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Purpose: Pulmonary nodules suspected to be cancerous are rarely diagnosed as pulmo-
nary infarction (PI). This study examined the clinical, radiological, and laboratory data
in cases diagnosed with PI to determine their potential utility as preoperative diagnostic
markers. We also assessed factors affecting the postoperative course.

Methods: A total of 603 cases of peripheral pulmonary nodules undiagnosed preoperatively
were resected at Hokkaido University Hospital from 2012 to 2019. Of these, we reviewed
cases with a postoperative diagnosis of PI. We investigated clinical symptoms, preoperative
laboratory data, radiological characteristics, and postoperative complications.

Results: Four patients (0.7 %) were diagnosed with PI. All patients had a smoking history.
One patient received systemic steroid administration, and none had predisposing factors
for thrombosis. One case showed chronologically increased nodule size. Three cases
showed weak uptake of 8F-fluorodeoxyglucose. One patient with preoperative high D-dimer
levels developed a massive pulmonary embolism (PE) in the postoperative chronic phase and
was treated with anticoagulants.

Conclusions: Preoperative diagnosis of PI is difficult, and we could not exclude lung can-
cer. However, if a patient diagnosed with PI has a high D-dimer level, we recommend
postoperative physical examination for deep venous thrombosis. Prophylactic anticoagu-
lation therapy should be considered to avoid fatal PE.
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Introduction

Recent advances in imaging technology have enabled
the identification of small pulmonary nodules in CT
screening. Early-stage lung cancer has a favorable
prognosis; hence, early surgical intervention is recom-
mended.!” However, a small and peripheral nodule
interferes with the ease of transbronchial lung biopsy
and presents difficulty with diagnosis; therefore, deter-
mining the timing of surgical interventions can be chal-
lenging.? In the present study, we report four cases of
pulmonary infarction (PI) diagnosed by postoperative
histopathological examination. We experienced one case
of massive pulmonary embolism (PE) in the chronic
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postoperative phase. Therefore, we investigated whether
preoperative laboratory data or radiological features
could be used to diagnose PE.

Materials and Methods

We performed an institutional retrospective analysis of
patients undergoing pulmonary resection for a solitary
pulmonary nodule or a mass suspicious for lung cancer
between January 2012 and December 2019. Patients who
had a known diagnosis of benign lesions before resection
were excluded from this study. We identified 603 patients
who underwent resection of a focal pulmonary lesion in
our department of Hokkaido University Hospital. Four of
these patients (0.7%) were diagnosed with PI postopera-
tively and formed the basis of this study. The medical
records of each patient were examined for age, sex, body
mass index (BMI), smoking history, past medical his-
tory, medication, type of surgical resection, laboratory
data, echocardiography, chest CT, '8F-fluorodeoxyglu-
cose positron emission tomography (FDG-PET) results,
perioperative complications, and histology. This study
was approved by the institutional review board. Before
entering the study, the subjects provided informed written
consent for their clinical and radiologic data to be used
anonymously for the current analysis.

Results

Patient background and radiological examinations
Patient characteristics and radiological findings are
shown in Table 1. The age of these patients ranged from
48 to 74 years (mean 59.3), and all cases were asymptom-
atic with incidental findings of peripheral lung nodules at
chest CT scan for medical checkup or screening for other
diseases. Their BMIs ranged from 17.9 to 29.4 (mean
22.5). All patients had a smoking history. Patient 4
received systemic steroid administration for IgG4-
related disease and had developed pneumonia twice in the
past, but other patients had no particular history that might
predispose to thrombosis. Cases 2 and 4 showed complete
right bundle branch block (RBBB) on electrocardiogram.
Cases 3 and 4 underwent echocardiography for physio-
logic evaluation but these were normal. Cases 1 and 3
underwent preoperative transbronchial lung biopsy, but
we could not confirm the diagnosis. The locations of the
nodules varied, but all nodules existed in the subpleural
lesion of the peripheral lung and were found by physical
examination or screening for other diseases. All nodules

372

were <20 mm in size. In cases 1, 2, and 4, nodules were
round in shape (Fig. 1A). Case 3 showed a trabecular
shaped nodule in the sagittal section (Fig. 1B), and this
increased in size at follow-up CT scan 4 months later
(Fig. 1C). In all cases, the nodules showed spiculation.
We performed both plain and enhanced CT in all cases,
but there was no enhancement in any of the nodules. In
BE-FDG-PET scans, cases 1, 3, and 4 showed mild uptake,
with the maximum standardized uptake (SUVmax) rang-
ing from 2 to 3, whereas case 2 showed no uptake.

