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Abstract

Electrical impedance tomography (EIT) as a bedside, noninvasive, radiation-
free technology, could quantify alveolar collapse and over-distension and
provide real-time ventilation images of lungs. Clinical studies have shown
potential benefit in reducing lung injury by EIT to guide mechanical
ventilation setting in acute respiratory distress syndrome (ARDS). The
respiratory management of ARDS with venous—venous extracorporeal
membrane oxygenation (VV ECMO) remains a challenge for ICU doctors.
Moreover, EIT has gained great interests in the respiratory management in VV
ECMO therapy. Here, EIT was used for respiratory management in the
presented case of a 36-year-old gravida with systemic lupus erythemato-
sus, who developed severe hypoxia caused by diffuse alveolar hemorrhage.
Although the patient received mechanical ventilation, VV ECMO was further
used for the refractory respiratory failure. EIT was applied to titrate positive
end-expiratory pressure (PEEP), guide prone position and early mobilization,
dynamic evaluating lung development during ECMO therapy. She was
successfully rescued after comprehensive therapy. In summary, an EIT-
guided whole-process respiratory management strategy that included PEEP
titration, prone position, early mobilization, and dynamic lung ventilation
monitoring was proposed. This case demonstrated that EIT-guided whole-
process respiratory management strategy was feasible in the respiratory failure
patient with VV ECMO therapy.
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CASE DESCRIPTION

A 36-year-old woman (gravida 2, para 1) at 25 weeks
gestation, who was diagnosed with systemic lupus erythema-
tosus (SLE), was presented to the emergency department
with progressively exacerbated dyspnea for 10 days. Upon
arrival, the vital signs were as follows: heart rate 103/min,
blood pressure 90/50 mmHg, respiratory rate 42/min, oxygen
saturation 80% on noninvasive positive-pressure ventilation
(IPAP 15cmH,0O, EPAP 5cm H,0, FiO, 95%). Physical
examination showed butterfly-shaped malar rash over the
cheeks and bridge of the nose and erythematous lesions
involved hands and fingers. Laboratory tests indicated
antinuclear antibody (+) 1:1000, anti-dsDNA antibody (+)
1:320. Chest radiograph displayed diffuse homogeneous
opacities (Figure 1a). Computed tomography of the chest
showed bilateral diffuse reticular and ground-glass opacity
(Figure 1b). Intubation was performed since noninvasive
ventilation cannot maintain the oxygenation. Bronchoalveo-
lar lavage showed bloody secretion, revealing diffuse alveolar
hemorrhage (DAH).

MECHANICAL VENTILATION AND
EXTRACORPOREAL MEMBRANE
OXYGENATION

Mechanical ventilation (VC mode, VT 350 mL, f 18/min,
positive end-expiratory pressure [PEEP] 8 cmH,O, FiO,
100%) was administered but the oxygen saturation was 85%.
The arterial blood gas showed PaO, less than 80 mmHg
<6h, which indicate the requirement of venous—venous
extracorporeal membrane oxygenation (VV-ECMO) therapy
for the patient. Veno-venous (vv) ECMO cannulation (right
femoral-jugular) was performed under guidance of ultra-
sound. The speed of ECMO was 4000 rpm with blood flow
3.8L/min and gas flow 3.0 L/min. With the assistance of
ECMO, the oxygen saturation could maintain 100% and
PaO, rose to 80—100 mmHg.

EIECTRICAL IMPEDANCE
TOMOGRAPHY (EIT)-BASED PEEP
TITRATION

The patient's lung condition and potential for recruitment
might be various over time and position. Dynamic monitor-
ing might be beneficial for individual lung protection. EIT
was used to titrate the optimal PEEP in supine and prone
position daily (Figure 1c,d). The procedures of PEEP titration
were the same as previous study.' The best PEEP is defined
as the crossover point of the reversible atelectasis and lung
overdistension. For this patient, the best PEEP is 12 cmH,0

in supine position and 16 cmH,0O in prone position on Day 1
(Figure 1c,d). In the next few days, we used EIT to titrate
PEEP daily in supine and prone position (Supporting
Information: Table S1). With the improvement of the lung
condition, the best PEEP titrated by EIT decreased during
the therapeutic period.

EIT-GUIDED EARLY PRONE
POSITIONING UNDER ECMO

EIT measurement found a poor ventilation in dependent
regions, especially in lower right lobe at supine position.
Therefore, we started early PP during ECMO once after
cesarean section and kept this patient in prone position for
16 h daily (Figure lo,p) even the oxygenation was normal.
The PP ventilation obviously alleviated inhomogeneous
ventilation distribution and improved dependent regions
ventilation (Figure 1le(f). Since the dependent regions
ventilation has been obviously improved, the PP was
terminated on eigth day.

DYNAMIC ASSESSMENT OF LUNG
VENTILATION FUNCTION

EIT was used daily and we could find obvious
amelioration of ventilation function as time went by
(Figure 1g—1). The ventilation distribution in four
regions was notably improved (Supporting Information:
Table S1), which was consistent with patient's condi-
tion. Especially the lower right region, the percentage of
ventilation raised from 2% to 16% on Day 7 (Supporting
Information: Table S1).

