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Case Report: Late paradoxical 
intrapulmonary shunt after 
endoscopic lung volume 
reduction with endobronchial 
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Endoscopic endobronchial valve lung volume reduction in the management of 
severe emphysema reduces volume inflation in the most severely affected areas, 
with the hope of clinical improvement. We  report the case of a patient who 
presented with late progressive respiratory deterioration following endoscopic 
endobronchial valve lung volume reduction. Ventilation/perfusion (V/Q)-SPECT/
CT showed unexpectedly high perfusion in the atelectasis of the treated lobes, 
reflecting a paradoxical intrapulmonary shunt. This paradoxical complication of 
endobronchial valve treatment for severe emphysema is rare and highlights the 
potential usefulness of performing V/Q-SPECT/CT imaging in patients presenting 
with respiratory deterioration following endoscopic lung volume reduction.
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Introduction

Endoscopic lung volume reduction (ELVR) in the treatment of severe emphysema reduces 
pulmonary inflation in the most affected areas (target lobes), aiming to achieve clinical 
improvement (1). This method provides a less invasive alternative to lung volume reduction 
surgery, developed by Cooper et al. (2, 3). Studies have shown that lung volume reduction via 
endobronchial valves in carefully selected patients, with low collateral ventilation, leads to 
functional benefits, such as improvements in forced expiratory volume in 1 s (FEV1), 6-min 
walk test (6MWT) performance, and a reduction in residual volume (RV), in addition to 
improvements in quality of life (4–7). Although early complications have been documented, 
little information is available regarding late paradoxical phenomena (8–10). This report 
presents a case where a paradoxical intrapulmonary shunt was detected several months 
after treatment.

Case description

A 63-year-old man with severe emphysema underwent endoscopic lung volume reduction 
(ELVR) following functional assessment (Table 1—FEV1 at 34% of the predicted value, RV at 
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180% of the predicted value, 6MWT: 265 m) and arterial blood gas 
analysis (pH 7.44, pO2 86 mmHg, bicarbonate 30 mmol/L, pCO2 
44 mmHg on 2 L of oxygen). Emphysema was diffuse, primarily 
localized in the apices of the lungs. The percentage of voxels with a 
density < −950 HU on a dedicated CT scan in the treated lobes 
(middle and right upper lobes) was 37% for the middle lobe (ML) and 
45% for the right superior lobe (RSL). For the other lobes, the 
percentages were as follows: 32% for the right inferior lobe (RIL), 39% 
for the left superior lobe (LSL), and 35% for the left inferior lobe (LIL). 
The patient underwent a two-stage lung volume reduction using 
Zephyr® endobronchial valves (Figure 1B—dashed white arrow). In 
the first stage, valves were placed in the B1, B2, B3, and B5 segments 
of the right upper and middle lobes. A second intervention, 6 weeks 
later, involved placing a valve in the B4 segment.

At 10 months, a CT scan revealed complete atelectasis of the 
treated lobes (Figures 1A,B, white arrows). A ventilation/perfusion 
scintigraphy (V/Q-SPECT/CT) conducted at that time showed no 
significant abnormalities in the atelectatic areas (low perfusion uptake 
of macroaggregated albumin (MAA) retrospectively—Figures 2C,D 
without associated ventilation—Figures 2A,B). The patient’s evaluation 
(Table 1) showed clinical improvement with a reduction in dyspnea 
and an improvement in FEV1 (45%) and RV (114%).

However, at 18 months, a new V/Q-SPECT/CT, performed due to 
worsening respiratory status (dyspnea, cyanosis, and a reduction in 
the 6MWT to less than 100 m—Table 1), revealed abnormal and very 
high uptake of macroaggregates of albumin (MAA) (Figures 3C,D in 
the atelectatic, non-ventilated lobes—Figures 3A,B). Arterial blood 
gas at 24 months showed: pH 7.46, pO2 66 mmHg, pCO2 33 mmHg 
on 3 L of oxygen.

