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Abstract
Lung cancer is one of the leading causes of cancer-related deaths worldwide. Superior vena cava syndrome (SVCS) is a rare 
but potentially life-threatening complication of lung cancer, occurring in approximately 5–10% of cases. There are difficulties in 
the process of surgical treatment of SVC infiltrated by lung tumors but the contribution of technological evolution and innova-
tion is promising. At the same time, the amelioration of survival rates of patients subjected to surgical treatment is equally 
promising. The reported outcomes of surgical treatment for SVC invasion due to lung tumors vary depending on the extent 
of the tumor and the patient’s overall health status. However, studies clearly suggest that surgical treatment can improve sur-
vival and quality of life in selected patients. The literature review showed that the surgical approach to lung cancer invading 
the SVC constitutes the most indispensable treatment which helps to achieve the long-term survival of patients.
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Introduction
Lung cancer is the most common type of cancer among 

the  male population and its prevalence competes with 
breast cancer in women. At the same time, it is the first 
cause of  death among malignant diseases. According to 
Surveillance, Epidemiology, and End Results (SEER), lung 
cancer is the primary cause of cancer-related deaths glob-
ally, with a  5-year survival rate of  only 18–21% when all 
cases are taken into account and only 6% for advanced dis-
ease [1, 2]. In recent years, great progress has been made 
in surgical techniques in lung cancer surgery. Significant 
progress in correct patient selection as well as complete 
preoperative preparation has also been demonstrated [3].

Infiltration of superior vena cava (SVC) due to lung can-
cer is a rare but serious complication. It has been proven 
that SVC is particularly sensitive to tumor invasion by 
neoplasms originating predominantly from pulmonary 
(particularly right-sided), thymus gland, thyroid and stem 
cell tumors [4]. The SVC obstruction brought on by an an-
eurysmal dilation that prevented normal blood venous re-
turn was first noted by William Hunter in a  postmortem 

examination in 1757, establishing the  so-called superior 
vena cava syndrome (SVCS) [5]. Nowadays, it is well-es-
tablished knowledge that SVCS occurs more frequently 
in cases of malignancies of the right lung (75%) and 50% 
of the cases involve small cell lung cancer (SCLC) [4]. SVC 
is as mentioned before vulnerable to tumor invasion due 
to its localization and anatomy and cancer invasion con-
stitutes the major factor leading to SVC resection or recon-
struction. Infiltration and obstruction of the SVC can cause 
SVCS, which can lead to a range of symptoms such as fa-
cial swelling, upper extremity edema, and dyspnea [5, 6]. 
Overall survival depends on the primary volume and the ef-
fectiveness of  the  treatment rather than on the  removal 
of the mechanical cause [4].

This study aims to present the  available therapeutic 
options and investigate the  value of  surgical treatment 
of this clinical entity. In the case of T4 disease or upper tho-
racic syndrome, the  extended resection for SVC invasion 
of non-small cell lung cancer (NSCLC) is still considered to 
be a  controversial method which is however reported to 
provide a survival benefit [7].
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Diagnosis of vena cava invasion
The diagnosis of lung cancer invading the SVC is usu-

ally made through a  combination of  clinical evaluation, 
imaging studies, and biopsy. The  most common present-
ing symptoms are dyspnea, facial swelling, and upper ex-
tremity edema. Cervicobrachial edema and cyanosis are 
also among the symptoms of the characteristic clinical pre-
sentation, which varies depending on how quickly the SVC 
becomes blocked and obstructed [8]. When the symptoms 
worsen, they may also cause cerebral edema, cerebellar 
herniation, and even death. Computed tomography (CT) 
scans and magnetic resonance imaging (MRI) are the most 
common diagnostic tools available. Positron emission to-
mography (PET) can also be useful to confirm diagnosis 
and assess the  extension of  the  infiltration. On imaging, 
SVC invasion is characterized by a large mediastinal mass, 
usually located in the anterior mediastinum, which may be 
associated with dilatation of the SVC. Biopsy of the mass 
confirms the diagnosis of lung cancer [8].

