
Abstract. Background: One of the most common sites of
extra-abdominal disease spread of advanced stage ovarian
cancer is the cardiophrenic lymph node (CPLN) region. The
role and impact of extra-abdominal cytoreduction is not
obvious in patients with cardiophrenic lymph node
metastases. Materials and Methods: We examined the
relevant and currently available literature to determine the
prognostic value and management of enlarged CPLNs in
ovarian cancer patients. Results: Transdiaphragmatic
excision of CPLNs or via video-assisted thoracoscopic
surgery (VATS) is achievable without major complications.
The most common postoperative complications were pleural
effusion, pneumothorax and pneumonia. On preoperative CT
scan, the cut-off size of suspicious CPLNs is not uniform and
is indicated as 5 to 10 mm short-axis dimension. Conclusion:
CPLNs were detected in up to 60% of patients and
malignancy was pathologically confirmed in 45-95% of the
cases. The presence of enlarged CPLNs was found to be a
negative prognostic factor, although its impact on
progression-free and overall survival is not yet clarified and
needs further investigation.

Ovarian cancer is the most lethal gynecologic malignancy in
developed countries (1). It is mainly due to the fact that over
75% of cases are diagnosed in advanced stages International
Federation of Gynecology and Obstetrics (FIGO IIIC-IV)
with significant peritoneal and/or extra-abdominal metastases

(2). The most important prognostic factor is the achievement
of complete macroscopic cytoreduction, which may
significantly improve overall survival (OS) and progression-
free survival (PFS) (3, 4). The positive impact of complete
cytoreduction on median survival has been proved by a
meta-analysis of 18 studies with more than 13,000 patients
(5). Based on the guidelines, removal of all visible tumors
by ultraradical surgery is also recommended (6-8). In support
of this, the benefits of this practice have been detected in
patients who had FIGO stage III and stage IV epithelial
ovarian cancer (EOC) with extra-abdominal disease spread
(9). Overall, 12-33% of patients had stage IV disease at
initial diagnosis, and those with distant parenchymal
metastases or metastatic cardiophrenic lymph nodes had a
poorer prognosis compared to stage IIIC patients (10).

It is known that one of the most common extra-abdominal
predilection sites of tumor spread is the group of cardiophrenic
lymph nodes. According to the current 2014 FIGO classification
(11), extra-abdominal lymph node metastases, including
cardiophrenic lymph nodes (CPLNs), are upstaged to stage IVB
as distant metastases. The complex afferent lymph drainage
coming from different regions of the upper abdomen and lower
mediastinum provides a metastatic spread route resulting in the
enlargement of CPLNs in many abdominopelvic and thoracic
malignancies, such as lymphoma, hepatocellular carcinoma, or
colorectal, pancreatic, lung, and ovarian cancers (12-15).
However, determining the significance of enlarged CPLNs
identified on CT scan is still challenging in the clinical practice
and causes difficulty in the preoperative decision-making
process, even in specialized centers. In this regard, resection of
cardiophrenic lymph nodes has been proposed (12, 16). The
expanding literature also suggests that enlarged cardiophrenic
lymph nodes suspicious for malignancy worsen survival in
advanced ovarian cancer (17-19), but their correlation with poor
overall and progression-free survival is not yet clarified.
Another issue is the inconsistent terminology of CPLNs of the
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low anterior mediastinum: these lymph nodes have been
referred to as paracardiac, mediastinal, supradiaphragmatic,
retrosternal or cardiophrenic.

In order to predict the probability of complete
cytoreduction, high-resolution imaging modalities, such as CT
and PET/CT, are used to preoperatively assess the location and
extent of tumor spread. PET/CT is more accurate in the
detection of pathologic cardiophrenic lymph nodes than CT,
especially if they are smaller than 1 cm in size (13). Therefore,
lymph node size is a potential clinical indicator of nodal
metastasis, but the optimal size cut-off for pathologic CPLNs
is still unknown on preoperative imaging. It should be noted
that this indicator has different values in the available studies
and has never been standardized (20). In the meantime, a
short-axis cut-off of 5 mm has been proposed for a normal
cardiophrenic lymph node size (13, 21). According to the
revised RECIST guidelines (Response Evaluation Criteria in
Solid Tumors version 1.1), lymph nodes are considered to be
pathologic, irrespectively of their location, when their short-
axis is >10 mm (22). On the other hand, the European Society
of Urogenital Radiology (ESUR) has defined pathologic
cardiophrenic lymph nodes at a cut-off of ≥5 mm short-axis
dimension (23). The QAS (Qualitative Assessment Scale)
alternative scoring system, which calculates scores based on
the size, heterogeneity, and architecture of the lymph node,
has also been recommended for use (18).

