able for estimation of arterial pH values. Unfortunately, Paine, et al.
stated no conclusions concerning the use of this method for estimating
arterial pCO2 values. Contrary to their report, calculations using
their data indicate that arterialized peripheral venous blood provides
a reasonable estimate of arterial pCO2 values.

| Harrison and Galloon (1965) further studied the use of arterial-
ized peripheral venous blood for estimating arterial pCO2 values. Values
of pH and pO2 were not reported. The subjects consisted of 13 patients,
12 of whom were undergoing surgery and one of whom was being ventilated
by a respirator.

Peripheral venous blood was arterialized by wrapping the subject's
hand in an electric heating pad which had a maximum temperature of 60°C.
The authors stated that the hand was warmed to "body" temperature, but

the exact skin temperature was unspecified. Peripheral venous blood
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samples, arterialized and non-arterialized, were obtained from an
indwelling cannula on the dorsal surface of the hand. Within 30 seconds
of obtaining the venous sample, arterial samples from an indwelling
catheter in the radial artery were obtained.

Peripheral venous and arterial samples were drawn at the
beginning of and during anesthesia under a variety of conditions.
Forty-eight paired arterial and peripheral venous samples were obtained
under non-ideal conditions: cold hand with venous stasis, cold hand
without venous stasis, and warm hand with venous stasis. The smallest
arteriovenous difference (value not specified) in pCO2 was observed in
samples drawn at the beginning of anesthesia, hand below body tempera-
ture and without venous stasis. The authors attributed these results
to spontaneous arterialization secondary to anesthesia-induced vaso-
dilation.

Fifty-one paired samples were drawn under ideal conditions, i.e.,
warm hand and without stasis. The mean arteriovenous difference for
pCO2 values was 0.5 mmHg Lg.7 mmHg SD.

Harrison and Galloon concluded that arterialized peripheral
venous blood could be used clinically and experimentally to estimate
arterial pCO2 values under the following conditions: (1) venous blood
must be taken from the dorsal surface of the hand, (2) the hand must be
warmed to at least body temperature, and (3) there must be no stasis of
venous blood flow before and during sampling.

Collis and Neaverson (1967) compared the pH, pCO2 and pO2 values
of arterialized peripheral venous blood to those of arterial blood.

Arterialization of peripheral venous blood was achieved by immersing
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the subject's hand in a water bath at 45°C for 5 minutes.

Peripheral venous blood samples were drawn without venous stasis
from the dorsal surface of the hand. Arteria]Asamples were drawn from
a radial artery. Blood samples were collected in heparinized syringes
and immediately analyzed. The subjects were 23 ambulatory patients. In
10 cases, the arterialized peripheral venous blood was obtained first
followed by the arterial blood, and in 13 cases this drder'was reversed.

Reversing the order in which blood samples were drawn'pfoduced
nd statistically significant differences in the parameters of pH and pCOZ.
The pH and pCO2 differences between arterial and arterialized peripheral
venous blood were 0.0052 (SD 0.0075) and 0.76 mmHg (SD 0.81) respectivef
ly. However, pO2 values differed by as much as 40 mmHg. Peripheral
venous blood was useless as a guide to the pO2 of arterial blood when
the pO2 of the arterial blood was greater than 60 mmHg .

These investigators concluded that arterialized peripheral venous
blood provided an adequate estimate of arterial pCO2 and pH values, but
not arterial pO2 values.

Non-arterialized peripheral venous blood. This investigator

could find no published literature on human research comparing peri-
pheral venous blood-gas composition to that of mixed venous blood.
Schriver (1981) conducted such a comparison using animal subjects.
Specifically, Schriver compared the blood-gas composition of peripheral
venous blood, arterialized and non-arterialized, to that of mixed venous
blood and arterial blood during induced respiratory acid-base disturb-

ances.
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Ten healthy dogs were anesthetized, intubated and placed on
ventilators. Respiratory acidosis was induced in half of these dogs by
varying the concentration of CO2 in the inspired air. Respiratory
alkalosis was induced in the remaining 5 dogs by increasing their tidal
volume. |

Peripheral venous blood was arterialized using a goose neck Tamp
with a 100 watt bulb placed 2 to 3 cm above the samp]ing site. ‘warming
continued until the temperature of a thermometer p]atedvin a skin
pocket reached 38-42°¢. Peripheral venous samples were‘obtafned from
indwelling catheters placed into a deep vein of each forepaw. Arterial
samples were obtained from a femoral artery catheter. Samples of mixed
venous blood were obtained from an indwelling flow-directed (Swan-Ganz)
catheter placed in the pulmonary artery. Samples were collected within
5 minutes of each other using heparinized glass syringes.

