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Abstract Objective." To assess the 
reliability of  estimates of  static re- 
spiratory system compliance (Crs) 
made by junior hospital doctors 
caring for ventilated newborn in- 
fants. 
Design: A prospective comparison 
of junior doctors '  estimates of  Crs 
to the Crs measured immediately 
afterwards. 
Setting: A regional neonatal inten- 
sive care nursery in Edinburgh, 
Scotland. 
Patients: 46 ventilated newborn in- 
fants. 
Measurements and results." Crs was 
estimated by three grades of  junior 
doctor (Senior House Officer, Reg- 
istrar and Research Fellow) using 
two different methods, (i) based on 
visual assessment of  tidal volume in 
relation to inflation pressure (opti- 
cal Crs) and (ii) directly using a vi- 
sual analogue scale (analogue Crs). 
The Crs was then measured imme- 
diately afterwards using the single 
breath passive expiratory flow tech- 
nique. The differences between the 
estimates and the measurements 

were calculated for each grade of  
observer and plotted against the 
corresponding measurements. The 
relationship between estimates and 
measurements was also expressed in 
terms of the coefficients of  deter- 
mination r 2 calculated by least 
squares regression. With both meth- 
ods of  estimation observers tended 
to overestimate the Crs of  infants 
with lower measured Crs and un- 
derestimate that of  infants with 
higher measured Crs with many es- 
timates differing from the measure- 
ments by more than 50~ Values of  
r 2 ranged from 0.086 to 0.481 indi- 
cating a weak relationship between 
the estimates and the measure- 
ments. 
Conclusions." Junior doctors '  esti- 
mates of  Crs were unreliable and 
did not represent a useful method 
of assessing respiratory function. 
The clinical use of  compliance mea- 
surements merits wider evaluation. 
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Introduction 

Whenever an infant is mechanically ventilated the person 
adjusting the ventilator makes an informal appraisal of  
the lung mechanics by visually estimating the chest infla- 
tion. Estimates of  static respiratory system compliance 
(Crs) based on clinical assessment of  chest inflation have 

been proposed as a useful aid to ventilator management  
in neonatal intensive care [1, 2]. The reliability of  clinical 
judgements is likely to vary with clinical experience and 
estimates made by the junior doctors who provide much 
of  the care to ventilated infants may be less reliable than 
those of  their seniors. It can be difficult to make an accu- 
rate diagnosis from a chest radiograph [3]. Blood gas 
analysis measures the effect of  the current ventilator set- 



258 

tings ra ther  than  what  they might  ideal ly  be and  over-ven- 
t i la t ion can subs tan t ia l ly  worsen gas exchange [4]. Given 
the subject ive na ture  o f  the clinic~il i n fo rma t ion  available, 
object ive  lung func t ion  da t a  such as Crs measurements  
might  help to op t imise  vent i la t ion  strategy. But i f  j u n i o r  
doc tors  could  re l iably  j udge  Crs then  the add i t iona l  in- 
fant  handl ing  and  equ ipment  costs associa ted  with the 
measurements  however min ima l  would  be hard  to justify.  
This s tudy was designed to de te rmine  whether  the j u n i o r  
doctors  in a regional  neona ta l  intensive care unit  can 
make  rel iable clinical  es t imates  o f  stat ic respi ra tory  sys- 
tem compliance.  

[11]. The optical estimates and measurements were compared to 
one another using their actual values. For the purposes of compari- 
son to the analogue scale all measured Crs values that were greater 
than 2.5 ml/cmH20/m were called 2.5. Each observer was blind to 
the estimates made by the others. 

Crs measurements 

Immediately following the estimates, Crs was measured by the re- 
search fellow (BJS) using the single breath passive expiratory flow 
technique as previously described [4-6,  i2]. This was then divided 
by the infant's crown-heel length measured with a tape measure 
(_+ 1.5 cm) or birth weight in kg for comparison to the estimates. 

Materials and methods 

A total of 46 ventilated newborn infants were studied prospectively 
in the Simpson Memorial Maternity Pavilion, Edinburgh between 
September 1992 and June 1993. Infants were eligible for inclusion 
if on the first day of life the Senior House Officer (SHO), Registrar 
and Research Fellow were simultaneously available to estimate Crs 
and no preceding Crs measurements had been made. Written paren- 
tal consent was obtained in all cases. The study was conducted 
according to the principles established in Helsinki and with the 
approval of the local ethics committee. Crs was estimated using two 
methods and the estimates were compared to the measured Crs ob- 
tained immediately afterwards. 

