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CORRESPONDENCE

In Reply:
We read with interest the letter from Shelley et al. comment-
ing on our editorial.1

Interestingly, although Shelley et al. disagree with 
our “editorial’s implication that there is something inher-
ently limiting about the photophlethysmography signal that 
would prevent its use during high-risk surgery,” we actually 
strongly feel that this letter echoes what we pointed out 
in our editorial. Our point—and Dr. Shelley’s point—was 
that the photophlethysmography signal is complex and 
requires sophisticated processing to obtain a meaningful 
information. That does not imply that the photophlethys-
mography signal cannot be used during high-risk surgery. 
It only means that a simple analysis is limited. As stated 
in our editorial, we are convinced that more sophisti-
cated signal analysis will help to better define the use of 
the photophlethysmography signal during high-risk sur-
geries, and we feel that Dr. Shelley’s technique of using 
both frequency domain and time domain approaches is 
promising.2 We also believe that any study assessing the 
ability of the photophlethysmography signal to predict 
fluid responsiveness during surgery should actually test the 
predictive value of the photophlethysmography signal (by 
performing volume expansion and testing the ability of 
the photophlethysmography signal to predict responders 
and nonresponders) and not just compare the photophle-
thysmography signal to the arterial pressure waveform.3

Ironically, in the interval between our editorial was 
published and the present exchange of letters to the edi-
tor, another article assessing the ability of the photophle-
thysmography signal to predict fluid responsiveness during 
major surgery was released in the British Journal of Anaes-
thesia.4 In this study, Vos et al. showed that the photophle-
thysmography signal is as accurate as the arterial pressure 
waveform for the prediction of fluid responsiveness in this 
setting. It is important to note that this study used a rigorous 
fluid responsiveness prediction methodology and a complex 
digital signal processing.

There is nothing inherently limiting about the photo-
phlethysmography signal that would prevent its use during 
major surgery. We just need to identify the correct way to 
analyze this complex signal to extract the relevant informa-
tion in the appropriate setting.

Maxime Cannesson, M.D., Ph.D.,* Yannick Le Manach, 
M.D., Ph.D. *School of Medicine, University of California, 
Irvine, California. mcanness@uci.edu 

References
	1.	 Cannesson M, Manach YL: Noninvasive hemodynamic moni-

toring: No high heels on the farm; no clogs to the opera. 
Anesthesiology 2012; 117:937–9

	2.	S cully CG, Selvaraj N, Romberg FW, Wardhan R, Ryan J, 
Florian JP, Silverman DG, Shelley KH, Chon KH: Using time-
frequency analysis of the photoplethysmographic waveform 
to detect the withdrawal of 900 mL of blood. Anesth Analg 
2012; 115:74–81

	3.	 Cannesson M, Le Manach Y, Hofer CK, Goarin JP, Lehot JJ, 
Vallet B, Tavernier B: Assessing the diagnostic accuracy of 
pulse pressure variations for the prediction of fluid respon-
siveness: A “gray zone” approach. Anesthesiology 2011; 
115:231–41

	4.	 Vos JJ, Kalmar AF, Struys MM, Wietasch JK, Hendriks HG, 
Scheeren TW: Comparison of arterial pressure and plethys-
mographic waveform-based dynamic preload variables in 
assessing fluid responsiveness and dynamic arterial tone in 
patients undergoing major hepatic resection. Br J Anaesth 
2013; [Epub ahead of print]

(Accepted for publication February 25, 2013.)

