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THE ORIGINAL USE Of the Carlens catheter in thoracic surgery was to prevent 
contamination of healthy lungs with secretions. Today it is widely used also to 
obtain an optimal operating exposure by excluding the lung in the opened hemi- 
thorax from the anaesthetic system3 

Extremely low arterial oxygen tensions may occur with this technique because 
of intentional collapse of the non-dependent lung and atelectasis in the depen- 
dent lung, resulting in excessive pulmonary shunting. 2 It is known that during 
thoracic surgery, with the patient in the lateral decubitis position and the non- 
dependent pleural space open, the mediastinum tends to shift towards the 
dependent lung by gravity and further increases the possibility of atelectasis on 
that side. To overcome this shifting, some positive airway pressure in the 
dependent lung throughout the expiratory phase is often required. 3 It has been 
reported that higher arterial oxygen tensions can be obtained with increased 
expiratory pressures during non-thoracic surgery. 4 Theoretically, controlled ven- 
tilation during thoracic surgery with increased expiratory pressures could pre- 
vent both mediastinal shifting and atelectasis, expand collapsed alveoli, and 
decrease pulmonary shunting in the dependent lung. This, in turn, would 
increase arterial oxygen tensions. This study was an effort to evaluate this 
concept. 

MATERIAL AND PROCEDURE 

Fourteen patients were studied; seven had lobectomy, three had pneumo- 
nectomy, one had wedge resection, two had exploratory thoracotomy, and one 
had division of a patent ductus arteriosus. Their ages ranged from 36 to 76 
years (average 60). Total anaesthesia time ranged from 140 to 220 minutes. 
All patients were premedicated with 6--8 mg of morphine sulphate, 0.4 mg 
of atropine, and 100 mg of sodium pentobarbital. Sodium thiopental (Pento- 
thal Sodium), 200--500 mg, was administered for induction, after which 60--80 
mg of succinylcholine were given for intubation with the Carlens catheter. 
Anaesthesia was maintained with 100 per cent oxygen and 1 per cent halothane 
(Fluothane). 

All patients had manually controlled ventilation with a gas flow of 5 litres 
through a semiclosed circle system with carbon dioxide absorption. Minute 
ventilation was adjusted as necessary to prevent retention of carbon dioxide. All 
patients were in the lateral decubitus position during anaesthesia. A drip of 0.2 
per cent succinylcholine was used intermittently as needed for relaxation. The 
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total dose of succinylcholine, including the amount given for intubation, ranged 
from 200 to 600 rag. 

Shortly before induction of anaesthesia a blood sample was drawn from the 
femoral artery, with the patient breathing air. Subsequent samples were obtained 
through a #16 plastic needle from the radial artery in the following order: shortly 
after the pleural cavity was opened with both lungs ventilated; ten minutes after 
collapse of the non-dependant lung, using expiratory and inspiratory pressures 
of 0 and 30 cm H20 respectively; after another ten minutes, venfflating with 
expiratory and inspiratory airway pressures of 10 and 30 cm H20 respectively; 
and again after ten minutes of ventilation with expiratory and inspiratory pres- 
sm'es of 0 and 30 em H20 respectively. The final sample was taken at the end 
of operation, with the patient awake, lying supine, and breathing spontaneously 
100 per cent oxygen by face mask. Blood samples in the case of patent ductus 
arteriosus were taken after division of the duetus. 

During ventilation the inspiratory phase was approximately 40 per cent of the 
respiratory cycle. Airway pressures were measured with a manometer attached to 
the expiratory limb of the anaesthesia circle. Expiratory resistance was produced 
by manual compression of the anaesthesia bag. 

Pao~, Paco2, and pH were determined by appropriate electrodes (Instrumenta- 
tion Laboratory, Boston, Mass.) maintained at 37~ Microhaematoerit deter- 
minations were made on eaeh blood sample. Buffer base values were obtained 
from the nomogram of Singer and Hastings. 5 Oxygen saturations were deter- 
mined with an oximeter (American Optical Co., Southbridge, Mass.). When- 
ever the Pao~ values were higher than 150 mm Hg and haemoglobin was fully 
saturated, the fractional shunt Qs/QT was calculated by means of the modified 
shunt equation: ~ 

Qs 0.0031(PAo~ -- Pao~) 
QT Cao2 -- Cvo~ + 0.0031(PAo~ -- Pao~) 

For those studies with arterial oxygen tension lower than 150 mm and haemo- 
globin not fully saturated, the standard shunt equation was used: 

Qs Cco~ -- Cao~ 
_ I 

QT Cco~ - Cvo~ 

in which the pulmonary capillary blood oxygen content 

Cco~ = 0.0031 X PAo~ + Sco~ (1.34 • Hb) 

and the arterial blood oxygen content 

Cao~ = 0.0031 X Pao2 + Sao~ (1.34 • Hb). 

