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IT HAS BEEN SUGGESTED that the surface tension of upper  airway secretions may 
reflect alveolar suffactant activity and so may  be a simple way of measuring the 
t endency  of alveoli to collapse. 1,e Recent work has confirmed that these secretions 
contain surfactant  metabolites 1 and possess significant surface activity. 2 This ac- 
tivity, like tha t  possessed by distal alveolar surfactant,  is decreased by  fat soluble 
inhalation anaesthetics2 Patients with chronic lung disease or a history of smoking 
also have less alveolar suffactant activity, 4 which should be reflected by  higher  
surface tensions in their upper  airway secretions. Fat  soluble inhalation anaes- 
thetics may  fur ther  depress surfaetant activity in these patients. This s tudy was 
conduc ted  to compare  the surface tensions of upper  airway secretions in patients 
with and without  pulmonary disease and to determine the effects of a fat  soluble 
and of a fat  insoluble inhalation anaesthetic on these values. 

METHODS 

The  surface activity of the bronchial  secretions of 37 patients selected at random 
was analysed before  and after the administrat ion of one of two inhalation anaes- 
thetics. In formed  consent was obtained from each pat ient  at the time of the  pre- 
anaesthetic visit. All patients were A.S.A. class I, II or I I I  and scheduled for an 
elective orthopaedic,  gynaecological or general  surgical operation. Four teen  were 
considered to have significant chronic pu lmonary  disease. Th ey  either smoked 1.5 
packages or more of cigarettes per  day, had an obstructive defect  on pu lmonary  
funct ion testing or were known to have bronchitis  or emphysema. The rest of the 
patients were  non-smokers with normal pu lmonary  function studies and no history 
of pu lmonary  disease. 

Premedica t ion  included a barbi turate  ( 1-2 m g / k g )  and atropine or scopolamine 
(0.05-0.1 m g / k g )  one and one-half hours before  the scheduled time of operation. 
Each pat ient  was allowed to breathe oxygen for five minutes before induction. 
Trachea l  in tubat ion was accomplished with the use of a sleep dose of sodium 
th iopentone  (3 to 5 mg/kg)  given intravenously.  After the t racheal  tube h ad  been 
secured and the cuff inflated, 5 ml of sterile saline was instilled through the t racheal  
tube  and the patient 's lungs were venti lated with 100 per  cent oxygen for one 
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TABLE I 
MINIMAL SURFACE TENSION CHANGES AFTER NITROUS OXIDE 

PLUS NARCOTICS 

291 

Initial minimal Final minimal 
Age Duration surface tension surface tension 
(yrs) (min) (dynes/em) (dynes/cm) Change 

Mean 
S.D. 

Mean 
S.D. 

Group 1, without pulmonary disease 
59 199 28 26 --2 
32 283 26 23 --3 
52 65 29 28 -- 1 
35 165 27 25 --2 
31 60 27 24 --3 
65 150 28 28 0 
41 170 30 27 --3 
63 95 26 27 +1 
78 92 24 24 O 
58 65 27 27 0 
31 55 25 25 0 
83 195 30 26 --4 
52 132 27.3 25.8 --1.5 
17.6 21.8 1.8 1.6 1.5 

Group 2, with pulmonary disease 
83 195 30 26 --4 
51 85 27 23 --4 
63 150 41 30 -- 11 
69 232 31 28 --3 
60 123 28 27 -- 1 
70 162 31 27 --4 
66 157 31.3 26.8* --4.5 
10.0 15.0 4.6 2.1 3.0 

*P < .001, students t-test. 

minute. A sterile #16 Fr. suction catheter was then in t roduced into the t racheal  
tube and advanced  to the origin of the main stem bronchi. Both bronchi and the 
trachea were suetioned for a period of five seconds. Usually 0.5 to 1.0 ml of material  
was aspirated and these secretions were captured in a Lukens* specimen collector. 
In three patients less than 0.5 ml was obtained on the initial aspiration and 
the process was then repeated. Following this collection of secretion sterile saline 
was added to the Lukens tube to make a total volume of 2 ml and the sample was 
quickly frozen until analyzed. After this initial sample had been obtained, the 
inhalation anaesthetics were started and the surgical procedure  was begun. Each  
patient received either nitrous oxide (60 to 70 per  cent)  + oxygen (30 to 40 per  
cent) + intravenous morphine  ( 10 to 30 mg ) or meperidine ( 75 to 350 mg)  ( Table  
I ) ;  or halothane (0.5 to 2.0 per cent) + nitrous oxide (60 per cent) + oxygen (40 
per cent) Table II. The patients were further divided into two groups. Groups I 
and I I I  were normal  ( P N )  and groups II  and IV had pu lmonary  disease ( P D ) .  

The lungs of all patients were mechanically ventilated at rates of 8 to 14 breaths 
per minute and with volumes of 8 to 14 ml /kg  as measured by a Wright  spirometer 
incorporated in the circle system. In this manner  arterial P(,o., was maintained 
between 32 and 38 torr as determined from radial artery blood samples at 30 minute  
intervals. A total of ten anaesthesiologists gave the anaesthetics for the 37 patients. 