In Reply:
First of all, we would like to thank Shelley et al. for the posi-
tive critique and discussion of our recent study in Anesthe-
siology.1 The letter of Shelley et al. pointed out the role 
of the venous blood pool variation in the generation of the 
photophlethysmography signal. Indeed, by study design, 
this component of the photophlethysmography signal was 
neglected in our article. Our purpose was to evaluate the 
correlation between ventilation-induced variations of sig-
nals acquired by arterial pressure transducer and by pulse 
oximetry by using commercially available monitors. Oper-
ating this way, we used the same devices as previous teams 
who compared time-point measurements.2,3 We found a 
weak correlation between both signals acquired all along the 
anesthetic procedure. The numerous explanations noted in 
our article and the letter of Shelley et al. for this discrepancy 
have a two-fold source. The signal processing on one hand 
and the complex physiologic components of the photophle-
thysmography signal on the other hand. The latter involve 
stroke volume, sympathetic activity, and ventilatory-induced 
arterial and venous pressure variations. Extracting the last 
component could be an elegant manner to gain informa-
tion on blood volume variation before the cardiac output 
being affected. However, this extraction requires sophisti-
cated signal processing involving frequency domain analysis, 
and the way to a clear indicator is not that simple. Several 
steps toward a reliable monitor remain to be carried out.4 
But whatever the future signal, it will have to prove efficiency 
in low- and high-risk surgery patients. Our feeling is that 
no one would be confident in a monitor providing reliable 
indications in low-risk patients, but failing if this patient 
becomes at risk for whatever intraoperative event, or of no 
use in high-risk patients.

We believe that the future of the photophlethysmography 
signal use is the development of a more advanced signal pro-
cessing. Dr. Shelley’s letter adds further interest in the pho-
tophlethysmography signal suggesting extraction of hidden 
information included in the venous modulation.
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In Reply:
We thank Dr. Caruso for his comments related to our 
observational study reporting a substantially increased 
risk of postoperative residual paralysis in patients having 
qualitative train-of-four (TOF) monitoring of eye muscles 
compared with those monitored at the adductor pollicis.1 
Reversal of neuromuscular blockade before extubation was 
assessed clinically as per routine care. Due to the obser-
vational nature of the study, we did not standardize what 
clinical tests that may have been used. We agree with Dr. 
Caruso that subjective assessment of the response to nerve 
stimulation, and of clinical tests, is inadequate to confirm 
successful reversal.

Although the presumed mechanism behind the asso-
ciation of monitoring site and residual paralysis would be 
a more generous administration of neuromuscular-block-
ing drugs to patients with monitoring of eye muscles, we 
did not observe differences in neuromuscular-blocking 
drugs dosing. It is conceivable that patients in the eye 
muscle monitored group would have had lower adduc-
tor pollicis TOF-counts at the time of neostigmine 

such as tidal volume may explain this finding. While most 
patients will not be harmed (as shown in this study) by extu-
bating with a train-of-four ratio less than 90, these patients 
are likely at increased risk of respiratory complications.4 As 
such, we encourage practitioners to confirm that the rever-
sal drug has had the desired effect. To not do so makes an 
assumption which will be incorrect in a small but real per-
centage of patients.

Lawrence J. Caruso, M.D.,* David A. Paulus, M.D., 
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Closing the Loop on Relaxant 
Reversal

To the Editor:
We read with interest the article by Thilen et al.1 pertaining 
to residual paralysis. We commend the authors for clarifying 
the pitfalls of monitoring the periorbital muscles as opposed 
to the adductor pollicis muscle. However, we are curious as 
to how adequate reversal of neuromuscular blockade was 
assessed prior to extubation. Depending on the density of 
the block, complete reversal after an intermediate duration 
neuromuscular blocker may be rapid, but could take up to 
roughly 50 min.2 Due to the variability and the danger of 
respiratory complications with residual paralysis, we con-
sider it essential to document that adequate reversal has in 
fact occurred. As Plaud et al.3 highlight in their excellent 
review article, subjective assessment of train-of-four strength 
and measurement of tidal volume, two often mentioned 
parameters, are wholly inadequate to assess adequate rever-
sal. Without quantitative train-of-four monitoring intraop-
eratively, 5 s head lift and sustained tetanus with 100 Hz 
are the best available parameters, although even these are 
not completely adequate. We question which measures were 
used in this study.

The authors state that the time interval from neostigmine 
administration to train-of-four ratio measurement was not 
significantly different between the two groups. Given the 
different degrees of neuromuscular blockade at the time of 
reversal (based on similar train-of-four at the two different 
sites), it is possible that the decision to extubate was based on 
time elapsed from neostigmine administration rather than 
specific measures of strength. The time pressure of getting 
patients extubated as well as reliance on less reliable measures 
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