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Stability of the arterial 
to end-tidal carbon 
dioxide difference 
during anaesthesia for 
prolonged neuro- 
surgical procedures Sharad K. Sharma MB BS FFARCSI, Glenn P. McGuire MD, 

Charles J.E. Cruise MD FRCPC 

This study was undertaken to examine the variation of  the 
arterial to end-tidal PCO2 (Pa-PErCOz) difference during pro- 
longed neurosurgical anaesthesia. Hyperventilation is often used 
to reduce intracranial pressure in neurosurgical patients. Con- 
tinuous end-tidal CO 2 monitoring is used as a guide between 
arterial CO 2 measurements. We examined the stability o f  the 
Pa-PETCO~ difference in 21 patients undergoing elective cra- 
niotomies lasting greater than four hours. A balanced neuroa- 
naesthetic technique was used with the ventilation variables at 
the discretion of  the attending anaesthetist. Once patients were 
positioned for surgery, simultaneous samples o f  arterial PCO2 
through an arterial catheter, and end-tidal PCO2 via a mass 
spectrometer were obtained. The Pa- PeTC02 differences o f  each 
patient were plotted against time and a slope was derived with 
simple linear regression. The mean slope for all patients was 
then computed. There were no changes in the Pa-PETCO2 dif- 

ference with time (P > 0.05) suggesting a constant relationship 
between the arterial and end-tidal PCO~ measurements over 
time. We conclude that end-tidal PCO2 can be used as a reliable 
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guide to estimate arterial PCO 2 during neurosurgical procedures 
o f  greater than four hours duration once the Pa-PLTCO: dif- 

ference has been established. 

Cette ~tude vise ~ ~tudier lea variations de la difference entre 
la PaCOe art~rielle et t~l~-expiratoire (Pa-PmCOz) pendant 
l'anesth~sie neurochirurgicale de longue dur~e. On utilise sou- 
vent 17~yperventilation pour diminuer la pression intracranienne 
en neurochirurgie. Le monitorage continu de COt t~l~- 

expiratoire est utilis~ entre les analyses du C02 art~riel. Nous 
~tudions la stabilit~ de la difference Pa- PETC02 chez 21patients 
soumis g~ une craniotomie rkglke dont la dur~e d~passe quatre 
heures. Une technique neuro-anesth$sique $quilibr~e est utilis$e 
dont lea param~trea respiratoires sont laiss~s glla discretion de 
l'anesth~iste responsable. Une fois les patients install~s pour 
la chirurgie, des ~chantillons de sang pour la PaC02 sont 
pr~lev$s par un cathdter artdriei, et ceux la PCO 2 t~l$-expiratoire 
par un spectrombtre de masse. Pour chaque patient, un trac$ 
des diff~rencea Pa-PET"C02 mis en rapport avec le temps eat 
r~alis~ et une courbe avec r~gression lin~aire simple enes t  
d~riv~e. La pente moyenne pour tousles patients eat ensuite 
calcul~e. Le fait qu ~l n'y ait pas de changement de la difference 
PaCOe-PF.TCO 2 en rapport avec le temps (P > 0,05) suggbre 
que la relation entre les mesures art~rielles et tdl~-expiratoires 
de la PC02 eat constante dans le temps. Nous concluons que 
la PC02 t~l~-expiratoire estime de fa#on fiable la PC02 ar- 
t~rielle pendant lea interventions neurochirurgicales qui durent 
quatre heures et plus, une fois la difference Pa-P~'rC02 
~tablie. 

One of the major treatment modalities used by anaes- 
thetists for the management of raised intracmnial pressure 
(ICP) in neurosurgical patients is hyperventilation, which 
reduces arterial PaCO2. Hyperventilation to a PaCO2 of 
25-30 mmHg is the mainstay of acute and subacute man- 
agement of raised ICE It is well known that PaCO2 corre- 
lates inversely with cerebral arterial resistance. As a con- 

CAN J A N A E S T H  19~5 ] 42: 6 / pp 498-503 



S h a r m a  el al.: ARTERIAL TO END-TIDAL PCO 2 499 

sequence, hyperventilation can effectively reduce ICP by 
reducing cerebral blood flow and volume. 1 Therefore, it 
is important that the anaesthetist be aware of the PaCO2 
values during procedures where raised ICP is a potential 
problem. 

