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ABSTRACT
Epithelial ovarian cancer most commonly presents at 
advanced stages, and prognosis is influenced by residual 
disease following cytoreduction. The significance of 
cardiophrenic lymph node resection at the time of 
cytoreductive surgery in advanced ovarian cancer 
remains a topic of debate. Enlarged cardiophrenic lymph 
nodes are detected through high- resolution imaging; 
however, the optimal imaging technique in determining 
feasibility of node resection remains uncertain. Similarly, 
the impact of excision of cardiophrenic lymph nodes on 
progression- free and overall survival remains elusive. The 
indications for resection of cardiophrenic lymph nodes 
are not addressed in standard ovarian cancer guidelines. 
Patients with cardiophrenic lymph nodes exceeding 1 cm 
in size may be considered for resection if complete intra- 
abdominal cytoreduction is feasible to no gross residual. 
The surgical approach might be either by open access 
or by video- assisted thoracoscopic surgery (minimally 
invasive approach), and major complications following 
cardiophrenic lymph nodes resection are low. Pathological 
cardiophrenic lymph nodes are associated with a poorer 
overall prognosis and can serve as a prognostic parameter; 
however, the therapeutic benefit of cardiophrenic lymph 
nodes resection remains inconclusive.

INTRODUCTION

Epithelial ovarian cancer routinely is diagnosed 
in advanced stages, and prognosis is influenced 
by residual disease following cytoreduction.1 The 
standard treatment is complete cytoreductive 
surgery, either as the primary treatment or after 
neoadjuvant chemotherapy, combined with carbo-
platin plus paclitaxel- based chemotherapy.2 Retro-
spective data have shown that each 10% increase 
in maximal cytoreduction, has been associated with 
a 5.5% increase in median survival time.3 However, 
only 12.3% of patients with stage IV achieve complete 
cytoreduction.4

A potential prognostic factor in advanced ovarian 
cancer is the cardiophrenic lymph node status.5 These 
lymph nodes encompass the mediastinum, cardiac 
base, diaphragm, and chest wall. Enlarged cardio-
phrenic lymph nodes may be detected through high- 
resolution imaging techniques; however, the optimal 
imaging and its predictive value for successful node 
resection remain unknown.6

While the excision of enlarged cardiophrenic lymph 
nodes has been shown to be feasible without added 
complications, its impact on progression- free and 
overall survival remains a subject of controversy.7 
Performing a systematic pelvic and para- aortic 
lymphadenectomy of unsuspicious nodes was once 
standard practice in ovarian cytoreductive surgery. 
However, the results of the LION trial demonstrated 
no survival benefit, leading to abandonment of 
this practice.8 Despite these advances made in the 
abdomino- pelvic lymph node removal management, 
evidence remains limited regarding the therapeutic 
benefits of removing cardiophrenic lymph nodes 
when they are positive for disease. A single meta- 
analysis and systematic review5 revealed no evidence 
of a therapeutic benefit of pathological cardiophrenic 
lymph nodes removal in patients achieving complete 
cytoreduction in advanced epithelial ovarian cancer. 
Currently, there are no established guidelines 
recommending surgical indications for patients with 
enlarged cardiophrenic lymph nodes.2 9

This review highlights the distinctive charac-
teristics of cardiophrenic lymph node involve-
ment in patients with newly diagnosed advanced 
ovarian cancer and provides an update on its 
diagnostic considerations, as well as insights into 
both medical and surgical management impact 
on survival outcomes.

ANATOMY OF SUPRADIAPHRAGMATIC LYMPH 
NODES

Supradiaphragmatic lymph nodes play an essen-
tial role in the lymphatic drainage of the thoracic 
and abdominal regions. They are categorized into 
two main groups: visceral and parietal lymph 
nodes. The visceral nodes are responsible for 
receiving lymphatic drainage from the anterior 
and middle mediastinal structures, including 
the lungs and tracheobronchial tree. Their loca-
tion within the mediastinum places these lymph 
nodes in close proximity to essential thoracic 
organs, making them crucial in maintaining fluid 
balance and immune function within the chest 
cavity. The parietal group comprises extrapleural 
lymph nodes that receive lymphatic drainage 
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from musculoskeletal structures of the thorax. Key nodes 
within this group include the cardiophrenic nodes, parasternal 
nodes, prevertebral nodes, and retrocrural nodes.

The cardiophrenic lymph nodes represent the caudal portion of 
the mediastinal lymph nodes and are located within the fatty tissue 
surrounding the base of the heart in an extrapleural space. Based 
on their position in relation to the heart, they are further divided into 
three subgroups (Figure 1):
a. Anterior (retroxiphoid) cardiophrenic nodes: collecting lymph 

from the anterior chest, supra- umbilical abdominal wall, anteri-
or diaphragm, liver surface, and medial breast.

b. Median or lateral (lateropericardial) cardiophrenic nodes: 
draining lymph from intrathoracic organs through the para- 
esophageal and median tracheobronchial chains.

c. Posterior (juxta- esophageal) cardiophrenic nodes: collecting 
lymph from the chest wall, posterior pleura, esophagus, and 
posterior diaphragm ending in the left thoracic duct, right lym-
phatic duct, or Pirogoff’s angle.

Precise anatomical classification allows us to identify the 
lymph nodes in imaging studies and during surgical proce-
dures. The complex interplay between these lymphatic chains 

highlights the multiple potential routes of disease dissemina-
tion. Thus, knowledge of these lymphatic pathways and their 
relationship to the cardiophrenic lymph nodes is important in 
assessing the involvement of these nodes in advanced ovarian 
cancer.

