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Preliminary Report 

Monitoring of pH and 
P C O  2 in children 
using the Paratrend 7 
in a peripheral vein 

:Purpose: To determine the accuracy of the Paratrend 7 monitor inserted into a peripheral vein in providing con- 
tinuous measurements of PCO 2 and pH in children with respiratory failure. 

Methods" In a prospective, case series at a University based PICU in a tertiary referral hospital and following 
informed consent, the Paratrend 7 intra-arterial blood gas monitoring system was inserted through a peripheral intra- 
venous cannula. When clinically indicated, an arterial blood gas (ABG) was obtained. The values of pH and PCO 2 
from the Paratrend 7 and the ABG were compared using linear regression analysis and Bland-Altman analysis. 

Results" Seventeen ABGs were obtained in the 4 patients. Pac02 ranged from 29 to 51 mmHg and the pH val- 
ues from 7.16 to 7.50. Linear regression analysis for the:Paratrend 7 pH vs the ABG pH resulted in an r = 0.9678 
and an r 2 = 0.9367 (P < 0.0001). Linear regression analysis for the Paratrend 7 CO 2 vs ABG CO 2 resulted in an 
r = 0.8273 and an r 2 = 0.6845 (P = 0.01). Using a Bland and Altman analysis, the bias ___ precision of the PCO 2 
values was 3 --- 1.4 and 0.036 --- 0.02 for the pH values. 

Conclusion: The pH and PCO 2 values obtained from the Paratrend 7 monitor provide a clinically acceptable 
correlation with arterial values. 

Object is  DEterminer la precision du moniteur Paratrend 7 insErE dans une veine pEriphErique pour la mesure 
continue de la PCO 2 et du pH chez des enfants souffrant d'insufi%ance respiratoire. 

M&hodes  : I~tude prospective en sErie effectuEe dans runitE de soins pEdiatriques d'un h6pital universitaire de 
soins tertiaires aprEs I'obtention du consentement EclairS. Le moniteur de gaz artEriel Paratrend 7 a EtE insErE 
travers une canule endoveineuse p&iph&ique. Lorsque la clinique le justifiait, une gazomEtrie art&ielle Etait real- 
isEe (GA). Les valeurs du pH et de la PCO 2 obtenues avec le Paratrend 7 et celles de la gazomEtrie Etaient com- 
parEes par analyse de regression lin6aire et une analyse de Bland-Altman. 

R~sultats : Dix-sept gazomEtries art&ielles ont EtE rEalis&s chez 4 patients. La PaCO 2 variait entre 29 et 51 
mmHg et le pH entre 7, 16 et 7,50. La regression linEaire pour le pH du Paratrend 7 vs la gazomEtrie accordait 
r = 0,9678 et r 2 = 0,9367 (P < 0,0001). ['analyse de la regression linEaire du Paratrend 7 pour le CO 2 vs la 
gazomEtrie art&ielle accordait un r = 0.8273 et un r 2 = 0,6845 (P = 0,01). Avec l'analyse de Bland et Altman, 
le biais __+ la precision des valeurs de la PCO 2 Etait 3 - 1,4 et 0,036 ___ 0,02 pour les valeurs de pH. 

Conclusion : Les valeurs de pH et de PCO 2 obtenues par le moniteur Paratrend 7 reprEsentent une correla- 
tion cliniquement valide des valeurs art&ielles. 
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T 
HE Paratrend 7 Continuous Blood Gas 
Monitoring System (Diametrics Medical Inc. 
St. Paul, Minnesota) is intended for direct 
intra-arterial insertion to provide continuous 

measurements of  PaOe, PaCO2, and pH. The monitor 
uses a polarographic electrode to measure local oxygen 
tension through a chemical process involving oxidative 
and reductive reactions which generate electrical currents 
and pH values are determined using an optical fibre and 
photochemical dye. The photochemical dye absorbs 
varying wavelengths of  light depending on changes in 
pH. The partial pressure of  carbon dioxide is measured 
indirectly using a pH sensitive dye, which is enclosed in 
a buffering solution surrounded by a membrane that is 
permeable to carbon dioxide. Carbon dioxide diffuses 
into the buffer and its partial pressure is calculated based 
on the pH change. 