*Specimen Collector of the Pilling Company, Fort Washington, Pa. 
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TABLE II 
MINIMAL SURFACE TENSION CHANGES AFTER HALOTHANE 

Initial minimal Final minimal 
Age Duration surface tension surface tension 
(yrs) (min) (dynes/cm) (dynes/em) Change 

Mean 
S.D. 

Mean 
S.D. 

Group 3, without pulmonary disease 
66 105 31 33 
49 235 23 28 
43 55 26 29 
74 65 28 35 
75 215 27 33 
77 105 27 31 
52 50 26 30 
61 142 25 34 
33 170 29 35 
29 162 28 31 
41 130 27 34 
54 130 27.0 32. 
16.4 18.7 2.0 2.3 

Group 4, with pulmonary disease 
62 240 24 27 
46 290 30 23 
40 105 31 32 
51 90 29 30 
61 142 25 34 
83 195 32 32 
55 292 30 30 
69 84 31 29 
58 179 29.0 29.6 
12.7 25.7 2.7 3.1 

+2 
+5 
-}-3 
+7 
+5 
+4 
+4 
+9 
+6 
+3 
+7 

i* 5.1 
2.0 

+3 
--7 
+i  
+i  
+9 

0 
0 

--2 

0.6 
4.2 

*P < .001, students t-test. 

None of them had  any fur ther  connection wi th  the study. As the opera t ion was 
near ing comple t ion  and before the anaesthetic gases were  tu rned  off, a second and 
final t racheo-bronchia l  sample  was obtained as descr ibed  above  and also quickly 
frozen. 

The  samples  were  analyzed on a s tandard Kimray*  pneumat i c  surfae tometer  
initially descr ibed b y  Greenfield and Kimmell. ~ This  ins t rument  is basically a modi-  
fied Langmui r -Wi lhe lmy  balance in which a p la t inum strip subtends the surface 
of the sampl ing  fluid. Changes  in vertical pul l  ( sur face  tension)  on the p la t inum 
strip are measured  as surface area is changed by  a moving  bar r ie r  and are recorded 
by  a pneuma t i c  sensor and amplification system. 

The  frozen samples  were  al lowed to thaw and addi t ional  saline was added  to 
give a volume of 50 ml. The  solution was then  mixed with  a magnet ic  stirrer and 
filtered th rough  cotton gauze into the teflon t rough  of the surfaetometer.  After  60 
minutes  of ag ing  in a glass eneasement  to al low the  migra t ion  of surface active 
materials  to the surface, compression and expansion cycles were  begun. The  area 
of surface film for  each sample  was repeatedly  compressed  and  re-expanded until  a 
stable repl icat ion of the hysteresis loop was ob ta ined  dur ing a two-hour  period. The  
point  of min imal  surface tension ( y  rain) be ing  a sensit ive index of surface activity 
in solutions containing surfactant,  was recorded for each sample.  

*Kimray, Inc., 52 N.W. 42nd St., Oklahoma City, Okla. 
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RESULTS 

Eighteen of the 37 patients received nitrous oxide supplemented with narcotics 
(12 without and six with pulmonary disease, groups I and II) and 19 received 
halothane ( 11 without and eight with pulmonary disease, groups III and IV). The 
four groups were similar with respect to the ages of the patients and duration of the 
operations, using the rank and sum test at the 1 per cent level. 

Preinhalation anaesthetic Y min (minimal surface tension) values for all patients 
ranged from 23--41 dynes/cm. The initial mean y min of the 23 PN patients ( groups 
I and III)  was 27.1 dynes/cm while that of the 14 PD patients (groups II and IV) 
was 30.0 dynes/cm. This difference was statistically significant when examined with 
Student's t-test, ( P < 0.02). 

Post-anaesthetic y mins for all patients ranged from 23-35 dynes/cm. When 
considered without regard to the anaesthetic they had received neither the 23 PN 
patients nor the 14 with PD experienced significant changes in their secretion Y 
mins after anaesthesia. 

Halothane resulted in a mean increase in y min of 5.1 dynes/cm in PN patients 
(group III) .  This change was very significant, (P < 0.001) but  there was no 
correlation of duration of anaesthesia with change in surface tension. Halothane 
did not affect the already elevated y rains of those with PD ( group IV). 

While PN patients receiving nitrous oxide plus narcotics ( group I) did not have 
a significant change in their y rain values after anaesthesia, those with PD (group 
II) and already elevated y mins sustained an average decrease in their y rain of 
4.5 dynes/cm after this anaesthetic. This change was very significant (P < 0.001) 
but  there was no correlation of duration of anaesthesia with change in surface 
tension. 

