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Inspiratory muscle relaxation rate assessed from
sniff nasal pressure
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Abstract
Background - Slowing of the maximum
relaxation rate (MRR) of inspiratory
muscles measured from oesophageal pres-
sure (POES) during sniffs has been used
as an index of the onset and recovery of
respiratory muscle fatigue. The purpose
of this study was to measure MRR at the
nose (PNASAL MRR), to investigate its
relationship with POES MRR, and to
establish whether PNASAL MRR slows
with respiratory loading.
Methods - Five normal subjects were stud-
ied. Each performed sniffs before and after
two minutes of maximal isocapnic vent-
ilation (MIV). In a separate session the
subjects performed submaximal sniffs.
POEs and PNASAL were recorded during
sniffs and the MRR (% pressure falllO ms)
for each sniff was determined.
Results - Before MIV mean POES MRR
was 8-9 and PNASAL MRR was 9-3. The
mean (SD) difference between PNASAL
MRR and POES MRR during a maximal
sniff was 0-48 (0.34) (n=64) and during
submaximal sniffs was 0-28 (0.46) (n = 526).
The subjects showed a mean decrease in
sniffPOES MRR of27'4% (range 22-5-36%)
after MIV and a similar reduction in sniff
PNASALMRR of28-5% (range 24.1-41-3%).
Both returned to control values within 5-10
minutes.
Conclusions - PNASAL MRR reflects POES
MRR over a wide range of sniff pressures,
PNASAL MRR of maximal sniffs reflects
POES MRR in normal subjects at rest and
foliowing MIV, so measurement ofPNASAL
MRRmaybe a useful non-invasive method
for measuring inspiratory muscle MRR,
thereby providing an index of respiratory
muscle fatigue.

(Thorax 1994;49:1 127-1133)

Slowing of the maximum relaxation rate
(MRR) of inspiratory muscles during sniffs has
been used as an index of the onset and recovery
of respiratory muscle fatigue."l Sniff MRR is
commonly calculated from oesophageal pres-
sure traces (POES). This technique requires the
positioning of a balloon-tipped catheter in the
oesophagus.5 Less invasive methods of meas-
uring have been reported using catheters in the
nasopharynx or mouth.6 Recently the meas-
urement ofpeak nasal pressure (PNASAL) in one
occluded nostril has been shown to provide a
close estimation of peak POES during sniffs
performed through the contralateral nostril.78

We measured MRR from pressures sampled at
the nose (PNASAL MRR) during sniffs which
varied in peak pressure, between 10% and
100% of each subject's maximum sniff POES,
to investigate the agreement ofthe two methods
over a wide range of sniff pressures. We also
measured PNASAL MRR during maximal sniffs,
before and after maximal isocapnic ventilation
(MIV), to investigate its relationship with max-
imum sniffPOES MRR and to establish whether
PNASAL MRR slows with respiratory muscle
loading.

Methods
Five well trained members of our laboratory
were recruited. All were non-smokers and with-
out respiratory disease. The study was ap-
proved by the ethics committee of the Royal
Brompton Hospital and all subjects gave in-
formed consent.

Oesophageai pressure (POES) was measured
using commercially available balloon-tipped
catheters, 110 cm in length (PK Morgan, Rain-
ham, Kent, UK), positioned in the standard
manner.5 Nasal pressure (PNASAL) was meas-
ured using polythene catheters without distal
balloons passed through a nasal cast (see
below). Both catheters were connected to Vali-
dyne MP45-1 differential pressure transducers
(range + 200 cm H20; Validyne Corporation,
Northridge, California, USA) calibrated before
each study using a Universal Pressure Meter
(Bio-Tek Instruments Inc, USA) which was
regularly tested for accuracy with a water man-
ometer. All signals were displayed on a 12-
bit NB-M10-16 analogue digital board and
a Macintosh Quadra 700 computer (Apple
Computer Inc, Cupertino, California, USA)
running LabVIEW software (National In-
struments, Austin, Texas, USA).
We investigated whether the individual pres-

