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Continuous intra-arterial blood gas monitoring during thoracic surgery
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Abstract

Purpose. This study was undertaken to assess the clinical
usefulness of a continuous intra-arterial blood gas (CIABG)
monitoring system, Paratrend 7, during thoracic surgery.
Methods. A sensor of the CIABG monitoring system was
inserted into the radial artery in 50 patients. During one-lung/
differential lung ventilation, arterial blood samples for estima-
tion of blood gases (ABG) were taken every 45-90min or
when clinically needed. The Pco,, Po,, and pH values dis-
played by the CIABG monitor were recorded prior to arterial
blood sampling and were compared with the results of ABG
analysis. The mean (bias) and the standard deviation (preci-
sion) of the differences were calculated from the data for each
parameter.

Results. Ninety-four blood samples were obtained. The cor-
relation between CIABG and ABG measurements was strong
for each parameter: r = 0.83 (Pco,), 0.89 (Po,), 0.74 (pH).
The bias * precision between the two methods was 0.4 =
3.0mmHg for Pco,, —6 = 47mmHg for Po,, —1.2 * 27.4% for
Po, and —0.01 =+ 0.04 for pH. For Po, values <150 mmHg, the
bias * precision was 1 + 28 mmHg.

Conclusion. The agreement between CIABG and ABG
measurements was better for Pco, and pH than for Po,. The
Po, value displayed on the CIABG monitor may not always be
reliable during thoracic surgical procedures.
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Introduction

Paratrend 7 (PT7) (Diametrics Medical, Highwycombe,
UK), the only continuous intra-arterial blood gas
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(CIABG) monitoring system commercially available,
is a multiparameter intravascular sensor system for on-
line continuous measurement of pH, Pco,, Po,, and
temperature. The clinical usefulness of the monitor has
been reported recently in patients in intensive care units
[1] and during cardiac surgery [2].

In a recent study [3], we found that the Po, data
displayed on the PT7 may not always be reliable during
esophagectomy. When arterial blood gas values are
rapidly fluctuating, such as during one-lung ventilation
(OLV)/differential lung ventilation (DLV), the accu-
racy of the Po, value of the CIABG system may be
unacceptable [3] due to the slow response time of the
sensor [1].

The objective of the present study was to evaluate
the accuracy of the PT7 during OLV/DLYV of patients
undergoing various kinds of surgical procedures.
Because, our information [3] is limited by the small
number of patients and the single type of surgery
(esophagectomy), in the present study we have included
a larger number of patients undergoing esophagectomy,
lung surgery, and thoracoscopy who required OLV/
DLV.

Materials and methods

Patients scheduled to undergo thoracic surgical pro-
cedures (n = 58) that required OLV/DLYV were eligible
for the study. Eight patients were excluded because the
sensors were severely damaged (n = 4), the sensors
could not be inserted into the radial artery due to high
resistance (n = 2), or the sensors were removed due to
severely damped waveforms of the arterial blood pres-
sure that were not usable for blood pressure monitoring
(n = 2). For analysis of the data not only for overall
patients but also for each of the three surgical proce-
dures, the patients were divided according to surgical
procedure into the esophagectomy group (E-group, n =
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Table 1. Demographic data on the patients (means = SD)

S. Ishikawa et al.: Blood gas monitoring during thoracic surgery

Esophagectomy Lung surgery Thoracoscopy

Characteristic group group group
Age (yr) 591 7.0 585 *92 399 = 14.7
Male/female 13/1 12/8 12/4
Height (cm) 1642 = 49 160.1 = 9.5 167.0 = 74
Body weight (kg) 62.2 = 10.6 56.9 + 10.2 58.0 = 10.4
ASA T/II/'I/IVIV 5/9/0/0/0 7/13/0/0/0 12/3/1/0/0
Dependent lung (left/right) 14/0 11/9 151
Anesthesia

Isoflurane 7 14 6

Fentanyl and propofol 7 6 10

Epidural (yes/no) 13/1 18/2 11/5
Treatment for hypoxemia

100% oxygen 6 8 2

ND lung CPAP 6 3 0

ND lung ventilation 0 1 1

ND, nondependent; CPAP, continuous positive airway pressure

14), the lung surgery group (L-group, n = 20), and the
thoracoscopy group (T-group, n = 16). Demographic
data on the patients are shown in Table 1. The study was
approved by the ethical committee of the University,
and informed consent was obtained from all patients.

