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A B S T R A C T

Pulmonary tumor embolism (PTE) is difficult to diagnose before death. We report the case of a
75-year-old man with microscopic PTE of renal cell carcinoma who was diagnosed by surgical
lung biopsy. He visited our hospital because of dyspnea on exertion. Chest computed tomography
(CT) showed multiple micronodules and ground glass opacities. Steroid therapy was started as
therapeutic diagnosis for IgG4-related pulmonary disease. However, he was admitted our hospi-
tal due to progressive respiratory failure. Pathological findings of a lung biopsy obtained by
video-assisted thoracic surgery showed PTE of renal cell carcinoma without embolization of large
pulmonary arteries. He received palliative medicine and died four months after the surgical lung
biopsy. In cases of multiple micronodules in chest CT findings and worsened respiratory symp-
toms, PTE should be considered in the differential diagnosis.

1. Introduction
Pulmonary tumor embolism (PTE), first described by Schmidt in 1897 [1], is one of the causes of respiratory failure and mortality

in patients with malignant tumors such as carcinomas of breast, stomach, liver, and kidney [2–6]. PTE may appear as the first presen-
tation of a malignancy [6,7]. Pathological characteristics of PTE involve the presence of isolated tumor cells or clusters of tumor cells
within the pulmonary arterial system from large pulmonary arteries to alveolar septal capillaries [3,8]. Massive tumor embolism of
renal cell carcinoma in the proximal pulmonary artery has been reported [5,6,9]. However, PTE, specifically a microscopic one, is dif-
ficult to detect before death [10]. Here, we describe a case of unsuspected microscopic PTE of renal cell carcinoma, diagnosed by sur-
gical lung biopsy, whose chest computed tomography (CT) showed multiple micronodules and ground grass opacities (GGOs).

Abbreviations: GGO, ground glass opacities; mMRC, modified Medical Research Council dyspnea scale; PTE, pulmonary tumor embolism; SpO2, peripheral oxygen
saturation.
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2. Case presentation
A 75-year-old man visited the Department of General Medicine, Aichi Medical University Hospital, with a complaint of dyspnea on

exertion of the modified Medical Research Council dyspnea scale (mMRC) 1. He had hypertension and type 2 diabetes mellitus but no
previous history of smoking or respiratory diseases. Because his chest CT showed multiple micronodules with surrounding GGOs in
both lungs (Fig. 1A) and slight enlargement of mediastinal lymph nodes, he was referred to the Department of Respiratory Medicine
and Allergology. Peripheral oxygen saturation (SpO2) was 98%. There was no microscopic hematuria. Serum tumor markers, carci-
noembryonic antigen (0.8 ng/mL), squamous cell carcinoma antigen (1.8 ng/mL), and CYFRA (2.1 ng/mL), were not elevated. The
levels of serum IgG (2284 mg/dL) and IgG4 (779 mg/dL) were high. The results of a sputum smear for acid-fast bacilli, sputum PCR
for Mycobacterium tuberculosis, and serum interferon gamma release assay were all negative. His pulmonary function, including vital
capacity (101.6% of the predicted value), forced vital capacity (105.1%), forced expiratory volume in 1 s (124.9%), and diffusing ca-
pacity of the lungs for carbon monoxide (112.6%), were preserved. The following diagnostic possibilities were considered: pulmonary
infection including tuberculosis and mycosis, interstitial lung disease, and malignancy.

Two weeks after his first visit, bronchoalveolar lavage (BAL) and trans-bronchial needle aspiration from a mediastinal lymph node
were performed using a flexible bronchoscope. The results of BAL fluid obtained from the B5 right middle lobe showed elevation of
lymphocytes (13%) and eosinophils (10%). However, a definitive diagnosis could not be made by bronchoscopy results. A pulmonary
manifestation of IgG4-related disease was suspected, and prednisolone 20 mg per day was initiated two weeks after the bron-
choscopy. However, the steroid treatment was not effective. He was admitted to the Department of Respiratory Medicine and Aller-
gology due to worsening dyspnea to mMRC 4. On admission, his SpO2 level had dropped to 90% in room air. Transthoracic echocar-
diography showed a normal left ventricular ejection fraction (70%) and a tricuspid regurgitation pressure gradient of 11 mmHg with
no evidence of pulmonary hypertension. His chest CT showed increases in the areas of micronodules and GGOs (Fig. 1B) compared
with those at the initial visit (Fig. 1A).