Hyperventilation is only effective when the PaCO2 reac- 
tivity of the cerebral vasculature is normal and intact. 
The CO2 reactivity has also been shown to be present 
in anaesthetized patients with intracranial space occupy- 
ing lesions. 2 Although intermittent arterial blood gas 
(ABG) samples are routinely analyzed to determine 
PaCO2 during neurosurgical procedures, anaesthetists 
also rely on capnometry. End-tidal CO2 (PETCO2) values 
obtained between arterial samples are used as a guide 
to the efficacy of manoeuvres used to optimize the 
PaCO2. Hunn and Hill 3 have suggested that during 
anaesthesia in healthy subjects the relationship of arterial 
to end-tidal CO2 differences (Pa-PEa'CO2) is sufficiently 
constant for end-tidal values to be used for continuous, 
indirect assessment of arterial CO2. 

The validity of using PXTCO2 values as a predictor 
for PaCO2 values has been described in a variety of in- 
traoperative and postoperative settings. 4-~2 To date, we 
are unaware of any study which addresses the question 
of validity of PETCO2 values as a reflection of PaCO2 
values in neurosurgical procedures. Additionally, neuro- 
surgical procedures tend to be of long duration (often 
greater than four hours). The objective of  this study was 
to examine the variation of the Pa-PETCO2 difference 
during prolonged neurosurgical anaesthesia. 

Methods 
Following Institutional Human Ethics Committee ap- 
proval, informed consent was obtained from 29 patients 
with ASA physical status I-III undergoing elective cra- 
niotomy for removal of cerebral tumour or repair of cer- 
ebral aneurysm. To be eligible for the study, anticipated 
surgical duration had to be greater than four hours. 

No sedative premedication was prescribed. In the op- 
erating room, routine monitors including electrocardio- 
gram, blood pressure cuff, pulse oximeter, peripheral 
nerve stimulator and temperature probe were applied. A 
radial arterial line was inserted under local anaesthesia 
and a sample obtained for preinduction arterial blood 
gas analysis. Anaesthesia was induced and the trachea 
was intubated after fentanyl 3 to 5 I~g" kg -1, lidocaine 
1 to 1.5 mg-kg  -l, thiopentone 3 to 5 mg-kg  -t, d- 
tubocurarine 3 to 4.5 mg, and succinylcholine 1.0-1.5 
mg. kg -I or vecuronium 0.I mg. kg -I. Anaesthesia was 
maintained using positive-pressure ventilation with ni- 
trous oxide in oxygen (60:40%), isoflurane 0.5 to 1.0% 
(Narcomed 2A North American Drager) and vecuronium 
for muscle relaxation. The management of ventilatory 

settings (Drager AV Ventilator) was determined by the 
attending anaesthetist. 

After the patients were positioned and haemodynam- 
ically stable, PaCO2 values were sampled via the arterial 
catheter and PETCO2 values were measured using a mass 
spectrometer (Model 1700, The Perkin-Elmer Corp.). The 
mass spectrometer sampling catheter was inserted be- 
tween the endotracheal tube and the breathing circuit. 
The PETCO2 was taken as the average of three consec- 
utive measurements recorded in rapid succession. 
PETCO2 is determined as a percentage of dry (water 
vapour-free) gas by the mass spectrometer. Therefore the 
measured end-tidal PCO2 was corrected using the fol- 
lowing calculation. The saturated water vapour pressure 
(Pn20) (at the patient's body temperature at the time of 
sampling) was subtracted from the atmospheric pressure 
(PB) on the day of sampling and then multiplied by the 
measured PEa'CO2 percentage. 