Hydroxyzine 25-50 mg and atropine 0.25-0.5 mg were
given intramuscularly 30min before the induction of
anesthesia. Before the induction of general anesthesia,
an epidural catheter was inserted in 42 patients between
the fourth and the eighth thoracic interspaces, depend-
ing on the site of surgery. General anesthesia was
induced with 2mg-kg™! of intravenous propofol, and
endotracheal intubation was facilitated with 0.2 mg/kg!
of intravenous vecuronium. A left-sided double-lumen
endotracheal tube (Bronchocath, Mallinckrodt, Argyle,
NY, USA) was used for OLV/DLV, and the correct
position was confirmed by auscultation and by a
fiberoptic bronchoscope. Anesthesia was maintained
with 0.5%-1.5% isoflurane (n = 27) or intravenous
propofol (4-10mg-kg="-h~') combined with small doses
(3-8ug-kg™) of fentanyl (n = 23). Patients were venti-
lated mechanically at a constant tidal volume (VT =
10ml-kg™'), and the respiratory rate was adjusted to
keep the end-tidal carbon dioxide pressure (PETCO,) at
approximately 35 mmHg. The inspired fraction of oxy-
gen (Fio,) was set at 0.8. The rectal temperature was
monitored and kept constant by a warm-water blanket.
A bolus dose of 8-12ml of 1% mepivacaine was injected
epidurally, followed by continuous administration of
4-8ml-h

A 20-gauge intravascular catheter was inserted into
the radial artery. The multiparameter intravascular
sensor, which had been calibrated with precision gases
bubbled in sequence through the tonometer under mi-
croprocessor control, was advanced through the arterial
catheter into the radial artery to a length of 15cm. The

arterial catheter was maintained with a continuous hep-
arinized saline flush at a concentration of 0.4 units-ml!
through the side port. This side port allows simulta-
neous blood pressure monitoring and provides access
for blood sampling. After positioning of the patient
according to the surgical requirements, the position
of the double-lumen tube was reconfirmed. Before the
surgical procedure was started, the monitoring system
was calibrated to the conventional blood gas analysis
according to the manufacturer’s recommendation. The
data collected by the monitoring system were corrected
to the corresponding values at 37°C.

Just before the pleura was opened, OLV was com-
menced. The dependent lung was ventilated with a tidal
volume of 8 ml-kg~! and an Fio, of 0.8. The respiratory
rate was increased to keep the arterial carbon dioxide
tension (Paco,) at approximately 40 mmHg. If the pulse
oximetry (Spo,) reading decreased below 95% and
could not be maintained at 96% during OLV, major
causes of hypoxemia (e.g., double-lumen tube malposi-
tion, poor hemodynamic status, or leaks or disconnec-
tion of the ventilating system) were ruled out, and if
required, Fio, was increased to 1.0 and nondependent
lung continuous positive airway pressure (CPAP), in-
termittent nondependent lung ventilation [4], or both
were performed.

Arterial blood for conventional blood gas analyses
(ABG) was sampled every 45-90min or when clinically
required during OLV/DLV. Just prior to arterial blood
sampling, the values of Pco,, Po,, and pH displayed
by the CIABG system [Pco, (PT7), Po, (PT7), and pH
(PT7), respectively] were recorded. All arterial blood
samples were analyzed without delay with a laboratory
blood gas analyzer (STAT Profile 5 gas analyzer, NOVA
Biomedical, Waltham, MA, USA). With the laboratory
blood gas analyzer, both one- and two-point calibration
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were performed using the standard gas mixtures (gas A:
20.0% 0O,,5.0% CO,, and balance N,; gas B: 10.0% CO.,,
and balance N,). A two-point calibration using both
gas A and B was initiated automatically at intervals of
several hours. A one-point calibration was performed
using gas A at approximately 45-min intervals.

The data from the CIABG system were compared
with the data from ABG [Pco, (ABG), Po, (ABG), and
pH (ABG)]. A correlation analysis of the CIABG and
ABG data was performed, and the correlation was de-
scribed by Pearson’s r value. The method of Bland and
Altman [5] was used for the comparison. The “bias” of
the PT7 sensor was calculated as the mean of the differ-
ence between the sensor and the radial arterial blood
gas values, and the “precision” was calculated as the
standard deviation of the differences. The means and
the standard deviations of the fractional or percentage
errors (“% bias” and “% precision,” respectively)
were calculated for the Po, data. In addition, the accu-
racy for the clinically important range of Po,, i.e., less
than 150mmHg, was separately analyzed.
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Results

Both anesthesia and surgery proceeded without any se-
rious complications in all patients. Esophagectomy with
right thoracotomy was performed in all the patients in
the E-group. The patients in the L-group underwent
lobectomy for lung cancer (n = 16) or pulmonary as-
pergillosis (n = 1) or partial resection for biopsy (n = 2)
or open drainage for empyema (n = 1). The patients in
the T-group underwent thoracic sympathectomy (n =
5), bullectomy (n = 5), esophagectomy under thoracos-
copy (n = 3), lung tumorectomy (n = 2), or mediastinal
tumorectomy (n = 1).

