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determine whether the envelopes were withdrawn in a 
sequential order or not.

The use of a computer-generated allocation 
sequence could decrease the potential for a systematic 
error. Each envelope would contain either treatment 
or placebo tablets, depending on the sequence, and 
would be withdrawn sequentially. Free random allo-
cation programs are available online. For example, 
one Windows-compatible program can be found at 
http://mahmoodsaghaei.tripod.com/softwares/ran-
dalloc.html#SampleSize.1

Second, with a small sample size as in this study 
(final n = 120), simple randomization can lead to 
imbalances between treatment and control groups 
even though the ratio of the treatment subjects rela-
tive to placebo subjects approaches unity as the num-
ber of randomized subjects increases.2 This can lead 
to problems with interim analyses. In this study, after 
42 envelopes, 17 to 25 treatment envelopes would be 
drawn 95% of the time; 15 to 27 treatment envelopes 
would be drawn 99% of the time. The probabilities of 
observing a ratio of 1.5:1 (25 treatment:17 placebo or 
25 placebo:17 treatment) and 1.8:1 (27 treatment:15 
placebo or 27 placebo:15 treatment) are 0.096 and 
0.022, respectively. Thus, the likelihood of observing 
some imbalance during the interim analysis would not 
be rare after 42 envelopes.

Block randomization would diminish the imbal-
ance. In block randomization, patients are divided 
into several blocks of equal sizes and equal alloca-
tion of treatment and placebo is assigned within each 
block.2 To minimize the ability to guess the allocation 
sequence, the size of the blocks can be assigned ran-
domly (random permuted block randomization). One 
disadvantage of this method is the unmasking of the 
allocation of the last patient in a block if all previous 
patients in the block are unmasked. Details of this 
and other methods of randomization are reviewed by 
Zelen.2

Third, there are limitations in performing an 
unblinded interim analysis. While the authors prop-
erly established an a priori plan for interim analysis, 
in general, a data monitoring and safety committee 
(DMSC), which is independent of the investigators, 
should perform the interim analysis. Data reviewed by 
the DSMC include information on the management 
of the trial (e.g., recruitment rates, descriptive statis-
tics of demographics and baseline characteristics of 
the study population), safety data, and efficacy data.3 
Stopping rules, the level of statistical significance 
required to suggest benefit or harm, should be used 
to guide decisions of stopping a trial early. The DMSC 
should remain blinded to the treatment allocation 

unless the interim analysis suggests a high potential 
of stopping the study. In this study, blinded analysis 
by an independent DMSC would have reduced the 
threat to allocation concealment now faced by the 
investigators.

Lastly, analysis of interim data can inflate the false 
positive error rate unless the appropriate statistical 
methods are used. The ethical, clinical and statistical 
issues related to interim analysis have been addressed 
by other authors.3,4
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Pulse contour analysis to estimate 
cardiac output

To the Editor:
A recent study concluded that cardiac output assessed 
by arterial pressure waveform analysis (PulseCO™, 
Lidco Ltd., London, UK) was not interchangeable 
with thermodilution measurements, in patients under-
going off-pump coronary artery bypass grafting.1 In 
the introduction it was stated that PulseCO™ cal-
culates cardiac output “from the arterial pressure … 
using autocorrelation …”, and reference is attributed 
to a paper co-authored by me.2

In “Estimation of changes in cardiac output from 
the arterial blood pressure waveform in the upper 
limb”,2 a new pulse contour algorithm was described. 
‘PulseCO’ was used as an abbreviation for ‘pulse-
contour cardiac output’. The new algorithm did not 
use autocorrelation and this word is not in our manu-
script: we developed a new theoretical basis using the 
first harmonic of the blood pressure waveform and 
related this to the cardiac output using well estab-
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lished principles of signal analysis. The PulseCO™ 
product that has subsequently been developed uses a 
different algorithm.

Assessment of pulse contour methods is problem-
atic. Generally, the technology is intended to track 
changes in cardiac output following calibration with 
another method. Therefore, it is the ability of the 
algorithm to follow within-patient change in cardiac 
output that should be assessed. We tested our pulse 
contour method by making multiple thermodilution 
measurements in each patient and then pooling the 
within-patient changes. However, Yamashita et al. 
pooled cardiac output results from different patients 
without calculating ‘within-patient changes’. This is 
difficult to interpret because the range of pulse contour 
estimations is due partly to cardiac output change and 
partly to different calibration cardiac outputs (as well 
as possible errors). Hence, the correlation coefficients 
may be misleadingly high. Similar errors have been 
made by other authors and a more detailed description 
of the problem with a proposed solution has previously 
been published.3 It would be interesting to see the data 
of Yamashita et al. analyzed in this way.

Another part of assessment involves the response 
to pharmacological agents. Some pulse contour meth-
ods have been shown to be unreliable with changes 
in vascular resistance, for example those caused by 
phenylephrine administration.4 We demonstrated that 
our pulse contour method could follow increases in 
systemic vascular resistance induced by phenylephrine 
as well as the large changes in hemodynamic state 
observed during cardiac surgery in our study.2
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The “critical airway”: too complex for a 
management algorithm?

To the Editor:
We commend Matioc and Arndt1 for highlighting in 
their recent correspondence the important concept 
that although airway management in and out of the 
operating room (OR) may appear to be one and the 
same, they are in fact diametrically opposed. We wish 
to extend that concept by adding two further points 
to their letter.

Firstly, although they highlighted the respira-
tory difficulties with airway management outside the 
OR, they only touched upon the hemodynamic and 
pharmacological issues. As Murphy et al. stated in 
their editorial,2 patients who require airway support 
in these settings are by definition critically ill, with 
substantial physiological instability, and are vulnerable 
to the adverse effects of induction and neuromuscular 
blocking agents. Therefore, not only should we ask 
ourselves whether the patient will present with dif-
ficulties in bag-mask ventilation, supra-glottic, glottic, 
or infra-glottic airway management; but also, will he/
she tolerate becoming tachy- or bradycardic, hypo- or 
hypertensive, along with other issues such as possible 
changes in intracranial compliance and pressure?

Secondly, in our experience, whilst oxygenation 
without a definitive airway provides an immediate 
solution, it usually only provides a temporary measure. 
Invariably the patient will require a cuffed tube within 
the trachea. Many would argue it may be virtually 
impossible to secure a definitive airway in Matioc’s 
“suboptimal work environment” that we all recognize 
only too well. However, how much more difficult 
would it be to secure a patient’s airway in the even less 
optimal environment of a hospital elevator en-route 
to the critical care area? As Matioc stated, the critical 
airway (CA) is a dynamic concept; even if the patient 
is not being transferred, provisions still must be made 
for possible deterioration of the patient’s clinical con-
dition which would necessitate a definitive airway.

We believe the CA to be even more complex than 
described by Matioc, and as such, cannot be man-
aged by an algorithm. This reinforces Matioc’s call 
for greater attention to this concept through research 
and training.
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