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Abstract

Background: Few clinical research studies with long-term follow-up have revealed
whether cardiopulmonary bypass (CPB) increases the risk of postoperative distant
metastasis in patients with giant refractory thoracic tumors. The present study evalu-
ated the risk of distant metastasis after surgery utilizing CPB with long-term
follow-up.

Methods: Clinical data for patients with giant refractory thoracic tumors who under-
went resection with the use of CPB in the Second Affiliated Hospital of Soochow Uni-
versity during the past 11 years were retrospectively reviewed.

Results: Of the 14 patients with giant refractory thoracic tumors who had undergone
surgery under CPB, 10 patients (71.4%) were completely resected. Twelve patients
were followed up for 13-127 months with 10 patients were completely resected and
two patients could not be completely resected due to severe tissue invasion. Three
patients (25%) suffered from distant metastasis, and four patients (33.3%) experienced
local recurrence. Only one patient (1/10) with complete resection suffered from dis-
tant metastasis, while two patients (2/10) experienced local recurrence. Two patients
(2/2) with major resection suffered from both distant metastasis and local recurrence.
Median overall survival for patients who have been regularly followed up was 50
months with 1-, 5-, and 10-year survival of 100%, 75%, and 66.7%. No difference was
found between the distant metastasis survival and the local recurrence sur-
vival. (p = 0.99).

Conclusions: CPB is an effective strategy for complete resection of the giant refractory
thoracic tumors with an acceptable risk of postoperative distant metastasis for some
patients.
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large number of tumors and the difficulty of surgical
removal, but does not provide a general description of clini-

Giant refractory thoracic tumors do not have a clear diag-
nostic standard. Their nomenclature mainly emphasizes the
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cal characteristics. Giant refractory thoracic tumors of vari-
ous pathological types invade the surrounding tissues and
organs with serious consequences. Moreover, completely
removing tumors using conventional thoracic surgery is dif-
ficult, resulting in poor patient prognosis.'™* The surgical
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strategy for complete tumor resection is also extremely
high-risk, but the adoption of cardiopulmonary bypass
(CPB) can ensure the stability of intraoperative respiratory
circulation and create favorable conditions for complete
tumor resection.” Surgeons have been reluctant to use CPB
during surgery due to the many complications associated
with the procedure and the possibility that it may promote
distant metastasis of tumor cells.>® Thus, most patients die
due to the lack of effective surgical treatment. However,
standardized management can significantly reduce the com-
plications associated with CPB.” There are only a few
scattered case reports without long-term follow-up, which
are not able to confirm definitively whether CPB causes
distant metastasis. The present report summarizes the
long-term follow-up clinical data for patients with giant
refractory thoracic tumors who had undergone surgery
under CPB during the past 11 years at the Second Affiliated
Hospital of Soochow University (Suzhou, China). It also
analyzes the effect of CPB on the distant metastasis of
thoracic tumors.

METHODS
Patients and data collection

This retrospective cohort study included all patients with
giant refractory thoracic tumors who had undergone surgery
under CPB during the past 11 years at the Second Affiliated
Hospital of Soochow University. The study was approved by
the Ethics Committee of the Second Affiliated Hospital of
Soochow University (No. JD-HG-2020-18).

The patient characteristics, their surgical treatment,
complete resection status, local recurrence, and distant
metastasis status were retrospectively reviewed (Table 1).
Kaplan-Meier analysis was used for comparison of overall,
distant metastasis, and local recurrence survival. The equiva-
lence of the survivor function was tested with the log-rank
test. A p value of less than 0.05 was considered statistically
significant.

Treatment

All patients were treated with thoracotomy using a median
sternal incision and routinely intubated via the ascending
aorta. Patients with severe involvement of the ascending
aorta were intubated using the femoral artery. The intrave-
nous intubation method through the vena cava, atrial, or
femoral vein was selected based on tumor involvement.
A SORIN/C5 cardiopulmonary bypass machine (Sorin
Group Deutschland GmbH) and a membranous lung
(MEDOS Medizintechnik AG) were used during the opera-
tion. Heparin (1 mg/kg, flow rate 50-80 ml/kg-min) was
added to the CPB pipeline and the activated clotting time of
whole blood (480 s) was maintained during the surgery. The
intraoperative body temperature was maintained at mild

hypothermia conditions (32-35°C). An extracardiac sucker
was used for intraoperative bleeding. Intracardiac sucker
was used only in a case of a large amount of bleeding.
Tumor suppression therapy was performed with thermo-
perfusion (the body temperature was maintained at 41°C for
1 h) during the heating process of CPB.

The individual surgical treatments are shown in Table 1.
At follow-up, patients were recommended to undergo com-
puted tomography (CT), enhanced CT, or positron emission
CT to evaluate local recurrence and distant metastasis.