Laboratory data

Preoperative laboratory data are summarized in Table 2.
The preoperative D-dimer level was elevated in case 3,
but in the other cases, no parameters suggestive of PE
were observed. None of the cases showed an inflamma-
tory reaction. Pro-gastrin-releasing peptide was increased
in case 3 and neuron-specific enolase in case 1. There
were no abnormal findings in the blood gas analysis.
Based on these findings, we could not exclude the possi-
bility of lung cancer in any of the cases and decided to
perform surgery.

Surgical procedure and intraoperative findings

In all cases, the operative procedures were thoraco-
scopic lung wedge resections. Case 1 involved unin-
tended limited resection, because ground-glass opacities
(GGOs) were observed in the contralateral lung. In case
3, we did not suspect lung cancer strongly because of the
trabecular shape. In cases 2 and 4, we performed wedge
resection first, and intraoperative frozen section diagno-
sis showed no malignant findings. Intraoperative find-
ings in cases 1, 2, and 3 showed pleural indentation,
which reflected spicula on CT scan (representative case
3 is shown in Fig. 2A). In case 4, the lesion was covered
by a pleural plaque.

Postoperative histopathological findings

In all cases, the nodular, irregular-shaped lesions were
located in the subpleural lung parenchyma (Fig. 2B).
Macroscopically, the cut surface of the lesion was gray-
white, scattered with irregular solid areas orange in
color, and surrounded by fibrous tissue. Histologically,
the lesion was comprised of areas of coagulative necro-
sis with infiltration of histiocytes and other mononuclear
cells. Cholesterin clefts and multinucleated giant cells
were also found (Fig. 2C). Berlin blue staining showed
accumulation of hemosiderin-laden histiocytes, which
indicated an ancient intralesional hemorrhage (Fig. 2D).

Ann Thorac Cardiovasc Surg Vol. 27, No. 6 (2021)
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Table 1 Patient characteristics and radiological appearances

Smoking . . .
Case  Agelsex  Symptom BMI (pack Past.medlcal Inte.rn.al ECG Cardiac TBLB  Location Max. size Enlarge- Shape HU SUv
years) history medicine echo (mm) ment (P/E) max

1 51/M - 21.7 0.5 25 yo - N/A - No R.S4 20x12 - Round 5729 23
infectious malignancy
mononucleosis
50 yo
dyslipidemia
29.4 55 26 yo - CRBBB - Not R. S6 9x7 - Round 23/-34 None
cholelithiasis performed
(operation)
3 74/M - 17.9 54.1 6 yo nephrotic - N/A N/A No R. S3 17x 13 + Trabecular  19/24 3.1
syndrome malignancy
63 yo
hemorrhagic
gastric ulcer
21 45 49yoDM  Steroid CRBBB  N/A Not L.S1+2  11x7 - Round 60/49 2.6
(insulin) (PSL performed
55 yo 10 mg)
IgG4-related
disease
62 yo, 64 yo
pneumonia

2 48/F

4 64/M

BMI: body mass index; CRBBB: complete right bundle branch block; DM: diabetes mellitus; ECG: electrocardiogram; F: female; HU: Hounsfield unit; L: left; M: male; Max.:

maximum; N/A: not applicable; PSL: prednisolone; R: right; SUVmax: maximum standardized uptake value (of '*F-Fluorodeoxyglucose-position emission tomography);
TBLB: transbronchial lung biopsy; yo: years old
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Chest CT

Case 2

sagittal section

Initial visit

4M later

Fig. 1 (A) Radiographic findings of four cases of pulmonary infarction (PI). CT findings showing all four nodules located in the
subpleural lesion of the peripheral lung (red arrows). (B) A trabecular-shaped shadow is seen in a sagittal section of the CT
scan in case 3 (red arrow). (C) Axial CT imaging on initial visit (blue arrow). The size of the nodule increased progres-

sively over 4 months (yellow arrow).

Elastica-Masson staining revealed aggregation of
alveolar elastic fibers, suggesting focal lung collapse in
addition to obstruction of the proximal vessels (Fig. 2E);
a diagnosis of distal PI was made, which might have
been caused by a locoregional circulatory disorder. Case
3 showed a trabecular shape on CT, but its histopatho-
logical findings were not distinguished from the others.
Therefore, we did not identify a relationship between the
CT and pathological findings.