Alveolar oxygen tensions in both shunt equations were calculated as: 

PAo2 = PB - -  P m o  - -  P a c o ~  - -  Panes theUc  agent.  

The arterial-mlxed venous oxygen content difference (Cao~ - Cvo2) was assumed 
as 6 volumes/100 ml. 6 
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RESULTS 

After premedication and before induction of anaesthesia the average Pao~ 
was 71 mm Hg. The patient with the lowest Pao2 (52 mm Hg) maintained lower 
than average levels of Pao2 throughout the study (Table I). After induction of 
anaesthesia, with the pleural cavity open and both lungs ventilating with 100 
per cent oxygen, all patients had arterial oxygen tensions higher than 200 mm 
Hg (mean 326) except the previously mentioned patient (159 mm Hg). After 
collapse of the non-dependent lung the mean arterial oxygen tension decreased 
to 170 mm Hg (range 54 448). Five of the fourteen patients had oxygen tensions 
lower than 70 mm Hg. 

Increasing the expiratory pressures decreased the mean oxygen tensions further 
to 120 mm Hg (range 45-323); two of the patients had arterial oxygen tensions 
as low as 45 and 47 mm Hg. 

With return to normal expiratory pressure the mean Pao~ levels increased to 
196 mm Hg (range 70--332). 

At the end of operation, with the patient breathing spontaneously 100 per 
cent oxygen by face mask, the mean Pao2 was 347 mm Hg (range 181--480). 

Mean pulmonary shunting was found to be 14 per cent of the cardiac output 

TABLE I 

Pao2 AND PULMONARY SHUNTING DURING THORACOTOMY "WITH USE OF THE CARLENS CATHETER 

Pao2 (ram Hg) % shunt  
Arterial  
sample Pat ients  Condition FIo~ mean range mean range 

1 10 before induction of 
anaesthesia O. 2 71 52-84 - -  - -  

2 9 chest open, both  sides 
venti lat ing 1.0 326 159--465 14 9-21 

3 14 venti lat ion with 0 
expiratory airway 
pressure* 1.0 170 54-448 23 9-36 

4 14 venti lat ion with 10 cm 
H..O expiratory airway 
pressure* 1.0 �9 120 45-323 28 12--41 

5 13 venti lat ion with 0 
expiratory airway 
pressure* I.  0 196 70-332 20 14-28 

6 10 patients  awake, 
breathing spontaneously 1.0 347 181-480 13 7-19 

*Non-dependent lung collapsed ; there was a ten-minute interval between sampling times. 

before and 23 per cent after collapse of the non-dependent lung (Table I). If 
cardiac output is assumed to be unchanged, the higher expiratory pressure in- 
creased the mean calculated shunting to 28 per cent. Iie~xrn of expiratory 
pressure to previous levels (0 em H20) was followed by a decrease of shunting 
to 20 per cent. At the end of operation, pulmonary shunting was i3 per cent of 
cardiac output. 

Before operation, nine of ten patients sampled had normal arterial carbon 
dioxide tension (Table II). One patient had a Paeo~ of 53 mm Hg, indicating a 
respiratory depression probably due to premeditation. The same patient also had 
the highest arterial carbon dioxide tension at the end of operation (59 mm Hg). 
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TABLE II 

Paco2, pH, AND BUFFER BASE VALUES DURING THORACOTOMY WITH USE OF THE CARLENS 
CATHETER 

Buffer base 
Paco2 (mm Hg) pH (mEq/L)  

Arterial  
sample Pat ients  Condition mean range mean range mean range 

1 10 before induction of 
anaesthesia 39 31-53 7.44 7 .39-7 .47  50 42-56 

2 9 chest open, both s[des 
venti lat ing 9,6 22-29 7.56 7 .42-7 .67  49 45-55 

3 14 venti lat ion with 0 
expiratory airway 
pressure* 29 22-37 7.52 7 .41-7 .65  48 44-57 

4 14 venti lat ion with 10 cm 
H. =,0 expiratory 
airway pressure* 30 23-40 7.49 7 . 4 - 7 . 6  47 44-52 

5 13 venti lat ion with 0 
expiratory airway 
pressure* 28 21-37 7.52 7 .41-7 .66  47 44-52 

6 10 pat ients  awake, 
breathing 
spontaneously 46 37-59 7.36 7 .29-7 .48  49 42-54 

*Non-dependent lung collapsed; there was a ten-minute interval between sampling times. 