sure transducer-amplifer systems could intro-
duce errors into our results by linking the
pressure inputs of the two catheter-transducer-
amplifier systems that were used for measuring
pressures sampled in the oesophagus and the
nose. We were then able to record sim-
ultaneously the same pressure signals during
sniffs via the two systems and compare the
data. Pressure amplitude, MRR, and non-nor-
malised MRR were measured (see below for
definitions). The mean (SD) ratio of the values
derived from the two transducer-amplifier sys-
tems for pressure amplitude, MRR, and non-
normalised MRR were: 1-007 (0 009), 0-992
(0-036), 0-998 (0-030), respectively (n=26).
Maximal isocapnic ventilation (MIV) was

performed with apparatus previously de-
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Figu:re 1Three obturators of different size are shown in

the centre of the photograph. The nasal cast is attached at

one end of the polythene catheter.

scribed.' Briefly, the subject inhaled from a

six litre anaesthesia bag supplied with an air/

composition and end tidal carbon dioxide ten-

sion (PETC02) were monitored with a Hewlett-

Packard 78356A gas monitor (Hewlett-Pack-

ard Waltham, Massachusetts., USA). PETC02
was maintained at 5 -5 (0 -5) kPa by adjustment

of the inhaled carbon dioxide concentration.

The inhaled oxygen concentration was kept at

22 (2)%.

A nasal cast was modelled for each subject

to minimise pressure loss in the instrumented

nostril and thereby enhance the agreement of

sniff PNASAL with sniff POES. The cast was made

from pliable silicon based elastomeric material

(Optosil, Bayer Dental, Germany) and an ac-

tivator liquid (Optosil-Xantopren activator,

Bayer Dental). The material was gently placed

in the selected nostril making an impression of

the occupied space. A small obturator (fig 1)

was inserted in the nostril before making the

impression so that the material was prevented

from being pushed too far up the nose. The

obturator also served to form a tube through

which a pressure catheter could be inserted

and its tip kept away from the nasal cast and free

of secretions. Once the material had hardened

(3-6 minutes) the cast could be removed from

the nostril.

PROTOCOL

All measurements were made with the subjects

seated. Sniffs were performed from functional

residual capacity (FRC) and no instructions

were given regarding thoracoabdominal move-

ment.' Subjects were asked to perform sniffs of

increasing effort from low to maximal pressure.

The subjects performed at least 10 sniffs at

each 10 cm H20 increment until they reached

their maximal sniff pressure. The MIV study

was performed at a different session. All sub-

jects were familiar with MWV from previous

studies. Before the MWV run the subjects were

asked to perform at least 10 maximal sniffs.

The MIV run then lasted for two minutes.
During this time the subjects were verbally
encouraged to maintain the highest possible

ventilation. Immediately upon stopping the
MIV run maximal sniffs were performed from
FRC every five seconds for five minutes and a
further 10 sniffs were performed at 10 minutes.
End expiration POES was marked on the com-
puter screen to help the subjects perform sniffs
from FRC.
MRR was calculated as the maximal rate of

decay of pressure/peak pressure, and had units
of % pressure loss/10 ms.`0-12 This normal-
isation of MRR for changes in pressure amp-
litude allows the comparison of MRR values
of different peak pressure. In this study we
were particularly interested in the comparison
of PNASAL and POES MRR calculated from
traces obtained from the same sniff. We there-
fore also looked at MRR values which had not
been normalised for sniff amplitude (MRR
nC). MRR nC was defined as the maximal
rate of pressure decay/lOms (dP/dt) and had
units of cm H20/10Ms. MRR was obtained
from POEs and PNASAL sniffs that satisfied the
following criteria: (1) sniff performed from
FRC as judged by baseline POEs before the
sniff; (2) peak pressure maintained for less than
50 ms; (3) total sniff duration less than 500 ms;
and (4) pressure waveform of sniff displaying
smooth upstroke and decay curves. By these
criteria 86 5% of sniffs were suitable for analysis
from the MIV study and 89-2% of sniffs were
suitable for analysis from the study of sniffs
of increasing pressure amplitude. Within-day
reproducibility was assessed by three subjects
repeating 10 maximal sniffs three times. Each
session was separated by an interval of
30 minutes. Day-to-day reproducibility was as-
sessed by repeating 10 maximal sniffs in three
subjects on three separate days.

