
Editorial

Structure determines function

Mark J. Heulitt*
Section of Critical Care Medicine, Department of Pediatrics, Physiology and Biophysics, College of Medicine,
University of Arkansas for Medical Sciences, Little Rock, AR, USA

Received 16 January 2013

Revised 4 May 2013

Accepted 16 January 2013

In this special issue of the Journal of Pediatric Inten-
sive Care, we have compiled a series of articles relating
to mechanical ventilation. We have chosen to select arti-
cles that do not address the usual reviews on mechanical
ventilation but rather topics that our readers may find
unique and interesting.
The title of my editorial, “Structure determines func-

tion”, relates to that first lecture in physiology when it
was discussed that changes in the shape of a protein,
cell or organ will usually result in a change of function
of that structure. This is never so true as in a discussion
of the physiology of positive pressure mechanical ven-
tilation in pediatric patients. Over the past 20 years,
there has been a growing body of literature that served
as the basis of a “protective lung strategy” in patients
with acute lung injury and acute respiratory distress
syndrome [1,2]. I published the first review on this topic
in pediatric patients in Respiratory Care in 1995 [3,4].
Since then, pediatric intensivists have modified their
practice in an attempt to limit iatrogenic lung injury.
These strategies, though still debated, usually include a
low tidal volume strategy, limited levels of plateau pres-
sure and inspired oxygen with adequate level of positive
end expiratory pressure. The basis of the iatrogenic lung
injury caused by positive pressure mechanical ventilation

is a distortion of normal lung architecture (change in
structure) with a subsequent change in pulmonary func-
tion of gas exchange (change in function). Therefore,
all strategies are based in a desire to preserve the normal
lung structure, thus function. Adjusting mechanical ven-
tilator strategies as describe above can minimize ventila-
tor induced lung injury and thus decrease mortality [1,2].
Recent reviews have demonstrated reduced mortality
rates of 18–35% in pediatric patients [5,6].

The exact lower limit of the amount of tidal volume
that causes structural damage, especially in pediatric
patients, is still not known. We know the strategies
of the 1980’s and early 1990’s of tidal volumes in
excess of 10 mL per kg are deleterious, but the ideal
tidal volume in children is still unknown. Due to the
lack of this knowledge, strategies have developed to
limit the tidal volume (8 mL per kg or less) along with
inspired oxygen and plateau pressure. Further com-
plicating this discussion is the inexact nature of our
ability to accurately measure tidal volume in mechani-
cally ventilated pediatric patients. I must remind the
reader that we never measure tidal volume during
mechanical ventilation, but measure flow and then inte-
grate the flow changes to determine volume. Of course,
this technique will not be accurate if not all flow is
measured by the pneumotachograph (flow measuring
device) such as when the flow is retained in the venti-
lator circuit (loss due to compression volume), or if there
is an airway leak. It has been proposed that due to the
above difficulties that in small pediatric patients, accu-
rate tidal volume can only be guaranteed if tidal volume

*Address for correspondence: Mark J. Heulitt, Physiology and
Biophysics, College of Medicine, University of Arkansas for Medi-
cal Sciences, Applied Respiratory Physiology Laboratory Arkansas
Children’s Hospital Research Institute, Little Rock, AR 72202-
3591, USA. Tel.: +1 501 364 1858; Fax: +1 501 364 3188; E-mail:
heulittmarkj@uams.edu.

Journal of Pediatric Intensive Care 2 (2013) 1–3
DOI 10.3233/PIC-13041
IOS Press

1

2146-4618/13/$27.50 © 2013 – IOS Press and the authors. All rights reserved



is measured by a sensor placed at the patient’s endo-
tracheal tube [7]. Subsequent studies by myself and
my colleagues have demonstrated that tidal volumes
can be measured without an airway sensor; however,
there is an associated bias with this technique and all
volume must be considered, not just what is associated
with the ventilator’s circuit compliance loss to ensure
these volumes are accurate [8,9]. In this issue, we have
presented two articles examining the accuracy of tidal
volume measurement with airway sensors. Our goal
was to examine the different engineering solutions
offered by these devices and determine their accuracy
in extremely small tidal volumes such as those utilized
preterm neonates. Our results show that the addition of
an airway sensor does not guarantee volume will be
measured accurately and that bias does exist. Also, there
are considerable differences between the three types of
airway sensors utilized in regards to both bias and preci-
sion of the volume measured. Finally, we included an
article that looked at the accuracy of volume measure-
ment when helium is added to the ventilator circuit
in patients with increased airway resistance. Recently,
a manufacturer has introduced a system that internally
adjusts for the effects of helium-oxygen mixture on
the accuracy of volume measurement by the ventilator’s
pneumotachograph. Unfortunately, our results demon-
strate that volume measurements continue to be inaccu-
rate even with systems that have internal adjustments.
We recommend that clinicians should be vigilant in
monitoring delivered tidal volumes using a commer-
cially available ventilator equipped with an internal
helium-oxygen blending system.
In addition to the original scientific studies described

