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Technical note

Normal range for transdiaphragmatic pressures
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Abstract
Background-Transdiaphragmatic pres-
sure (sniff PDI) during maximal sniffs
is a useful clinical test of inspiratory
muscle function. Although a normal
range has been established for sniff PDI
using air filled balloons, no comparable
data are available for catheter mounted
pressure transducers.
Methods-Using a single catheter with
two pressure transducers 15 cm apart,
oesophageal and gastric pressures were
recorded in 50 normal volunteers (25
women), five of each sex from each
decade between the third and seventh
decades of life. Each subject performed
10 maximal sniffs at functional residual
capacity.
Results-Mean (SD) sniff PDI was 149
(32) cm H20 in men and 127 (22) cm H,O
in women. The lower limits of normal for
sniff PDI (mean - 1-96 x SD) after log-
arithmnic transformation of the data were
95 and 78 cm H,O in men and women
respectively.
Conclusions-With this technique trans-
diaphragmatic pressure can be measured
using a single catheter which can easily
be cleaned and reused. The values for
sniff PDI are similar to those recorded
previously with air filled balloons, sug-
gesting that the method of recording
pressure does not significantly affect the
values obtained.

(Thorax 1993;48:750-753)

Figure 1 Catheter mounted pressure transducer

Transdiaphragmatic pressure, obtained by
simultaneous measurement of oesophageal
and gastric pressure during maximal sniffs,
has become established as an index of
diaphragm strength.' A normal range for sniff
transdiaphragmatic pressure (sniff PDI)
recorded with air filled balloons has been
published,' but it is not known whether this is
applicable when other methods of recording
gastric and oesophageal pressures are used.
Catheter mounted transducers are an attrac-
tive alternative to air filled balloons because
several transducers can be mounted on a
single catheter and the pressure recorded is
not affected by the individual characteristics
of the balloon, catheter, and connections. We
have therefore established a normal range for
sniff PDI with catheter mounted pressure
transducers.

Methods
PRESSURE TRANSDUCERS
Two standard pressure transducers were
used, mounted on a single catheter 2 mm in
diameter (GaelTec, Dunvegan, Isle of Skye,
UK). This equipment is commercially avail-
able and can be sterilised by immersion in
glutaraldehyde. The number, position, and
pressure range of the transducers on the
catheter can easily be varied according to the
user's requirements. Each transducer costs
approximately £500. We chose a distance of
15 cm between the two transducers, with a
pressure range of ±200 cm H20. Figure 1
shows the pressure transducer at the tip of the
catheter.
The signal from the pressure transducers

was passed through an isolated preamplifier
(Lectromed, Letchworth, Hertfordshire, UK)
and an analogue-to-digital converter (SiPlan
Electronics Research, Stratford-upon-Avon,
UK) to an Archimedes microcomputer
(Acorn Computers, Cambridge, UK).

CALIBRATION
Two different calibration techniques were
used. For the first method the catheter was
placed in a rigid chamber, the internal pres-
sure of which could be varied above and
below atmospheric pressure with an air pump
(SiPlan Electronics Research). Using the
same microcomputer as was used to record
pressure to control the pump, the pressure
inside the rigid chamber was changed in steps
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of 5 cm H,O from -60 cm H2O to + 60 cm
H,O relative to atmospheric pressure, mea-
sured with a water manometer.

For the second calibration technique we
used only pressures above atmospheric,
achieved by immersing the catheter into a
2 cm diameter hollow Perspex tube which
was filled with water. The signal from the
pressure transducers was recorded as the
depth of immersion was increased in steps of
5 cm. This calibration was carried out twice,
once with the water at room temperature
(20°C) and once at body temperature
(370C).