IMAGING

Enlarged cardiophrenic lymph nodes are found in 10.5–62% of 
patients with advanced epithelial ovarian cancer, depending on 
the radiological size classification of a pathological node.10–14 
There is no current consensus regarding which radiolog-
ical short axis cardiophrenic lymph nodes length should be 
considered pathological, with current cut- off values varying 
from 5 to 10 mm.10 11 13 15 16 This lack of standard classifi-
cation makes prognostication and diagnosis challenging. The 
European Society of Urogenital Radiology (ESUR) states that 
cardiophrenic lymph nodes larger than 5 mm might have a 
negative prognostic impact and should be regarded as suspi-
cious.17 However, the Response Evaluation Criteria in Solid 

Figure 1 Axial CT scan showing the location of the cardiophrenic lymph nodes (CPLN). These nodes are classified into an 
anterior group (yellow), a middle or lateral group (green), and a posterior group (red).
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Tumors (RECIST) guideline 1.1 defined lymph nodes as patho-
logically enlarged when their short axis is >10 mm, regardless 
of location.18

Additionally, international gynecological oncology guide-
lines2 9 do not provide any specific recommendations 
regarding the optimal imaging technique for the detection of 
pathological cardiophrenic lymph nodes in ovarian cancer. 
Enlarged cardiophrenic lymph nodes detected through pre- 
operative imaging have shown the ability to predict patho-
logically confirmed metastatic disease in 57–95% of patients, 
depending on the imaging used, the type of surgery (primary 
or interval debulking), and the specific cut- off value applied 
(≥5 mm, ≥7 mm, ≥10 mm).10 11 16 19–22

CT is considered the best available imaging technique for 
pre- surgical evaluation and staging purposes. It is the most 
widely used imaging modality as it provides adequate reso-
lution and accuracy within a short examination time period 
and is readily available worldwide.17 23 MRI can also be used 
with high detection accuracy; however, due to limited avail-
ability, higher costs, and longer examination time is mostly 
used for cases in which CT scanning is contraindicated or 
unavailable.17 Lastly, 18F- FDG positron emission tomography/
computed tomography (PET/CT) has emerged as an alter-
native imaging technique for pre- operative assessment and 
treatment planning in patients with advanced ovarian cancer. 
PET/CT (Figure 2) combines metabolic functional imaging with 
an accurate anatomic visualization when performed with an 
intravenous contrast agent and may increase the likelihood 
of detecting cardiophrenic lymph nodes <10 mm in size in 
comparison with CT alone.13 20 24 This increase in accuracy 
over other imaging techniques based on morphology and 
size criteria alone is probably because PET/CT detects higher 
glucose metabolism in a non- enlarged pathological lymph 
node.25 However, the European Association of Nuclear Medi-
cine23 (EANM) states that the available evidence is limited and 
no definitive conclusions can be drawn regarding the replace-
ment of diagnostic CT by PET/CT in treatment planning such 

as tumor resectability evaluation or predictive value before a 
debulking surgery.

SURGICAL INDICATIONS

The surgical indications for resection of cardiophrenic 
lymph nodes in advanced ovarian cancer remain uncer-
tain, with specific recommendations in international guide-
lines lacking.2 9 The surgical indications can vary based on 
different factors, such as pre- operative imaging, size cut- off 
values, and the extent of intra- abdominal carcinomatosis or 
thoracic involvement. Importantly, involvement of cardio-
phrenic lymph nodes has been associated with a higher rate 
of intra- abdominal carcinomatosis, especially in the upper 
abdomen.5 26 The most significant impact on improving overall 
and progression- free survival is achieving optimal debulking, 
defined as no residual macroscopic disease (<1 cm) after 
surgery.1 The degree of carcinomatosis plays a crucial role in 
determining the feasibility of achieving complete debulking, 
which in turn contributes to the uncertainty surrounding 
surgical indications for removal of cardiophrenic lymph nodes.

In general, patients with cardiophrenic lymph nodes with a 
short- axis diameter greater than 1 cm may be potential candi-
dates for cardiophrenic lymph nodes resection in advanced 
ovarian cancer. Using this higher cut- off value for cardio-
phrenic lymph nodes size can enhance sensitivity in predicting 
metastatic disease. The location of the enlarged cardiophrenic 
lymph nodes should not preclude from its removal. Instead, 
it might influence the choice of the surgeon who performs 
the resection. If cardiophrenic lymph nodes are outside the 
gynecologic oncologist’s range of expertise, a cardiothoracic 
surgery consultation should be considered. However, dissec-
tion of cardiophrenic lymph nodes should be considered only 
for those patients in whom complete intra- abdominal disease 
resection can be achieved, with no evidence of other extra- 
abdominal involvement present.

Figure 2 PET/CT for staging purposes shows internal mammary nodes (*) and bilateral cardiophrenic nodes with high 
metabolism indicative of tumorous disease: two right (* and arrow- head) and one left (arrow). From right to left: maximum 
intensity projection PET image (A), CT and fused PET/CT images on axial view (B) and sagittal view (C, D) of right (C) and left 
(D) cardiophrenic nodes.
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Pre- operative radiological assessment of cardiophrenic 
lymph nodes might decrease after neoadjuvant chemotherapy 
(about 57% correlation with post- operative pathology),19 
therefore, primary debulking surgery may be the optimal 
time for cardiophrenic lymph nodes resection. Neoadjuvant 
chemotherapy probably has an impact on the macroscopic 
structure of lymph nodes, resulting in chemotherapy- induced 
fibrosis following tumor regression. This fibrotic effect may 
also make the radiological and intra- operative assessment of 
bulky nodes more complex. However, if an enlarged cardio-
phrenic lymph node is still detected after neoadjuvant chemo-
therapy, the same criteria applied in the upfront surgery may 
be considered. This applies when complete intra- abdominal 

resection can be achieved, and there is no evidence of other 
extra- abdominal disease

SURGICAL TECHNIQUE AND APPROACHES

There are various surgical approaches for the excision of cardio-
phrenic lymph nodes in the context of ovarian cancer cytoreduction. 
The two most used methods of access are the transdiaphragmatic 
approach and the transxiphoid approach. The transdiaphrag-
matic approach is mainly used for posterior and medial cardio-
phrenic lymph nodes, whereas the transxiphoid approach might 
be employed for resecting anterior cardiophrenic lymph nodes 

Figure 3 Anatomy of the cardiophrenic lymph node. In the upper image, the transdiaphragmatic approach is shown after liver 
mobilization: (A)  kidney; (B)  lung after performing a right incision of the diaphragm; (C)  diaphragm. The lower image illustrates 
the transxiphoid approach: (D) lymphofatty tissue involving anterior cardiophrenic lymph nodes; (E)  liver. Images courtesy of 
Professor Alejandra Martínez.
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(Figure  3).27 The transdiaphragmatic approach usually entails 
a liver mobilization and requires a diaphragmatic incision, and 
therefore can be performed at the time of the abdominal portion 
of the cytoreduction. The subxiphoid approach does not require the 
opening of the diaphragm or pleural space and can also be consid-
ered when a diaphragmatic resection is not required.

