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Transpulmonary driving pressure (DPL) corresponds to the cyclical stress imposed on the

lung parenchyma during tidal breathing and, therefore, can be used to assess the risk

of ventilator-induced lung injury (VILI). Its measurement at the bedside requires the use

of esophageal pressure (Peso), which is sometimes technically challenging. Recently, it

has been demonstrated how in an animal model of ARDS, the transpulmonary pressure

(PL) measured with Peso calculated with the absolute values method (PL = Paw—Peso)

is equivalent to the transpulmonary pressure directly measured using pleural sensors

in the central-dependent part of the lung. We hypothesized that, since the PL derived

from Peso reflects the regional behavior of the lung, it could exist a relationship between

regional parameters measured by electrical impedance tomography (EIT) and driving

PL (DPL). Moreover, we explored if, by integrating airways pressure data and EIT data,

it could be possible to estimate non-invasively DPL and consequently lung elastance

(EL) and elastance-derived inspiratory PL (PI). We analyzed 59 measurements from

20 patients with ARDS. There was a significant intra-patient correlation between EIT

derived regional compliance in regions of interest (ROI1) (r = 0.5, p = 0.001), ROI2

(r = −0.68, p < 0.001), and ROI3 (r = −0.4, p = 0.002), and DPL. A multiple linear

regression successfully predicted DPL based on respiratory system elastance (Ers), ideal

body weight (IBW), roi1%, roi2%, and roi3% (R2 = 0.84, p < 0.001). The corresponding

Bland-Altmann analysis showed a bias of −1.4e-007 cmH2O and limits of agreement

(LoA) of −2.4–2.4 cmH2O. EL and PI calculated using EIT showed good agreement (R2

= 0.89, p< 0.001 and R2 = 0.75, p< 0.001) with the esophageal derived correspondent

variables. In conclusion, DPL has a good correlation with EIT-derived parameters in

the central lung. DPL, PI, and EL can be estimated with good accuracy non-invasively

combining information coming from EIT and airway pressure.
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FIGURE 2 | Electrical impedance tomography derived and measured DPL, lung elastance (EL), and elastance-derived inspiratory lung pressure. Linear regression

between EIT-derived and measured DPL (A), EL (C), and lung inspiratory pressure (E), and relative Bland-Altmann plots (B,D,F). EIT, electrical impedance

tomography; Peso, esophageal pressure.

that fits all the patients and conditions. Personalizing mechanical
ventilation in patients affected by ARDS aims to keep under
control different variables, each one affecting the different
components of VILI pathophysiology (Nieman et al., 2017;
Tonetti et al., 2017; Pinto et al., 2020). DPL is the pressure to
which the lung parenchyma is cyclically exposed during tidal
breathing and represents the stress applied to the lung, not
considering the pressure needed to overcome the chest-wall
resistance. Since pleural pressure is not easily accessible to the
bedside, Peso has been classically used to indirectly calculate

transpulmonary pressure (Talmor et al., 2008; Beitler et al.,
2019; Scaramuzzo et al., 2020a). However, Peso monitoring is
invasive, can be technically challenging or not feasible in some
patients, and requires precise calibration and interpretation. By
exploring the intra-patient correlation of EIT-derived parameters
and DPL, we found that a change in DPL correlates negatively
with a change of ventilation distribution in ROI1 and ROI2 while
positively with a change in ROI3 and ROI4. This means that,
when changing PEEP in patients with ARDS, an increase in
relative ventilation in the dependent lung is related to a rise in
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DPL. This can be explained by the increased lung deformation
which is related to a dorsal shift of ventilation but raises
some questions on PEEP titration aiming to maximize dorsal
ventilation (Pelosi et al., 2018). The association was even stronger
when analyzing regional compliance, especially in the ROI2,
which corresponds to the central-ventral ROI. Surprisingly, no
significant correlation was found between change DPL and
regional compliance in ROI4, meaning that the esophageal-
derived DPL is less informative than thought on the regional
characteristics of the dorsal part of the lung, despite the dorsal
lung has been classically associated with the concept of PEEP
titration guided by transpulmonary pressure. The central lung
region corresponds to the position where the esophagus and,
therefore, the esophageal catheter are supposed to be and explains
why the stronger correlations have been found in the central
lung ROIs.

