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impedance tomography (EIT) is a novel noninvasive technique to monitor lung perfusion and help
detect PE at the bedside. Here we present a case of clinical management of subsegmental PE with
the help of the bilateral ventilation and perfusion(V/Q) asymmetry EIT image.

Case presentation: A 72-year-old cancer patient with respiratory failure and acute kidney injury in
the intensive care unit was suspected of PE based on his clinical manifestation. The contraindi-
cation of computed tomography pulmonary angiography (CTPA) for PE diagnosis prevented
escalating anticoagulation therapy. Besides EIT ventilation and perfusion monitoring showed an
abnormal asymmetry V/Q match between the bilateral lungs which promoted our decision to
start systemic continuous anticoagulation therapy and improved the patient clinically. The
following CTPA which clarified the diagnosis of PE suggests that the patient has benefited from
our decision.

Conclusion: For critically ill patients with suspected PE, the asymmetry of the EIT V/Q image may
provide crucial objective information for clinical management.

1. Introduction

Pulmonary embolism (PE) is a common worldwide disease with an annual incidence of 1 in 1000 persons and a high mortality of 20
% [1,2]. Timely diagnosis and management of PE could significantly improve clinical outcomes [3]. Computed tomography pulmo-
nary angiography (CTPA) is the most readily available clinical gold standard for diagnosing PE [4]. However, CTPA is limited in
intensive care unit (ICU) patients due to complicated clinical situations such as high transfer risk of hemodynamic instability and
contraindications to iodine contrast medium [4,5]. Real-time and effective monitoring tools at bedside for PE are critical for ICU
patient.
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Electrical impedance tomography (EIT) is a noninvasive, bedside technique for ventilation monitoring, which is widely used for
respiratory therapy [6-8]. More recently, lung perfusion image detected by EIT through a hypertonic saline bolus injection is gaining
attention for its potential in the treatment of lung perfusion-related diseases [9-12]. Colleagues have demonstrated the efficacy of EIT
ventilation and pulmonary blood flow distribution (ventilation-perfusion, V/Q match) in the diagnosis of massive pulmonary em-
bolism [13]. However, to our knowledge so far, the EIT image features in subsegmental PE have not been reported.

Here we present a case of clinical management of a subsegmental PE in a cancer patient with unstable hemodynamics and acute
kidney injury(AKI) under the bilateral ventilation and perfusion asymmetry detected by EIT. This is the first case to report using EIT to
assist the management of subsegmental PE.

2. Case presentation

A 72-year-old man, with a history of ascending colectomy and postoperative chemotherapy, was transferred to our intensive care
unit (ICU) from the local hospital due to respiratory failure. At the time of admission, his P/F ratio (the arterial PO, from the arterial
blood gas divided by the FiO2) was 111 mmHg and his PaCO; was 53 mmHg with mechanical ventilation (MV) through endotracheal
intubation set to volume control ventilation model at a tidal volume of 460 mL, rate of 16, positive end-expiratory pressure (PEEP) of 5
cm H>0, and FiO; of 70 %.

After a routine CT scan (showing infiltration and consolidation of the bilateral lower lung, Fig. S1), he had an acute drop in blood
pressure (88/40 mmHg) and a significant increase of end-tidal CO5 (EtCO3, ~38 mmHg) and PaCO, (~66 mmHg) gap. The patient’s
contemporary examinations showed a normal EKG, a slightly dilated right ventricle (RV) of echocardiography (Fig. 1A), and a raised
D-dimer level of 3.29 mg/L. Although deep vein thrombosis of lower extremity duplex scans was negative, considering the high revised
Geneva Prediction Score of 10 (72 years old, heart rate >95 bpm, surgery, active cancer) and RV dilation, concern was raised for PE.
The doctor on duty administered a vasoactive drug (norepinephrine 0.3 pg/kg/min), fluid therapy, empiric low-molecular-weight
heparin (2050iu per day, adjusted to creatinine clearance ratio), and adjusted ventilator settings (PEEP of 10 cmH20, Minute
Ventilation volume of 9 L). These interventions helped to maintain his Mean Arterial Pressure (MAP) above 65 mmHg and improve his
P/F ratio to 170 mmHg. However, his PaCO, was still high at approximately 55 mmHg, and the EtCO2-PaCO gap remained at around
15 mmHg.

On the next day, a right-sided contrast transthoracic echocardiography was performed, and an intracardiac shunt was excluded
(Fig. 1B). Additionally, right internal jugular vein thrombosis (the patient had a history of central venous catheterization) was further
detected by vascular ultrasound (Fig. 1C), raising a high suspicion of PE. However, CTPA was rejected due to AKI (urine output < 0.3
mL/kg/h for 24 h with a history of renal replacement therapy before transfer) and hemodynamic instability (norepinephrine 0.23 pug/
kg/min to maintain MAP over 65 mmHg).