above, we have included three unique review articles
again addressing unique problems encountered when
pediatric patients are supported with positive pressure
mechanical ventilation. The first review is an excel-
lent discussion of the issue of triggering and sponta-
neous breathing during mechanical ventilation. This
is a problem often discussed on rounds in the intensive
care unit (ICU); however, the scope of the problem is
just becoming evident to clinicians. Issues relating to
triggering and asynchrony are important in mechanical
ventilation in pediatric patients [10,11]. In a recent
animal study examining this issue in my laboratory,
we documented a significant incidence of asynchrony
in a recovering animal model and considerable varia-
tion associated with different modes of ventilation
[12]. Similar findings were found in pediatric patients
recovering from bronchiolitis [13]. This issue is impor-
tant in the scope of our previous discussion of lung

protection since it has been proposed that spontaneous
breathing may be protective in its own right [14]. Clin-
icians need to understand the limitations of different
modes of mechanical ventilation and factors that may
lead to difficulties in triggering and asynchrony and
adjust accordingly in their patients.

The second review examines the affects of sleep in
the ICU and the effects of mechanical ventilation on
sleep. This is another topic that is not studied in pedia-
tric patients, but is clinically important in the care
of mechanically ventilated patients. Although all of
sleep’s purposes are unknown, sleep deprivation has
serious consequences. It is well known that the ICU
environment is not favorable for sleep. Mechanical
ventilation is an intervention that is vital in the sup-
port of critically ill patients during their treatment
course. However, activities related to ventilation con-
tribute to sleep disturbance including suctioning, pain
of endotracheal tube, noise of alarms, over ventilation,
and patient-ventilator asynchrony. It has been found
in adults that apneas and asynchrony lead to increased
arousals, awakenings, and decreased sleep efficiency
[15]. The complex nature of the issues of causes of
ventilator synchrony and sleep quality requires a
greater understanding of this relationship in pediatric
patients. Perhaps the most important question posed
by this outstanding review is whether improvement
of sleep in the ICU is a goal for physicians.

The final review is a discussion of a unique use of
increased respiratory frequency to create a lung pro-
tective strategy. The strategy is called Mid-Frequency
ventilation (MFV) which is a mode of mechanical ven-
tilation where pressure controlled breaths are delivered
at higher than usual respiratory rates with a conven-
tional ventilator. The use of higher than normal fre-
quencies has been used in clinical practice for the last
30 years. However, MFV is based in the mathematical
modeling of a pressure control breath; were as ventila-
tor frequency increases, at a constant I:E ratio, alveolar
ventilation demonstrates a peak (maximized). This
peak is typically found at higher than usual respiratory
rates (optimal frequency) and lower tidal volume.
The clinical consequence is that for a given alveolar
ventilation target, MFV provides optimal inspiratory
pressure and respiratory frequency with the least tidal
volume. Even though this approach is still theoretical,
however it still offers an alternative to the traditional
approach in neonatal and pediatric patients who fail a
conventional low tidal volume protective lung strategy
who are usually transitioned to either high frequency
ventilation (HFV), which delivers small tidal volume
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at fast respiratory rates or more invasive and expensive
support such as extracorporeal membrane oxygenation.
Due to the specialized ventilator required to administer
HFV, the ability to monitor potential lung overdistension
is limited, as well as the ability to transport within the
institution for diagnostic services or to other institutions
for specialized care. High frequency ventilators are an
expensive limited resource, and availability would be
severely limited in epidemics causing respiratory failure.
The ability to use a conventional ventilator to perform
lung recruitment without causing ventilator induced lung
injury in patients who fail a traditional lung protective
strategy would expand availability of resources and
improve versatility of care in place of HFV.
In summary, concerns discussed in this issue do not

require state of the art equipment, but a clinician who
identifies these issues as important and prioritizes
their decisions to protect the lung and create the most
ideal environment for their patient.
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