Initial studies in adults have demonstrated a n  
acceptable correlation between the Paratrend 7 sensor 
and arterial oxygen, carbon dioxide, and pH. ~,2 
Venkatesh et  al. reported bias • precision values of  
0.01 • 0.06 for pH, 1.4 • 4.8 m m H g  for Pc0• and 
0.45 • 20.7 m m H g  for Poe values that were <150 
m m H g  and -8.1 • 28 m m H g  for values that were 
>150 mmHg.  1 

The Paratrend 7 sensor is inserted through a 220 
gauge cannula which limits intra-arterial placement in 
children. Despite this, the Paratrend 7 is a useful tool 
especially for patients in the PICU, in whom continu- 
ous monitoring of  PO2, PCO2, and pH may be bene- 
ficial. In this evaluation of  the Paratrend 7 sensor, the 
catheter was inserted into a peripheral vein of  four 
patients and its accuracy of  measurement was com- 
pared with values obtained using standard arterial 
blood gas (ABG) measurements. 

Methods  
Use of  the Paratrend 7 monitor in this fashion was 
approved by the Institutional Review Board and was 
based on the attending physician. Verbal consent was 
obtained from the parent or guardian and verbal 
assent from children who were >7 yr. 

Prior to insertion, the sensor was calibrated accord- 
ing to the manufacturer's recommendations. The infu- 
sion port was flushed with normal saline with heparin 
(0.5 u.m1-1) and connected to a pressure bag contain- 
ing the same saline with heparin solution. The pressure 
bag was inflated to 300 mmHg to deliver an estimated 
flow of  3 ml-hr -1. The monitor was advanced to a depth 
of  15 cm through a peripheral iv cannula (18 or 20 
gauge). During insertion, the valve of  the pressure bag 
was opened to allow a continuous flush of  the saline 
with hepafin solution through the monitor. 

When clinically indicated, an ABG was obtained and 
simultaneously the Paratrend 7 values for pH and Pc0• 
were recorded on the data sheet. ABGs were measured at 
37~ The Pc02 and pH values of Paratrend 7 monitor 
and those obtained from the ABG measurements were 
compared using linear regression analysis and Bland- 
Altman analysis. Data are presented as the mean • SD. 

Results 
Seventeen ABGs were obtained in four patients (Table I). 
The PaCO 2 ranged from 29 to 51 mmHg and the pH 
values from 7.16 to 7.50 (Table II). Linear regression 
analysis for Paratrend 7 pH vs ABG pH resulted in an 
r = 0.9678 and an r a = 0.9367 (P < 0.0001) and for 
Paratrend 7 CO 2 vs ABG CO 2 an r = 0.8273 and an 
t a = 0.6845 (P= 0.01). Using a Bland and Altman analy- 
sis, the bias • precision of the PCO 2 values was 3 • 1.4 
and 0.036 • 0.02 for the pH values. 

T A B L E  I Patient demographic data 

site of Paratrend duration of 
pt # age (yr) wt  (kg) sex underlying illness insertion use (days) ABGs obtained 

1 2.5 17 M status asthmaticus pneumonia  right antecubital vein 2.5 3 
2 4.3 19 F hepatic resection right antecubital vein 5 5 
3 17 62 F status asthmaticus/anaphylactoid 

reaction right forearm vein 2 3 
4 0.2 4.5 M viral pneumonia  right saphenous vein 7 6 

T A B L E  II  Paratrend vs arterial blood gas values* 

Value Paratrend A B G  Difference (bias • precision, range) 

pH 7.35 • .06 7.38 • .06 .036 + .02, .02 - .07 
CO 2 40 • 4 38 • 4 3 • 1.4, 1 - 5 