Crs estimates 

The methods of estimation were: (a) optical Crs, and (b) analogue 
Crs. Optical Crs is based on assessment of tidal volume [1, 2]. The 
examiner placed the chest inflation observed with each ventilator 
breath into one of three categories: less than normal and barely visi- 
ble, approximately normal, or greater than normal and distinctly 
visible (normal being that observed in a healthy newborn infant 
breathing spontaneously). A tidal volume of 5, 7.5, or l0 ml/kg 
body weight was assigned accordingly. The values obtained were 
divided by the inflation pressure (peak inspiratory pressure minus 
positive end-expiratory pressure) to give the optical compliance 
(units ml/cmH20/kg body weight). Analogue compliance was esti- 
mated by marking a point on a linear scale corresponding to what 
the observer thought the Crs would be (Fig. 1). The scale described 
Crs values ranging from 0.4 (severely abnormal) to 2.5ml/ 
cmH20/m body length (functionally normal). Crs values were ex- 
pressed on the analogue scale in relation to body length as Crs is 
routinely corrected for length in our unit [4-6]. In our experience 
infants recovering from lung disease can usually be extubated and 
are often breathing air by the time their Crs has reached 2.5 ml/ 
cmH20/m but newborn infants with entirely normal lungs have a 
Crs of around 5 - 8  ml/cmH20/m [7-10] or 1-1.6 ml/cmH20/kg 

I [ 
0.6 Or less* 1.8 Or more w 

(very stiff lungs) (minimal or no lung stiffness) 

Fig. 1 Analogue scale for estimating Crs. *Crs_0.6ml/  
cmH20/m means high risk of death from lung disease [4]. 
w Crs >- 1.8 ml/cmH20/m implies normal lung phospholipid profile 
[51 

Statistical methods 

The difference between each Crs measurement and the correspond- 
ing Crs estimate was calculated (measurement minus estimate) and 
plotted against the measurement. In addition, the relationship be- 
tween the estimates and measurements was assessed by the coeffi- 
cients of determination (r 2) calculated from least squares regres- 
sion. Statistical calculations were made by computer using Statview 
II. 

Results 

Comple te  da ta  were ob ta ined  f rom 46 infants.  Their  char-  
acterist ics are descr ibed  in Table 1. 

Figures 2 and  3 show the differences between each 
measuremen t  and  the co r respond ing  est imates p lo t ted  
agains t  the measurements .  The observat ions  o f  all 3 
grades o f  examiner  are combined  in each p lo t  as the pat-  
terns were s imilar  between observers.  Both  me thods  o f  es- 
t ima t ion  p roduced  a s imilar  d i s t r ibu t ion  o f  observat ions  
with a tendency for examiners  to overest imate the compl i -  
ance o f  the infants  with the lowest measured  compl iance  
and  underes t imate  the  compl iance  o f  the infants  with the 
highest  measured  compliance.  The  est imates  of ten  dif- 
fered by cons iderab ly  more  than  50~ o f  the  measured  
compliance.  Table 2 shows the coeff icients  o f  de te rmina-  
t ion  (r 2) o f  the re la t ionships  between the measurements  
and  est imates  for each grade o f  examiner  and each meth-  
od  o f  es t imat ion.  In  all cases the  measurements  and  esti- 
mates  were only weakly  related with r 2 values ranging 
f rom 0 .086-0 .481 .  O f  the  46 infants,  6 03070) had  mea-  
sured Crs v a l u e s > 2 . 5  m l / c m H 2 0 / m .  The  values were 
2.6, 2.8, 3.3, 3.5, 5.4, and  7.9. 

Table 1 Patient characteristics expressed as median (range) 

n 46 
Gestational age (weeks) 31 (25-41) 
Birth weight (kg) 1.496 (0.533- 4.050) 
Length (cm) 40 (29-57) 
Crs (ml/cmH20) 0.518 (0.191 - 3.782) 
Crs (ml/cmH20/kg) 0.358 (0.188- 1.15) 
Crs (ml/cmH20/m) 1.3 (0.5-7.9) 
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Fig. 2 Difference between measured and optical Crs. Dotted diag- 
onal lines denote_+ 50% of the measured Crs 
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Fig. 3 Difference between measured and analogue Crs. Dotted 
diagonal lines denote_+50% of the measured Crs 

T~ble 2 Relationship between optical or analogue estimates and 
measurements of static respiratory system compliance. The coeffi- 
cients of determination (r 2) from least squares regression analysis 
are shown 

Observer Measured and optical Measured and analogue 
Crs Crs 

SHO r 2 = 0.086 r 2 = 0.400 
Registrar r 2 = 0.184 r 2 = 0.194 
Research fellow r z = 0.254 r 2 = 0.48~ 

Discussion 

In this study junior doctors '  estimates of static respirato- 
ry system compliance were unreliable. Neither method of  
estimating Crs performed within sufficient limits of  accu- 
racy to represent a realistic alternative to direct measure- 
ment. 

The single breath passive expiratory flow technique for 
measuring Crs has been used in ventilated infants by 
many investigators and the Crs values in this study fell 
within the published ranges of  diseased and normal  in- 
fants. Although the scatter plots suggest that neither 
method for estimating Crs was clearly superior the r 2 
values favoured the analogue estimates. This may be 
largely attributable to the upper limit of  the analogue 
scale being at a Crs of  2.5 ml / cmH20/m.  By assigning a 
value of  2.5 to the six measured Crs values above 2.5, in- 
accuracies that may have occurred over a wider range 
were avoided. I f  the results are reanalysed excluding these 
6 datapoints the r 2 values are much closer to those of  the 
optical estimates (SHO r 2=  0.342, Registrar r 2 =  0.081, 
Research Fellow r 2 = 0.267). 