NORMAL RANGE FOR SNIFF PDI
Fifty normal subjects (25 women) were
studied, all of whom had normal spirometric
values. To obtain an even age distribution we
studied five subjects of each sex from each
decade between the third and seventh
decades of life. Height and weight were mea-
sured in each subject.
To record sniff PDI the catheter was

advanced until both pressure transducers
showed a positive pressure deflection during
sniffs and then withdrawn 10 cm. The nega-
tive deflection seen on the proximal (oeso-
phageal) transducer during subsequent
maximal sniffs was added to the positive
deflection seen on the distal (gastric) trans-
ducer to obtain sniff PDI (fig 2). For gastric
pressure the baseline was taken as the resting
end expiratory pressure to allow for gastric
muscle tone. Ten or more sniffs were per-
formed by each subject at functional residual
capacity until five reproducible sniff PDI
values were obtained. The largest of these five
sniff PDI measurements was used in subse-
quent analysis.

Mfean (SD) oesophageal, gastric, and transdiaphragnatic pressures during maximal sniffs
in normal subjects in the present study andfrom published data obtained with airfilled
balloons.'

Present study Miller et al'

Men Women Men Women

Oesophageal pressure (cm H,O) 94 (21) 74 (22) 105 (26) 92 (22)
Gastric pressure (cm H,O) 68 (36) 62 (28) 43 (32) 29 (29)
Transdiaphragmatic pressure (cm H2O) 149 (32) 127 (22) 148 (24) 122 (25)

STATISTICAL METHODS
Statistical calculations were made on the
Archimedes computer using the "First" sta-
tistical software package (Serious Statistical
Software, South Wirral, UK), the level of
statistical significance being taken as p <
0 05. Multiple linear regression was used to
explore the relationship of sniff PDI with age,
height, and weight.

All studies were approved by the
University Hospital ethical committee.

Results
CALIBRATION
Compared with a calibration factor of 1-0 in
water at 37°C (this being closest to the physi-
ological conditions in which the catheter
mounted pressure transducer is used) calibra-
tion in water at 20°C resulted in a shift in
baseline equivalent to 2-6 cm H2O and a cali-
bration factor of 0-97. In air at 20°C the
baseline shifted by 4-0 cm H20 compared
with water at the same temperature and the
calibration factor was 1 02. After one hour in
water at 37'C the baseline pressure had
drifted by 0-6 cm H,O.

NORMAL RANGE FOR SNIFF PDI
The data for oesophageal, gastric, and trans-
diaphragmatic pressures during sniffs are

given in the table. The mean values for
women were all significantly lower than those
for men. Inspection of these data showed that
the distributions of sniff PDI were positively
skewed, the latter mainly as a consequence of
high gastric pressures. Logarithmic transfor-
mation of the data corrected this skewedness,
and the lower limits of normal were taken
from the transformed data as 1 96 standard
deviations below the mean. The lower limits
of normal for sniff PDI were 95 cm H,O in
men and 78 cm H,O in women. There was

no significant relationship between any of
these pressures and age, weight, or height in
either sex.

REPRODUCIBILITY OF SNIFF FDi
The single determination standard deviation2
for sniff PDI, measured in 10 subjects on two
occasions at least two weeks apart, was

19-0 cm H20.

Discussion
Our normal range for sniff PDI using a

catheter mounted pressure transducer is simi-
lar to that for air filled balloons.' There are

several theoretical reasons why the normal
range for sniff PDI recorded with a catheter
mounted pressure transducer might have
differed from air filled balloons. Firstly, the
frequency response of the catheter mounted
pressure transducer is faster than air filled
balloons34 and, during a dynamic manoeuvre

such as a sniff, it might therefore record
greater swings in pressure. Secondly, the
catheter mounted pressure transducer records
pressure at a fixed point whereas movement
of the small bubble of air in the balloon