Finally, we performed EIT monitoring (PulmoVista 500, Drager Medical, Lubeck, Germany), conducted the saline contrast
(injecting 10 mL hypertonic saline bolus via a central venous catheter during the respiratory hold of MV), and reconstructed the V/Q
match according to the procedure by the TRanslational EIT development stuDy (TREND) group and He et al. [9,14]. The global
perfusion image showed a relatively normal distribution, however, an uncommon image feature of left-right asymmetric perfusion
distribution and a dead space accounting for 14.71 % mainly in the right lung was noticed (Fig. 2A). Taking into account the fact that
the right lower lung is the most common location for PE and the repeating EIT measurements showed the same result, we could not find
a better clinical explanation for this patient other than right lung PE. Besides, it has been 24 h since the sudden change in the patient’s
condition, we surmised that there may be a process of jugular vein emboli dislodging into the main pulmonary artery and dispersing
into the subsegment. The thrombolytic therapy was suggested but refused by his family members due to the risk of hemorrhagic
complications. As a reference, anticoagulation was escalated to continuous infusion of unfractionated heparin with close monitoring of

Fig. 1. Bedside echocardiography and venous ultrasound scan on day one and day two. (A) Flattened intraventricular septum (white arrow) in the
diastole, and mildly dilated RV with an estimated ratio of 1:1 between the RV and the LV on day one. (B) Negative bubble test by transthoracic
echocardiography on day two. RV: right ventricle; LV: left ventricle. (C) A vein thrombosis was found in the right internal jugular vein.
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Fig. 2. EIT ventilation and perfusion (V/Q) change images and computed tomography pulmonary angiography (CTPA) images of the Patient. (A).
The global V/Q match accounted for 79.29 % with a dead space asymmetry mainly in the right lung accounting for 14.71 % on day two. (B). The
global V/Q match accounted for 80 % with a dead space asymmetry mainly in the right lung accounting for 4.79 % on day 28 after systemic
anticoagulation therapy. Left: EIT image of the ventilation distribution. Regions with low-ventilated are shown in blue and high-ventilated in white.
Middle: Image of the perfusion distribution. High-perfusion regions are shown in red and low-perfusion regions are shown in blue. Right: Image of
the regional V/Q match. Regions with high ventilation and low perfusion are gray, low ventilation and high-perfusion regions are blue, and V/Q
matches are yellow. High-ventilated regions: pixels with impedance changes higher than 20 % of the maximum tidal impedance variation in the
ventilation image. Low-ventilated regions: pixels with changes lower than 20 %. (C). CTPA on Day 28 showed the embolism in the right lower
pulmonary artery branch (red arrow). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of
this article.)

activated partial thromboplastin time(around 65-75s) to ensure the therapeutic effect. A few hours later, the patient improved with a
significant reduction in EtCO2-PaCO, gap to about 8 mmHg, and stability in hemodynamics (norepinephrine 0.03 pg/kg/min to
maintain MAP over 65 mmHg). 2 days later the doppler scan revealed that the previous thrombus had completely disappeared,
indicating that the anticoagulation treatment had been effective.

The patient continued to undergo original medical treatment, and CTPA was performed after renal function recovery on day 28.
Two experienced radiologists confirmed subsegmental pulmonary vascular thrombosis (Fig. 2C). Simultaneously, EIT images showed
improved but still defective perfusion in the right lung (Fig. 2B). Finally, the patient was switched to oral anticoagulation and dis-
charged for rehabilitation therapy.

3. Discussion

According to the guidelines, radiological imaging is the gold standard for the diagnosis of PE, which does not apply to patients with
significant hemodynamic instability or contraindications in the ICU. Bedside echocardiography is currently recommended to detect
PE-induced RV pressure overload, septal motility disorders, and acute pulmonary heart disease [4]. Nevertheless, echocardiography is
not specifically “perfect”, as cardiac function in ICU patients can be impacted by a variety of conditions, including underlying cardiac
insufficiency, infection, hypovolemic shock, and the use of analgesia and sedation drugs, as well as acid-base disorders. Therefore, the
absence of abnormal RV signs on echocardiography may be more valuable for excluding hemodynamic instability due to PE. Un-
fortunately, bedside echocardiography can hardly serve as an objective basis for replacing CTPA to support further management [15].
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In this case, we perform bedside EIT V/Q monitoring for a suspected PE patient in clinical situations where CTPA is not available.
Our comprehensive clinical decision to systemic continuous anticoagulation therapy under the right lung perfusion asymmetric EIT
image and other bedside available indicators such as D-dimer and ultrasound finally improved patients’ outcomes. To our knowledge,
this is the first attempt to describe the probable EIT image features in subsegmental PE.