The two other studies in the literature examining the 
abilities of  doctors to estimate compliance [1, 2] conclud- 
ed that estimates of  optical compliance were closely cor- 
related with measured compliance and may therefore be 
clinically useful. Both studies used correlation coeffi- 
cients to describe the relationship between the measure- 
ments and estimates and neither expressed the Crs values 
in relation to the size of  the infants. The second study 
also used the mean difference between the estimates and 
measurements plus or minus one standard deviation as a 
measure of  agreement. Of  the 45 data points in that study 
15 fell outside those limits (as would be expected). Of  the 
differences between the estimates and measurements 95 % 
should lie between the mean difference + 2 standard devi- 
ations. These limits would have been approximately 
- 5 5 %  to +41%. The estimates were made by a senior 
neonatologist and the limits of  agreement were consider- 
ably narrower than those achieved by the junior doctors 
in this study but they are still quite wide. 

Expression of compliance values in relation to infant 
size is important  for two reasons. Firstly, in normal indi- 
viduals compliance is proportional  to lung and body size 
so large infants have a higher compliance than small in- 
fants. Only by expressing the compliance values in rela- 
tion to infant size do they truly become a comparative 
measure of  disease severity. Many investigators correct 
compliance measurements to body weight. We have found 
in other studies in this age group that correction to body 
length may be of marginally greater predictive value 
[4-6] ,  hence the development of  the analogue scale cor- 
rected for length. Secondly the correlation coefficient be- 
tween two variables will improve as the range of observa- 
tions widens [13]. Compliance values are spread over a 
much wider range if they are not expressed in relation to 
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b o d y  size. I f  the opt ica l  es t imates  and measurements  in 
this s tudy were cons idered  wi thout  correct ing them for 
b o d y  weight the  range o f  observa t ions  would  have been 
more  than  3 t imes as b r o a d  and  the r 2 values would  have 
been 0.491 (SHO),  0.587 (Registrar)  and  0.572 (Research 
Fellow). The ranges o f  observa t ions  for the Crs measure-  
ments  corrected to b o d y  length (0 .5 -2 .5 ,  i.e. five fold) 
and  weight (0 .188-1 .15 ,  i.e. six fold) were similar. 

The  t rend for the compl iance  o f  the sickest infants  to 
be overes t imated and o f  the  heal th ies t  infants  to be un- 
deres t imated  by bo th  me thods  is a ref lect ion o f  the  ten- 
dency o f  the observers to select values in the  middle  o f  the  
range in the  m a j o r i t y  o f  infants.  105/138 (76~ o f  the  
opt ica l  es t imates  were for the midd le  t ida l  vo lume op t ion  
and  the s t anda rd  devia t ion  o f  the ana logue  est imates  was 
cons iderab ly  nar rower  than  tha t  o f  the compl iance  mea-  
surements.  This was also the  f inding  o f  Auf r ich t  et al. in 
an inexper ienced observer  [2]. I f  the p o o r  rel iabi l i ty  o f  the  
es t imates  is due to lack o f  cl inical  expert ise or  conf idence  
it is d i f f icul t  to specula te  on ways o f  improving  the meth-  
ods o f  e s t ima t ion  to  overcome this. 

The measured  Crs may  not  be the gold  s tandard .  The  
more  i m p o r t a n t  ques t ion  is wha t  gives the best  ind ica t ion  
o f  disease severity and is mos t  useful  in clinical  practice.  

I t  should  be stressed tha t  there is as yet no da ta  which 
clearly demons t ra tes  tha t  Crs measurements  can improve  
the ou tcome  o f  neona ta l  intensive care. In  1982 Crs mea-  
surements  were found  to measure  re l iably  disease severity 
and  predict  ou tcome  [14]. A n o t h e r  s tudy has con f i rmed  
these f indings  a l though  the Crs value associa ted  with a 
high risk o f  dea th  has lowered with time. This s tudy  also 
suggested tha t  Crs may  be a bet ter  measure  o f  disease se- 
veri ty in vent i la ted infants  than  oxygen requirements  [4]. 
Crs measurements  can ident i fy  b iochemica l  lung imma tu -  
r i ty  [5] and  measure  the response  to sur fac tan t  t r ea tment  
[6, 15]. They have been used to measure  the effects o f  
b ronchod i l a to r s  [16] and  may  ident i fy  infants  sui table  for 
ex tuba t ion  [17]. A u t o m a t e d  systems for  measur ing  pul-  
m o n a r y  func t ion  are becoming  increasingly available. I f  
Crs measuremen t  is to become more  widely  used to assist 
cl inical  m a n a g e m e n t  then  subs tant ia l  evidence tha t  it can 
improve cl inical  ou tcome  is required.  This should  be 
p rope r ly  assessed in the  context  o f  a r andomised  con- 
t ro l led  trial .  
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