RESULTS

A total of 14 patients (nine males and five females) with
giant refractory thoracic tumors have undergone surgery
under CPB during the past 11 years at the Second Affiliated
Hospital of Soochow University (Table 1). Among the
14 patients, 10 patients were completely resected (71.4%),
while four patients (one case of squamous cell carcinoma of
left lung hilus, one case of mediastinal primary T cell lym-
phoma with pericardial, aortic, and pulmonary artery
involvement, one case of giant extraosseous osteosarcoma in
the left lung hilus, and one case of thymic squamous cell
carcinoma with invasion of the main pulmonary artery and
superior vena cava) underwent a major resection due to the
large tumor size and severe tumor invasion into the sur-
rounding organs. Twelve patients were regularly followed up
for 13-127 months. Two patients were lost to follow-up
after returning to their hometown. Median overall survival
for patients who have been regularly followed up was 50
months with 1-, 5-, and 10-year survival of 100%, 75%, and
66.7% (Figure 1). No difference was found between the dis-
tant metastasis survival and the local recurrence sur-
vival. (p = 0.99).

Three patients (25%) suffered from distant metastasis,
and four patients (33.3%) experienced local recurrence dur-
ing long-term follow-up. Among the 10 patients who
received a complete resection, only one patient (1/10) had
distant metastasis 13 months after surgery, and two patients
(2/10) suffered from local recurrence. However, the two
patients who underwent major resection (2/2) experienced
distant metastasis four and 48 months after surgery, and
both suffered from local recurrence.

DISCUSSION

There are several pathological types of giant refractory tho-
racic tumors that have different prognoses. However, post-
operative local recurrence and distant metastasis mean poor
prognosis regardless of the nature of the tumor.® Complete
tumor resection during the operation plays a decisive role in
the outcome. In our follow-up cases, only two patients
(2/10) with completely removed tumors experienced local
recurrence during the long-term follow-up. Notably, previ-
ous studies have suggested that complete tumor removal
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TABLE 1 Characteristics and perioperative outcomes of the included patients
Age EN Recurrence  Metastasis  Followed
No. Gender (years) Description Treatment BLOC (M) M) up (M)
1 M 52 Giant invasive solitary fibrous Middle mediastinal tumor Yes No No 79
tumor resection and superior vena
cava repair
2 M 57 Giant thymoma Resection of anterior mediastinal ~ Yes No No 74
tumor (intubation via
femoral artery)
3 M 61 Giant thymic squamous cell Resection of anterior mediastinal ~ Yes No No 63
carcinoma with local tumor and partial resection
invasion of left upper lung of left upper lung
4 M 38 Giant thymic squamous cell Middle mediastinal tumor Yes No No 58
carcinoma with pericardium resection and partial
and main pulmonary artery pericardiectomy (intubation
invasion via femoral artery)
5 F 45 Giant mediastinal primary T cell ~ Mediastinal tumor resectionand ~ No - - Loss
lymphoma with pericardial, partial pericardiectomy and
aortic and pulmonary artery innominate vein repair
involvement (intubation via femoral
artery) and postoperative
chemotherapy
6 M 61 Squamous cell carcinoma of left Left pneumonectomy No - - Loss
lung hilus
7 M 64 Invasive fibrous tumor of right Middle and lower lobectomy and ~ Yes No No 34
middle and lower lung with mediastinal tumor resection
mediastinum and diaphragm and partial hepatectomy and
involvement diaphragmatic
reconstruction
8 M 52 Giant extraosseous osteosarcoma  Left pneumonectomy No 4 4 13
in left lung hilus
9 F 60 Giant thymoma Resection of anterior mediastinal ~ Yes No No 42
tumor
10 M 41 Thymic squamous cell Resection of anterior mediastinal ~ No 31 48 63
carcinoma with main tumor (intubation via
pulmonary artery and femoral artery)
superior vena cava
involvement
11 F 55 Giant leiomyosarcoma of left Left lower lobectomy Yes 15 No 27
hilar lung
12 M 49 Giant thymoma Resection of anterior mediastinal ~ Yes No No 28
tumor
13 F 60 Giant fibrosarcoma of Pericardial tumor resection and Yes 13 13 15
pericardium pericardiectomy
14 F 58 Giant leiomyosarcoma in right Right atrium tumor Yes No No 127

atrium and right lower lung

resection and right lower
lung resection

during surgery is the key point of treatment for refractory
thoracic tumors.”

However, most giant refractory thoracic tumors seri-
ously invade important mediastinal tissues and organs.'"'?
The postoperative recurrence rate is extremely high and the
prognosis is poor when surgeons cannot completely remove
the tumors using conventional thoracic surgery."> As
expected, the two patients with major resection in the pre-
sent study both suffered from local recurrence. In addition,
reoperation is also recommended to completely remove the

recurrent tumor if the patient’s condition permits.'*'> Thus,
surgeons are constantly exploring strategies to completely
remove refractory tumors safely and reliably during surgery
to improve the prognosis.