Treatment options
Chemotherapy
Chemotherapy is a  commonly used treatment option 

for patients with lung cancer that has infiltrated the SVC 
[9]. It can help to reduce the  size of  the  tumor, alleviate 
symptoms, and improve quality of  life. However, che-
motherapy is generally considered to be less effective in 
achieving long-term survival than surgery [9, 10].

Immunotherapy
Immunotherapy has nowadays a  crucial role among 

the  therapeutic strategies in the  treatment of pulmonary 
malignancies. With the emergence of new therapeutic op-
tions including immune checkpoint inhibitors (ICIs) and 
several molecular targeted medications, the management 
of  advanced lung cancer has considerably improved. For 
the past ten years, ICIs, in particular inhibitors of the PD-1 
axis, have changed how NSCLC is managed [11]. When 
administered as first-line therapy for patients whose tu-
mors express PD-L1 on at least 50% of cells, ICIs improve 
overall survival compared to chemotherapy [12]. Moreover, 
ICIs plus chemotherapy have been shown to increase pa-
tient survival in both squamous and non-squamous types 
of  NSCLC [13, 14]. However, complete remissions remain 
rare [14]. After progression under immunotherapy, several 
retrospective research and case reports show an unex-
pectedly positive response to chemotherapy. In those tri-
als, the  idea that immunotherapy and chemotherapy had 
a synergistic impact was debated [14, 15].

Radiation therapy
Radiation therapy involves the  use of  high-energy X-

rays to destroy cancer cells. It can be used as a  primary 
treatment for inoperable tumors or as an adjunct to sur-
gery [16]. Radiation therapy can help to shrink the tumor 
and alleviate symptoms, but it may also cause side effects 

such as fatigue, skin irritation, and nausea. Stereotac-
tic body radiotherapy (SBRT) has been gradually tried for 
SVCS, but is limited to small lesions with a diameter of less 
than 5 cm [16, 17].

Endovascular stenting
Endovascular stenting is a minimally invasive treatment 

option that involves the insertion of a stent into the SVC to 
maintain patency. It is generally reserved for patients who 
are not suitable for surgery or who have a poor prognosis. 
It can however significantly relieve symptoms, although it 
provides no improvement of the prognosis [18]. Due to its 
quick and efficient symptom relief compared to convention-
al therapy by radiotherapy and chemotherapy, SVC stenting 
has grown in popularity in the management of SVCS since 
its initial description by Charnsangavej et al. in 1986 [19]. 

Once conventional therapy fails, stenting of the SVC is 
typically offered as a  salvage therapy. Due to its encour-
aging outcomes, an increasing number of  hospitals have 
started to explore primary stenting as a first-line therapy 
before conventional therapy in recent years [20, 21]. Never-
theless, the outcomes of primary stenting before conven-
tional therapy and salvage stenting following the  failure 
of  conventional therapy have not yet been directly com-
pared in trials. There were no statistically significant dif-
ferences between primary stenting and salvage stenting in 
terms of the quantity of stents used, success rates, proce-
dure times, rates of symptom relief, complication rates, and 
re-procedure rates [21].

Stenting provides overall symptomatic relief in 95% 
of  patients with an 11% symptom recurrence rate and is 
the most efficient and quick treatment for SVCS symptoms, 
according to a  systematic review by Rowell and Gleeson 
[21]. However, only 60–77% of patients were able to have 
symptomatic alleviation after receiving radiotherapy or 
chemotherapy, and 17–19% of patients experienced symp-
tom recurrence [21]. Overall, for NSCLC patients with SVCS, 
endovascular stent insertion is efficient and secure, and 
it may be suggested as the  primary option for palliative 
therapy of SVC obstruction [8, 21, 22].

Palliative care
Palliative care is an important component of the treat-

ment of patients with SVC infiltration due to lung cancer. It 
focuses on improving quality of life and alleviating symp-
toms such as pain, dyspnea, and anxiety. Palliative care may 
include medication management, counseling, and physical 
therapy. Conservative supportive measures include head 
elevation, diuretic therapy, supplemental oxygen therapy, 
and steroids. Thrombolysis is required emergently in pa-
tients with airway compromise or symptoms secondary to 
cerebral edema [18].