STATISTICAL ANALYSIS
In order to assess the agreement between
PNASAL and POES MRR we calculated their
differences for each sniff. The mean of these
differences (d) is a measure of accuracy or bias
whilst the standard deviation (SD) is a measure
of precision. Both bias and precision are ne-
cessary to assess agreement." The limits be-
tween which 95% of differences will lie ("limits
of agreement", d + 2SD) were calculated,'4 and
the ratio of PNASAL to POES MRR was also
calculated to compare the values of the two
methods over the range of MRR observed.
Data were presented by plotting the results of
one method against those of the other (line of
equality graph) and by plotting the differences
between the methods against their mean. 14 The
day-to-day and within-day coefficients of vari-
ation of the ratio PNASAL/POES MRR were cal-
culated to establish whether variations of POES
MRR values are followed by a similar variation
of PNASAL MRR.

Results
SNIFFS OF INCREASING EFFORT
MRR differences (nasal MRR-POES MRR),
normalised and non-normalised, for each 10%

128
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Inspiratory muscle relaxation rate assessed from sniff nasal pressure

Table 1 Mean (SD) differences ofMRR values, normalised and non-normalised (nC), and ratios PNASAL MRRIPoEs
MRR, normalised and non-normalised, from the study of sniffs of different efforts. The results are given for each 10%
pressure increment as well as collectively for all data

PNASAL MRR-POES MRR PNASAL MRRIPOES MRR

% maxP MRR MRR nC nlo MRR nloMRR nC n

10-20 0 30(0 82) -0 04(0 12) 1-04(0 12) 0-96(0 10) 32
21-30 0 14(0 61) OOO(O15) 1 02(0 08) 1-00(0-06) 45
31-40 0-27(0.54) 0-02(0 19) 1-03(0 06) 1-00(0-06) 62
41-50 0 25(0 47) 0 03(0 28) 1 03(0 06) 101(0 07) 75
51-60 0-21(0-33) -0-05(0 32) 1-02(0 04) 0 99(0 06) 68
61-70 0-29(0 40) -0-08(0 63) 1-03(0-04) 0-99(0-10) 66
71-80 0 30(0 37) -010(0 61) 1-03(0-04) 0-99(0 08) 72
81-90 0-37(0 27) 0 03(0 45) 1-04(0-03) 1-00(0-05) 63
91-100 0 40(0 28) 0 21(0 42) 1 05(0 03) 1-02(0 05) 43
All data 0-28(0 46) 000(042) 1 03(0 06) 1 00(0 07) 526

MRR=maximum relaxation rate (% pressure drop/lOIms); MRR nC =non-normalised MRR (cm H,0/I0 ims); % max P=
percentage of peak pressure of maximum sniffs; PNASAL = nasal pressure; POES = oesophageal pressure (cm H20); n/o = PNAsAIJ
POES.
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Figure 2 PNASAL MRR plotted against POES MRR.
Data from the study of sniffs of increasing effort. The line
of identity is also shown.

pressure increment are shown in table 1. The
ratios of PNASAL MRR/POES MRR for each
10% increment are also shown. Figure 2 shows
PNASAL MRR plotted against POES MRR and
fig 3 shows the same parameters non-nor-

malised for pressure amplitude.

BASELINE SNIFFS
Table 2 shows the mean (SD) data before the
MIV run: PNASAL and POES MRR, their mean
(SD) differences, the 95% limits of agreement,
and the ratio PNASAIJPOES MRR. The same

calculations were also performed for non-nor-
malised (nC) nasal and oesophageal MRR and
for sniff peak pressure amplitudes (PNASAL,
POES). Sniff PNASALMRR and POES MRR were
closely related. A close relationship was also
shown between nasal and oesophageal peak
pressures. Within-day coefficient of variation
for the ratio PNASAL/POES MRR assessed in
three subjects for three study sessions was

2-9%. The day-to-day coefficient of variation
assessed in three subjects on three different
days was 3-3%.