The main risks during surgery are damage to the sur-
rounding important tissues and organs and instability of the
respiratory and circulation systems.'®™'® These risks limit
the implementation of conventional thoracic surgery. Preop-
erative multidisciplinary consultation, detailed assessment of
the positional relationship between the tumor and the
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FIGURE 1 Kaplan-Meier analysis of overall survival of patients who
have been regularly followed up after surgery with cardiopulmonary bypass
(red line), and who have experienced postoperative distant metastasis
(green line) and local recurrence (blue line). No difference was found
between distant metastasis survival and local recurrence survival. (p = 0.99)

surrounding tissues and organs,'"*" careful management of
the anesthetic process,'® and active use of CPB or extracor-
poreal membrane oxygenation (ECMO) can all help thoracic
surgeons to effectively overcome surgical difficulties in order
to reduce the risk of the operation™' and achieve a com-
plete removal of tumor tissues with better prognosis.>*>
However, CPB or ECMO may increase the chance of
some complications.'®™"® For example: (1) due to the abun-
dant tumor tissue blood supply, anticoagulant therapy dur-
ing and after surgery may cause serious bleeding in the
tumor invasion wound, (2) CPB and ECMO processes may
destroy blood components, and (3) the chance of a systemic

inflammatory stress response may be increased. Serious
complications may prolong hospital stay, increase economic
burden, and even cause death. Fortunately, the probability
of serious complications is extremely low with a favorable
prognosis, as long as standardized medical care management
is implemented during the perioperative period.” Prior stud-
ies have shown that patients who undergo a careful preoper-
ative multidisciplinary evaluation and are treated with CPB
according to the preoperative plan during surgery have a
significantly better prognosis than patients who undergo
emergency CPB during surgery.*’

There are only a few scattered case reports investigating
whether CPB increases the risk of postoperative distant
metastasis,”* which remains to be confirmed by more
follow-up studies.

In the past 11 years, 14 patients have been treated under
CPB in our department, and most of them were followed up
for a long time. Three patients (25%) suffered from distant
metastasis during the long-term follow-up. Only one patient
(1/10) experienced distant metastasis with complete resec-
tion, while two patients with incomplete resection both had
distant  metastasis.  Noticeably, the patient with
leiomyosarcoma in the right atrium and right lower lung
who had undergone right atrium tumor resection and right
lower lung resection under CPB, has been regularly followed
up for 127 months without noting distant metastasis and
local recurrence (Figure 2). Therefore, the rate of postopera-
tive distant metastasis is not high for patients undergoing
refractory thoracic tumor surgery under CPB, especially
when complete resection is performed.

FIGURE 2 Patient with leiomyosarcoma in the right atrium and right lower lung underwent right atrial tumor resection and right lower lung resection
with the use of cardiopulmonary bypass. (a) Preoperative chest computed tomography (CT). The red arrow indicates the tumor in the right atrium and the
green arrow indicates the tumor in the right lower lung. (b) Chest CT 10 years after operation. (c, ) Tumor in the right atrium. (d, f) Tumor in the right

lower lung
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However, distant metastasis may be related to both path-
ological characteristics and incomplete resection. The two
patients with invasive fibrous tumors with complete re-
section did not suffer from distant metastasis. Among the
three patients with thymic squamous cell carcinoma, only
one patient without a complete resection suffered from dis-
tant metastasis in the right upper lobe 4 years after surgery.
Among the four sarcoma patients (one case of extraosseous
osteosarcoma without complete resection, one case of fibro-
sarcoma, and two cases of leiomyosarcoma with complete
resection), two patients (one case of fibrosarcoma and one
case of extraosseous osteosarcoma) suffered from extensive
distant metastasis. Out of 19 reported mediastinal
leiomyosarcoma cases in Japan, nine had synchronous or
metachronous metastases to various organs within an aver-
age follow-up of 25.5 months.”® A patient with surgically
resected fibrosarcoma in the left atrium died 5 months
later.”® In terms of extraosseous osteosarcoma outcomes,
distal metastasis or local recurrence occurred even if the
surgical procedure included a complete tumor resection.
Out of five patients who had undergone surgery for
extraosseous osteosarcoma, three patients died less than
1 year after surgery due to distal metastasis and local recur-
rence.* The extraosseous osteosarcoma patient in the pre-
sent study had survived for more than 1 year after surgery.
Thus, it is possible that distant metastasis may be related to
both pathological characteristics and incomplete resection,
rather than CPB. Unfortunately, the small sample size
limits the classification analysis and requires further
verification.

The first basic principles and quality control standards
for surgical treatment of giant thoracic tumors have recently
been published in China.*” They provide reliable practical
guidance for thoracic surgeons. They emphasize that the
surgical treatment of giant thoracic tumors must include a
multidisciplinary consultation combined with cardiovascular
surgical techniques, when necessary. Under the guidance of
this standard, more patients will receive surgical treatment
under CPB, and more cases will be accumulated to evaluate
the influence of CPB on postoperative distant metastasis.

The present study has some limitations. Since retrospec-
tive studies with long-term follow-up are rare, the number
of cases in the present study was small and included a vari-
ety of pathologies. This study also utilized single-
center data.

In conclusion, CPB is an effective strategy for complete
resection of the giant refractory thoracic tumors with an
acceptable risk of postoperative distant metastasis for some
patients.
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