Our patient experienced new-onset hemodynamic instability and an elevated EtCO5 gap after transport. Although PE was suspected
based on his clinical manifestation (history, ultrasound, laboratory tests), a lack of objective supporting evidence prevented more
aggressive therapy. In critically ill ICU patients, this challenge is often faced due to the higher risk of bleeding. EIT perfusion images
could provide some objective information in such a situation. Quite a few studies have reported the efficiency of a high dead space ratio
in EIT V/Q match images in detecting massive PE [9,10]. Interestingly, our bedside EIT showed a dead space distribution (accounting
for 14.71 %) only in the right lung, failing to meet the threshold of dead space accounting for 30.37 % to diagnose PE in the previous
study [13]. However, the asymmetric EIT V/Q between the left and right lungs, indicating right lung PE, assisted us in escalating
anticoagulation therapy and ultimately improving the patient’s outcome. The subsequent CTPA, which clarified the diagnosis of PE,
and the EIT images of improved perfusion suggested that the patient benefited from our clinical decision.

The EIT image features for subsegmental PE have not been studied. Since EIT is a functional imaging technique, it is challenging to
employ it to identify embolisms that only mildly affect pulmonary perfusion (such as embolisms that are anatomically localized distally
or that do not completely obstruct the pulmonary arteries). Our post hoc image reconstruction analysis of the bilateral asymmetry
index (AI) revealed that the right lung was more ventilated than the left lung (Fig. 3A). This finding aligns with the anatomical un-
derstanding of lung volume, with the right lung having a larger lung volume area than the left lung (Fig. 3C) [16] as also observed in
our case with visually more severe basal pleural effusion and consolidation on the left than on the right. A left-dominated asymmetry
perfusion distribution should be expected based on this anatomy and pulmonary vasculature adaptations such as hypoxic pulmonary
vasoconstriction [17,18]. However, our EIT analysis showed that the perfusion volume of the right lung is the same as that of the left
lung (Fig. 3B), which may suggest a decrease in symmetry due to defective perfusion in the right lung. Based on the EIT-assisted
embolism treatment in our case, we believe that this is an interesting topic deserving more clinical investigation and pathophysio-
logical validation. Al may hold the potential to be another novel approach that interprets EIT images from an anatomical perspective
compared to conventional EIT indices. In line with our suspicions, a recent study reported that pneumothorax can be detected by the
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Fig. 3. Post hoc asymmetric analysis of EIT images. (A) asymmetry index (AI) of ventilation and perfusion. The X-axis represents right lung pixels
horizontally distributed from the middle (0) to the side (200). The Y-axis represents the bilateral asymmetry index (AI) value of ventilation (Left)
and perfusion (Right) calculated by dividing the impedance of the right lung pixel by the sum of the modified impedance of the right lung pixel plus
the left symmetrical lung pixel. Al ranges from 0 to 1, and ventilation or perfusion distribution was considered symmetrical if Al = 0.5. (B) Boxplots
of ventilation and perfusion Al value. Boxplot center line, median; box limits, upper and lower quartiles; whiskers, 1.5 x interquartile range. (C)
Lung images intercepted from computed tomography pulmonary angiography (CTPA).
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asymmetry in ventilation between the left and right anterior chest [19]. Nevertheless, its range and diagnostic value do require further
clinical verification.

Since this is a single-center clinical case, there are certain limitations. First, from a clinical perspective, it is unlikely that the
subsegmental PE detected by CTPA could cause hemodynamic instability. Considering his negative EKG and routine CT scan that
excluded arrhythmia and pneumothorax, we surmise there may be a process of jugular vein emboli dislodging into the main pulmonary
artery and dispersing into the subsegment. Due to the constraints of the clinical scenario (renal function, etc.), we regrettably were
unable to confirm the diagnosis of PE at an early stage. Second, we believe that to compare the EIT and CTPA images in supporting the
clinical diagnosis of PE, both tests should be performed simultaneously. However, since this case occurred with a real clinical chal-
lenge, the comparison of both methods simultaneously could not be done at the onset of the course. For such cases, which are common
in ICU patients, the clinical outcome of our patient may somewhat represent the value of asymmetrical V/Q match by EIT for the
management of PE. Third, other conditions that may affect the asymmetry of left and right lung ventilation or perfusion cannot be
ignored, such as pleural effusion, consolidation, atelectasis, etc. Clinical screening based on these considerations needs to be performed
before promoting the Al index, and we believe that it is worth being deeply studied in the future.

4. Conclusions

In summary, this case demonstrated for the first time the potential of the bedside EIT asymmetrical V/Q match in combination with
other clinical indicators to assist the management of PE for ICU patients when the CTPA is not available.
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