We found that by integrating EIT and airway opening pressure
information, DPL can be predictable with good reliability and
low bias. Specifically, esophageal derived DPL was derived from
IBW, Ers, and the relative ventilation in ROI1, ROI2, and ROI3.
This is not the first attempt to evaluate non-invasively DPL
and EL. Lundin et al. (2015) recently introduced a method
to estimate transpulmonary pressure from changes in end-
expiratory lung volume (1EELV) following a PEEP step. Despite
this approach is intriguing, it does need to perform a PEEP
titration including the need to reach low or even zero PEEP.
This is not problematic in patients undergoing general anesthesia
which is the context of method validation but is less feasible
in patients with ARDS, where the removal of PEEP can cause
clinically important effects. Recently, Yoshida et al. (2018)
demonstrated how transpulmonary pressure calculated using the
subtractive method from Peso reflects the local behavior of the
central to dependent lung. We hereby confirm this finding. Is has
to be tested if this approach could be used to evaluate directly
measured non-dependent lung DP, being at the moment still
not possible to estimate local end-expiratory transpulmonary
pressure and, therefore, the corresponding DPL of this area.

We evaluated if also the inspiratory transpulmonary pressure,
calculated using the elastance-derived method (Grasso et al.,
2012) could be predicted by EIT. This parameter, indeed, has
been demonstrated to be highly indicative of the transpulmonary
pressure directly measured in the non-dependent lung (Yoshida
et al., 2018). We found that EIT could predict its value with high
accuracy, just by deriving lung and chest wall elastances by PL,EIT.
This simple calculation, if implemented on available bedside EIT
machines, would allow having continuously and non-invasively a
good predictor of non-dependent transpulmonary pressure and,
therefore, of the risk of barotrauma in this part of the lung.

We demonstrated that by using EIT data, it is possible to
quantify DPL and EL, as commonly calculated by the esophageal
balloon. The immediate advantage of this is the possibility
of measuring DPL continuously and in patients in which the
esophageal catheter positioning is technically challenging or the
signal is not reliable. Moreover, we confirmed that PL reflects
the behavior of the central regions of the lung. Future studies
need to evaluate if EIT can be used to calculate transpulmonary
pressure in the other lung regions, allowing therefore to have

at the bedside, regional transpulmonary pressure data. This
information is currently not derivable by any non-invasive
monitoring tool and could be precious in assessing regional early
indicators of VILI.

This study has some limitations. First, it is derived from
a limited number of observations and a small number of
patients enrolled in two centers. Second, we used only one EIT
machine to retrieve the percentage of relative ventilation in the
ROI which is implemented with lung contouring based on the
anthropometric characteristics of the patient. If this approach
and the parameters derived in the regression equation can be
applied also to the other EIT devices has to be confirmed
(Lionheart, 2004). Third, in the protocol, we explored the
correlation between DPL measured using the esophageal balloon
and EIT, by using a database of repeated measures at different
levels of PEEP. Since regional DP can be modified by TV,
future studies need to evaluate the impact of this parameter on
regional transpulmonary pressure and the agreement between
the two techniques. Finally, the population was characterized by
patients affected mainly by ARDS associated with pneumonia or
sepsis. None of the patients had a highly asymmetrical ARDS.
The replicability of the findings must be, therefore, explored
in this specific form of ARDS, due to the highly variable local
forces, especially for their influence on the esophageal balloon
signal (as shown in Supplementary Figure S3). No patient with
COVID-19 was enrolled in this study and, therefore, also the
applicability of this technique to patients with COVID-19 has
to be tested. In conclusion, DPL correlated with EIT-derived
regional parameters, especially in the central lung. DPL, EL,
and inspiratory transpulmonary lung pressures can be non-
invasively estimated by integrating EIT-derived and airway
opening pressure-derived data.
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