Surgical treatment of lung cancer invading 
the superior vena cava

As mentioned before, the  malignant invasion to 
the  SVC may cause serious symptoms which can signifi-
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cantly reduce the quality of life of the patient or even be-
come life threatening [23, 24]. The surgical treatment con-
sisting of extended resection of mediastinal or pulmonary 
tumors invading SVC is well documented and is considered 
technically feasible with low morbidity rates. The patients 
are selected on the  basis of  a  range of  factors such as 
the expanse of SVC invasion, the extent of resection and 
the  presence of  mediastinal lymph node metastases. It 
should be however stressed that surgical treatment of lung 
cancer invading the SVC is a complex and challenging pro-
cedure that requires a highly skilled surgical team. The aim 
of  the  surgery is to remove the  tumor and reconstruct 
the SVC to restore blood flow to the right atrium. The pro-
cedure can involve the  use of  a  cardiopulmonary bypass 
and may require the use of synthetic grafts or autologous 
tissue to reconstruct the SVC [23, 24].

While surgical treatment of  lung cancer invading 
the SVC is a major operation that carries certain risks, it 
can offer significant benefits for patients in terms of  im-
proved quality of  life and increased survival rates. It is 
however important to select the appropriate patients and 
to carefully weigh other available options before reaching 
the final decision. During the investigation process of diag-
nosis of lung cancer, the exact staging is one of the most 
important factors influencing the outcome of the disease. 
The exact staging is important to determine the progno-
sis and the  choice of  the  most appropriate therapeutic 
approach. Surgical treatment remains the  cornerstone in 
the treatment of lung cancer and is the only way of improv-
ing long-term survival [4].

The clinical experience indicates that there are various 
techniques of SVC resection and also a variety of prosthetic 
materials (polyethylene terephthalate fiber, saphenous vein 
spiral grafts, glutaraldehyde-preserved porcine pericardi-
um) [25]. When polytetrafluoroethylene (PTFE) prostheses 
are used, patients having complete prosthetic replacement 
frequently need a different surgical technique, intra-opera-
tive SVC cross-clamping, and anticoagulation [26]. Leo et al. 
investigated the possibility that PTFE replacement would af-
fect the perioperative result [26]. They came to the conclu-
sion that full prosthetic replacement can be safely carried 
out when other reconstruction techniques cannot provide 
a sufficient tumor-free resection margin or cannot ensure 
adequate blood flow and does not increase overall post-
operative morbidity in patients undergoing SVC resection 
[26]. Radiotherapy or chemotherapy can be combined with 
surgical treatment in some cases. In the case of the exis-
tence of circumferential stenosis of SVC the endovascular 
treatment is slow while radiotherapy is of doubtful effec-
tiveness [27].

The  surgical techniques include whole SVC replace-
ment, tangential resection and venous plasty and the pal-
liative bypass, depending on the extent of the infiltration 
and the aim of the operation. In cases where a complete 
SVC replacement should be carried out, the following surgi-
cal steps are usually performed: 1) anterolateral or postero-
lateral thoracotomy to access the  lung and the mediasti-

num, 2) careful dissection of the lower pulmonary ligament, 
3) dissection of the azygos vein, 4) dissection of the supe-
rior vena cava preserving the  phrenic nerve and the  va-
gus nerve, 5) the pericardium is opened to access the in-
trapericardial part of the superior vena cava, 6) dissection 
of  the  intrapericardial part of  the  superior vena cava,  
7) dissection of the right pulmonary artery inside the peri-
cardium, 8) section of  the azygos vein to improve access 
to the superior vena cava using ligatures or an autosuture 
device, 9) cross-clamping of the right atrial appendage af-
ter systemic administration of heparin, 10) the right atrial 
appendage is opened to create an opening for the place-
ment of a prosthetic graft, 11) anastomosis of a ringed PTFE 
prosthesis to the right atrial appendage, 12) intrapericardial 
transection of  the  intrapericardial superior vena cava us-
ing an autosuture device, 13) clamping of the distal supe-
rior vena cava or both innominate arteries, 14) resection 
of  the  extrapericardial superior vena cava, 15) proximal 
anastomosis of  the PTFE prosthesis to the  superior vena 
cava, 16) removal of both the proximal and distal clamps 
to restore blood flow to the superior vena cava prosthesis 
and administration of  protamine to restore coagulation,  
17) further completion of the planned lobectomy or pneu-
monectomy to remove the tumor, combined with system-
atic lymph node dissection.