Relative lung ventilation and perfusion in the target lobes at M0, 
M10, and M18 are presented in Table 1. In the pre-therapeutic SPECT/
CT evaluation, the target lobes (right middle and upper lobes) 
represented 30% of the total lung volume, 34% of the total ventilation, 
and 22% of the total perfusion, with 43% of the right lung perfusion. 
At M10 and M18, the relative lung perfusion in the target lobe 
increased from 2 to 5% (7 and 14% of the right lung perfusion) while 
the relative lung ventilation was 0%.

Discussion

The unidirectional endobronchial valve directs airflow from the 
alveoli to the outside of the lung, causing volume reduction and 

atelectasis of the target lobes (1), thereby limiting pulmonary 
hyperinflation (1). Atelectasis of the target lobes causes hypoxemic 
vasoconstriction (suppression of perfusion) and vascular 
redistribution to the rest of the lung (11, 12). The patient was not 
on medications that would inhibit vasoconstriction, which could 
maintain perfusion to the atelectatic area (13). The significant 
uptake of MAA in this atelectasis, which is unusual in pulmonary 
scintigraphy, was particularly notable, indicating preferential 

TABLE 1 Functional assessments of the patient and scintigraphic 
quantification of ventilation and perfusion before and after treatment.

FEV1 RV 6MWT %V 
target

%Q 
target

Baseline 0.94 L 

(34%)

180% 264 m 34 22

10 months 

after valve 

insertion

1.28 L 

(45%)

114% 295 m 0 2

18 months 

after valve 

insertion

1.25 L 

(44%)

114% < 100 m 0 5

%V target, relative ventilation of the target lobes compared to the total lung ventilation; %Q 
target, relative perfusion of the target lobes compared to the total lung perfusion.

FIGURE 1

Axial and sagittal CT slices passing through the atelectasis, in 
mediastinal (A,B) and pulmonary (C,D) windows. The white arrow 
shows the atelectasis; the white dashed arrow shows a Zephyr 
endobronchial valve.

FIGURE 2

Axial (A–C) and sagittal (B–D) CT slices passing through the 
atelectasis, in pulmonary window. The white arrow shows the low 
(non-significant) uptake of macroaggregated albumin in the 
perfused atelectasis (C,D); the white star shows the absence of 
ventilation (A,B).
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pulmonary blood flow to this non-ventilated territory, consistent 
with an intrapulmonary shunt. The arterial blood gas at 24 months 
also showed a shunt effect, with a decrease in PaCO2 and PaO2 
(partially corrected by increasing the O2 from 2 to 3 L/min to 
maintain a PaO2 of 66 mmHg, compared to 86 mmHg initially), 
resulting in PaO2 + PaCO2 < 120 mmHg. This late paradoxical 
phenomenon had not previously been described as a potential 
complication of the technique (13, 14). Ventilation/perfusion 
scintigraphy (V/Q-SPECT/CT), while useful for functional lung 
quantification and selection of target lobes prior to lung volume 
reduction (15, 16), is not widely performed during follow-up, which 
could explain the lack of awareness of this phenomenon. Due to the 
worsening of the respiratory status and no clear etiology despite 
cardiac evaluations (echocardiogram, electrocardiogram, and 
myocardial perfusion scintigraphy), the endobronchial valves were 
eventually removed at 24 months, but there was no improvement in 
respiratory function. Unfortunately, we  did not perform late 
imaging after the valve removal, which would have provided a 
better understanding of the evolution of the V/Q mismatch and the 
re-expansion of the target lobes.

Conclusion

This case illustrates an intrapulmonary shunt, a rare and 
paradoxical complication of endobronchial valve treatment for severe 
emphysema, and highlights the potential usefulness of performing 
V/Q-SPECT/CT in patients presenting with respiratory deterioration 
following endoscopic lung volume reduction.
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FIGURE 3

Axial (A–C) and sagittal (B–D) CT slices passing through the 
atelectasis, in pulmonary window. The white arrow shows the very 
high uptake of macroaggregated albumin in the perfused atelectasis 
(C,D); the white star shows the absence of ventilation (A,B).
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