MAXIMUM ISOCAPNIC VENTILATION (MIV)
STUDY
Figure 4 shows pressure traces obtained in the
oesophagus and at the nose before, immediately
after, and 10 minutes after MIV. The slopes of
oesophageal and nasal pressure decay curves
are similar. Immediately after muscle loading

15
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0

'
. 0

0 5 10 15
Non-normalised POES MRR (cm H20/10 ms)

Figure 3 PNASAL MRR non-normalised for sniffpressure
amplitude plotted against PoEs MRR non-normalised for
sniff pressure amplitude. Data from the study of sniffs of
increasing effort. The line of identity is also shown.

the slope changed in both traces and recovered
10 minutes after the MWV run. The subjects
showed a mean decrease in sniff POES MRR of
27A4% (range 22 5-36%) the first minute after
MIV, which returned to control values within
5-10 minutes. A similar reduction and time
course of recovery was observed for sniff
PNASAL MRR, with a mean fall of28&6% (range
24d1-413%) (fig 5). PNASAL MRR and POES
MRR expressed as % of baseline values during
each minute after MIV, and PNASAL and POES
expressed as % ofbaseline values over the same
time period are shown in table 3. Table 4 shows

Table 2 Mean (SD) data from five subjects performing
maximum sniffs before the maximum isocapnic ventilation
serving as baseline values (n = 64)

PNASAL MRR 9-30(1-31)
POES MRR 8 90(1-21)
PNASAL MRR-POES MRR 0-48(0-34)
Limits of agreement 115 to -019

PNASAL MRR nC 8-90(1-36)
POES MRR nC 8-60(1-24)
PNASAL MRR nC-POES MRR nC 0-25(0-41)
Limits of agreement 1-07 to -0-57

PNASAL/POES MRR 1-05(0-03)
PNASAL/POES MRR nC 1-03(0-05)
PNASAL 96-08(16-3)
POES 98-20(14-8)
PNASALJPOES 0-97(0-05)
PNASAL -POES -1-88(3-64)
Limits of agreement 5-39 to -9*15

MRR=maximum relaxation rate (% pressure drop/0 ims);
MRR nC = non-normalised MRR (cm H,O/l 0 ims); PNASAL=
nasal pressure; POES = oesophageal pressure (cm H,O).

1129
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Figure 4 Pressure traces sampled at the nose and in the oesophagus before, during the
first minute, and 10 minutes after muscle loading.

Table 3 Mean (SD) values of PNASAL MRR, POES MRR, peak PNASAL, and peak
POES measured after maximal isocapnic hyperventilation. All values are expressed as
percentage of baseline values

Minutes
after
MIV PNASAL MRR POES MRR PNASAL POES

1 71(8-8) 73(9 5) 82(17-0) 82(18-7)
2 76(6-9) 77(7 5) 89(15-7) 87(15-5)
3 83(6-3) 84(6 8) 92(13-2) 91(13-2)
4 85(8 8) 86(10-1) 90(12-0) 90(11-2)
5 88(10-1) 89(10-5) 90(11-6) 90(11 0)

10 103(13-4) 101(13-1) 101(12-5) 100(12-3)

MIV=maximum isocapnic ventilation; MRR= maximum relaxation rate; PNASAL = nasal pressure;
POES = oesophageal pressure (cm H,O).

MRR differences (PNASAL-POES MRR), nor-
malised and non-normalised for pressure amp-
litude, for the control values, for each minute
after MIV, and for all the data. The ratio of
normalised MRR to non-normnalised MRR is
also shown. Figure 6 shows PNASAL MRR plot-
ted against POES MRR. Figure 7 shows the
mean MRR values of the two methods plotted
against their differences. Values for figs 6 and
7 correspond to measurements before and after
the MIV run.

Figure 5 PNASAL and POES MRR values expressed as a

percentage of the baseline values after MIV A similar
reduction and time course of recovery is observed for both
POES MRR and PNASAL MRR.