DISCUSSION 

Pulmonary surfaetant, a complex mixture of phospholipids, neutral lipids and 
polysaccharides produced by alveolar type II pneumocytes, is vital for the main- 
tenance of alveolar stability. ° Its deficiency in respiratory distress of the new- 
born, 7-° many types of acute TM and chronic lung disease 4 and after pulmonary fat 
embolism, 11 prolonged cardiopulmonary bypass ~2 and hyperbaric oxygen breath- 
ing ~3 is one of the explanations for the decreased pulmonary compliance, in- 
creased atelectasis and pulmonary shunting characteristic of these conditions. Fat 
soluble inhalation anaesthetics have also been shown to decrease surfaetant ac- 
tivity. ~,15 However, the significance of these effects in anaesthetized man has not 
been determined. One reason for this is that no safe, clinically applicable method 
of obtaining alveolar surfactant for surface activity measurements is available. 
Current methods of measuring pulmonary surface tension require either an extract 
from a h n g  biopsy or material from lung washings. Since the former method 
necessitates an open thoraeotomy and the latter frequently increases surface tension 
in the lungs from which the washings have been obtained, neither can be used in 
standard clinical practice. Gluck et al .  1 suggested that a simple solution to this 
dilemma might be the use of the surface tension of upper airway secretion as a 
mirror of alveolar surfactant activity. They found that these secretions contain 
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phospholipids similar to those considered to be part of the alveolar suffactant 
eomplex. Previous work from this laboratory has shown that upper airway secre- 
tions can be aspirated easily and safely, and possess significant surface tension 
reducing properties. Their T min values are stable, reproducible and increase like 
alveolar surfactant on exposure to fat soluble inhalation anaesthetics. 2,3 

These experiments demonstrate that patients with chronic lung disease or with 
a history of smoking have less surface activity in their upper airway secretions 
than normal. This confirms work by Cook and Webb,  4 who found decreased levels 
of alveolar surfactant in a similar group of patients and suggested that the cellular 
debris and purulent material associated with these conditions inactivates, destroys 
or alters suffactant. They also found that surface activity could be increased in 
these patients by encouraging them to cough and clean out the tracheobronchial 
tree. Controlled positive pressure ventilation also promotes drainage and clearing 
of the tracheobronchial tree TM and is probably the reason why group II patients 
had such marked increases in surface activity of their secretions after anaesthesia. 
These patients had received nitrous oxide, a gas insoluble in fat (fat /blood solu- 
bility of 2.3)17 which should not alter suffaetant activity. 15 PD patients receiving 
halothane (group IV), an anaesthetic highly soluble in fat (fat /blood solubility 
of 60) 17 which does inactivate surfactant, 14,15 did not experience a significant 
change in post-anaesthetic Y min values. On the other hand halothane significantly 
elevated post-anaesthetic 3~ rains in PN patients (group III) .  These findings sug- 
gest that positive pressure ventilation can increase secretion surface activity in PD 
patients but  that the concomitant use of a fat soluble inhalation anaesthetic with 
its inactivating effects on surface active materials overcomes the benefits of such 
therapy. 

Whether the changes shown in these experiments to affect the surface tension of 
secretions also occur at the alveolar level and so result in clinically significant 
changes in atelectasis and pulmonary shunting has still to be determined. If they 
do, it would suggest that fat soluble inhalation anaesthetics should be avoided in 
patients with known decreases in pulmonary surfactant. In addition and perhaps 
more important, it would document the validity of surface tension of upper airway 
secretion as a mirror of surfaetant activity and provide us with a valuable method 
of evaluating alveolar function. 

SUMMARY 

The surface activity of tracheal-bronchial secretions of 37 patients with and 
without chronic pulmonary disease were measured before and during inhalation 
anaesthesia. Patients with pulmonary disease (PD) had significantly higher mean 
minimal surface tensions of secretions (T mins) before anaesthesia than those 
without disease (PN).  Halothane, a fat soluble anaesthetic, significantly elevated 
secretion T rains in PN patients but  did not affect those with PD. Nitrous oxide, a 
gas not soluble in fat, did not change secretion T mins in PN patients but signifi- 
cantly decreased these values in those with PD. These findings suggest that positive 
pressure ventilation can increase surfactant activity in patients with pulmonary 
disease but  concomitant use of a fat soluble inhalation an~aesthetic may overcome 
the benefits of such therapy. 
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RI~SUMI~ 

Les malades  por teurs  de  maladies  pulmonaires  (M.P . )  pr~sentent,  dans les 
s~cr~tions de leurs voles respiratoires hautes, une tension de surface moyenne  
minimale (3 / ra ins)  plus ~l~v~e q u e l e s  malades  normaux  (M.N. )  Une substance  
anesth~sique soluble dans les graisses tel l 'halothane ~l~ve de fa~on significative 
la T rains chez les M N mais  ne change rien chez les MP. Le  pro toxyde  d 'azote,  un 
gaz insoluble dans les graisses, diminue de fagon significative la 3J rains des s~cr~- 
tions chez les por teurs  MP et n 'affecte pas la 3J mins des s~cr~tions des MN. Ces 
d~couvertes p e r m e t t e n t  de  croire que la ventilation avec  pression posit ive p e u t  
accroltre l 'activit~ du sur fac tan t  chez les porteurs  de  malad ies  pulmonaires  mais  
que l 'usage concomi t t an t  d 'un agent  anesth~sique pa r  inhala t ion et soluble dans 
les graisses peu t  en t raver  les effets b~n~fiques de cette th~rapie.  
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