*All values are presented as the mean • SD. The  bias and precision were calculated using a Bland and Airman analysis. 
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Discussion 
Methods of continuously monitoring oxygenation, venti- 
lation, and pH may limit the need for repeated ABG 
analysis. Unlike ABG analysis, which provides only an 
intermittent assessment of  the patient's status, monitors 
such as the Paratrend 7 provide continuous values. 
However, the current technology limits insertion of the 
sensor through catheters <20 gauge, thereby limiting its 
application in children. Since pulse oximetry can be used 
to monitor oxygenation continuously, a means of contin- 
uously monitoring PCO 2 and pH is needed. We found 
that this can be accomplished by inserting the Paratrend 
7 sensor through a standard peripheral intravenous can- 
nula. In our current patient population, there was an 
acceptable correlation between the Paratrend 7 venous 
values o f p H  and PCO 2 and the arterial values (Table II). 
No data were collected.for PO 2 values since we expected 
no correlation between venous and arterial values. 

Other methods of  continuously monitoring PCO 2 
include end-tidal and transcutaneous CO 2 devices. In 
patients with normal pulmonary function and appropri- 
ate matching ofventilation-perfusion, endtidal CO 2 pro- 
vides an accurate estimation of arterial CO2.S,4 Several 
factors, many of which may be present in the PICU 
patient, alter the accuracy of end-tidal CO 2 devices. 
These include sampling errors and alterations in the ven- 
tilation-perfusion status of  the patient. Alterations in the 
cardiorespiratory status of the patient, including increas- 
es in deadspace or shunt fractions, may also influence the 
correlation between arterial and end-tidal CO 2. 

We have recently demonstrated the accuracy of  tran- 
scutaneous CO 2 monitoring in infants ~48 mo. s 
Although transcutaneous CO 2 was an accurate reflec- 
tion of  arterial CO2, several factors may affect this accu- 
racy including technical variables such as trapped air 
bubbles, improper placement, damaged membranes, 
and inappropriate calibration. Patient problems may also 
affect the accuracy of  transcutaneous CO 2 monitoring 
including variations in skin thickness, the presence of  
oedema, tissue hypoperfusion, or administration of  
vasoconstricting agents. 9 Although we noted no prob- 
lems in our previous study, s transcutaneous CO 2 moni- 
toring was inaccurate in three of  the four patients 
reported in this series. This inaccuracy was most likely 
related to age (patient #3), decreased peripheral perfu- 
sion and the use ofvasoconstricting agents (patient #4), 
and increased tissue oedema following fluid administra- 
tion in the operating room (patient #2). 

An added benefit of the Peripheral 7 is continuous pH 
monitoring. We found this useful in our second patient 
who underwent 80% hepatic resection for hepatocellular 
carcinoma. During the first eight postoperative hours, 
despite no obvious change in the child's status, the pH 

reported by the Paratrend slowly declined. As the 
Paratrend was thought to be inaccurate, an ABG was 
obtained, which demonstrated that the patient was 
developing a metabolic acidosis. Transcutaneous or end- 
tidal CO 2 would not have identified this problem. 

We have presented preliminary experience with the 
Paratrend 7 Continuous Blood Gas Monitor inserted via 
a peripheral intravenous site for continuous monitoring 
of  PCO z and pH in children. There was consistent cor- 
relation between the Paratrend 7 and ABG values. The 
primary limitation is that the pH and Pc02 are venous 
and not arterial. Following insertion, we recommend 
correlation with an arterial sample. Future studies are 
needed to compare the accuracy of  the Paratrend 7 with 
other means of  monitoring PCO 2 including transcuta- 
neous and end-tidal devices. Additionally, the current 
study included PCO 2 values ranging from 29 to 
51 mmHg and pH values from 7.16 to 7.50. Its accu- 
racy outside of  these ranges remains to be determined. 
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