For the transdiaphragmatic approach, a transabdominal cardio-
phrenic lymph nodes resection requires a generous incision from 
the xiphoid to the pubic symphysis. A fixed upper abdominal 
retractor such as the Thompson Surgical Retractor (Surgi- One 
Medical Technologies Inc., Burlington, Ontario, Canada) is gener-
ally recommended. Adequate mobilization of the liver is essential 
for initial access to the cardiophrenic space. Bashir et al28 recom-
mend first dividing the round ligament of the liver, then the falciform 
ligament, as well as the anterior and posterior leaves of the right 
coronary ligament (which are also inclusive of the right triangular 
ligament). The hepatic veins and inferior vena cava should be iden-
tified and visualized to prevent injury.

The diaphragm peritonectomy is performed by incising the 
diaphragm in a curvilinear fashion beneath the right costal margin. 
A series by Prader et al10 describes starting at the anterior medi-
olateral margin of the centrum tendineum, approximately 1–2 cm 
laterally to the midline to avoid damaging the hepatic vein as well 
as the diaphragmatic vessels and nerve. As the mobilized liver is 
pushed caudally and posteriorly, the incision should then follow 
the direction of the muscle fibers to the ventral abdominal wall 
along a length of approximately 5 cm. Dissection using either elec-
trocautery or scissors have both been reported.10 28 29 This, then 
allows access to the parietal and visceral pleura, the interlobular 
space, and the mediastinum. The cardiophrenic lymph nodes can 
now undergo resection, which has been described usung a Liga-
sure device (Medtronic. Minneapolis, Minnesota, USA).10 Attention 
should be paid to the pericardium to avoid injury. The diaphrag-
matic defect should undergo closure with a simple, full- thickness 
interrupted technique using prolene, polypropylene, or polydioxa-
none, size 1–0 or 2–0, sutures.10 28 29

The transxiphoid approach was first described by Minig et al.30 
One should proceed with initial separation of the anterior inser-
tions of the diaphragm at the xiphoid appendix, allowing for inci-
sion at the parietal peritoneum and upper fibers of the transversus 
abdominis muscle. Additionally, Martínez- Gómez et al27 described a 
transxiphoid approach to access the retroxiphoid lymph nodes. In 
this technique, the xiphoid process is resected along with incision 
of the ventral diaphragmatic fibers to give access to the anterior 
mediastinum.

Video-Assisted Thorascopic Surgery
Video- assisted thorascopic surgery with the assistance of cardio-
thoracic surgeons has become more widely used in the manage-
ment of advanced ovarian cancer involving the thoracic cavity. This 
form of minimally invasive thoracic surgery is considered a safe 
approach that allows for the rapid assessment of the extent of 
disease, providing different options for the management of advanced 
ovarian cancer, including obtaining tissue for pathological diag-
nosis and treating pleural effusions.31–34 Moreover, video- assisted 
thorascopic surgery can be performed to triage patients for either 
primary cytoreductive surgery or neoadjuvant treatment. A study by 
Boerner et al investigated 100 patients with suspected intrathoracic 

ovarian cancer metastasis and moderate- to- large pleural effusions 
who underwent video- assisted thorascopic surgery.33 The authors 
introduced an updated treatment algorithm,32 suggesting primary 
surgery for patients without intrathoracic disease seen on the 
video- assisted procedure, and neoadjuvant chemotherapy, possibly 
followed by intrathoracic cytoreduction, for those with unresectable 
disease.

For video- assisted thorascopic surgery approach, it is recom-
mended to anticipate the potential need for conversion to an open 
thoracotomy. It is commonly performed in a lateral decubitus posi-
tion to provide optimal surgical access to thoracic structures along 
with table arching to separate the ribs (Figure 4). It is important 
during positioning to relieve any pressure on the intercostal nerves 
to avoid injury. The standard video- assisted thorascopic surgery 
anterior approach involves three incisions forming a triangular 
configuration. Most commonly, the first port for the thoracoscope 
is placed at the seventh or eighth intercostal space in the mid- 
axillary line to allow for inspection of the pleural cavity. A window 
of roughly 5 cm in length is commonly placed at the fifth or sixth 
intercostal space in the mid- clavicular line. An additional port can 
be made at the seventh intercostal space in the post- scapular 
line.35 The triangular port placement permits a panoramic view of 
the pleural cavity.36 Assessment with the video thoracoscope and 
corresponding procedural components can then be performed.

Video- assisted thorascopic surgery procedures should be 
performed with an experienced anesthesia team. Anesthesia 
preparations for these procedures are similar to that of an open 
pulmonary resection. A protective ventilation strategy is employed 
to minimize acute lung injury. Maximal collapse of the opera-
tive lung is required for optimal surgical visualization during the 
procedure.37 Typically, fluid management during the procedure is 
restricted to <6 mL/kg per hour or 1–2 L in total to minimize the 
risk of post- operative pulmonary complications; however, this must 
be balanced with consideration of a possible lengthy cytoreduction 
surgery following lung resections.38

COMPLICATIONS: PREVENTION AND MANAGEMENT

The published literature shows a low rate of major complications 
following cardiophrenic lymph nodes resection.10 16 22 39 Pulmonary 
complications are the most common, with pleural effusion occur-
ring in 9–55% of patients and uncomplicated pulmonary atelec-
tasis in 25%.29 However, it is difficult to assess whether all cardio-
thoracic complications are directly related to cardiophrenic lymph 
nodes resection, given the large number of procedures performed 
during cytoreductive surgery. Complications following a video- 
assisted thorascopic surgery procedure are rare and can be mini-
mized through the proper selection of patients. Excessive bleeding 
has been shown to occur in up to 2% of cases.40 Additionally, other 
complications include damage to surrounding organs at the time of 
port placement, prolonged air leak, infections, pain, and recurrence 
at the port site.