A potential complication of SVC surgery is anastomotic 
stenosis at proximal and distal suture lines, while stenosis 
may also be caused by proximal kinking due to excessive 
dissection or excessive length of  the  graft. Another seri-
ous complication could be graft thrombosis and infection, 
which could lead to sepsis, and in most such cases the graft 
should be removed [28]. The short- and long-term effects 
of  various methods of  SVC resection and reconstruction 
for T4 NSCLCs were thoroughly examined by Dell’Amore  
et al. [29]. In their multicenter retrospective research, 80 pa-
tients underwent SVC surgery along with anatomical lung 
resection. Sixty-four patients were part of the partial resec-
tion and direct suture or patch reconstruction group, while 
16 patients were part of the total resection and prosthesis 
reconstruction group. Oncological, surgical, and survival re-
sults, as well as general characteristics, did not differ be-
tween the  two groups. Their findings demonstrated that 
SVC resection, independent of the degree of circumferen-
tial involvement and the style of reconstruction, had favor-
able oncological and survival outcomes [29].

It is estimated that operative mortality lies between 
5 and 10% while the  survival rate after radical resection 
of mediastinal tumors invading the SVC is quite satisfac-
tory compared to other forms of cancer [6]. More specifical-
ly, Dartevelle reported that the 5-year survival rate ranges 
up to 60% in other forms of malignancies but in the case 
of lung cancer ranges at 30% [6]. Spaggiari et al. mention 
that the estimation of 5-year survival rate for patients un-
dergoing SVC resection and reconstruction for lung can-
cer is 30–50% for anterior mediastinal malignancies [30]. 
The  survival rate after the  extended surgical resection is 
therefore considered satisfactory [4]. However, as Lanuti 
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et al. report, the selection of suitable patients for surgical 
treatment including extended resections remains challeng-
ing, although it is well understood that it is directly con-
nected to preoperative diagnostic imaging and accurate 
determination of tumor stage [4].

Thomas et al. performed a study regarding extended 
operations on patients with lung cancer invading the SVC 
and recruited 845 patients who were subjected to surgical 
treatment for right lung cancer [31]. The operative results 
showed that the 5-year survival for patients with SVC in-
volvement was 24%, the 2-year survival corresponded to 
32% and the 1-year survival to 46.7%. The authors concluded 
that extended resection is justified as it provides control 
of the primary tumor in cases where operative risk is con-
sidered acceptable [31]. The study of Misthos et al. regard-
ing surgical management of lung cancer invading the SVC 
focused on the role of surgical treatment with extended 
resection [32]. The participants were patients suffering from 
NSCLC located in the right upper lobe accompanied with 
SVC invasion and they received surgical treatment through 
thoracotomy. The results showed a 5-year survival rate 
of 11% for patients with SVC involvement [32]. Nakahara  
et al. in their study recruited 6 patients with lung cancer 
subjected to reconstruction of SVC with ringed polytetrafluo-
roethylene grafts [33]. Patients in their study survived 34, 18, 
17, 12, 4 and 5 months after surgery. This study shows how 
limited the survival rate for these patients can be, which 
demonstrates how essential the proper selection of patients 
as candidates for extended resections can be [13]. 

