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Does the plethysmographic variability index predict fluid
responsiveness in mechanically ventilated children?
A meta-analysis

F.-P. Desgranges1,*, J.-N. Evain1, E. Pereira de Souza Neto2, D. Raphael3,
O. Desebbe1 and D. Chassard1

1Lyon, France, 2Montréal, Québec, Canada, and 3Irvine, CA, USA

*E-mail: francois-pierrick.desgranges@chu-lyon.fr

Editor—The plethysmographic variability index (PVI), a dynamic
index of preload dependence based on the respiratory variations
in the pulse oximetry plethysmographic waveform amplitude, is
a reliable and non-invasive predictor of fluid responsiveness in
mechanically ventilated adults.1 However, few studies in the lit-
erature have investigated the ability of the PVI to predict the re-
sponse to volume expansion in the paediatric population, with
conflicting results.2 The goal of this meta-analysis was to sum-
marize available evidence about the diagnostic accuracy of the
PVI for the prediction of fluid responsiveness in children under
mechanical ventilation.

We searched theMedline, Google Scholar, and Cochrane data-
bases, from inception to April 2016, to identify studies published
as full-text articles in indexed journals that investigated the diag-
nostic accuracy of the PVI in predicting fluid responsiveness in
mechanically ventilated children. The search terms used were
as follows: ‘pleth’ or ‘plethysmography’; ‘child’ or ‘adolescent’
or ‘infant’; ‘variation’ or ‘variability’; and ‘index’ or ‘indices’. All
statistical analyses were performed using Meta-Disc software
version 1.4 (Ramon y Cajal Hospital, Madrid, Spain) for Windows.
We calculated pooled values of diagnostic odds ratio, sensitivity,
and specificity of PVI to predict the response to fluid challenge,
using a random-effects model. A summary receiver operating
characteristic curve was drawn to define the ability of PVI to dis-
criminate between responders and non-responders to fluid chal-
lenge. Heterogeneity between studies was assessed using the
Cochran’s Q and I2 tests. All values were reported as the point es-
timate with 95% confidence interval (CI).

Four studies, with a total of 144 patients and 187 fluid boluses,
were included in the meta-analysis.3–6 The mean responder rate
was 48%. All studies were carried out in the operating theatre.
The mean threshold value for the identification of responders
to volume expansion was 14% ( 3). The area under the sum-
mary receiver operating characteristic curve of PVI to predict
fluid responsiveness was 0.86 (Fig. 1). The pooled sensitivity, spe-
cificity, and diagnostic odds ratio of PVI for the overall population
were 72% (95% CI 62‒81), 81% (95% CI 71‒88), and 14 (95% CI 7‒31),
respectively. No significant statistical heterogeneity between the
studies was found for specificity or diagnostic odds ratio (P>0.1;
I2<50%). Conversely, a significant heterogeneity was found for
sensitivity (P=0.02; I2=69%). Given the low number of studies in-
cluded in this work, meta-regression analysis to explore the pos-
sible sources of clinical ormethodological heterogeneity between
studies was not performed.
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Fig 1 Summary receiver operating characteristic (SROC) curve of the

plethysmographic variability index to predict fluid responsiveness in

mechanically ventilated children. Filled circles represent each study

included in the meta-analysis. AUC, area under curve; , standard error.
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In summary, thismeta-analysis suggests that the PVI could be
an accurate predictor of fluid responsiveness in children under
mechanical ventilation in the operating theatre. In the future,
this non-invasive haemodynamic monitoring tool could be in-
corporated into an intraoperative fluid management algorithm
in the paediatric population. However, given the low number of
studies and participants and the heterogeneity among studies
in terms of sensitivity, additional studies are required to confirm
our findings before recommending the PVI for routine assess-
ment of fluid responsiveness in children.
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Improved postoperative oxygenation after antagonism of moderate
neuromuscular block with sugammadex versus neostigmine after
extubation in ‘blinded’ conditions

M. Boon1, C. Martini1, S. Broens1, E. van Rijnsoever1,2, T. van der Zwan2,
L. Aarts1 and A. Dahan1,*

1Leiden, The Netherlands, and 2The Hague, The Netherlands

*E-mail: a.dahan@lumc.nl

Editor—Neuromuscular blocking agents are routinely used dur-
ing general anaesthesia to optimize intubation and improve sur-
gical conditions. For example, we recently showed that a deep
neuromuscular block (NMB) improves the quality of the surgical
field in retroperitoneal laparoscopic surgery.1 The persistence of
some level of NMB [residual relaxation defined by a train-of-four
(TOF) ratio <0.9] during and after extubation is an independent
risk factor for postoperative pulmonary complications, with hyp-
oxaemia asmost the frequent event.2 3 In order to assesswhether
the practice of NMB antagonism has an effect on residual NMB
and oxygenation levels in the postanaesthesia care unit (PACU),
we conducted a multicentre, double-blind, randomized con-
trolled trial (with acronymNEUROPA) comparing the effect of an-
tagonism of a moderate NMB (TOF one to two twitches) with
sugammadex 2 mg kg−1 vs neostigmine 2.5 mg on oxygen satur-
ation (SpO2

) values in the PACU. The use of neostigmine 1–2.5 mg
is currently the standard of practice in the two hospitals where
this study was conducted (Leiden University Medical Center,
Leiden and HagaZiekenhuis, The Hague, The Netherlands).
In order to obtain an indication of the oxygenation status of the
patients in the PACU without the confounding effects of sup-
plemental oxygen, the application of an oxygen mask was not
allowed unless SpO2

was <94%. The study was registered (Clinical
Trials.gov NCT02243943), approved by the local ethics commit-
tees, and all patients gave written informed consent before par-
ticipation. All patients received total i.v. anaesthesia (propofol,
sufentanil, and rocuronium); the level of NMB was kept at one

to two twitches in the TOF. After antagonism, the attending an-
aesthetist was blinded to the TOF monitor, and extubation was
based on clinical grounds (head lift, hand grip, open eyes, tongue
protrusion, etc.).

One hundred patients were randomized, with 50 patients in
each group. The attending anaesthetist decided that after antag-
onism, eight patients required one additional neostigmine dose
of 1 mg; three others received a dose of sugammadex after their
initial neostigmine dose. None of the patients who initially re-
ceived sugammadex required additional treatment. The mean
T4/T1 TOF ratio (95% confidence interval) at extubation was
0.74 (0.71–0.83) in the neostigmine group vs 0.99 (0.98–1.00) in
the sugammadex group (P<0.0001). Thirty-five (70%) patients
treated with neostigmine had a TOF ratio <0.9 upon extubation
vs two (4%) of the patients treated with sugammadex. The lowest
SpO2

in the PACU was 93.3 (91.9–94.7)% in the neostigmine group
vs 96.8 (96.1–97.4)% in the sugammadex group (P<0.0001). Figure 1
shows the individual lowest saturation value in the PACU vs TOF
ratio at extubation. In the sugammadex group, 90% of the pa-
tients were in the upper right quadrant of the graph (TOF ratio
of >0.9 combined with lowest saturation ≥94%) vs 16% of patients
treated with neostigmine. In the PACU, no significant differences
in sedation and pain scores were observed. No adverse events
occurred.

Low SpO2
values are not uncommon in the PACU and are re-

lated to multiple factors, including the residual effects of opioids
and anaesthetics, type of surgery, patient characteristics,
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