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EditordOverdistension can occur after an increase in PEEP

even under lung-protective ventilation. It is unknown if such

overdistension is caused by PEEP itself or by tidal breathing

at higher PEEP. Lung-protective ventilation requires low tidal

volume (VT) (6e8 ml kg�1 ideal body weight) and adequate

PEEP. Ultra-protective lung ventilation with very low VT (e.g.

4 ml kg�1) is usually limited to patients receiving

extracorporeal membrane oxygenation (ECMO). Whether VT

is low enough to avoid lung overdistension is unknown. An

increase in PEEP may also introduce regional

overdistension.1 A bedside tool to identify overdistension is

warranted.

Electrical impedance tomography (EIT) is used to optimise

PEEP at the bedside to avoid regional lung overdistension and

collapse.2 Here we introduce a simple EIT-based method to

identify (1) whether lung tissue is overdistended after PEEP

increase and (2) whether the overdistension is caused by VT or

PEEP changes.
In the scenario of PEEP increase (e.g. recruitment

manoeuvre, PEEP titration, or assessment of lung recruit-

ability),3,4 tidal impedance variation and the changes in end-

expiratory lung impedance (DEELI) were normalised to vol-

ume for all pixels of the lung regions (regions with tidal

impedance variation >20% of the maximum). Regional

compliance was calculated according to Eq. (1).

CEIT;i ¼TVi=DP ; (1)

where TVi corresponds to tidal impedance variation for pixel i

(ml) and DP is the driving pressure (mbar).

Step 1. Confirm if CEIT at high PEEP is higher or lower than

CEIT at low PEEP

For any lung regions with DCEIT<0 (high PEEP minus low

PEEP), regional overdistension occurs. DCEIT>0 represents

regional recruitment. This assessment can be performed
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Fig 1. Illustration of the electrical impedance tomography (EIT)-based method for discriminating lung overdistension caused by PEEP from

overdistension induced by tidal volume. Different nomenclatures in the equations are illustrated in the top figure. EELV, end-expiratory

lung volume; DVPEEP, lung volume changes introduced by PEEP increase; C, compliance; PPlat, plateau pressure; lowP and highP represent

low and high PEEP levels; DVPEEPþTV, lung volume changes introduced by PEEP increase and tidal breathing at high PEEP. After calculating

the regional compliance CEIT at each PEEP level, the changes caused by PEEP increase (DCEIT) are calculated (Step 1). Significant decrease of

CEIT is confirmed (in this case orange regions, e16.9 ml mbar�1). The light blue number is the sum of all positive pixel values and the

orange one the sum of all negative ones. Volume changes caused by PEEP (DVPEEP) are calculated (Step 2). In this patient there was no sign

of overdistension. Next, volume changes caused by PEEP and tidal breathing at high PEEP (DVPEEPþTV) are assessed (Step 3). Overdistension

introduced by tidal breathing at high PEEP (OverdistendTV¼e226 ml) was observed (orange regions in Step 3), although the pre-set tidal

volume (6 ml kg�1) was supposed to be lung protective. Low and high PEEP levels in this patient were 5 and 20 mbar, respectively. Patient B:

PEEP was increased from 8 to 20 mbar. Adequate recruitment through the PEEP increase (Step 2, DVPEEP, blue regions 622 ml) and limited

overdistended volume in addition to tidal volume (Step 3, DVPEEPþTV, orange regions, e41 ml) was observed, compared to recruited volume

(blue regions, 549 ml). For Patient C (bottom), recruitment manoeuvre was performed with PEEP of 24 mbar (from the clinical PEEP of 14

mbar). Overdistension at the level of end-expiration was noticeable in the non-dependent region (Step 2, DVPEEP, orange regions, e47 ml).

Through tidal breathing at the high PEEP, overdistension deteriorated (Step 3, DVPEEPþTV, orange regions, e350 ml).
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directly during the examination. If no overdistension is

observed, Step 2 and Step 3 are not needed.

Step 2. Confirm if the overdistension is caused by PEEP

increase

When overdistension is observed in Step 1, the cause needs

to be further clarified. The recruited (RecruitPEEP) and over-

distended (OverdistendPEEP) volumes caused by PEEP increase

are calculated as follows:

DVPEEP;i ¼DEELIi �
�
CEIT;i;lowP �DPEEP

�
(2)

RecruitPEEP;r ¼ DVPEEP;r; if for pixel r; DVPEEP;r >0 (3)

OverdistendPEEP;o ¼ DVPEEP;o; if for pixel o; DVPEEP;o <0;

(4)

where CEIT,i,lowP represents the regional compliance of pixel i at

low PEEP.

If the calculated volume OverdistendPEEP,o is negligible,

which cannot explain the decrease of CEIT, Step 3 can be con-

ducted to confirm that VT results in overdistension.