Spaggiari et al. investigated the oncologic value of sur-
gical treatment of  lung cancer invading the  SVC through 
the  evaluation of  clinical data of  patients subjected to 
surgery [30]. They investigated the  clinical outcomes of  
70 cases and concluded that SVC resection is potentially ef-
fective as a treatment strategy for those patients who had 
been defined as inoperable 10 years ago. Moreover, infiltra-
tion of SVC could succeed compensatory long-term health 
outcomes after neoadjuvant chemotherapy [30]. Kozu et al. 
also focused on survival rates after SVC resection for lung 
cancer. More specifically, the case study refers to a 65-year-
old patient with lung cancer and SVC syndrome who was 
subjected to right pneumonectomy [27]. The SVC was re-
constructed and R0 resection was achieved. The  patient 
remained for 39 months free of disease after the second 
surgery. The authors report that in this case surgical treat-
ment was chosen as the PET results were encouraging for 
such therapeutic treatment. The  PET scan showed that 
recurrent disease was deemed localized to the  mediasti-
nal lymph node. The authors concluded that the  surgical 
treatment approach, although considered aggressive, is 
warranted for cases of relapsed lung cancer and in cases 
of exclusion of existence of metastatic lesions which would 
have been detected through diagnostic tools such as PET 
tomography [27]. Moreover, Suzuki et al. suggest that 
the pattern of SVC invasion is a significant prognostic fac-
tor, and it should be taken into consideration for evaluating 
the outcome of clinical trials for T4 lung cancer [34]. They 

report a  10% 30-day mortality rate in their trial. The me-
dian follow-up time for patients who were still alive was 
67 months, and the  5-year survival rate was 24%. When 
the prognoses of patients with SVC invasion by metastatic 
nodes and those with SVC invasion by direct tumor infil-
tration were examined, the  difference in survival (5-year 
survival rate, 6.6% versus 36%) was statistically significant 
[34]. Even in the palliative setting, palliative surgery may 
be a good management choice for a clinically troublesome 
lesion, which may worsen with chemotherapy or immuno-
therapy [35].

Another study which included 48 patients was published 
by Chenesseau et al. [36]. Seventeen patients received neo-
adjuvant therapy, and 31 patients received adjuvant thera-
py. 85% of the patients had an R0 resection. Postoperative 
death was significantly higher in cases of  right pneumo-
nectomy. There were no SVC clamping-related neurologic 
occurrences. In 2 individuals, graft thrombosis occurred. 
The average survival was 24 months; the 3-, 5-, and 10-year 
survival rates were 45%, 40%, and 35%, respectively, while 
the  equivalent survival rates without disease were 37%, 
37%, and 30%. Only margin-free (R0) resection was found 
to be associated with improved survival [36]. The authors 
came to the conclusion that mortality in carefully chosen 
patients with NSCLC affecting the SVC is acceptable follow-
ing total en-bloc resection and prosthetic replacement per-
formed in an experienced facility. SVC involvement should 
therefore not prevent some patients from considering cura-
tive resection [36].

Several data support the safety of the procedure when 
it is planned carefully. For instance, Zhang et al. report a se-
ries of 35 patients with SVC disease who received prosthet-
ic vascular reconstruction through median thoracotomy 
[37]. They stated that every single procedure in their series 
was successfully completed. Six occurrences of arrhythmia, 
5 cases of hypoxemia, one case of myasthenia crisis, one 
case of heart hernia, and 2 cases of fungal infection were 
recorded among the  postoperative complications. With 
a mortality rate of 5.12%, 2 patients perished from lung in-
fection and myocardial infarction, respectively. Thirty-three 
further cases were successfully treated. 15 days of hospi-
tal stay were on average required after surgery. In 8 of the  
10 patients with SVCS who underwent surgery, symptoms 
were relieved, with the exception of 2 patients who devel-
oped intraoperative intravascular thrombosis [37]. They 
suggested using a  programmed procedure for prosthetic 
repair of the SVC in order to standardize the treatment and 
reduce surgical risk. This approach is supported by the safe 
surgical techniques used [37].

As previously indicated, although the indications for ves-
sel resection are still debatable, it is generally accepted that 
it improves the long-term prognosis of certain patients; yet, 
little agreement has been established on the most effective 
technique for vascular reconstruction [38]. While the SVC 
is frequently replaced during an unprotected cross-clamp, 
it may also be preferred to implant a  temporary venous 
shunt in order to maintain periprocedural safety and sim-
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plify postoperative treatment. For instance, Yotsukura et al. 
propose SVC reconstruction surgery involving the insertion 
of a temporary extravascular shunt through a lateral thora-
cotomy and the use of an autologous pericardial patch [38]. 
Lee et al. created a hybrid and secure approach [39]. They 
advise using a  stent while removing a  malignant tumor 
from the SVC. This method makes such surgery simpler and 
increases the likelihood of success. A sufficient margin was 
left around the metastatic lymph node that was invading 
the SVC, and it was removed. The excisional margins were 
then sutured to the stent. This method prevented bleeding 
through the defect and fastened the stent securely [39].