Enlargement of cardiophrenic lymph nodes was reported in
5-62% of patients with advanced stage ovarian cancer,
depending on the applied cut-off diameter of lymph nodes and
the selected patient cohort (17, 18, 20, 24-28). Surgical
resection of cardiophrenic lymph nodes is still not a routine
procedure, and is performed only in a few highly specialized
centers to achieve a macroscopically complete tumor
resection. The procedure aims to decrease the rate of residual
disease and to pathologically identify FIGO stage IV diseases
by video-assisted thoracoscopic surgery (VATS) or through a
subxiphoid or large transdiaphragmatic incision. According to
the LION (Lymphadenectomy in ovarian neoplasms) study,
there is a clear recommendation for the removal of enlarged
intra-abdominal lymph nodes by cytoreductive surgery if
macroscopically complete intraabdominal resection is possible
(29). Even though the benefits of maximal-effort cytoreductive
surgery in the abdominal compartment are well defined, the
significance and management for the extra-abdominal spread
of ovarian cancer remain unclear. Currently, there is no
specific recommendation regarding the management of extra-
abdominal cardiophrenic lymph nodes. Nevertheless, CPLN
involvement should not preclude primary cytoreduction if
complete cytoreduction can be achieved (25, 30).

Since the available results raise a number of questions
regarding the extra-abdominal lymphatic metastases in ovarian
cancer, the purpose of this review is to examine the relevant
publications in terms of anatomy, characteristics, treatment, and

clinical significance of metastatic cardiophrenic lymph nodes in
patients with ovarian cancer.

Materials and Methods
To investigate anatomy, surgical procedures, and relevance of
CPLNs in the prognosis of patients with advanced primary and
recurrent ovarian cancer, PubMed and Cochrane Library were
searched for English language articles published after March 2021.
Our search words were the following: cardiophrenic lymph node,
supradiaphragmatic lymph node, paracardiac lymph node, and
ovarian cancer. We excluded articles containing mostly radiological
aspects, except for those with clinical or prognostic importance. The
reference lists of relevant articles were also researched. A total of
38 relevant articles were found and used as references. Two
physicians (M.A., S.P.) independently carried out data extraction.

Anatomy. The cardiophrenic space is filled with adipose tissue and
may contain small, visible lymph nodes. These are physiological, and
usually there are less than two of them, each with a diameter of <5
mm (21). Cardiophrenic lymph nodes are between the diaphragm and
the pericardium directly behind the xiphoid process of the sternum.
Anatomically, CPLNs belong to the group of parietal thoracic lymph
nodes often called anterior diaphragmatic, supradiaphragmatic,
prepericardiac, and retrosternal lymph nodes as well (31-34).

Lymph nodes of the cardiophrenic region were classified as
diaphragmatic lymph nodes and were divided into two major subgroups
by Rouvière in 1932. The first group is called the anterior
prepericardiac group consisting of 3 lymphoid aggregations situated on
the diaphragm: a single median group lying in the retroxiphoid region,
and two lateral groups behind the 7th anterior costochondral joint. These
nodes drain the afferent lymphatics from certain parts of the diaphragm,
the anterior part of the liver, and the anterior chest wall while emptying
their content into the internal mammary chain. The second major group
includes the middle and lateropericardiac (or juxtaphrenic) lymph
nodes. It is called the “posterior lymphatic pathway“ (35) consisting of
two lymphoid tissue aggregations indicated by their position relative to
the phrenic nerve: (a) right-sided aggregations are normally present, lie
adjacent and usually anterior to the inferior vena cava; (b) left-sided
aggregations are often absent. Their afferent lymphatics drain from
various parts of the diaphragm, the pericardium, the liver, and the deep
lymphatic vessels inferior to the diaphragm (iliac, para-aortic, and
mesenteric), and gather the content of the superficial lymphatic vessels
caudal to the umbilicus (33, 35, 36). In addition, Gray’s Anatomy lists
a third, posterior group of supradiaphragmatic lymph nodes that lie
posteromedial to the inferior vena cava and adjacent to the esophagus,
extending to the aortic hiatus of the diaphragm (37). For easier
orientation, Figure 1 represents the major anatomic landmarks of the
cranial surface of the diaphragm.

As it has been described by Abu-Hijleh et al. (38), peritoneal
fluid, which may contain tumor cells, enters the subperitoneal
lymphatic lacunae (a plexus of flattened terminal lymphatics) in
between muscle fibers of the diaphragm, hence peritoneal fluid can
pass through the stomata serving as the main drainage channels.
From these lacunae, fluid enters the lymphatics through the
diaphragm and drains into the parasternal lymph nodes. Negative
intrathoracic pressure further stimulates lymph flow upwards
towards the diaphragm.

Based on animal studies, collecting lymphatics drain primarily into
the internal mammary chain (anterior route) rather than to the
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posterior lymphatic pathways that transport lymph to the great veins
after being filtered by the mediastinal lymph nodes (38). Furthermore,
a dominantly right-sided lymphatic drainage has been found in dogs,
which can explain the frequently present right anterior location of
metastasized cardiophrenic lymph nodes (39). As several researchers
have previously described (15, 17, 25, 26, 28, 35, 40), cardiophrenic
lymph nodes act as nodal stations for the lymphatic drainage of the
upper abdomen (33, 36), making it obvious why CPLNs have a high
predictive value for the carcinosis of this location. This predictive
value was 94.6% in the study of Luger et al. (17).

