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Introduction

Lung cancer is the most common cancer that causes the 
most deaths among all types of cancer (1). Currently, the 
standard treatment for lung cancer surgery is lobectomy. 
In lobectomy, one or more lung lobes and the surrounding 
lymph nodes are removed depending on the location and 
the size of the tumor. In Japan, segmentectomy is chosen in 
10.3% of lung cancer surgeries and is a relatively frequently 
performed procedure (2). However, segmentectomy 
is relatively difficult compared with lobectomy, and it 
sometimes causes serious complications because only the 

vessels leading to the segment need to be selected for 
resection (3). In particular, left upper trisegmentectomy 
(LUTS) is one of the most common and well-known 
procedures performed by thoracic surgeons. Residual 
pulmonary congestion after LUTS often leads to surgical 
intervention (4). Differentiating between pulmonary 
torsion and residual pulmonary congestion is difficult, 
and in the case of torsion, surgery might be required. We 
report a case of improvement of congestion in the residual 
lung after LUTS with conservative treatment and careful 
follow-up by computed tomography (CT). We present the 
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following article in accordance with the CARE reporting 
checklist (available at https://tcr.amegroups.com/article/
view/10.21037/tcr-22-2104/rc).

Case presentation

The patient was a 65-year-old male current smoker. CT 
showed bilateral nodular lesions in the lungs. The left 
lesion was a solid nodule measuring 10 mm in the area 
of S1+2b, and fluorodeoxyglucose-positron emission-CT 
showed abnormal [18F]-fluorodeoxyglucose (FDG) uptake 
(maximum standardized uptake value: 5.2). The right-
sided lesion was an 8-mm partly solid nodule in S3a with 
mild FDG uptake (maximum standardized uptake value: 
2.0) (Figure 1A-1D). The diagnosis was suspected bilateral 
lung cancer (T1aN0M0, stage IA1). Resection of bilateral 
lesions was planned. Taking into consideration that the 
lesion in the left side had a higher maximum standardized 
uptake value and a solid nodule, we initially performed 
LUTS (ND1b) for the partially solid ground-glass nodule 
in the left side. We decided to perform LUTS including S3 
in order to dissect the hilar lymph node. Intraoperatively, 
there was no anomaly in the location or branching of the 
pulmonary vessels or the bronchi. V1–3, A1+2, A3, and 
B1–3 were divided and cut using automatic sutures, and 
A4+5 (mediastinal type) was preserved. We identified the 
intersegmental line using the inflation-deflation line. The 
intersegmental line was cut using automatic sutures. There 
were no intraoperative complications. 

On the next day after surgery, blood sputum was 
observed. On the fourth postoperative day, the patient had 

a fever, and laboratory tests showed the presence of an 
inflammatory reaction (white blood cell count: 11.4×109/L,  
C-react ive  prote in  concentrat ion:  15 .7  mg/dL) ,  
although the saturation of oxygen was maintained. A chest 
X-ray showed an infiltrative shadow in the left upper 
lung field (Figure 2A,2B). Contrast-enhanced chest CT 
on the same day showed extensive frosted shadows in 
the lingual area and thickening of the interlobular septa 
(Figure 2C,2D). Additionally, the left S3 remained and the 
S3 segment was an isolated segment. Retrospectively, we 
found that B3 branched from B4+5 in a preoperative three-
dimensional-CT (3DCT) scan (Figure 2E). Additionally, 
A4+5 was preserved, but V4+5 was thin with poor flow, 
which might have caused the congestion in the lingular 
segment. Bronchoscopy showed no findings of pulmonary 
torsion. Because the patient was well oxygenated and had 
few subjective symptoms, conservative treatment with 
antibiotics (PIPC/TAZ 4.5 g × 3/day) was started. Contrast-
enhanced chest CT was performed on postoperative days 
5 and 13 to confirm that there was no progression of 
congestion and poor flow of V4+5 (Figure 3A,3B). The 
findings of pulmonary congestion by chest X-ray and an 
inflammatory reaction gradually improved. The patient was 
treated with antibiotics until the 27th postoperative day and 
discharged home on the same day. Follow-up CT 2 months 
after surgery showed no recurrence of the congestion (Figure 
3C-3E). Three months after surgery, we performed a partial 
resection of the right-sided lesion, and the postoperative 
course was uneventful. 

All procedures performed in this study were in 
accordance with the ethical standards of the institutional 
and with the Helsinki Declaration (as revised in 2013). This 
study was approved by institutional review board of Kyushu 
University (No. 2019-232). Written informed consent 
was obtained from the patient for publication of this case 
report and any accompanying images. A copy of the written 
consent is available for review by the editorial office of this 
journal. 