Discussion
This study indicates good agreement between
POES MRR and PNASAL MRR in normal sub-
jects over the whole range of pressure amp-
litudes for sniffs performed with increasing
effort. After inspiratory muscle loading POES
MRR slowed and returned to control values
within 5- 0 minutes and a similar slowing and
time course of recovery was found for PNASAL
MRR.

In this study we assumed that inspiratory
muscle relaxation rate could be detected from
the decay curve of pressure generated by vol-
untary inspiratory manoeuvres and that the
peak pressure of sniff coincides with the be-
ginning of the muscle relaxation phase. Earlier
studies using simultaneous inspiratory muscle
EMG and pressure recordings during oc-

cluded' and unoccluded sniffs2 showed that
inspiratory muscle activity ceased at the peak
pressure point and that the inspiratory muscles
remained electrically silent during the decay
portion of the pressure curve.

The similarity of pressures sampled in the
upper airways and oesophagus during occluded
inspiratory manoeuvres has been described in
previous studies.51516 When an inspiratory
effort is performed against an occlusion there
is no airflow and therefore no pressure gradient
between lower and upper airways. Although
the unoccluded sniff is a dynamic manoeuvre,
bulk flow is relatively small. During a sniff a

large transnasal pressure gradient is created.
The nostrils behave as a starling resistor, col-
lapsing as a result ofnegative nasal pressure. "-
It is estimated that 10-1 2 cm H20 transnasal
pressure leads to nostril collapse in the region
between the junction of the pyriform aperture
and the upper and lower lateral cartilages,
2-5 cm from the external orifice.'8 Flow there-
fore reaches a plateau very early during sniff
and stays unchanged until almost the end of
the pressure decay curve, despite inspiratory
muscle activity ceasing at the peak pressure

2point. The flow limitation during a sniff man-
oeuvre explains the similarity of pressure traces
obtained from the oesophagus and the occluded
nostril and the high pleural pressures developed
during a sniff.9
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Inspiratory muscle relaxation rate assessed from sniff nasal pressure

Table 4 Mean (SD) differences ofMRR values, normalised and non-normalised (nC), derived from nasal and
oesophageal sniff pressure traces before and after the MIV run. The ratios of these parameters are also shown. Differences
and ratios of the two methods for all data are shown at the bottom of the table.

PNASAL MRR-POES MRR PNASAL MRR/PoEs MRR

MRR MRR nC nlo MRR nlo MRR nC n

Baseline 0 48(0 34) 0-25(0-41) 1-05(0-03) 1-03(0-05) 64
1 min 0 20(0 45) 0-09(0 26) 1-03(0 06) 1-02(0-05) 31
2 min 0.23(0-31) 0-13(0-32) 1-04(0 05) 1 02(0 06) 37
3 min 0 27(0 32) 0.23(0 35) 1 03(0 04) 1 03(0 05) 44
4 min 0-29(0 41) 0 13(0 42) 1 04(0 05) 1-02(0-06) 46
5 min 0 40(0 35) 0 24(042) 1-05(0-04) 1-03(0 05) 40

10 min 0-65(0 33) 0 55(0 55) 1-07(0-03) 1-05(0-05) 55
All data 0 38(0 38) 0 25(043) 1-05(0-04) 1 03(0 05) 317

MIV=maximum isocapnic ventilation; MRR= maximum relaxation rate; (% pressure drop/lOIms); MRR nC=non-normalised
MRR (cm H20/10 iMs); PNASAL= nasal pressure; PoEs = oesophageal pressure (cm H20).