Postoperative course after surgery

All patients had an uneventful postoperative course
and were followed-up with no treatment; however, case
3 developed massive PE in the postoperative chronic
phase. The detailed information is as follows: 7 months
after wedge resection of the right upper lobe, the patient
noticed shortness of breath on exercise, which worsened.
He saw his home doctor about 1 month after develop-
ment of symptoms. Echocardiography showed right
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heart strain, and an enhanced CT scan showed a large
thrombus in the left main pulmonary artery (Fig. 3A); he
was considered to need emergency admission to the
neighborhood hospital. An enhanced CT scan showed a
thrombus in the left femoral vein (Fig. 3B), which was
thought to be the origin of the pulmonary embolus.

After initiation of anticoagulation therapy (apixaban
10 mg/day), the thrombus decreased in size and disap-
peared, and he was discharged 2 weeks later (Fig. 3A).
The D-dimer value also decreased after treatment. Since
then, he has taken the direct oral anticoagulants (DOAC)
apixaban, considering the risk of recurrence. There was
no recurrence at 15 months after commencement of the
DOAC.

Discussion

After encountering a case of massive PE in the post-
operative chronic phase following resection of PI

Ann Thorac Cardiovasc Surg Vol. 27, No. 6 (2021)
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Pulmonary Infarction and Embolism

diagnosed postoperatively, we reviewed four cases of PI
in our department and examined the clinical, radiologi-
cal, and laboratory data and their potential utility as pre-
operative diagnostic markers for PI, as well as assessing
factors that affected the postoperative course.

It is known that PI is diagnosed in 8.8%—46.6% of
patients with acute PE*®; however, cases of PI with sol-
itary nodules are extremely rare. It appears to occur
when microthrombus obstructs the distal portion of
small peripheral pulmonary arteries.”® Therefore, the
nodule is often located in the subpleural lesion of the
lung and is too small to confirm the diagnosis preopera-
tively.” In addition, there are a few reports of PI where
cytological examination showed malignancy,'®!" thus it
is difficult to diagnose PI preoperatively.

The characteristic CT findings in cases of PI are of a
wedge-shaped or nodular shadow with the pleura as the
base, parenchymal density, convex-shaped, bulging bor-
ders, and linear strands directed from the apex of the
density toward the hilum.'> However, there are only a
few cases that show such typical CT images. Revel et al.
reviewed multisection CT images of 50 PIs that did not
show direct arterial signs of PE, and 100 peripheral con-
solidations of other origins; they reported that the pres-
ence of central lucencies had 98% specificity and 46%
sensitivity for PL.'» However, the size range of the
peripheral consolidations was 2.0-7.8 cm. Our four
cases were too small to represent such findings; there-
fore, these features could not be applied. Thus, there are
no clear criteria for radiological findings to diagnose PI
in cases with a small and peripheral nodule.

In terms of the past medical histories of our cases, the
steroid in case 4 was the only factor that is generally con-
sidered to have a risk of PE."” On electrocardiogram,
cases 2 and 4 showed RBBB, which is also related to
PE.'> However, although RBBB is said to reflect right
heart strain, small nodules such as in our cases do not
seem to induce strain, unlike in the case of a massive PE.
RBBB often occurs in people without PE; thus, the rela-
tionship between RBBB and PE has not been confirmed
in our study.

Miniati et al. examined 335 patients diagnosed with
acute PE by CT and reported that age of approximately
40 years, high body height, low BMI, and current smok-
ing were risk factors for complications of PE and P1.'® In
the present study, all patients had a smoking history,
which may be a risk factor for PI. Other laboratory data
or patients’ past history did not show any clues that made
us suspicious of PI but slight increase of D-dimer in case
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Case 3

Fig. 2 Intraoperative and pathological findings of case 3. (A) Intraoperative findings showing pleural indentation corresponding

to spicula on CT. (B) Macroscopic findings. On the cut surface of the resected specimen, scattered irregular orange solid
areas are found in the nodule (red arrows). A loupe view (hematoxylin and eosin staining) shows nodular, irregular-shaped
lesions located in the peripheral and subpleural lung parenchyma (red arrowheads). (C) Microscopic findings represent-
ing necrosis, part of which involves vessels surrounded by fibrosis and the infiltration of histiocytes and other mononu-
clear cells. The orange-colored region corresponds to hemosiderin-laden histocytes. (D) Berlin blue staining highlights
hemosiderin-laden histiocytes. (E) Elastica—Masson staining. There is a vascular narrowing and/or occlusion in part of the

collapsed lesion.