Step 3. Confirm the overdistension is caused by tidal

breathing

DVPEEPþTV;i ¼ DEELIi þ TVi;highP �
�
CEIT;i;lowP �

�
DPEEP

þ DPhighP
��

(5)

RecruitTV;r ¼ DVPEEPþTV;r ; if for pixel r;DVPEEPþTV;r >0

(6)

OverdistendTV;o¼DVPEEPþTV;o; if forpixelo;DVPEEPþTV;o<0;

(7)

where TVi,highP is VT of pixel i at high PEEP and DPhighP is the

driving pressure at high PEEP. To briefly summarise, Step 1

compared two VT distributions at two PEEP levels; Step 2

compared the volume changes introduced by PEEP increase

with the expected changes calculated from low PEEP; and Step

3 compared the actual volume changes introduced by PEEP

plus VT with the expected ones. Figure 1 illustrates the process

with data from patients with acute respiratory distress syn-

drome (ARDS).

To demonstrate three possible scenarios determined by

the proposed method, EIT data from three patients with
ARDS are presented (data from an ongoing study approved

by our ethics committee, with patient consent for publica-

tion). EIT analysis of Patient A showed that the PEEP in-

crease was adequate (Fig. 1, Step 2; large recruitment

without signs of overdistension). However, overdistension

introduced by tidal breathing at high PEEP was observed,

although the pre-set VT (6 ml kg�1) should have been lung

protective (Fig. 1, Step 3; eDV¼e226 ml). Patient B showed

adequate recruitment through the PEEP increase and negli-

gible overdistension of VT (Fig. 1, Patient B). Overdistension

was observed through PEEP increase in Patient C (Fig. 1,

Patient C; eDV¼e47 ml).

Previous studies compared tidal ventilation distributions

after PEEP change to evaluate ventilation gain or loss.5

However, such comparisons could not distinguish the

cause of redistribution (PEEP or VT). Other studies proposed

calculation of recruited volume with EIT without using the

regional information.3,4 Only the volume increase was taken

into account, without considering the negative values.

Regional ventilation decrease could be caused by over-

distension or ventilation redistribution, therefore interpre-

tation of the findings should be cautious. We took one step

forward to use the full spatial EIT image resolution to

calculate recruited and overdistended volumes separately.

The pixel CEIT was used instead of global Crs from the

ventilator to obtain regional volume changes. To our

knowledge, this is the first attempt to explore whether VT is

too large in the context of lung-protective ventilation at the

bedside using EIT.
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1
EditordWe read the editorial by Hadjipavlou and colleagues

entitled ‘What is the true worth of a p-value? Time for a

change’ with great interest. We share the concern of the

authors regarding the use of statistics in biomedical science.

In their paper, the authors show the worth of a study’s

conclusion by calculating positive and negative predictive

values (PPV and NPV, respectively) using equations given in

their Table 1. Such calculations were reported earlier by

others including Ioannidis,2 who refers to earlier work in his

paper. The calculations are founded on contingency tables

and Bayesian inference.

When comparing the papers from Hadjipavlou and col-

leagues1 and Ioannidis,2 we encountered several discrep-

ancies. In short, when recalculating PPV and NPV using a

power of 0.8, a¼0.05, and prior probability of 50%, we obtained

values of 94% and 83%, respectively, whereas the editorial

reports the reverse values, that is 83% and 94%. To gain un-

derstanding of the entries in Table 1 of Hadjipavlou and col-

leagues,1 the following definitions and derivations may be

helpful.

The PPV¼P(Ejþ) is the probability that there is an effect (E)

given a positive outcome of an experiment (þ); the

NPV¼P(:Eje) is the probability that there is no effect (:E) given
a negative outcome of an experiment (e). The type I error rate

a¼P(þj:E) is the probability of a positive outcome when there

is no effect, and P(ej:E)¼1ea; the type II error rate b¼P(ejE) is
the probability of a negative outcome when there is an effect,

with power¼1eb¼P(þjE). Here, the null hypothesis is that

there is no effect. Furthermore,
P(þ)¼P(þjE)$P(E)þP(þj:E)$P(:E) and P(e)¼P(ejE)$P(E)þ
P(ej:E)$P(:E)

where P(E) is the a priori probability of effect, and P(:E)¼
1eP(E).

Using Bayes’ theorem, the PPV and NPV can be calculated

as

PPV¼P(Ejþ)¼P(þjE)$P(E)/P(þ)¼power$P(E)/(power$P(E)þ
a$(1eP(E)))

NPV¼P(:Eje)¼P(ej:E)$P(:E)/P(e)¼(1ea)$(1eP(E))/
((1ea)$(1eP(E))þb$P(E))

from which it may be inferred that for example A in the
authors’ Table 1 would be A¼power$P(E). When the prior
P(E)¼0.5, the equations simplify to (see also Heston and
King3)

PPV¼power/(powerþa) and NPV¼(1ea)/(1þbea)

We hope that this analysis sheds some light on the calcu-

lation of PPV and NPV. As the authors discuss, the PPV and

NPV do not only depend on the P value, but also on the power

of a study, and the prior probability. Assessing their in-

terdependencies may indeed be valuable when designing a

study. Finally, it is important to keep in mind that powering a

study on desired PPV and NPV and possibly biased prior belief

may suggest a possibly downward biased sample size.
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