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guarantee mode of Aisys® anesthesia
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To the Editor:
During pressure-controlled ventilation with volume

guarantee (PCV-VG) of Aisys® anesthesia Carestation
(GE Healthcare, Helsinki, Finland), peak inspiratory
pressure is automatically adjusted to deliver set tidal vol-
ume. The anesthesia machine measures tidal volume by
integrating flow. We wish to report inadvertent
hypoventilation because tidal volume was not measured
correctly, which led to erroneous adjustment of peak in-
spiratory pressure.
During craniotomy for a brain tumor, anesthesia had

been maintained by low-flow desflurane (fresh gas flow
0.5 l per minute). A hydrophobic filter had not been
placed in the respiratory circuit. For intraoperative venti-
lation, PCV-VG mode was set to deliver tidal volume of
500 mL, approximately 7 ml per patient’s body weight. In
the initial three and a half hours, ventilation status was
stable with measured tidal volume of 490 ml, peak in-
spiratory pressure was 19 cmH2O, and partial pressure
of end-tidal carbon dioxide (ETCO2) was between 30
and 35 mmHg. Then, ETCO2 gradually increased to-
wards 50mmHg in approximately 15 min. At this time,
tidal volume was 800 ml and peak inspiratory pressure
had been automatically reduced to 12 cmH2O. PCV-VG
mode was turned off, and patient’s lungs were ventilated
manually. Measured tidal volume was 1000ml when the
lungs were inflated to 19 cmH2O. We suspected that
value of tidal volume shown on the monitor may be in-
correct. A respiratory assembly which includes inspira-
tory and expiratory flow sensors was replaced. After
replacement of this assembly, tidal volume and peak

airway pressure returned to initial values (600 ml and 19
cmH2O) within 10 min of recognition of the problem.
ETCO2 gradually decreased to 34 mmHg, and subse-
quent perioperative course was uneventful. A clinical en-
gineer noticed that there was water condensation in the
corrugated tubing of the respiratory circuit.
Postoperatively, we monitored tidal volume during

PCV-VG using a test lung and an in-circuit humidifier
with support of the manufacturer engineers. However,
the similar phenomenon as above could not be repro-
duced. Therefore, we deliberately added a few milliliters
of water to the flow sensor, and suddenly, a much
greater tidal volume was shown on the anesthesia ma-
chine display.
Wax and Neustein [1] have reported erroneous display

of expired tidal volume while using the Aisys® anesthesia
machine, but in their case, tidal volume was less than
that actually delivered. We could not find any other re-
ports in which tidal volume was greater than the actual
value. On what condition a faulty flow sensor leads to ei-
ther larger or smaller tidal volume warrants further
study.
During prolonged low-flow inhalation anesthesia, sub-

stantial amount of water can accumulate in a respiratory
circuit. Water condensation in the flow sensor may cause
erroneous measurement of tidal volume. In PCV-VG
mode, peak inspiratory pressure may then be adjusted in-
appropriately and leads to inadvertent hypercapnia or
hypocapnia, depending on miscalculated tidal volume. We
wish to advise readers that excess water be drained regu-
larly to prevent malfunction of PCV-VG mode. When
tidal volume is suspected to be incorrect, an analog device
such as a Wright spirometer can be used to measure tidal
volume.

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

* Correspondence: BYG07622@nifty.com
Department of Anesthesiology, School of Medicine, Jikei University,
Nishi-Shimbashi 3-25-8, Minato-ku, Tokyo 105-8462, Japan

Nabatame et al. JA Clinical Reports            (2020) 6:33 
https://doi.org/10.1186/s40981-020-00341-8

http://crossmark.crossref.org/dialog/?doi=10.1186/s40981-020-00341-8&domain=pdf
http://orcid.org/0000-0003-2156-7244
http://creativecommons.org/licenses/by/4.0/
mailto:BYG07622@nifty.com


Acknowledgements
Not applicable.

Authors’ contributions
Mai Nabatame: This author wrote an original manuscript. Shuya Kiyama: This
author revised the original manuscript. Shoichi Uezono: This author helped
to revise the original manuscript. The authors read and approved the final
manuscript.

Funding
Not applicable.

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
Ethics committee waived patient’s informed consent.

Consent for publication
As above.

Competing interests
None.

Received: 6 April 2020 Accepted: 4 May 2020

Reference
1. Wax D, Neustein S. Malfunction of the new Aisys anesthesia machine.

Anesthesiology. 2007;106:404–5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Nabatame et al. JA Clinical Reports            (2020) 6:33 Page 2 of 2


	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Reference
	Publisher’s Note