Figure 2 Example of
sniffPDi recording
obtained using
catheter mounted
pressure transducers.
PG-gastric pressure;
PoEs-oesophageal
pressure; PDI-
transdiaphragmatic
pressure.
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means that pressure is recorded from the
point along its length where oesophageal
pressure is most negative.5 The catheter
mounted pressure transducer may therefore
give smaller swings in oesophageal pressure
during sniffs. Thirdly, the tip of the trans-
ducer may become immersed in gastric con-
tents whereas the air filled balloon would
float on the surface. The similarity of the nor-
mal ranges suggests that none of these factors
are important during measurements of sniff
PDI. The difference in the contribution of
oesophageal and gastric pressures to sniff PDI
between our data and those published for air
filled balloons is more likely to reflect the
wide intersubject differences in the pattern of
respiratory muscle recruitment during inspi-
ratory manoeuvres6 than any difference in the
measurement technique. Finally, the care we
took to stratify our subjects meant that their
age was generally greater than in the previous
study. The mean age of our population was
48 years compared with 35 years in the study
by Miller et all but, as discussed below, age
does not seem to exert a strong influence on
respiratory muscle strength. We were unable
to compare the height, weight, or lung
volumes of our subjects with those of the
previous study.
The use of air filled balloons in respiratory

physiology is well established.7 They are inex-
pensive but do have some disadvantages. The
balloons have a limited life span and each
individual balloon has different characteristics
which may change with repeated cleansing.
The speed with which pressure changes in the
balloon are conducted up to the external
pressure transducer varies with the diameter
of the catheter and is affected by the connec-
tors used.'8 If gastric and oesophageal pres-
sures are to be recorded simultaneously two
balloons must be inserted, and in all but the
shortest experiments it is necessary to check
repeatedly the volume of air in the balloon. If
mouth pressure needs to be recorded a
shorter balloon must be used9 and ambula-
tory monitoring of oesophageal pressure is
difficult.

Recording pressures using catheter
mounted pressure transducers within the
lumen of the oesophagus or stomach is an
attractive alternative.'0 These catheters are
now used extensively in the study of
oesophageal motility. They are easy to ster-
ilise and can be used repeatedly. They can be
manufactured to cope with any range of pres-
sures the investigator is likely to encounter,
and prolonged monitoring of pressure is pos-
sible in the ambulatory patient." The cost of
the instrument and its associated preampli-
fiers is similar to that of the pressure trans-
ducers which are suitable for use with air
filled balloons. Calibration can be performed
at room temperature in air or water without
significantly influencing the calibration fac-
tors obtained as has been described previ-
ously,'0 but the baseline atmospheric pressure
reading should be recorded in water at 37°C
if accurate absolute values of pressure are
required. We have confirmed that the base-

line drift of the catheter mounted pressure
transducer is small4'0 2 and unlikely to be
important for short studies such as the mea-
surement of sniff PDI. Such drift has been
shown not to be important in assessing the
static pressure-volume characteristics of the
lungs.4 The baseline can be rechecked at the
end of longer experiments but air filled bal-
loons will remain preferable if accurate
knowledge of absolute pressure over a long
period of time is necessary, since the trans-
ducer can be opened to atmospheric pressure
at intervals during the recordings. Mouth
pressure during sniffs (sniff PM) can be
recorded using the same transducers.
As is the case for air filled balloons' we did

not detect any significant relationship be-
tween sniff PDI and height, weight, or age.
This is surprising, given the effect of these
variables on other indices of lung function.
Some studies have shown that minimum
oesophageal pressure" and maximum inspira-
tory mouth pressure14-46 are related to age in
one or both sexes, this effect being more
marked over the age of 55 years'5 and absent
in studies confined to younger subjects.'7
Since only a small proportion of our subjects
were aged over 55 years it is possible that a
significant effect of age on sniff PDI was
missed. Maximum inspiratory pressure has
been shown to be related to height in women
in some studies'4 17 but not in others,'5 16 and
this relationship has not been documented in
men. Weight has only been shown to be
related to mouth pressures in one study. Any
effect of height and weight on inspiratory
muscle strength seems likely to be small and
to be unimportant in predicting sniff PDI.
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Adventitia
During my career I have met several individu-
als who provided inspiration in both profes-
sional skill and personal behaviour. This
anecdote relates to one of them: Dr W
Proctor Harvey.
When resident at Georgetown Hospital I