There was a tendency toward mild respiratory alkalosis during sampling periods 
2 through 5. At the end of operation, with the patient awake and breathing 
spontaneously, the mean Paco2 values increased to 46 mm Hg (range 3%59). 
Seven of ten patients had Paco2 values higher than 45 mm Hg, and six of these 
patients had a pH of less than 7.35, indicating respiratory depression and 
acidosis. Yet buffer base values remained in the normal range throughout the 
study. 

DISCUSSION 

The adverse effects of age, 7 premedieation with narcotics, and pulmonary 
diseases 2 on arterial oxygen tension are known and explain the low preoperative 
values found in our patients. 

Controlled ventilation with 100 per cent oxygen, with the patient in the lateral 
decubitus position and the pleural cavity open, provided oxygen tensions well 
above normal levels. Calculated pulmonary shunting of 14 per cent was not 
significantly different from that in non-thoracic surgical patients lying supine, s 
An increase of V/Q abnormalities has been reported in patients in the lateral 
deeubitus position during thoracic surgery; 9 it is apparent that ventilation with 
100 per cent oxygen can compensate for these abnormalities. 

Collapse of the non-dependent lung caused a decrease of mean Pap., values 
to 170 mm Hg, and four of the fourteen patients had values below 70 mm Hg. If 
this level of oxygen tension is accepted as the lowest safe level during anaes- 
thesia in patients with normal or only slightly impaired cardiovascular function, 1 
the arterial oxygenation in those four patients was inadequate, yet alveolar ven- 
tilation by Paco.~ criteria was normal or above normal in all patients. 

The mean calculated pulmonary shunting was 9.3 per cent after collapse of the 
non-dependent lung. One might expect that with elimination of ventilation in a 
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lung with normal blood flow, up to 50 per cent of the total cardiac output may 
shunt through the non-dependent lung. Since the shunt in these patients was 
less than 50 per cent, collapse of the lung also resulted in a decrease of pul- 
monary blood flow through the same lung. 

It is known that during thoracic surgery, if the expiratory pressure is reduced 
to 0 cm H20, a mediastinal shift toward the dependent lung occurs, 3 causing 
atelectasis. This entity has also been confirmed by Craig and co-workers? ~ 
Pulmonary shunting through those atelectatie areas also contributes to the de- 
crease of Pao2 levels. It would be expected that higher expiratory pressures 
would reinfiate those atelectatie areas in the dependent lung and in turn increase 
the Pao2 levels. In this study, with the institution of higher expiratory pressures, 
Pao2 decreased in ten patients, was unchanged in one, and increased in three 
(Fig. 1). 
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FzctraE 1. Pa02 before and during ventilation with increased 
expiratory pressure. 

Such reduction of Pao2 may be due to one or both of two mechanisms: a de- 
crease in cardiac output and an increase in shunt. Increased airway pressure may 
decrease cardiac output, secondary to impairment of venous return and increase 
of pulmonary resistance or compression of the heart between the two lungs. 11 
With a constant oxygen consumption a decrease in cardiac output increases the 
quantity of oxygen extracted per volume of blood and decreases the mixed 
venous oxygen content. If the alveolar oxygen tension and the proportion of 
cardiac output shunting through non-ventilated alveoli are constant, then arterial 
oxygen tension would be reduced because of the admixture of a constant propor- 
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tion of more desahlrated mixed venous blood with the fully oxygenated pul- 
monary capillary blood. 12 

Circulatory compensation of increased airway pressure depends on mainte- 
nance of venous return, which in turn depends on peripheral venous tone. H As to 
the effects of increased intrathoracic or expiratory pressures on cardiac out-put 
during thoracic surgery with the chest open, the only data available are those of 
Clowes and colleagues. 13 They reported that the vena caval pressures increase 
after induction and remain between 15 and 18 cm H~O on the average through- 
out thoracic surgery, which indicates that a circulatory compensation to maintain 
venous return does occur. During the period of increase in expiratory pressure, 
systolic blood pressure decreased 20 mm Hg in two patients and approximately 
10 mm in three. The reduced blood pressure returned to the previous level 
gradually before the 10 minutes of the sampling period ended. Some degree of 
circulatory compensation must have occurred. Compression of the heart between 
the two lungs also seems unlikely with one pleural space open. 