Discussion

Increasingly, segmentectomy is indicated not only for 
patients with a poor lung condition or multiple primary 
lesions, but also when less invasive lung cancer is detected 
at an early stage. The advantage of segmentectomy is 
that respiratory function is maintained postoperatively. 
However, complications after segmentectomy have been 
reported. A previous report showed that complications were 
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Figure 1 CT and FDG-PET findings. (A) CT shows an 8-mm partly solid nodule in S3 of the right upper lung (circle), and (B) FDG-
PET showed an elevated accumulation of [18F]-FDG (circle) in the same area. (C) A 9.5-mm solid nodule in S1+2 of the left upper lung 
(arrowhead) on CT, and (D) FDG-PET shows a highly elevated [18F]-FDG in the same area (circle). CT, computed tomography; FDG-
PET, fluorodeoxyglucose-positron emission tomography.
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significantly higher in patients who underwent LUTS and 
lingular segmentectomy (4).

Koike et al.  described the four complications of 
atelectasis, pulmonary torsion, an isolated segment, and 
a hematoma after LUTS (4). Among them, an isolated 
segment is a rare complication that occurs after lung 
resection. In an isolated segment, the pulmonary arterioles 
and bronchial arteries of the remaining lung are separated 
and isolated, resulting in inadequate flow, congestion, 
and necrosis. The cause of an isolated segment may be 
anomalies of the pulmonary artery and bronchi, or an 

inaccurate segment dissection line. In the present case, two 
complications occurred simultaneously. Firstly, the part of 
S3 was isolated because B3 branched off from B4+5, and 
the major feeding vessels and drainage veins, A3 and V3, 
were dissected. Secondly, the trisegmentectomy caused a 
slight displacement of the residual lung, which flexed V4+5, 
resulting in poor flow and congestion in S4+5 segment. 
Although the isolated segment lacks a major drainage vein, 
it may be possible to compensate with a small drainage 
vein to the adjacent segment. In this case, V4+5 drainage 
vein was slightly open, suggesting that the isolated area was 
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drained through it. If there is a possibility of necrosis in 
the isolated segment due to interruption of flow, resection 
of the remaining lung should be considered. Conservative 
treatment of residual lung congestion is also an option if the 
drainage vein is not obstructed. Careful follow-up, including 
contrast-enhanced CT, as well as monitoring vital signs 
and blood sampling, is necessary. In this case, during the 
conservative treatment, CT was performed twice to confirm 
that there was no exacerbation in the imaging findings. In 
this case, A3 and V3 were resected without resection of B3, 
which resulted in congestion and an isolated area of S3. 
However, because follow-up CT showed no necrosis or 
abscess in the isolated area and the inflammatory findings 
were improving, surgery was not performed.

An important complication after LUTS is axial torsion of 
the residual lung, which is difficult to differentiate from an 
isolated segment (5,6). Axial torsion of the residual lung is a 
serious complication that usually requires re-operation, and 

differentiating between this complication and an isolated 
segment is difficult. However, the clinical presentation of 
axial torsion and an isolated segment is similar. In both 
cases, a chest X-ray shows decreased air content in the 
affected area, vital abnormalities, and inflammatory findings, 
and there may be complaints such as blood sputum and 
chest pain. A diagnosis by bronchoscopy alone is difficult, 
and contrast-enhanced CT is considered to be required, 
including an evaluation of blood flow. 

Accurate recognition of abnormalities of vessels and 
bronchi by a CT scan of thin slices and 3DCT before 
segmentectomy may help clinicians to prevent these 
complications with an isolated segment (7-9). With regard 
to the surgical technique, it is likely that the use of ICG 
would have allowed for a more precise incision line without 
leaving an S3 area. It is important to use ICG to identify 
the intersegmental plane to prevent isolated segment in 
segmentectomies (10,11).

Figure 2 Postoperative imaging findings. Postoperative chest X-rays show a decrease in permeability of the left upper lung field, indicating 
gradual worsening of the disease (arrow) on postoperative day 1 (A) and day 4 (B). (C) Contrast-enhanced computed tomography shows 
extensive frosted shadows mainly in the lingual region (circle). (D) A4+5 is preserved, but V4+5 is thin, but not completely disrupted (arrow) 
on postoperative day 4. Preoperative three-dimensional CT findings. (E) CT shows a solid nodule in S1+2 of the left upper lung (circle). 
The left B3 is branched from B4+5 (arrowhead). CT, computed tomography.
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Figure 3 Imaging progress during conservative treatment. (A,B) Follow-up contrast-enhanced CT was performed on postoperative day 13. 
The congestion in the tongue area appears to have improved, and (B) V4–5 are slightly open (arrow). Two months after surgery, a chest (C) 
X-ray and (D,E) CT show that the congestion in the lingual region has improved. (E) V4+5 are open (arrow). CT, computed tomography.

Conclusions

In conclusion, we experienced a case of residual pulmonary 
congestion after LUTS that resolved with conservative 
treatment. Careful follow-up of the patient’s general 
condition and imaging studies are considered to be 
important.
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