EIT-GUIDED EARLY
MOBILIZATION

The ventilation area monitored by EIT on orthostatic
position was largest and the ventilation distribution was
most homogeneous (Figure 1m,n). Thus, the patient
received early mobilization through sitting on a wheel-
chair from eigth day on (Figure 1q), and EIT showed the
percentages of ventilation in four regions were closest
equal on Day 8—9 (Supporting Information: Table S1).

TREATMENT OF SLE

The cesarean section was performed to terminate
pregnancy under the VV ECMO therapy. Methylpredni-
solone 1g/day was used for 3 days and the dose was
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FIGURE 1 (See caption on next page).
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adjusted to 40 mg/day in the next 14 days. Human
immunoglobulin 20 g/day was used for 5 days. Five days
later after the corticosteroid therapy, the aspiration from
endotracheal intubation presented as normal sputum
without bloody manifestation.

She weaned from ECMO on the fourth day and
mechanical ventilation on the 11th day separately.
Moreover, the patient developed acute kidney injury
caused by SLE. Continuous renal replacement ther-
apy was continued for 9 days and urine volume of 24 h
increased to more than 1000 mL on 10th day. The patient
was discharged from ICU on the 14th day.

DISCUSSION

We describe a gravida ECMO case diagnosed with SLE-
induced DAH, adopting EIT-based whole-process respi-
ratory management strategies, and withdrew from
ECMO rapidly.

Patients with acute respiratory distress syndrome
(ARDS) are susceptible to ventilator-associated lung
injury (VALI). The advantages of ECMO includes
maintaining better oxygenation, lowering ventilators
parameters, and decreasing the VALI. The protective
ventilation strategies such as using minimal tidal volume
4 mL/kg predicted body weight and keeping low plateau
pressure (£25cmH,0) are recommended under VV-
ECMO.? EIT is a besides, imaging tool which can
quantify alveolar collapse, recruitment, and over-
distension. It has been widely used in monitoring of
ventilation and lung perfusion and guide therapy for
respiratory failure at beside,” such as guiding mechanical
ventilation setting, assessing lung perfusion for pulmo-
nary embolism,* identification of the right-to-left intra-
cardiac shunt,’ and early recognition of pneumothorax.®

EIT has superiorities in dynamic monitoring for lung
ventilation at the bedside. In this case, there are many
restrictions of gravida with ECMO to receive radiological
examinations, thus the application of the bedside,
noninvasive, and radiation-free EIT effectively avoided
going out, enormously reduce the risks of transportation
and radiation. However, some limitations of EIT image
should be stressed, such as only one cross-sectional lung

tomography, lack of consensus on the normal reference
range of EIT-targeted parameters and poor spatial
resolution.

In the present case, we applied EIT to whole-
process respiratory management strategy, which
consists of the following components: (1) PEEP
titration in supine or prone position daily to achieve
lung protection. Our previous study showed that EIT-
based PEEP titration reduced mortality in patients
with ARDS.' (2) Detection of poor ventilation in
dependent regions contributed to early prone posi-
tioning under ECMO. Monitoring ventilation daily
assessed the moment to terminate PP. (3) Estimating
effects of early mobilization. Recent study demon-
strated early mobilization is efficacious in accelerat-
ing recovery of critically ill patients.” (4) Lung venti-
lation by EIT daily could be used to assess the state of
the illness and effects of respiratory therapy.

The application of EIT might accelerate recovery of
this patient who withdrew from ECMO, which was
compared to similar patients with SLE-induced DAH
whose period of ECMO running was 6—10 days.*’ This
case demonstrated that whole-process respiratory man-
agement strategy by EIT was safe and feasible. The
improvement of EIT images was consistent with the
ascending of oxygen index and patient's condition.
Moreover, EIT monitoring could reduce risks of trans-
port. However, the threshold values of EIT applied to
different respiratory therapies need to be further
investigated by large-scale studies.

CONCLUSIONS

EIT is a beside, real-time tool can be applied to all aspects
in whole-process respiratory management strategy,
including PEEP titration, prone position ventilation,
dynamic monitoring recovery process, and early mobili-
zation. Consequently, EIT can substitute for CT to some
extent, thereby reduce risks of transport and going out. In
conclusion, EIT-based whole-process respiratory man-
agement strategies were safe, beneficial, and practicable.
Further study is required to validate the effect of
proposed strategy on patient's outcome.

FIGURE 1

(a, b) Chest radiograph and computed tomography of the chest. (c) Using EIT to titrate positive end-expiratory airway

pressure in supine position. (d) Using EIT to titrate positive end-expiratory airway pressure in prone position. (e, f) EIT assessment of

ventilation function in supine and prone position on Day 1. (g—1) Continuous monitoring of ventilation distribution by EIT on Days 2 to 7.

(m, n) EIT assessment of ventilation function in orthostatic position on Days 8 to 9. (0—q) Photographs of this patient in prone positioning

assessed by EIT under ECMO and photograph of early mobilization of through sitting on a wheelchair. EIT, electrical impedance

tomography; LL, lower left lung; LR, lower right lung; PEEP, positive end-expiratory pressure; UL, upper left lung; UR, upper right lung.
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