A total of 94 blood samples were obtained. The
ranges of the measured variables were 28.7-60.2 mmHg
for Pco,, 60-445mmHg for Po,, and 7.28-7.50 for pH.
The statistical comparison between the CIABG and
ABG data is shown in Tables 2 and 3. The correlation
between CIABG and ABG measurements was strong
for each parameter, not only for overall patients (Table
2) but also in each group (Table 3). The bias and

Table 2. Statistical comparison of the continuous intra-arterial blood gas monitoring
values with simultaneous arterial blood gas analysis in all patients

Pco, Po, pH % Po, Po, <150mmHg

Value (mmHg) (mmHg) (pH unit) (%) (mmHg)
Linear regression

Slope 0.88 0.94 0.99

Intercept 533 5.20 0.10

Pearson’s r value 0.83 0.89 0.74
Bias 0.4 -6 —0.01 -12 1
Precision 3.0 47 0.04 27.4 28

Table 3. Statistical comparison of the continuous intra-arterial blood gas monitoring
values with simultaneous arterial blood gas analysis in each group

Pco, Po, pH % Po,

Po, < 150mmHg

Group/value (mmHg) (mmHg) (pHunit) (%) (mmHg)
Esophagectomy group

Slope 0.90 0.86 1.23

Intercept 3.59 22.06 —1.69

Pearson’s r value 0.81 0.89 0.91

Bias -0.5 -1 —0.01 33 2

Precision 3.6 43 0.03 33.6 29
Lung surgery group

Slope 0.91 0.99 0.86

Intercept 5.00 7.02 1.05

Pearson’s r value 0.85 0.90 0.56

Bias 1.2 -9 —0.01 -3.7 -3

Precision 2.9 53 0.05 24.7 28
Thoracoscopy group

Slope 0.69 0.91 0.83

Intercept 12.45 10.01 1.30

Pearson’s r value 0.89 0.89 0.82

Bias -0.1 -7 0.00 -2.0 7

Precision 2.0 ) 002 247 27
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Fig. 1. Bland and Altman diagrams of Pco, (upper), Po,
(middle), and pH (lower) for overall patients. The mean of
PT7 and ABG is plotted on the X axis and the difference
between the two methods on the Y axis. Solid lines represent
bias and thin dashed lines represent bias * 2 SD

precision between CIABG and ABG data for each
parameter were similar among the three groups.

Bland-Altman diagrams [5] of the data for each pa-
rameter collected during OLV/DLV for overall patients
are shown in Fig. 1.

Discussion

We have assessed the accuracy and the reliability of the
CIABG monitor during OLV/DLV by evaluating
the agreement of the data between CIABG and ABG.
The CIABG data for each parameter were linearly cor-
related with the ABG data, not only for overall patients
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but also in each subgroup. The bias and the precision for
each parameter were similar in each subgroup.

The overall bias and precision for Pco, and pH during
OLV/DLYV in the present study were similar to those in
our previous study [3] as well as those reported in other
situations, such as intensive care [1] and open heart
surgery [2]. The biases of Pco, and pH in the present
study were within acceptable limits [6]. As discussed in
our previous study [3], adjusting the respiratory rate to
keep the Paco, constant may have resulted in accept-
able accuracy in the Paco, and pH measurements.

The precision (% precision) of Po, in the present
study was larger than those in published reports
[1,2]. Even in the clinically important range of
Po, (<150mmHg), the error will be theoretically
<56 mmHg with 95% reliability, suggesting that the
true Pao, may be between 24 and 136 mmHg when Po,
(PT7) is 80mmHg. Although the strong correlation be-
tween CIABG and ABG for each parameter indicates
that the CIABG system is clinically useful for monitor-
ing trends in blood gas changes, the present study dem-
onstrates that the accuracy of the Po, (PT7) value may
not always be reliable during OLV/DLV. The large pre-
cision observed in our study may be explained, in part,
by the slow response time of the sensor [1] and the
characteristics of OLV/DLV where arterial blood gas
values rapidly fluctuate [3]. The present study may
reconfirm our previous report [3] and suggest that Po,
(PT7) measurements may be unacceptable during vari-
ous kinds of surgical procedures that require OLV/
DLV.