Cowan et al39 published a single- center experience of 54 patients who 
underwent resection of cardiophrenic lymph nodes via video- assisted 
thoracic surgery (n=6) and a transdiaphragmatic approach (n=48), with 
the majority having a chest tube placed (n=51). Post- operatively, four 
patients (7.4%) developed pulmonary complications. However, it was not 
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specified if complications were more likely in the group receiving video- 
assisted thorascopic surgery or transdiaphragmatic surgery.

Another study by Prader et al reported no direct procedure related 
complications following transabdominal resection of cardiophrenic 
lymph nodes in 30 patients.10 Furthermore, Lim et al 2009 described 
a series of nine patients who underwent cardiophrenic lymph nodes 
resection via video- assisted thorascopic surgery, with two patients 
developing a right pleural effusion successfully managed with a chest 
tube placement.21

The placement of a chest tube has been suggested to prevent 
complications after cardiophrenic lymph nodes resection. Notably, 
a recent study conducted by Cianci et al41 evaluated the role of intra- 
operative thoracostomy tube placement as a preventive measure for 
post- operative complications after diaphragmatic resection. This single- 
center prospective randomized trial found that intra- operative placement 
of a thoracostomy tube following diaphragmatic resection is effective 
in preventing post- operative thoracic complications, regardless of the 
extension of the resection. Currently, although there is no consensus on 
the routine use of tube placement at the time of surgery, it could be 
considered if a large pleural effusion, extensive pre- operative ascites 
>500 mL, or large diaphragmatic resection is observed.10 16 22 29 39 42–44

ONCOLOGIC IMPLICATIONS CARDIOPHRENIC LYMPH NODES

Controversy remains as to whether removal of pathologically 
enlarged cardiophrenic lymph nodes at primary debulking surgery 

confers a survival benefit, and further investigation is needed. 
According to certain authors, the presence of enlarged cardio-
phrenic lymph nodes should not automatically preclude surgery and 
cardiophrenic lymph nodes removal if achieving macroscopically 
complete cytoreduction is possible.10 39 However, other proponents 
argue that it may serve more as an indicator of advanced- stage 
disease, and prognosis is not solely dependent on the isolated 
factor of lymph nodes involvement; but rather, it might be an indi-
rect marker for other relevant factors.45

As enlargement of cardiophrenic lymph nodes has been 
described as an independent negative prognostic factor, some 
authors sought to evaluate the role of surgery to achieve macro-
scopic gross resection in the abdomen and also in the thorax.4 46 In 
line with this, some evidence suggests that the presence of non- 
resected abnormal cardiophrenic lymph nodes may lead to a 
decrease in overall survival, even when complete intra- abdominal 
resection is achieved (median overall survival, 38.4 vs 69.6 
months, p=0.08).13 Additionally, a recent meta- analysis5 found that 
patients with cardiophrenic lymph nodes involvement had a pooled 
median progression- free survival rate of 17.7 months (95% CI 
7.9 to 27.4), whereas patients without pathological cardiophrenic 
lymph nodes had a median progression- free survival rate of 15.3 
months (95% CI 3.5 to 27.1). However, it is important to note that 
most of the studies included in the analysis were series of cases 
reporting outcomes after cardiophrenic lymph nodes resection. 
When focusing only on studies that had a control group directly 

Figure 4 Patient position and entry: video- assisted thorascopic surgery access.
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comparing survival outcomes based on cardiophrenic lymph node 
resection, the authors did not find significant differences in survival 
rates. Frequently, the lack of data on potential confounding factors, 
such as rate of complete intra- abdominal debulking surgery, the 
use of primary or adjuvant chemotherapy, histological- type, and 
genetic factors, may hinder the ability to determine the true reasons 
behind these observed survival results.

In contrast, other studies showed that survival relies on complete 
macroscopic intra- abdominal resection even if enlarged cardio-
phrenic lymph nodes are resected,11 20 26 suggesting that cardio-
phrenic lymph nodes do not have a therapeutic effect. Prader et 
al11 conducted a matched cohort analysis involving 52 patients per 
group, which did not demonstrate any significant impact on survival 
in patients who underwent cardiophrenic lymph node resection. The 
possibility of peritoneal sanctuary housing occult ovarian cancer 
cells might outweigh the potential risk associated with lymph node 
involvement.

According to published data, patients with enlarged cardio-
phrenic lymph nodes at the time of initial diagnosis might have 
a higher recurrence rate (81.5% vs 57.4%) than those without 
pathological nodes.47 Recurrence pattern maybe different in those 
with pathological cardiophrenic lymph nodes, showing a higher 

rate of synchronous recurrence in the thorax, abdomen, and pelvis 
(50.0% (n=11/22) vs 25.0% (n=32/128)) and a less likely isolated 
recurrence in the pelvis or abdomen (40.9% (n=9/22) vs 68.0% 
(n=87/128)).47 Thus, involvement of cardiophrenic lymph nodes 
may represent a surrogate marker of a higher likelihood of exten-
sivecarcinomatosis, especially disease in the upper abdomen, 
conferring a decreased rate of complete intra- abdominal disease 
resection.45 Figure  5 shows the comprehensive approach to 
managing cardiophrenic lymph node involvement in advanced 
epithelial ovarian cancer.