Due to the wide and continuous development of mini-
mally invasive procedures and tools, video-assisted thoracic 
surgery (VATS), as well as robotic thoracic surgery (RATS) 
can be used to partially resect and repair SVC [40]. Nev-
ertheless, there are not many publications that mention 
VATS surgical methods. In their study, Xu et al. described 
the  essential methods for VATS-assisted partial resec-
tion of the SVC [40]. Two significant technical issues with 
the procedure utilized in this study are how to ensure safe 
resection without bleeding margins of  the  sidewall and 
how to ensure thoracoscopic resection with negative mar-
gins while maintaining adequate blood flow in the remnant 
conduit [40].

Discussion
The prognosis of lung cancer invading the SVC is gener-

ally poor and the median survival rate of patients with lung 
cancer invading the SVC subjected to surgical operation is 
11 months [41]. However, surgical resection can improve 
survival and quality of  life in selected patients. The  re-
ported 5-year survival rates after surgery may be improved 
from 15% up to 40%, depending on the extent of the tumor 
and the patient’s overall health status [41]. Thus, the surgi-
cal operation remains the  most indispensable treatment 
approach which helps to achieve long-term survival. SVC 
involvement was once thought to be a  technical and on-
cological contraindication to operative treatment [29, 32]. 
The  boundaries of  surgical resection in locally advanced 
NSCLCs have been significantly changing over the last de-
cades as a result of developments in thoracic and cardio-
vascular surgery [29]. Fewer than 250 SVC resections for 
lung cancer have been documented in the literature, with 
52 individuals being included in the  largest one [29, 30]. 
Many studies examine individuals who underwent outdat-
ed oncological treatments for mediastinal and lung malig-
nancies, which have varied treatment modalities and prog-
noses and require extensive mediastinal staging. Moreover, 
some of them involved SVC resection for N2 disease, which 
led to disappointing long-term survival statistics [42].

The reconstruction and resection of the SVC is required 
in the  context of  the  surgical treatment approach of  in-
trathoracic neoplasms. However, surgical treatment still 
remains a risky approach as the graft thrombosis may be 
a serious complication [43]. Moreover, complications such 
as stenosis and graft infection are possible [29].

Many reports in the literature show that long-term sur-
vival rates have increased thanks to advances in our under-
standing of  tumor biology and adjuvant therapy [36, 41]. 
Nonetheless, despite advances in surgical and anesthesio-
logic care, recent studies have shown that the  morbidity 
and mortality of  these extended surgical procedures still 
remain much greater than that of normal lung resections 
[29, 36]. As a result, improving patient prognoses requires 
careful patient selection in a  multidisciplinary team dis-
cussion, an expert anesthetist, and a  surgical team. De-
spite the technical difficulties of surgical treatment of SVC 
metastatic malignancy, it has been shown that it could be 
performed with success in select patients. Thus, the well-
designed and correct selection of patients is the most sig-
nificant factor for successful surgical treatment [44, 45].

Conclusions

Lung cancer invading the SVC is a rare but potentially 
life-threatening complication of lung cancer. The treatment 
of SVC infiltration due to lung cancer depends on a range 
of factors, including the extent of the tumor, the patient’s 
overall health status, and the availability of treatment op-
tions. Chemotherapy, immunotherapy and radiation thera-
py can be effective in alleviating symptoms and improving 
quality of life, but surgery remains the most effective treat-
ment option for achieving long-term survival. Endovascular 
stenting and palliative care may also play a role in the man-
agement of this condition. Therefore, a multidisciplinary ap-
proach involving medical and surgical oncologists, radiation 
oncologists, interventional radiologists, and palliative care 
specialists is essential in the management of patients with 
SVC infiltration due to lung cancer. The procedure is techni-
cally challenging and carries a high risk of complications, 
but can improve survival and quality of life in selected pa-
tients. Therefore, careful patient selection and surgical ex-
pertise are essential in the management of this condition.
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