Agreement between PNASAL and POES MRR
depends on two factors: the peak pressure
achieved by the two methods and the peak
rate of pressure decay (dP/dt, non-normalised
MRR) derived from PNASAL and POES traces.
Although peak pressures were very similar in
our study, the small differences of 2-3 cm H20
could explain some of the small differences in
MRR. The agreement between non-normalised
MRR for the two methods was therefore better
than the agreement between normalised MRR,
especially when pressure agreement was less
than usual. A small difference was observed,
usually due to the faster dP/dt of the nasal
trace. This constant difference could not be
explained by differences in the measurement
apparatus. During a brief inspiratory man-
oeuvre pharyngeal muscles contract to preserve
the patency of the upper airways.202' The rate
at which PNASAL declines could be influenced
by upper airway muscle relaxation as well as
relaxation of the inspiratory muscles. There are
data to suggest that upper airway muscles
have a higher percentage of fast twitch fibres
than the diaphragm and other inspiratory
muscles.2223 As a consequence they are likely
to have different fatigue, potentiation, and re-
laxation characteristics.24 It is possible that the
fast relaxation rate of the upper airway muscles
explains the slightly faster rate of decline in
PNASAL traces although other factors, including
asynchronous muscle activity, may also play
a part.25 Furthermore, the better agreement
between PNASAL and POES MRR found after

10

5

5 10 15

POES MRR (% pressure drop/10 ms)

Figure 6 PNASALMRR plotted against PoEs MRR.
Data from MIV study. The line of identity is also shown.
Values correspond to measurements before (baseline values)
and after the MIV run.

MIV could reflect the greater fatiguability of
the upper airway muscles,24 although we have
no direct evidence to support this hypothesis.

Following MIV, in parallel with MRR slow-
ing, a pressure decline was also observed. This
pressure drop was relatively less than the fall
in MRR, varied substantially between subjects,
and tended to recover faster. These findings
are in agreement with a previous study.' Sniff
pressure amplitude has an effect on MRR val-
ues.26 However, when sniff pressure exceeds
60% of maximum the effect of peak pressure
on relaxation rate is minor.26 In the present
study sniffpeak pressures always exceeded 60%
of maximum after MIV and the influence of
sniff amplitude on the MRR was therefore
negligible.
The change in lung volume, and con-

sequently in muscle fibre length, observed
during an unoccluded sniff could possibly in-
fluence MRR. In a recent study27 it was pos-
tulated that the small differences in MRR
between occluded and unoccluded sniffs could
be the result of differences in the degree of
muscle shortening. However, other factors such
as different patterns of muscle activation may
play a part.27 We are confident that differences
of lung volume change that occur during a
sniff before and after MIV are of such small
magnitude that they cannot explain the changes
in relaxation rate after muscle loading. Flow
during a sniff is not dependent on the peak
pressure amplitude because of the flow limiting
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Figure 7 Mean PNASAL MRR and POES MRR values
plotted against their differences. Data from MIV study.
Values correspond to measurements before (baseline values)
and after the MIV run. Limits of agreement 1 14 to
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mechanism in the nose, and the difference in
gas expansion before and after MIV is likely to
be trivial. Indeed, the increased duration of the
sniff after the MIV might have contributed to
an increased volume change and possibly a
small underestimation of the fall in MRR.
We measured PNASAL and POES MRR over a

wide range ofpressure amplitudes to investigate
the agreement of the two measurements. Even
in sniffs of very low effort when pressure amp-
litudes of 10 or 20 cm H20 were created, MRR
and pressure values were very closely related
and showed a similar agreement to those found
during maximal sniffs. This suggests that the
starling resistor mechanism can function ad-
equately at low pressures. Nasal collapse prob-
ably occurs at a lower transnasal gradient when
only one nostril is open during an inspiratory
manoeuvre.28
MRR measurements from pressures sampled

within the mouth and nasopharynx using bal-
loon-tipped catheters have recently been re-
ported.2 However, measurements derived from
a balloon-tipped catheter in the mouth may be
affected by suction and the positioning of a
balloon in the nasopharynx is relatively un-
comfortable.

In some instances PNASAL was slightly greater
than POES. In one subject the nasal trace was
sometimes distorted during maximal sniffs
showing prolonged peak pressures and fast
MRR. Both observations are likely to be the
result ofvigorous upper airway and neck muscle
recruitment and were not observed in sub-
maximal sniffs.