Results indicated that peripheral venous blood arterialized
and non-arterialized, correlated closely with arterial blood in terms of
pH, pCO, and [HC03'] values. For the pH and pCO, values, the correlation
coefffcient (Pearson's r) was greater than 0.92 while for [HCO, ] it
was greater than 0.84. However, the pO2 values for arterialized and non-
arterialized peripheral venous blood did not correlate as strongly with
that of arterial blood. With respiratory acidosis, the pO2 cokreiation
coefficient was 0.67 or greater. The pO2 correlation coefficient varied
from —0.53 to 0.61 during states of respiratory alkalosis.

Schriver attributed the absence of a'significant differenée be-

tween arterialized and non-arterialized blood to the placement of the

catheters in a relatively large, deep vein. It was reasoned that
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(1) flow is greater in the deeper veins relative to the superficial
veins.and that (2) flow in these deep veins is not significantly in-
creased by arterialization (warming). Therefore, the blood-gas
compositions of arterialized and non-arterialized peripheral venous
blood were not significantly different.

The values obtained for the pH, pCO2 and [HCO3_] of peripheral
venous blood, arterialized and non-arterialized, were also found to
correlate closely with those of mixed venous blood. Cbrre]ation
coefficients for pH, pCO, and [HCO,"] were 0.98, 0.97 and 0.73 or
greater, respectively. The pO2 values correlated somewhat more closely
with mixed venous than with arterial blood. The pO2 correlation
coefficient varied from -0.12 to 0.89 with respiratory acidosis and
from 0.07 to 0.94 with respiratory alkalosis. ‘

Schriver concluded that arterializing peripheral venous blood
may not be necessary for estimating arterial values of pH, pCO2 and
[HCO3'] if a deeper vein is used. Furthermore, it was concluded that
peripheral venous blood-gas composition may provide reliable estimates
of the blood-gas composition of mixed venous blood.

The full significance of Schriver's findings regarding mixed
venous and non-arterialized peripheral venous blood is appreciated when
an earlier study by Tung, Bettice, Wang & Brown (1976) is considered.
These investigators compared the blood-gas composition of mixed venous
and arterial blood in states of hemorrhagic shock.

Twenty-one mongrel dogs were anesthetized, intubated and neph-
rectomized. Catheters were placed in the Teft carotid and pulmonary

artery for obtaining arterial and mixed venous samples respectively.
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Hemorrhagic shock was induced by bleeding the dogs from a femoral artery
catheter until the carotid arterial pressure was reduced to a Tevel of
50 mmHg. Blood pressure was maintained at this level for 2 hours by
reinfusing shed blood or withdrawing additional blood. Arterial and
mixed venous blood samples were obtained 30, 60, 90 and 120 minutes
after the steady state hypotension was established.

Comparison of arterial and mixed venousvb1ood-gas compositions
revealed that a-v differences in pH, pC0,, p0, and [HCO3'1 were markedly
increased when tissue perfusion was decreased. The acid-base pitture
presented by arterial blood-gas composition was one of partially cdm-
pensated metabolic acidosis, i.e., values for pH, pCO, and [HCO3'] less
than normal. However, mixed venous blood-gas composition presented the |
picture of mixed respiratory and metabolic acidosis, i.e., pH and
[HCO3-] values less than normal, pCO2 values greater than normal.
Additionally, arterial pO2 increased during hemorrhagic shock whereas
mixed venous pO2 decreased.

These investigators contrasted the acid-base status presented
by arterial and mixed venous blood. They argued that arterial blood-
gas composition reflects the adequacy of pulmonary ventilation and'the'
respiratory response to conditions in peripheral tissues whereas mixed
venous blood reflects the condition in peripheral tissues. Therefore,
one can infer from these arguments that mixed venous blood-gas composi-
tion reflects the acid-base status of interstitial fluid (ISF).

Summary of research using peripheral venous blood. Research

involving arterialized peripheral venous blood has been conducted

sporadically since 1920. Most of the investigators have compared the
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pH and/or pCO2 values of arterialized peripheral venous blood to those
of arterial blood when physiological conditions were varied (Brooks»& '
Wynn, 1959; Collis & Neaverson, 1967; Harrison & Galloon, 1965; Paine,
et al., 1961). Arteriovenous differences for these values were small
and clinically insignificant. The general consensus was, therefore;
that arterialized peripheral venous blood could be used in lieu of
arterial blood to assess pCO2 and pH.