PExCO2 corrected = (PB - PH20) X (PETCO2/PB) 

The first post-induction measurements were taken as 
baseline values which were then repeated every hour until 
the conclusion of the surgery. Simultaneous measure- 
ments of venfilatory variables (tidal volume, respiratory 
rate), blood pressure, pulse and temperature were re- 
corded. The body temperature was measured using an 
oesophageal thermistor probe (Baxter Pharmasea1700 se- 
ties). The arterial blood gases were measured at 37~ 
by a Stat Profde 3 Nova Biomedical gas analyzer. The 
arterial blood gases were also temperature-corrected to 
the patients' body temperature. The ABG analyzer was 
calibrated to the daily atmospheric pressure. 

For each patient, the arterial to end-tidal PCO2 dif- 
ference was plotted against time and the slope derived 
with simple linear regression. The mean slope for all pa- 
tients was then computed. To determine whether it de- 
viated from a slope of zero (i.e., no change in the dif- 
ference with time), a one sample two-tailed Student's t 
test was performed. Statistical significance was accepted 
at a level of P < 0.05. The continuous data (blood pres- 
sure, temperature) were analyzed using repeated meas- 
ures ANOVA. Dunett's multiple comparison test was 
used to compare each group to baseline. All data are 
reported as mean + standard deviation. 

Results 
Twenty-nine patients were studied. Eight patients with 
duration of surgery of less than four hours were excluded 
from the final analysis. The demographic data of the 21 
patients is presented in Table I. There were seven men 
and 14 women with an average age of 47.6 yr and weight 
of 70.4 kg. The average body mass index was 25.9 (six 
patients had values of greater than 28 and would be clas- 
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TABLE I Demographic data (n = 21) (mean + SD) 

Age (yr) 47.6:1:12.4 
Sex (male/female) 7/14 
Weight (kg) 70.4 + 14.2 
Height (em) 166.0 + 9.6 
Body mass index 25.9 -1- 5.3 
Smokers/non-smokers 9/12 
Preop PaO 2 (mmHg) 90.3 + 13.5 
Preop PaCO2 (mmHg) 37.6 + 4.0. 

sifted as obese). There were nine smokers and twelve 
non-smokers. With the exception of two patients who had 
hypertension and two patients who had NYHA class two 
dyspnoea, no patient had symptomatic clinical evidence 
of cardiorespiratory disease. The pre-induction blood gas 
measurements were within the normal range with average 
PaO2 90.3 mmHg (range 71-111 mmHg) and PaCO2 
37.6 mmHg (range 30-42 mmHg) suggesting no severe 
pulmonary disease in the study group. 

Craniotomies were performed for thirteen brain 
tumours, six cerebral aneurysms and two acoustic neu- 
romas (Fable II). Fifteen patients were positioned supine 
with the head turned to one side. Three patients each 
were in the prone and lateral positions (Table III). All 
patients had 15 ~ head-up tilt. The ventilatory settings 
were adjusted to maintain mild hyperventilation using 
tidal volumes of 10-14 ml. kg -j and respiratory rates 
of 10-14 breaths, rain -~. The PaCO2, PETCO2, haemo- 
dynamic and temperature data over time are summarized 
in Table FE. 

The mean Pa-PETCO2 differences of the 21 patients 
are plotted over time in Figures 1 and 2. The mean value 
of the initial baseline Pa-PETCO2 difference was 4.6 

�9 mmHg (range 0.8-9.3). There were no changes in the 
Pa-PETCO2 differences with time (P > 0.05) suggesting 
a stable relationship between the arterial and end-tidal 
PCO2 measurements over ILrne (Figure 1). No patient 
at any time had a negative Pa-PETCO2 difference. The 
Pa-PETCO2 differences corrected to the patient's temper- 
ature were smaller (2.8 mmHg at time zero) and did 
not change with time (P > 0.05) (Figure 2). 