The more likely mechanism has been suggested by Hill and colleagues. 14 In 
dogs with the chest open, the right lung was ventilated with 100 per cent oxygen 
and the left lung was rendered atelectatic with the Carlens catheter; an filcrease 
in peak inflation pressure caused an increase of shunting through the ateleetatic 
lung. When the peal< inflation pressure was between 16 and 9.3 cm H_oO, the 
atelectatic lung received an average of 31 per cent of the total pulmonary blood 
flow. 

In the present study, application of increased expiratory pressure may have 
tended to reopen some atelectatic areas in the dependent lung, yet the increase 
of pulmonary vascular resistance may have diverted a bigger portion of pul- 
monary flow through the atelectatic lung, causing a larger puhiaonary shunt and 
a decrease of Pao2. 

When die expiratory resistance was released, there was an increase in Pao2 
which was higher than the values obtained prior to ventilation using increased 
expiratory pressure (Fig. 9.). Also, there was a corresponding decrease of pul- 
monary shunting indicating that some atelectatic areas reopened in the depen- 
dent lung. Similar observations were also made by Cheney and colleagues 12 
in non-thoracic surgical cases. 

Before closure of the chest, sustained inflations applied to the airway and 
re-expansion of the non-dependent lung were accomplished under direct vision 
in the patients who had not had pneumonectomy. Low arterial oxygen and high 
carbon dioxide tensions are common findings after thoracotomy and may be due 
to venous admixture or alveolar hypoventilation or both. 2 However, the calcu- 
lated pulmonary shunt at 13 per cent of cardiac out-put was not significantly 
different from that in the postoperative non-thoracic surgical patients. 1~ But 
seven of ten patients had a Paco2 above normal range, indicating alveolar 
hypoventilation. 

SUI~{ARY AND CONCLUSIONS 

Blood gases and acid-base status of fourteen patients undergoing thoracic 
surgery were studied. All patients were intubated with the Carlens catheter. A 
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FIGURE 2. Pa02 before and after ventilation with increased 
expiratory pressure. 

large degree of pulmonary shunting and corresponding hypoxaemia was often 
seen during collapse of one lung. Attempts to prevent the mediastinal shift and 
to reverse atelectasis in the dependent lung with increased expiratory pressure 
further decreased arterial oxygen tension in most patients. The mechanism 
involved in this adverse effect is most likely an increase of shunting through the 
collapsed non-dependent lung. However, effects of decreased cardiac output on 
these parameters cannot be excluded from the present study. 

Increased expiratory pressure appears to reverse collapse of air spaces, but its 
effect on Pao~ was not seen until after release of the pressure. This type of 
ventilation does not seem to be effective in correcting the hypoxaemia that may 
accompany the use of the Carlens catheter during thoracic surgery. 

R~SUM~ 

On a &udi6 les gaz sanguins et l'~quilibre acide-base de 14 malades soumis 
la chirurgie thoracique. Tous les  malades ont 6t6 intub6s par ]e tube Carlens. 
On a souvent obsel-e$ durant le coUapsus d'un poumon un degr6 important de 
"shunt" pulmonaire et d'hypox6mie correspondante. Des tentatives pour pr6venir 
le d6placement m6diastinal et pour renverser l'at6leetasie dans le poumon contr61$ 
~t raide d'tme pression expiratoire augment6e a diminu6 davantage le tension 
d'oxyg~ne art6riel chez la plupart des malades. Le m6canisme impliqu6 dans cet 
effet contraire est probablement une augmentation du "shunt" ~t travers le poumon 
eollab6. Cependant, d'apr~s eette 6tude, les effets d'un d6bit cardiaque diminu~ 
sur ces param~tres ne peuvent pas ~tre exclus. 

Une pression expiratoire augment6e semble renverser le collapsus des alv~oles, 
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mais son effet sur la Pao~ n'a 6t6 observ6 qu'apr~s cessation de la pression. Ce 
genre de ventilation ne semble pas efl~cace pour corriger l'hypox6mi6 qui peut 
aecompagner l'emploi du tube Carlens durant la chirurgie thoracique. 
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