Limitations in the Literature
The role of removing enlarged cardiophrenic lymph nodes during 
debulking surgery for ovarian cancer remains a topic with limited 
quality evidence, hindered by various biases and challenges. The 
studies conducted in this context are predominantly retrospective 
cohort studies, with inherent limitations such as missing data and 
multiple potential biases including control selection. Adding to the 
complexity, the enlargement of these lymph nodes often signifies 
extensive tumor load and advanced lymphatic metastases, making 
it challenging to isolate their true impact. Additionally, there is a scar-
city of studies analyzing patient matching, variations in treatment 

Figure 5 Overall management of cardiophrenic lymph node involvement in advanced epithelial ovarian cancer. ARDS, acute 
respiratory distress syndrome. CT, computed tomography; MRI, magnetic resonance imaging; PET, 18F- FDG positron emission 
tomography; VATS, video- assisted thorascopic surgery,
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regimens, or reporting rates of optimal debulking surgeries, intro-
ducing confounding variables that complicate data interpretation.

While the results should be approached with caution due to 
retrospective design limitations, one notable issue is that most 
studies base survival impact comparisons of cardiophrenic lymph 
nodes solely on imaging, lacking histological confirmation or other 
interventions. This can introduce multiple biases, particularly in 
those patients with advanced disease. Moreover, isolated cardio-
phrenic lymph node involvement without other extra- abdominal or 
inoperable extensive intra- abdominal disease is rare. Thus, while 
prospective randomized trials would be ideal to establish the role 
of cardiophrenic lymph nodes, the low prevalence stage of disease 
makes such trials challenging and unfeasible.

CONCLUSION

Positive cardiophrenic lymph nodes may reflect advanced- stage 
disease characterized by extensive carcinomatosis and, as a result, 
the prognosis for these patients is generally unfavorable. Consid-
ering that such patients require more aggressive surgery to achieve 
optimal cytoreduction, a neoadjuvant approach might be favored, 
especially for frail patients. However, if pre- operative imaging 
shows enlarged cardiophrenic lymph nodes and the patient quali-
fies for upfront debulking surgery, their removal should be consid-
ered only for those patients in whom complete cytoreduction is 
feasible. It remains unclear whether the benefit of removing cardio-
phrenic lymph nodes arises from their direct removal or from other 
indirect indicators of a more favorable prognosis that enable the 
successful achievement of complete cytoreduction.

Author affiliations
1Department of Gynecologic Oncology and Reproductive Medicine, The University of 
Texas MD Anderson Cancer Center, Houston, Texas, USA
2Department of Women and Children's Health, Clinic of Gynecology and Obstetrics, 
University of Padova, Padova, Italy
3Department of Obstetrics & Gynecology, Weill Cornell Medicine, New York, New 
York, USA
4Dipartimento per la salute della Donna e del Bambino e di Sanita Pubblica, 
Fondazione Policlinico Universitario A. Gemelli, IRCCS, Università Cattolica del Sacro 
Cuore, Rome, Italy
5Department of General Thoracic Surgery, Fondazione Policlinico Universitario 
"A.Gemelli", IRCCS, Università Cattolica del Sacro Cuore, Rome, Italy
6Department of Obstetrics and Gynecology, Medical University Innsbruck, 
Innsbruck, Austria
7Department of Gynecology and Obstetrics, Aga Khan Hospital Mombasa, 
Mombasa, Kenya
8Department of Gynecologic Oncology, Caucasus Medical Centre, Tbilisi, Georgia
9Department of Surgery, David Tvildiani Medical University, Tbilisi, Georgia
10Department of Nuclear Medicine, Hospital Clinic de Barcelona, Barcelona, Spain
11Department of Obstetrics and Gynecology, National Taiwan University Hospital 
Hsin- Chu Branch, Hsinchu, Taiwan
12Division of Cancer Sciences, The University of Manchester, Manchester, UK
13Department of Obstetrics and Gynecology, Houston Methodist Hospital, Houston, 
Texas, USA

Twitter Giulio Bonaldo @BonaldoGiulio, Anisa Mburu @nissiemburu, Gvantsa 
Kochiashvili @gvantsagk, Heng- Cheng Hsu @HsuMd, Jennifer Davies- Oliveira 
@JenOG and Pedro T Ramirez @pedroramirezMD

Contributors NA contributed to conceptualizing the study, methodology, and 
contributed to preparing the original manuscript and editing. GB, RK, AR, TLP, 
AM, GK, and J- CD contributed to conceptualizing the study and to preparing the 
original manuscript and editing. DN, PP, and H- CH contributed to conceptualizing 
the study. PTR contributed to conceptualizing the study, consulted for clinical 

expertise, reviewed the data, and contributed to editing the manuscript. J- CD, PTR 
contributed equally and should be considered last authors.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests None declared.

Patient consent for publication Not applicable.

Ethics approval Not applicable.

Provenance and peer review Not commissioned; externally peer reviewed.

ORCID iDs
Nuria Agusti http://orcid.org/0000-0002-1165-0661
Giulio Bonaldo http://orcid.org/0000-0002-9567-1629
Ryan M Kahn http://orcid.org/0000-0002-5596-6238
Andrea Rosati http://orcid.org/0000-0003-3126-9400
Anisa Mburu http://orcid.org/0000-0002-6481-3110
Gvantsa Kochiashvili http://orcid.org/0009-0003-2321-9873
Heng- Cheng Hsu http://orcid.org/0000-0002-6817-0693
Jennifer Davies- Oliveira http://orcid.org/0000-0002-0193-0053
Pedro T Ramirez http://orcid.org/0000-0002-6370-8052

REFERENCES
 1 du Bois A, Reuss A, Pujade- Lauraine E, et al. Role of surgical 

outcome as prognostic factor in advanced epithelial ovarian 
cancer: a combined exploratory analysis of 3 prospectively 
randomized phase 3 multicenter trials: by the Arbeitsgemeinschaft 
Gynaekologische Onkologie Studiengruppe Ovarialkarzinom (AGO- 
OVAR) and the Groupe D’Investigateurs Nationaux pour LES Etudes 
des cancers de L’Ovaire (GINECO). Cancer 2009;115:1234–44. 