There was no change in mean arterial blood pressure 
over time (P > 0.05). Due to exposure while positioning 
and draping, body temperature was low initially but in- 
creased steadily once warming measures were instituted 
(Figure 3). Body temperatures at three and four hours 
were elevated when compared with baseline values (P 
< 0.01). 

Discussion 
The mean value of the Pa-PETCO2 difference found in 
our study (4.6 + 2.5 mmHg) is similar to clinical values 
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TABLE II Procedures 

Brain tumour 
Cerebral aneurysm 
Acoustic neuroma 

TABLE III Position 

13 
6 
2 

Supine 15 
Lateral 3 
Prone 3 

previously reported. Collier et al. 14 determined the ar- 
terial to end-tidal PCO2 difference to be 0.9 -t- 1.8 in 
healthy awake volunteers. Nunn and HilP noted a mean 
value of 4.6 + 2.5 mmHg which remained sufficiently 
constant for PETCO 2 to be useful in predicting PaCO2 
during anaesthesia with either controlled or spontaneous 
respiration. Takki et  al. 15 also reported a similar difference 
of 3.5 + 2.0 mmHg in 24 stable patients with an excellent 
correlation between mean values of PaCOz and PETCO2 
in groups of patients with or without lung disease during 
controlled ventilation using different respiratory rates and 
tidal volumes. 

There are several factors which influence the 
Pa-PETCO2 difference. Askrog et al. 16 saw a progressive 
increase in the difference over time in seven patients un- 
dergoing major general surgery when deliberate hypo- 
tension was induced, due to an increase in dead space. 
In our study there were no major haemodynamic 
changes. Position changes, such as head up tilt 17 or the 
kidney rest position ~8 have been shown to influence the 
Pa-PETCO2 difference. There were no positional changes 
in our study, as testing the Pa-PETCO2 difference oc- 
curred only after the patient had been satisfactorily po- 
sitioned for surgery. 

Arterial to end-tidal CO2 differences have been de- 
scribed in a variety of intraoperative settings including 
anaesthesia for tubal ligation, 4 surgery performed during 
early pregnancy, 5 Caesarean section, 6 vascular surgery, 7 
coronary artery bypass grafting in adults 8 and during 
repair of congenital cardiac defects in children.9 Its po- 
tential utility has also been described during weaning of 
patients from mechanical ventilation after cardiac 
surgery t0.11 and during changes in mechanical ventilation 
in patients on prolonged ventilatory support, t2 Several 
investigators 7,16,ts who have studied the reliability of the 
end-tidal CO2 as an estimate of arterial CO2 tension in 
healthy, haemodynamically stable patients have not found 
it to be consistently reliable. These studies were per- 
formed in patients with either abnormal lung mechanics 
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Time PaCO 2 PETCO 2 P(a-ET)CO 2 HR MAP Temp 
(hr) (mrnHg) (mmHg) (mmHg) (beats" min-9 (mmHg) (* C) 

0 32.4 4- 3.9 27.8 4- 2.8 4.6 4- 2.5 70.0 4- 16.1 84.6 4- 10.4 35.6 -4- 0.9 
i 33.2 4- 4.1 27.6 4- 3.4 4.6 4- 2.2 70.2 4- 16.6 82.7 4- 10.6 35.44- 0.7 
2 32.3 4- 3.6 27.5 4- 3.8 4.9 4- 2.0 72.2 4- 17.3 83.0 4- 13.3 35.7 4- 0.7 
3 32.2 4- 3.0 27.3 4- 3.0 4.8 4- 1.8 77.8 4- 15.0 82.5 4- 10.5 35.9 4- 0.8 
4 31.3 4- 3.0 26.9 4- 2.3 4.4 4- 2.0 79.2 4- 17.2 79.6 4- 10.9 36.0 4- 0.8 

FIGURE I The meda l  to end-tidal CO2 difference over time for all 
patients. Data are mean 4- standard deviation. 