was called to examine a young man with
venous thromboembolism. He was a strap-
ping young fellow, age 26, and this was his
first admission to Georgetown Hospital but
during the previous eight years he had had
multiple hospital admissions for pulmonary
embolism characterised by dyspnoea, severe
pleuritic chest pain, and haemoptysis, and
two months before he had had an inferior
vena caval ligation. Examination disclosed an
extremely anxious young man, writhing in
pain at intervals. His vital signs were normal.
Oddly, even while complaining of severe pain
he was often smiling and extremely friendly.
On admission, he had been placed on

heparin and had required four hourly doses of
morphine for pain control. The history was
compelling, but several features were dis-
quieting. No one had seen him have haemo-
ptysis. His recall of the local hospitals to
which he had been admitted was quite hazy
(he indicated that his severe pain and the
narcotics impaired his recall). His affect was
odd. We had just started to use perfusion
lung scanning in embolic suspects on an
investigational basis. It was completely
normal.

I advised the patient that we needed his
records from other hospitals. A strange
expression (of fear?) transiently crossed his
face. He said he understood and would try to
remember. I further advised him that a right
heart catheterisation, pulmonary angiogram
and venacavagram might be necessary and
began to explain the risks. He interrupted to
say, "Go ahead with whatever you need. I
don't need any explanation." Finally I said
we would have to cut back his narcotic use.
He said, "I'm in terrible pain. Please don't
make me suffer; I've suffered so much."

Later that day I discussed the case with a
colleague. "Ever seen a Munchausen?" he
asked. Still later Dr Harvey, the team and I
made rounds on the patient. He said that he
was receiving "superb" care but he felt threat-
ened by "one of the young doctors" who
wanted to reduce his narcotic dose. In the
conference room afterwards I presented my
views to Dr Harvey. He was briefly silent and

then said: "You may be right. But you know
scans are not proven. No one would allow his
cava to be tied if he knew it was not needed.
And he has haemoptysis. You can reduce his
narcotics if you wish, but we can't let patients
suffer from our suspicions. One way or
another, this young man needs our help."

I decided, uncertainly, to reduce his nar-
cotics and told the patient.
The next morning his bed was empty.

"Where is he?" I asked the ward resident.
"This morning he dressed, put on a red

wig and signed out. I think the night nurse
solved our problem. He was really complain-
ing about the pain and the narcotic cut. She
was worried so she checked him at about
2 a.m. He was sucking on his fingers and spit-
ting blood into his basin. There was a razor
blade in his other hand. He made little cuts
under his cuticles, sucked the blood and spat
it out. The nurse said she had better call a
doctor. He told her he was leaving, signed a
release, put on a red wig and left."

I sent a letter to every area hospital
describing the patient. It soon became appar-
ent that he had been admitted to many area
hospitals via the emergency room, always
with dyspnoea, pleuritic pain and, of course,
haemoptysis. Early narcotic use had always
been heavy, and as withdrawal was attempted
he would sign out, complaining of poor care.
He was a true "Munchausen," agreeing even to
a caval ligation.
Some months later when I met Dr Harvey

he said, "I apologise for not having talked to
you before about Mr- . You were correct."

I waited for an accolade.
"We all learn chiefly from our mistakes,

not our successes," he said. "But, you know,
patients trust us to be their advocates.
Making diagnoses is good. Helping our
patient is better. This young man was asking
for help and we did not help him."

This is an incident I have never forgotten.
Dr Harvey, with his usual gentility, had made
the key point I needed to learn: not to feel tri-
umphant for making a snazzy diagnosis but to
remember that a true physician is a patient
advocate. Even on my most busy, harried
days, facing the most difficult patients, these
are thoughts I try not to forget. And I still
wonder whether Mr- ever received the help
he needed and I did not provide.

KENNETH MOSER

This column is now open to allcomers for suitable contributions (maximum 700 words). We
would like to keep this column running.-SGS.
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