 2 Colombo N, Sessa C, du Bois A, et al. ESMO- ESGO consensus 
conference recommendations on ovarian cancer: pathology and 
molecular biology, early and advanced stages, borderline tumours 
and recurrent disease. Ann Oncol 2019;30:672–705. 

 3 Bristow RE, Tomacruz RS, Armstrong DK, et al. Survival 
effect of maximal cytoreductive surgery for advanced ovarian 
carcinoma during the platinum era: a meta- analysis. J Clin Oncol 
2002;20:1248–59. 

 4 Wimberger P, Wehling M, Lehmann N, et al. Influence of residual 
tumor on outcome in ovarian cancer patients with FIGO stage IV 
disease. Ann Surg Oncol 2010;17:1642–8. 

 5 Kengsakul M, Nieuwenhuyzen- de Boer GM, Bijleveld AHJ, et al. 
Survival in advanced- stage epithelial ovarian cancer patients with 
cardiophrenic lymphadenopathy who underwent cytoreductive 
surgery: a systematic review and meta- analysis. Cancers (Basel) 
2021;13:19. 

 6 Sussman SK, Halvorsen RA Jr, Silverman PM, et al. Paracardiac 
adenopathy: CT evaluation. AJR Am J Roentgenol 1987;149:29–34. 

 7 Nuruzzaman HSM, Tan GHC, Nadarajah R, et al. Relevance of 
enlarged cardiophrenic lymph nodes in determining prognosis 
of patients with advanced ovarian cancer. BMJ Case Rep 
2018;2018:bcr2017221450. 

 8 Harter P, Sehouli J, Lorusso D, et al. A randomized trial of 
lymphadenectomy in patients with advanced ovarian neoplasms. N 
Engl J Med 2019;380:822–32. 

 9 National Comprehensive Cancer Network (NCCN). Cervical cancer 
(version 2.2023). National Comprehensive Cancer Network, 
Available: https://www.nccn.org/professionals/physician_gls/pdf/ 
ovarian.pdf [accessed 6 Sep 2023].

 10 Prader S, Harter P, Grimm C, et al. Surgical management of 
cardiophrenic lymph nodes in patients with advanced ovarian 
cancer. Gynecol Oncol 2016;141:271–5. 

 11 Prader S, Vollmar N, du Bois A, et al. Pattern and impact of 
metastatic cardiophrenic lymph nodes in advanced epithelial ovarian 
cancer. Gynecol Oncol 2019;152:76–81. 

 12 Raban O, Peled Y, Krissi H, et al. The significance of paracardiac 
lymph- node enlargement in patients with newly diagnosed stage IIIC 
ovarian cancer. Gynecol Oncol 2015;138:259–62. 

 13 Mert I, Kumar A, Sheedy SP, et al. Clinical significance of enlarged 
cardiophrenic lymph nodes in advanced ovarian cancer: implications 
for survival. Gynecol Oncol 2018;148:68–73. 

 14 Luengas- Wuerzinger V, Rawert F, Claßen- Von Spee S, et al. 
Role of the cardiophrenic lymph node status after neoadjuvant 
chemotherapy in primary advanced ovarian cancer. Anticancer Res 
2021;41:5025–31. 

 15 Kim TH, Lim MC, Kim SI, et al. Preoperative prediction of 
cardiophrenic lymph node metastasis in advanced ovarian cancer 
using computed tomography. Ann Surg Oncol 2016;23:1302–8. 

 on M
arch 9, 2024 by guest. P

rotected by copyright.
http://ijgc.bm

j.com
/

Int J G
ynecol C

ancer: first published as 10.1136/ijgc-2023-004963 on 14 D
ecem

ber 2023. D
ow

nloaded from
 

https://twitter.com/BonaldoGiulio
https://twitter.com/nissiemburu
https://twitter.com/gvantsagk
https://twitter.com/HsuMd
https://twitter.com/JenOG
https://twitter.com/pedroramirezMD
http://orcid.org/0000-0002-1165-0661
http://orcid.org/0000-0002-9567-1629
http://orcid.org/0000-0002-5596-6238
http://orcid.org/0000-0003-3126-9400
http://orcid.org/0000-0002-6481-3110
http://orcid.org/0009-0003-2321-9873
http://orcid.org/0000-0002-6817-0693
http://orcid.org/0000-0002-0193-0053
http://orcid.org/0000-0002-6370-8052
http://dx.doi.org/10.1002/cncr.24149
http://dx.doi.org/10.1093/annonc/mdz062
http://dx.doi.org/10.1200/JCO.2002.20.5.1248
http://dx.doi.org/10.1245/s10434-010-0964-9
http://dx.doi.org/10.3390/cancers13195017
http://dx.doi.org/10.2214/ajr.149.1.29
http://dx.doi.org/10.1136/bcr-2017-221450
http://dx.doi.org/10.1056/NEJMoa1808424
http://dx.doi.org/10.1056/NEJMoa1808424
https://www.nccn.org/professionals/physician_gls/pdf/ovarian.pdf
https://www.nccn.org/professionals/physician_gls/pdf/ovarian.pdf
http://dx.doi.org/10.1016/j.ygyno.2016.03.012
http://dx.doi.org/10.1016/j.ygyno.2018.11.001
http://dx.doi.org/10.1016/j.ygyno.2015.05.007
http://dx.doi.org/10.1016/j.ygyno.2017.10.024
http://dx.doi.org/10.21873/anticanres.15317
http://dx.doi.org/10.1245/s10434-015-5015-0
http://ijgc.bmj.com/


158 Agusti N, et al. Int J Gynecol Cancer 2024;34:150–158. doi:10.1136/ijgc-2023-004963

Review

 16 Lopes A, Rangel Costa RL, di Paula R, et al. Cardiophrenic lymph 
node resection in cytoreduction for primary advanced or recurrent 
epithelial ovarian carcinoma: a cohort study. Int J Gynecol Cancer 
2019;29:188–94. 