Conflicting results have been obtained from studfes-investigating
the use of arterialized peripheral venous blood in determining p02 and
02 saturation. While some studies (Goldschmidt & Light, 1925; Meakins
& Davies, 1920) showed the pO2 saturations of arterialized peripheral
venous blood and arterial blood to be comparable, one study (Collis &
Neaverson, 1967) showed large discrepancies. Additionally, Collis and
Neaverson concluded that arterialized peripheral venous blood could not
be used for estimation of arterial p02.

Review of the literature reveals that ”arteria]izatidn" of
peripheral venous blood has been achieved in a variety of ways:

1) Warming the hand or extremity in a water bath at 45f470C for
- 5-20 minutes (Collis & Neaverson, 1967; Goldschmidt & Light, 1925;
Meakins & Davies, 1920; Paine, et al., 1961). |

2) Wrapping the hand or forearm in heating pads for 5-15 minutes
(Brooks & wynn; 1959; Harrison & Galloon, 1965).

3) Wrapping the hand in a hot towel for 15 to 20 minutes (Paine,
et al., 1961).

Samples of arterialized peripheral venous blood were drawn primarily

from the dorsal surface of -the hand.
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There is no reported human research comparing peripheral venous
blood-gas composition to that of mixed venous blood. However, receht
research on dogs by Schriver (1981) indicates thaf non-arterialized
peripheral venous blood closely correlates with mixed venous blood in
terms of pH, pC0, and IHC03'|. Thus, peripheral venous blood may serve
an additional role for accurately identifying the acid-base status of
- 1ISF.

Problem Statement

Studies have shown that arterialized peripheral venous blood is
a reliable substitute for arterial blood in assessing acid-base status.
However, little or no information was available in these studies regard-
ing the cardiac output of the subjects. Changes in cardiac outpdt will
produce changes in peripheral venous blood-gas composition. Therefore,
it may be asked, is arterialized peripheral venous blood still a
re]fab]e substitute for arterial blood when cardiac output is reduced?

Mixed venous blood may provide a more accurate assessment of‘
acid-base status than arterial blood. A more convenient and less
hazardous substitute for mixed venous sampling may prove to be non;
arterialized peripheral venous blood. Schriver's study (1981) showed a
close correlation between non-arterialized peripheral venous b1oodband
mixed venous blood in respiratory acid-base disturbances. However, it
is not known what happens to peripheral venous blood-gas composition
when cardiac output is reduced.

In the present investigation I propose to answer the following

questions:
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1) How does the blood-gas composition of arterial and arterial-
ized peripheral venous blood compare when cardiac output is acutely
reduced?
2) How does the blood-gas composition of mixed venous and non-
arterialized peripheral venous blood compare when cardiac output is
acutely reduced?

Implications for Nursing Practice

Care of patients in the critical care setting, as in any other
setting, is guided by the nursing process. Assessment, an essentfaT
component of this process, leads to nursing diagnosié, 1ntervention'and
evaluation. Critical care nurses routinely make nursing diagnoses
pertinent to their patient's cardiopulmonary function -and acid-base
status. These diagnoses require in part an accurate assessment and
evaluation of each patient's arterial blood-gas composition. Critical
care nurses then use these diagnoses to plan and implement nursing
interventions.

Recently, mixed venous blood-gas composition has been investigated
for use in assessment of both acid-base status and adequacy of tissue
perfusion (Griffith, 1980, Tung et a1.,‘]976). If further studies
support these findings then mixed venous blood samples may be obtained
- more frequently in clinical settings. Critical care nurses will then be
expected to be able to asséss and evaluate both arterial and mixed
venous blood-gas compositions.

Currently, critical care nurses routihely obtain arterial and,
less frequently, mixed venous blood samples. Sampling arterial and

mixed venous blood are high risk procedures. As noted previously,
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arterial sampling is associated with multiple complications such as |
hemorrhage and neuropathies. Furthekmore, the procedure is painful and,
especially with repetition, can increase patient anxiety. Mixed venous
sampling requires that a Swan-Ganz catheter be introduced into the
pulmonary artery by a physician. Life-threatening complications
associated with this painful procedure, such as ventricular arrhythmias
and subclavian vein thrombosis, have been discussed. Furthermore, an
increased incidence of catheter-related sepsis and endocarditis can
be anticipated (Puri et al., 1980).

Clearly, equally informative, but less hazardous and compromising
assessment a1ternat1yes are desirable. In this study I evaluated such
an assessment alternative. If the b]ood—gés composition of peripheral
venous blood could be shown to be useful for assessment of acid-base
disturbanées, then a simple venipuncture could prdvide this assessment
alternative with less physical and emotional trauma to the patient.

It is imﬁortant for critical care nurses to be conducting such
research since they provide total pat