3. One report documents the disappearance of a pseu-
do-tumoral PI on repeated CT,'” but we encountered a
case with a tumor that increased in size over time. Shino-
hara et al. reported a PI case that showed GGO in the
early phase, which reflects the redistribution of the blood
flow after obstruction of the pulmonary artery, that sub-
sequently changed into typical CT images.'® The radio-
graphic course of case 3, which showed GGO at the
initial visit (Fig. 2B), was similar to Shinohara et al.,
suggesting that case 3 was in the early phase of PI at the
initial visit. All but one case showed abnormal uptake on
FDG-PET. On postoperative histopathological examina-
tion, all cases had necrosis in the center of the lesion.
Necrotic lesions usually have no uptake on FDG-PET,!?
but all cases apart from case 2, which showed no uptake,
had infiltration of inflammatory cells around the necrotic
lesion. Yousem et al. reviewed 23 cases of surgically
resected PIs and reported that the area of infarction

376

showed coagulative necrosis of pulmonary parenchyma
associated with extensive areas of hemorrhage in all
instances, and in 17 cases (74%), there was a well-de-
fined histiocytic and foamy macrophage margin at the
edge of the coagulative necrosis that had a palisaded
configuration.”” Abnormal uptake seemed to reflect such
inflammatory findings.?) Soussan et al. reported that PI
showed a slight FDG uptake around an area of subpleu-
ral consolidation,?” which corresponded to histopatho-
logical findings.?® However, the tumor size of the
patients in that study was larger than in ours (median size
of the PIs was 48.5 mm [range 30—74 mm]). Our cases,
which were smaller than 20 mm, were too small to rec-
ognize these findings. Typically, malignant nodules show
enhancement on contrast-enhanced CT scans.?® We per-
formed both plain and contrast-enhanced CT in all cases
and demonstrated no enhancement, suggesting a benign
nodule; however, this was insufficient to avoid surgery.

Ann Thorac Cardiovasc Surg Vol. 27, No. 6 (2021)
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Fig. 3 Clinical course of case 3. (A) CT scan shows large pulmonary thrombus in the left main pulmonary artery 8 months after
surgery. This decreases in size and disappears after starting anticoagulation therapy (red arrowheads). (B) A thrombus is
found in the left femoral vein when the diagnosis of pulmonary embolism (PE) is made, and it is considered to be the
cause of the PE (yellow arrowhead).

Considering these findings, it is difficult to exclude the
possibility of lung cancer preoperatively.

With respect to the causes of PI, Parambil et al.
reported a review of 43 PI cases identified by surgical
lung biopsy, where the two most common causes were
PE (42%) and pulmonary infection (12%).2* Infections
were diagnosed based on the pathological findings of an
intense neutrophilic inflammatory reaction and by iden-
tifying an organism through microbial culture of the lung
biopsy specimen. In the present series, there was no evi-
dence of infection, and microbial culture did not show
any specific findings, but case 4 had developed pneumo-
nia twice in the past, which could be a reason for PI. In
terms of PE, which is the most common cause of
infarction, although we could not detect an obvious
thrombus in the resected specimen, case 3 might be
related to PE, considering that the patient developed
massive PE 8 months after the operation. PI, with a

Ann Thorac Cardiovasc Surg Vol. 27, No. 6 (2021)

peripheral solitary pulmonary nodule, is in itself
extremely rare; hence, there are few reports on the devel-
opment of PE after surgery in this situation. Parambil
et al. reported that 2 out of 43 patients who developed PI
had recurrent PE. Furthermore, there is a report of
patients who underwent surgery for undiagnosed nod-
ules and were diagnosed with PI postoperatively, who
died of PE after surgery.?> On the basis of this, we should
consider the possibility of the development of massive
PE in cases of PI with high risk factors.

Case 3 showed a high preoperative D-dimer level. The
D-dimer expression level has high sensitivity and nega-
tive predictive value for deep venous thrombosis
(DVT).?® However, our PI cases had almost no D-dimer
increase; therefore, D-dimer was not useful for the diag-
nosis of PI. However, it might indicate the need for a
detailed physical examination for DVT and starting anti-
coagulants postoperatively.
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Eichinger et al. reported that the risk factors for acute
PE were age 265 years (44%), obesity with a BMI above
25.3 (34%), long-term bedridden state (23%), cancer
(23%), external injury (9%), and thrombus predisposi-
tion (6%).2” It was also reported that recurrent venous
thromboembolism (VTE) was seen in 17.3% of patients
with symptomatic PE.?® If PI is caused by PE, the recur-
rence rate of VTE seems to be high. Although we started
anticoagulation therapy after the development of the
massive PE, we should have conducted a systematic
examination for DVT, since it was a PI case, and started
postoperative anticoagulants immediately if any throm-
bus or risk factors were found.

Conclusion

We should consider a systemic work-up for DVT and
commencement of prophylactic anticoagulation therapy
when we see a patient with PI with risk factors. In addi-
tion, a high D-dimer value in preoperative laboratory
data may be helpful for the decision to initiate treatment.
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