 17 Forstner R, Sala E, Kinkel K, et al. ESUR guidelines: ovarian cancer 
staging and follow- up. Eur Radiol 2010;20:2773–80. 

 18 Eisenhauer EA, Therasse P, Bogaerts J, et al. New response 
evaluation criteria in solid tumours: revised RECIST guideline 
(version 1.1). Eur J Cancer 2009;45:228–47. 

 19 Pinelli C, Morotti M, Casarin J, et al. The feasibility of cardiophrenic 
lymphnode assessment and removal in patients requiring 
diaphragmatic resection during interval debulking surgery for ovarian 
cancer. J Invest Surg 2021;34:756–62. 

 20 Lee IO, Lee J- Y, Kim HJ, et al. Prognostic significance of 
supradiaphragmatic lymph node metastasis detected by 18F- 
FDG PET/CT in advanced epithelial ovarian cancer. BMC Cancer 
2018;18:1165. 

 21 Lim MC, Lee HS, Jung DC, et al. Pathological diagnosis and 
cytoreduction of cardiophrenic lymph node and pleural metastasis in 
ovarian cancer patients using video- assisted thoracic surgery. Ann 
Surg Oncol 2009;16:1990–6. 

 22 Garbi A, Zanagnolo V, Colombo N, et al. Feasibility of 
transabdominal cardiophrenic lymphnode dissection in advanced 
ovarian cancer: initial experience at a tertiary center. Int J Gynecol 
Cancer 2017;27:1268–73. 

 23 Delgado Bolton RC, Aide N, Colletti PM, et al. EANM guideline on 
the role of 2-[18F]FDG PET/CT in diagnosis, staging, prognostic 
value, therapy assessment and restaging of ovarian cancer, 
endorsed by the American College of Nuclear Medicine (ACNM), The 
Society of Nuclear Medicine and Molecular Imaging (SNMMI) and 
the International Atomic Energy Agency (IAEA). Eur J Nucl Med Mol 
Imaging 2021;48:3286–302. 

 24 Laasik M, Kemppainen J, Auranen A, et al. Behavior of FDG- avid 
supradiaphragmatic lymph nodes in PET/CT throughout primary 
therapy in advanced serous epithelial ovarian cancer: a prospective 
study. Cancer Imaging 2019;19:27. 

 25 Farmakis S, Vejdani K, Muzaffar R, et al. Detection of metastatic 
disease in cardiophrenic lymph nodes: FDG PET/CT versus contrast- 
enhanced CT and implications for staging and treatment of disease. 
Front Oncol 2013;3:260. 

 26 Luger AK, Steinkohl F, Aigner F, et al. Enlarged cardiophrenic lymph 
nodes predict disease involvement of the upper abdomen and the 
outcome of primary surgical debulking in advanced ovarian cancer. 
Acta Obstet Gynecol Scand 2020;99:1092–9. 

 27 Martínez- Gómez C, Angeles MA, Leray H, et al. Transdiaphragmatic 
and transxiphoid cardiophrenic lymph node resection step- by- step 
in advanced ovarian cancer. Int J Gynecol Cancer 2020;30:1646–7. 

 28 Bashir S, Gerardi MA, Giuntoli RL 2nd, et al. Surgical technique 
of diaphragm full- thickness resection and trans- diaphragmatic 
decompression of pneumothorax during cytoreductive surgery for 
ovarian cancer. Gynecol Oncol 2010;119:255–8. 

 29 Yoo HJ, Lim MC, Song YJ, et al. Transabdominal cardiophrenic 
lymph node dissection (CPLND) via Incised diaphragm replace 
conventional video- assisted thoracic surgery for cytoreductive 
surgery in advanced ovarian cancer. Gynecol Oncol 2013;129:341–5. 

 30 Minig L, Arraras M, Zorrero C, et al. A different surgical approach for 
Cardiophrenic lymph node resection in advanced ovarian cancer. 
Ecancermedicalscience 2017;11:780. 

 31 Diaz JP, Abu- Rustum NR, Sonoda Y, et al. Video- assisted thoracic 
surgery (VATS) evaluation of pleural effusions in patients with 
newly diagnosed advanced ovarian carcinoma can influence the 
primary management choice for these patients. Gynecol Oncol 
2010;116:483–8. 

 32 Chi DS, Abu- Rustum NR, Sonoda Y, et al. The benefit of video- 
assisted thoracoscopic surgery before planned abdominal 
exploration in patients with suspected advanced ovarian cancer and 
moderate to large pleural effusions. Gynecol Oncol 2004;94:307–11. 

 33 Boerner T, Filippova OT, Chi AJ, et al. Video- assisted thoracic 
surgery in the primary management of advanced ovarian carcinoma 
with moderate to large pleural effusions: a memorial Sloan Kettering 
cancer center team ovary study. Gynecol Oncol 2020;159:66–71. 

 34 Di Guilmi J, Salvo G, Mehran R, et al. Role of video- assisted 
thoracoscopy in advanced ovarian cancer: a literature review. Int J 
Gynecol Cancer 2016;26:801–6. 

 35 Kim K. Video- assisted thoracic surgery lobectomy. Korean J Thorac 
Cardiovasc Surg 2011;44:1–8. 

 36 Paliouras D, Barbetakis N, Lazaridis G, et al. Video- assisted thoracic 
surgery and pneumothorax. J Thorac Dis 2015;7(Suppl 1):S56–61. 

 37 Gill RR, Zheng Y, Barlow JS, et al. Image- guided video assisted 
thoracoscopic surgery (iVATS) - phase I- II clinical trial. J Surg Oncol 
2015;112:18–25. 

 38 Kaufmann KB, Loop T, Heinrich S, et al. Risk factors for post- 
operative pulmonary complications in lung cancer patients after 
video- assisted thoracoscopic lung resection: results of the German 
Thorax Registry. Acta Anaesthesiol Scand 2019;63:1009–18. 

