Letters to Editor

Inhaled nitric oxide, methemoglobinemia, and route of delivery

Sir,

Inhaled nitric oxide (INO) has emerged as one of the most
important therapies for pulmonary hypertension.!' It is
also beneficial in patients with acute respiratory distress
syndrome. Methemoglobinemia is a well-known potential
complication of INO in patients with methemoglobin
reductase deficiency and overdose of INO. However, do we
need to be careful in using low dose INO even in patients
without deficiency of methemoglobin reductase?

Nitric oxide oxidizes heme iron to the ferric state, resulting
in the formation of methemoglobin.? Methemoglobin has
higher oxygen affinity and decreased oxygen-carrying capacity
of the blood due to fewer hemes to bind oxygen. This causes
leftward shift of oxyhemoglobin dissociation curve and
reduced unloading of oxygen to the tissues. Methemoglobin
is converted back to hemoglobin by enzyme methemoglobin
reductase in the blood. Normal methemoglobin level in body
is <2% of normal hemoglobin. Raised production (overdosing
of INO, inadvertent faulty delivery) or reduced clearance
of methemoglobin (methemoglobin reductase deficiency)
results in its accumulation - methemoglobinemia.

When NO is delivered during mechanical ventilation with
variable mainstream flow, there is periodic accumulation of
NO in the inspiratory limb of the ventilator circuit as NO is
delivered continuously into the inspiratory limb. The patient
is delivered NO bolus with each breath from such NO pools in
inspiratory limb of circuit. Such NO fluctuations may not get
detected by slow response chemiluminescent analyzers.**

Yamaguchi et al. showed that higher concentration of
delivered NO was seen by lower ventilator flow rates and
by more distal instillation of the gas.’ Taylor et al. reported
two cases of methemoglobinemia with moderate- and even
low-dose delivered NO due to inadvertent overdosing during
phasic flow ventilation.!®!

Methemoglobinemia is fatal if not detected early as hypoxia
due to it is refractory to oxygen therapy. In critically ill,
ventilated patient receiving INO, even lower dose may
produce severe tissue hypoxia as the patient may be
in hypoperfused state. Alteration in dosing should be
considered if methemoglobin level more than 5%. High level
with clinical findings of severe lactic acidosis and tissue
hypoxia warrants treatment with intravenous methylene
blue 1-2 mg/kg, which will rapidly convert ferric iron back to
ferrous form with resultant unloading of oxygen to tissues."”!

It is essential to know how NO is administered and analyzed.
Methemoglobinemia can be underestimated even if low
concentration of NO is delivered. It is suggested to administer
NO through continuous flow ventilator to avoid NO pooling

in the circuit.” Delivery and analysis of NO should be done
near the mouthpiece of the ventilator circuit with less dead
space for accumulation.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

MoNisH S. RAuT, ARUN MAHESHWARI
Department of Cardiac Anaesthesia, Sir Ganga Ram Hospital,
New Delhi, India

Address for correspondence:

Dr. Monish S. Raut,

Department of Cardiac Anaesthesia, Sir Ganga Ram Hospital,
New Delhi, India.

E-mail: drmonishraut@gmail.com

References

1. Thunberg CA, Morozowich ST, Ramakrishna H. Inhaled therapy for
the management of perioperative pulmonary hypertension. Ann Card
Anaesth 2015;18:394-402.

2. Young JD, Dyar O, Xiong L, Howell S. Methaemoglobin production
in normal adults inhaling low concentrations of nitric oxide. Intensive
Care Med 1994;20:581-4.

3. Sydow M, Bristow F, Zinserling J, Allen SJ. Variation of nitric oxide
concentration during inspiration. Crit Care Med 1997;25:365-71.

4. Imanaka H, Hess D, Kirmse M, Bigatello LM, Kacmarek RM,
Steudel W, et al. Inaccuracies of nitric oxide delivery systems during
adult mechanical ventilation. Anesthesiology 1997;86:676-88.

5. Yamaguchi N, Togari H, Suzuki S. During neonatal mechanical
ventilatory support, the delivered nitric oxide concentration is affected
by the ventilatory setting. Crit Care Med 2000;28:1607-11.

6.  Taylor MB, Christian KG, Patel N, Churchwell KB. Methemoglobinemia:
Toxicity of inhaled nitric oxide therapy. Pediatr Crit Care Med
2001;2:99-101.

7. Marcucci L, Martinez EA, Haut ER, Slonim AD, Suarez JI. Avoiding
Common ICU Errors. Publisher Wolters Kluwer Health Adis (ESP).
2012. p. 548.

This is an open access article distributed under the terms of the
Creative Commons Attribution-NonCommercial-ShareAlike 3.0
License, which allows others to remix, tweak, and build upon the
work non-commercially, as long as the author is credited and the
new creations are licensed under the identical terms.

Access this article online

Quick Response Code

Website:

www.saudija.org

DOI:
10.4103/sja.SJA_82_17

How to cite this article: Raut MS, Maheshwari A. Inhaled nitric oxide,
methemoglobinemia, and route of delivery. Saudi J Anaesth 2017;11:364.
© 2017 Saudi Journal of Anesthesia | Published by Wolters Kluwer - Medknow

364 Saudi Journal of Anesthesia / Volume 11 / Issue 3 / July-September 2017