To the best of our knowledge, there has been only
one other institution that has investigated the accuracy
and clinical performance of PT7 during OLV [7.8].
Zollinger et al. evaluated the accuracy of the CIABG
monitor during thoracoscopic surgery in patients under-
going OLV and reported the bias and the precision
(1.96 SD) for Po, in their study to be 0.38 * 9.52 torr [7].
The precision for Po, in their study was smaller than
that for the thoracoscopy group in the present study,
and the discrepancy may be attributed, in part, to the
timing of the data collection: Zollinger et al. included
data that were collected when OLV was not performed.
The recent study by Zaugg et al. collected data during
the whole period of OLV and reevaluated the accuracy
of the PT7 during thoracoscopic surgery [8]. The preci-
sion for Po, (1.96 SD) in their study was 81.05mmHg,
similar to the value for the thoracoscopy group (1.96 SD
= 82.3mmHg) in the present study. The authors men-
tioned that the Po, sensors of the PT7 were accurate
during OLV on the basis of strong linear correlation
and Bland-Altman plots [5]. However, it is unclear what
degree of precision for Po, was considered clinically
acceptable in their study. In our clinical experience, we
assumed that the error for Po, should be less than 10-
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20mmHg in the clinically important range of Po,
(<150mmHg) to detect and treat hypoxemia without
delay.

It seems rational to conclude that the large precision
of Po, is explained by the slow response time and the
characteristics of OLV/DLYV, but there are many other
possible explanations (e.g., incorrect handling of the
blood sample, the accuracy and variability of the labora-
tory blood gas analyzer [9], and the “wall effect” [10] of
the sensor of the CIABG system). It may be very diffi-
cult to evaluate those effects on the difference between
Po, (PT7) and Po, (ABG) in our clinical setting. The
“wall effect” was not observed during the study period,
but it is impossible to exclude transient and/or mild
contact of the sensor tip with the vessel wall during
monitoring. All these problems are encountered when
we compare CIABG and ABG data. To demonstrate
that these factors are not the predominant reasons
for the large precision of Po,, it may be necessary to
compare the accuracy of the CIABG sensor between
the OLV/DLYV situation and two-lung ventilation, as we
have done in the previous study [3].

In conclusion, the agreement of data between
CIABG and ABG was acceptable for Pco, and pH dur-
ing OLV/DLYV in thoracic surgery. Although there is a
strong relationship between the Pao, values measured
during CIABG and ABG, the Po, value displayed on
the CIABG monitor may not always be reliable during
thoracic surgical procedures.

References

1. Venkatesh B, Clutton Brock TH, Hendry SP (1994) A multipa-
rameter sensor for continuous intra-arterial blood gas monitoring:
a prospective evaluation. Crit Care Med 22:588-594

10.

123

. Venkatesh B, Clutton Brock TH, Hendry SP (1995) Evaluation of

the Paratrend 7 intravascular blood gas monitor during cardiac
surgery: comparison with the C4000 in-line blood gas monitor
during cardiopulmonary bypass. J Cardiothorac Vasc Anesth 9:
412-419

. Ishikawa S, Makita K, Nakazawa K, Amaha K (1998) Continuous

intra-arterial blood gas monitoring during oesophagectomy. Can
J Anaesth 45:273-276

. Benumof JL (1995) Conventional and differential lung manage-

ment of one-lung ventilation. In: Benumof JL (ed) Anesthesia for
thoracic surgery, 2nd edn. WB Saunders, Philadelphia, pp 406—
431

. Bland JM, Altman DG (1986) Statistical methods for assessing

agreement between two methods of clinical measurement. Lancet
:307-310

. Shapiro BA, Mahutte CK, Cane RD, Gilmour 1J (1993) Clinical

performance of a blood gas monitor: a prospective multicenter
trial. Crit Care Med 21:487-494

. Zollinger A, Spahn DR, Singer T, Zalunardo MP, Stoehr S,

Weder W, Pasch T (1997) Accuracy and clinical performance of a
continuous intra-arterial blood-gas monitoring system during tho-
racoscopic surgery. Br J Anaesth 79:47-52

. Zaugg M, Lucchinetti E, Zalunardo MP, Zumstein S, Spahn DR,

Pasch T, Zollinger A (1998) Substantial changes in arterial blood
gases during thoracoscopic surgery can be missed by conventional
intermittent laboratory blood gas analyses. Anesth Analg 87:647—
653

. Hansen JE, Jensen RL, Casaburi R, Crapo RO (1989) Compari-

son of blood gas analyzer biases in measuring tonometered blood
and a fluorocarbon-containing, proficiency-testing material. Am
Rev Respir Dis 140:403-409

Mahutte CK, Sassoon CSH, Muro JR, Hansmann DR, Maxwell
TP, Miller WW, Yafuso M (1990) Progress in the development of
a fluorescent intravascular blood gas system in man. J Clin Monit
6:147-157