 39 Cowan RA, Tseng J, Murthy V, et al. Feasibility, safety and clinical 
outcomes of cardiophrenic lymph node resection in advanced 
ovarian cancer. Gynecol Oncol 2017;147:262–6. 

 40 Imperatori A, Rotolo N, Gatti M, et al. Peri- operative complications 
of video- assisted thoracoscopic surgery (VATS). Int J Surg 
2008;6 Suppl 1:S78–81. 

 41 Cianci S, Fedele C, Vizzielli G, et al. Surgical outcomes of 
diaphragmatic resection during cytoreductive surgery for advanced 
gynecological ovarian neoplasia: a randomized single center clinical 
trial - DRAGON. Gynecol Oncol 2022;164:271–7. 

 42 LaFargue CJ, Sawyer BT, Bristow RE. Short- term morbidity 
in transdiaphragmatic cardiophrenic lymph node resection 
for advanced stage gynecologic cancer. Gynecol Oncol Rep 
2016;17:33–7. 

 43 Fotopoulou C, Planchamp F, Aytulu T, et al. European Society 
of Gynaecological Oncology guidelines for the peri- operative 
management of advanced ovarian cancer patients undergoing 
debulking surgery. Int J Gynecol Cancer 2021;31:1199–206. 

 44 Sandadi S, Long K, Andikyan V, et al. Postoperative outcomes 
among patients undergoing thoracostomy tube placement at time of 
diaphragm peritonectomy or resection during primary cytoreductive 
surgery for ovarian cancer. Gynecol Oncol 2014;132:299–302. 

 45 Acs M, Piso P, Prader S. Current status of metastatic cardiophrenic 
lymph nodes (CPLNS) in patients with ovarian cancer: a review. 
Anticancer Res 2022;42:13–24. 

 46 Chang SJ, Hodeib M, Chang J, et al. Survival impact of complete 
cytoreduction to no gross residual disease for advanced- stage 
ovarian cancer: a meta- analysis. Gynecol Oncol 2013;130:493–8. 

 47 Larish A, Mert I, McGree M, et al. Recurrence patterns in patients 
with abnormal cardiophrenic lymph nodes at ovarian cancer 
diagnosis. Int J Gynecol Cancer 2020;30:504–8. 

 on M
arch 9, 2024 by guest. P

rotected by copyright.
http://ijgc.bm

j.com
/

Int J G
ynecol C

ancer: first published as 10.1136/ijgc-2023-004963 on 14 D
ecem

ber 2023. D
ow

nloaded from
 

http://dx.doi.org/10.1136/ijgc-2018-000073
http://dx.doi.org/10.1007/s00330-010-1886-4
http://dx.doi.org/10.1016/j.ejca.2008.10.026
http://dx.doi.org/10.1080/08941939.2019.1690077
http://dx.doi.org/10.1186/s12885-018-5067-1
http://dx.doi.org/10.1245/s10434-009-0486-5
http://dx.doi.org/10.1245/s10434-009-0486-5
http://dx.doi.org/10.1097/IGC.0000000000000983
http://dx.doi.org/10.1097/IGC.0000000000000983
http://dx.doi.org/10.1007/s00259-021-05450-9
http://dx.doi.org/10.1007/s00259-021-05450-9
http://dx.doi.org/10.1186/s40644-019-0215-7
http://dx.doi.org/10.3389/fonc.2013.00260
http://dx.doi.org/10.1111/aogs.13835
http://dx.doi.org/10.1136/ijgc-2020-001737
http://dx.doi.org/10.1016/j.ygyno.2010.07.017
http://dx.doi.org/10.1016/j.ygyno.2012.12.023
http://dx.doi.org/10.3332/ecancer.2017.780
http://dx.doi.org/10.1016/j.ygyno.2009.09.047
http://dx.doi.org/10.1016/j.ygyno.2004.04.027
http://dx.doi.org/10.1016/j.ygyno.2020.07.101
http://dx.doi.org/10.1097/IGC.0000000000000680
http://dx.doi.org/10.1097/IGC.0000000000000680
http://dx.doi.org/10.5090/kjtcs.2011.44.1.1
http://dx.doi.org/10.5090/kjtcs.2011.44.1.1
http://dx.doi.org/10.3978/j.issn.2072-1439.2015.01.35
http://dx.doi.org/10.1002/jso.23941
http://dx.doi.org/10.1111/aas.13388
http://dx.doi.org/10.1016/j.ygyno.2017.09.001
http://dx.doi.org/10.1016/j.ijsu.2008.12.014
http://dx.doi.org/10.1016/j.ygyno.2021.11.012
http://dx.doi.org/10.1016/j.gore.2016.05.006
http://dx.doi.org/10.1136/ijgc-2021-002951
http://dx.doi.org/10.1016/j.ygyno.2013.11.026
http://dx.doi.org/10.21873/anticanres.15452
http://dx.doi.org/10.1016/j.ygyno.2013.05.040
http://dx.doi.org/10.1136/ijgc-2019-000981
http://ijgc.bmj.com/

	Anaphylaxis management: a survey of school and day care nurses in Lebanon
	Abstract
	Methods
	Design
	Population
	Instrument
	Data collection
	Statistical analyses

	Results
	Study population characteristics
	Current policies, processes and training sessions
	Previous experience in the management of anaphylaxis reaction


	Cardiophrenic lymph nodes in advanced ovarian cancer
	ABSTRACT
	INTRODUCTION
	ANATOMY OF SUPRADIAPHRAGMATIC LYMPH NODES
	IMAGING
	SURGICAL INDICATIONS
	SURGICAL TECHNIQUE AND APPROACHES
	Video-Assisted Thorascopic Surgery

	COMPLICATIONS: PREVENTION AND MANAGEMENT
	ONCOLOGIC IMPLICATIONS CARDIOPHRENIC LYMPH NODES
	Limitations in the Literature

	CONCLUSION
	References