Activation of the expiratory muscles during
the relaxation phase might falsely increase
MRR in cases in which the rise of tension of
expiratory muscles exceeds the rate of decline
in inspiratory muscles. However, activation of
the expiratory muscles can be easily identified
and the sniff rejected when POES becomes more
positive than that at end expiratory pressure.25
The inability to exclude the above phenomenon
is a limitation of measuring MRR from nasal
pressure traces. In normal subjects this rarely
causes a problem but in patients with chronic
obstructive pulmonary disease (COPD) re-
cruitment ofthe abdominal muscles is common
during expiration and activation of this muscle
group during the sniff relaxation phase occurs
more frequently.25 Falsely high PNASAL MRR
values might therefore be difficult to identify.

Previous studies have shown that the equi-
librium of pressures measured in the oeso-
phagus and the upper airways is a function
of airway resistance and extrathoracic airway
compliance (time constant for pressure equi-
librium).29 31 In patients with COPD pressures
measured in the oesophagus and the upper
airways show a poor level of agreement25 and,
as a consequence, upper airway pressure MRR
will be falsely high. To avoid the error intro-
duced by the pressure discrepancy non-nor-
malised MRR (dP/dt) of the upper airway and
the oesophagus could be compared. In this
case a good agreement would be expected un-
less there is vigorous recruitment of upper air-
way and neck muscles as during maximum
sniffs.25 Our results show a good agreement

between non-normalised PNASAL MRR and
POES MRR in very low sniff efforts. It therefore
seems reasonable to hypothesise that in-
spiratory manoeuvres that require little effort
will minimally recruit these muscle groups, thus
enhancing the agreement of the two para-
meters. Studies designed to confirm this hypo-
thesis would be of clinical importance.
We conclude that PNASAL MRR obtained

from a maximal sniff accurately reflects POES
MRR. PNASAL MRR can be used as an index
of the onset and recovery of respiratory muscle
fatigue in normal subjects. The fact that an
oesophageal balloon is not necessary makes the
studies easy to perform. We also conclude that
PNASAL MRR accurately reflects POES MRR
over a wide range of sniff pressures created by
graded effort. The similarity between nasal and
oesphageal peak pressure decay (dP/dt) re-
corded during sniffs of low effort could make
this a useful method for non-invasively meas-
uring MRR in patients with COPD.
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Adventitia

The case of the Queen's head: a confession

As befits a building erected in the last century,
the old Brompton Hospital was graced by a
bust of Queen Victoria which stood on a plinth
in an alcove in the main corridor. One night,
three decades ago, the bust disappeared!

In the autumn of 1963 two young Brompton
housemen were returning unsteadily to their
rooms after enjoying a game of rugby and a
convivial evening with their bibulous col-
leagues. The oriental combat sport of "kung
fu" was in fashion at that time and, fired by an
exuberance of spirit, one of the young friends
jokingly aimed a blow at the Queen's bust as
he passed along the corridor. To his amaze-
ment, his glancing blow decapitated the Queen
and her head fell to the ground!
The night porter in his office at the hospital

door was sleeping, and no one seemed to have
heard the commotion. The malefactors were
faced with the evidence of their wrongdoing
and the prospect of chastisement on the fol-
lowing day. The abrupt termination of prom-
ising careers was a sobering thought and,
following a hurried consultation, they decided
to hide the fruits of their folly. Acting with
urgent common purpose, they carried the bust

and the head past the sleeping porter and buried
them in the flower bed at the side of the
driveway to the main hospital entrance.
On the following day the Queen's plinth

stood glaringly empty in its alcove, but the
absence of the bust went unnoticed and at-
tracted no comment whatsoever. Five months
later, with their crime undetected, the young
men went their separate ways and both even-
tually achieved full professorial status in their
chosen fields.
A decade after the heinous crime one of the

perpetrators was passing through London on
his way back to his new home on the other side
of the world. In a fit of nostalgia and acting
on impulse, he took a taxi to the Brompton
Hospital, secretively exhumed the Queen's
head, and carried it away. For the past 20 years
the Queen has reposed in a quiet garden in a
faraway part of her former Empire. She seems
happy in this environment and it is the re-
pentant but necessarily anonymous author's
earnest hope that the Brompton Hospital gov-
ernors will neither seek retributon nor insist
upon her return. (Te Statute of Limitations
and the precedent of the Elgin marbles may be
relevant.)
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