FIGURE 2 The arterial to end-tidal CO2 difference over time using 
temperature corrected values for PaCO 2. Data are mean 4- standard 
deviation. 

(e.g., pregnancy, critically ill patients) or during surgical 
interventions which would cause changes in pulmonary 
dead space (e.g., major chest or abdominal surgery). In 
our study, the patients had normal lungs, no surgical 
insult to the thoracic or abdominal cavity, and were haem- 
odynamically stable. In none of the above studies was 
a systematic examination of the difference over a pro- 
longed time period undertaken in the intraoperative set- 
ring. 

Most commonly, the Pa-PETCO: difference is positive. 
A negative value for Pa-PETCO2 (i.e., PETCO2 greater 
than PaCOz) can occur in patients during general anaes- 
thesia, l This can occur as a normal physiological var- 
iant, l with exercise 19 or during pregnancy. 3-5 Tidal 
volume-dependent negative gradients were observed dur- 
ing exercise. 19 Fletcher and Jonson 2~ reported negative 
gradients in 12% of patients with large tidal volumes and 
low respiratory rates. An increase in tidal volume and 
decrease in respiratory frequency causes improved ven- 

tilation of dependent and well perfused aiveoli. It also 
allows the gas from "slow emptying alveoli" (i.e., alveoli 
with long time constants) to escape due to longer ex- 
piratory times. Ordinarily, this gas would have remained 
trapped in the lungs of patients subjected to small tidal 
volumes and higher respiratory rates. Therefore, more 
gas from the areas of lung with higher alveolar CO2 can 
reach the airway from these "slow emptying alveoli," re- 
sulting in a positive slope of the phase III alveolar plateau 
of expired CO2 on the capnograph. The peak expired 
CO2 concentration in this instance will equal or exceed 
the mean arterial concentration of CO2. The Pa-PEXCO~ 
difference depends both on alveolar dead space and the 
slope of phase III expired CO2. It has a positive rela- 
tionship with dead space and negative relation with slope 
of phase III. 

Russell 9 reported negative differences in 8% of patients 
after coronary artery bypass surgery, while Shankar et 
al. reported 37% in early pregnancy 4 and 50% in preg- 
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FIGURE 3 Oesophageal temperature (~ over time. Data are mean 
+ standard deviation. Values marked with an asterisk (*) were different 
from time 0 (P < 0.01). 

nant patients during Caesarean section. 5 We found no 
negative differences in any of our patients. 

The important effect of temperature differences be- 
tween the patient's body temperature and the blood gas 
analyzer (37~ has been discussed in detail by Seve- 
ringhaus et al. 2~ Due to changes in CO2 solubility, pH 
and pK of carbonic acid, there is a substantial change 
in partial pressure with temperature for a given CO2 con- 
tent of blood. This change results in a decrease in PaCOx 
of approximately 2 mmHg.  ~ decrease in tempera- 
ture. When the results of the ABGs were corrected to 
the patient temperature, the differences were smaller (2.8 
mmHg at time zero). Despite the smaller difference with 
temperature correction compared with non-temperature 
correction (4.6 mmHg), neurosurgical patients seldom be- 
come so hypothermic (<35~ as to make this difference 
clinically important. We feel the non-temperature cor- 
rected ABGs should be followed, as is our current prac- 
tice, 

As no patient in this study had major haemodynamic 
changes or severe lung disease, caution must be exercised 
when generalizing these results. In patients where there 
are major haemodynamic changes, or the end-tidal value 
for CO2 does not fit with the clinical picture, it is prudent 
to verify the situation with ABG analysis. We conclude 
end-tidal PCO2 can be used as a reliable guide to estimate 
arterial PCO2 during neurosurgical procedures of greater 
than four hours duration. Although Pa-PETCO2 differ- 
ences varied between patients, once the differences were 
established, they remained stable over time for a given 
patient. 
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