Fig. 1. Images of chest computed tomography (CT). Images of chest CT at the initial visit (A), at the admission (B), and before the surgical lung biopsy (C). Expansion of
the area of multiple micronodules with surrounding ground glass opacities in both lungs were shown.
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After admission, the dose of prednisolone was increased to 50 mg per day, but partial pressure of oxygen in arterial blood dropped
to 55.4 mmHg with 1 L/min supplemental oxygen via nasal cannula and further radiological deterioration was confirmed on chest CT
(Fig. 1C). Surgical lung biopsy for confirming the histopathological diagnosis was considered but challenging because of his age and
respiratory failure. After informed consent was obtained from the patient and his family, surgical lung biopsy of the right middle lobe
of the lung using a video-assisted thoracoscope for the purpose of differential diagnosis was performed two weeks after the admission.
The lung biopsy revealed embolization of tumor cells into nearly all small pulmonary arterioles associated with extensive dilation.
(Fig. 2A and B). Renal cell carcinoma was morphologically suspected. The tumor cells were positive for PAX8 (Fig. 2C) but negative
for thyroid transcription factor-1, which finding supported renal cell carcinoma origin. A whole-body contrast-enhanced CT to iden-
tify the primary lesion showed a heterogeneous mass invading the left renal vein in the left kidney (Fig. 3A), but no massive embolus
in the main pulmonary arteries (Fig. 3B). He was finally diagnosed with renal cell carcinoma of clinical T3aN0M1 stage IV. He elected
not to receive systemic chemotherapy but to receive palliative care and supplemental oxygen therapy. One month after the surgery,
he received a transfusion of red blood cells for severe anemia due to appearance of gross hematuria. He died four months after the sur-
gical lung biopsy at another hospital for hospice care.

Fig. 2. Histopathological findings of lung specimens obtained by surgical lung biopsy. (A) A low power view of the lung specimen showed tumor embolization in
nearly all small pulmonary arterioles associated with dilation (hematoxylin-eosin). (B) A high-power view (hematoxylin-eosin) showed tumor cells formed by renal cell
carcinoma cells with papillary or glandular structures in. The arrows indicate the muscle layer of the arteries. (C) Immunostaining for PAX8 showed tumor cells positiv-
ity for PAX8.
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Fig. 3. Images of enhanced-contrast CT findings at diagnosis of renal cell carcinoma. (A) An internal heterogeneous mass in the morphologically preserved left kidney
and invasion of the left renal vein are shown. (B) There were no massive tumor emboli in large pulmonary arteries.

3. Discussion
This case initially presented with dyspnea on exertion, multiple micronodules and surrounding GGOs on chest CT, and a high level

of serum IgG4. Unexpectedly, the histopathology of a surgical lung biopsy demonstrated characteristics of PTE of renal cell carci-
noma. To our knowledge, this the first report of microscopic PTE of renal cell carcinoma diagnosed by a surgical lung biopsy.

Interestingly, chest CT images at the initial visit and before surgery showed micronodules in a tree-in-bud pattern and GGOs in
both lungs (Fig. 1). The tree-in-bud pattern generally reflects bronchiolar lesions such as pulmonary tuberculosis, aspiration pneumo-
nia, and IgG4-related lung disease [11,12]. However, it has been reported that the tree-in-bud pattern in CT reflects histopathological
characteristics of PTE, such as filling of centrilobular arteries with tumor cells and fibrocellular intimal hyperplasia in small arteries
and arterioles [13,14]. In our present case, micronodules on the CT reflected pathologically innumerable tumor emboli. The appear-
ance of GGOs is consistent with the findings of Yoshii et al. [15].

Contrast-enhanced CT after the surgical lung biopsy showed involvement of the renal veins but no massive tumor emboli to proxi-
mal vessels such as the main pulmonary artery (Fig. 3B). In light of the CT findings, the histopathology of the surgical lung biopsy
specimen revealed microscopic tumor emboli within small pulmonary arterioles with invasion of alveoli by carcinoma cells. Our re-
sults are consistent with findings in a previous report that tumor emboli are caused when the primary tumor invades the renal vein in
renal cell carcinoma [2]. Kane et al. divided PTE into the following four types: 1) large, proximal emboli, 2) generalized lymphatic in-
volvement, 3) pure microscopic tumor emboli involving the small arteries or arterioles, and 4) some combination of these [16]. Of
these four types, distinguishing between the clinical presentation of lymphatic and microvascular disease can be challenging [10], but
Soares reported that they are morphologically different entities and respiratory distress is more likely to be the main cause of death in
PTE [17]. Based on histopathological and radiological findings, the present case was the third microscopic type, which gradually
spread from renal vein lesions.

The diagnosis of renal carcinoma was made by the surgical lung biopsy and subsequent contrast-enhanced CT. There was no gross
or microscopic hematuria at his first visit, and the initial plane CT did not show any obvious mass in the left kidney. It is known that
massive proximal emboli cause rapid onset of acute right heart failure and progressive cor pulmonale [10]. However, our patient did
not show any evidence of pulmonary hypertension or cor pulmonale despite progressive respiratory failure with normal coagulation
results. The lack of hematuria, cor pulmonale, or an abnormal coagulation system led us not to suspect PTE or renal cell carcinoma. In
addition, our present case showed high serum IgG4 levels. Su et al. reported that high serum IgG4 levels were observed in patients
with malignant tumors without IgG4-related diseases [18]. However, a role of IgG4 in pathophysiology of malignant tumors is un-
clear.

In conclusion, in cases of micronodules and surrounding GGOs in chest CT findings and advanced respiratory symptoms, it is im-
portant to consider possibilities of PTE of malignant tumors including renal cell carcinoma.
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