The occurrence and location of radiologically positive cardiophrenic
lymph nodes was published in the paper by Prader et al. (20). In their
study involving 217 patients, the right anterior region was the most
often affected location (in 93.5% of the cases). This observation was
in line with data of other researchers who found that metastatic lymph
nodes were predominantly present at this site, followed by left-sided,
midline, and bilateral locations (17, 26, 27, 41, 42).

Results

The issue of enlarged and metastatic cardiophrenic lymph
nodes was addressed in various ways by different authors.

The existing literature describes the transdiaphragmatic
procedure and the video-assisted thoracoscopic surgery as
possible approaches for the resection of cardiophrenic lymph
nodes (25). Certain researchers made their conclusions based
only on the findings of CT or PET/CT without removing
lymph nodes, whereas others performed lymph node
resection by transdiaphragmatic intervention or by video-
assisted thoracoscopic surgery. Currently, CT scans have a
slice thickness of ≤5 mm; thus, this modality can provide a
representative picture of the status of intra- and extra-
abdominal lymph nodes if they are ≥5 mm, independently
from other lymph node cut-off values.

Defining pathologic lymph node size and imaging
characteristics indicative of metastatic disease has proven
to be challenging with varying cut-offs between 5 to 10 mm
in the short-axis, as these values have never been
standardized. Nevertheless, for an effective treatment
strategy, it is crucial to determine the features of abnormal
CPLNs. McIntosh et al. (43) searched for the optimal
threshold and defined it at 5 mm in the short-axis; this
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Figure 1. Color illustration of diaphragm and related structures from a cranial view, without displaying lungs and heart.



value was associated with significantly shorter PFS and OS.
On the contrary, Kim et al. (15) defined the optimal cut-off
at >7 mm in the short-axis, and in their study, 86% was the
positive predictive value of enlarged CPLNs. Furthermore,
Hynninen et al. (35) believe that defining a threshold (thus

separating benign from malignant) is unnecessary as lymph
node metastases may be microscopic, while ascites and
carcinosis can also lead to lymph node enlargement.
Therefore, they recommend PET/CT in the first place for
diagnostics.
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Table I. Studies in which removal of cardiophrenic lymph nodes was not performed.

Authors                                     Patient               Number of                              Objective                                                        Conclusion
                                                   group                   patients

Holloway et al.,                   Primary and                 78                      Detection of enlarged CPLN                       CPLN detection rate was 28%, 
1997 (26)                               recurrent                                                 on CT scan with a cut-off                           which is a significant adverse 

                                                                                                                     of >5 mm short-axis                            prognostic factor for OS and PFS.
Kolev et al., 2010 (27)            Primary                     212                     Prognostic value of enlarged                    CPLN detected in 43% of all cases.
                                                                                                        CPLN in comparison with a control                  The cut-off was >5 mm in the 
                                                                                                                group of patients without                         largest axis. Worse survival rates 
                                                                                                                      CPLN enlargement                             were found in patients with CPLN. 
                                                                                                                                                                                   Median survival without and with 
                                                                                                                                                                                           adenopathy was 50 and 
                                                                                                                                                                                           45 months, respectively.
Hynninen et al.,                       Primary                      30                           Detection of supradia-                         CPLN detected in 43% of all cases. 
2012 (35)                                                                                                    phragmatic LN with                             Supradiaphragmatic lymph node 
                                                                                                                          FDG PET/CT                                  metastasis was a common finding 
                                                                                                                                                                               in advanced EOC as well as in ascites. 
                                                                                                                                                                               The EOC cells may permeate through 
                                                                                                                                                                                  the diaphragm from the peritoneal 
                                                                                                                                                                                       cavity to CPLNs and PSLNs.
Raban et al., 2015 (24)             Primary              72 (31 with              Prognostic value of enlarged                  CPLN detected in 10.5% of all cases. 
                                                                            CPLNs and               CPLNs in comparison with                       The presence of enlarged CPLNs
                                                                          41 as controls          control subjects without CPLN                        showed shorter DFS and OS.
                                                                         without CPLN)           enlargement with a cut-off of                                                 
                                                                                                                      >10 mm short-axis                                                          
Mert et al., 2017 (18)              Primary                      28                        Prognostic significance of                    CPLN detected in 11.1% of all cases. 
                                                                                                            abnormal CPLNs in OC using                      Patients with abnormal CPLNs 
                                                                                                               preoperative CT scan with                           had worse survival rates than 
                                                                                                               cut-offs of a) >7 mm or b)                             patients without abnormal 
                                                                                                                      ≥10 mm short-axis                       CPLNs despite complete tumor resection.
McIntosh et al., 2017 (43)        Primary                      88                       Prognostic significance and                    CPLN detected in 43% of all cases. 
                                                                                                           optimal size threshold of CPLN               The presence of CPLN was associated 
                                                                                                                                                                             with shorter PFS and OS. Size threshold 
                                                                                                                                                                                             was 5 mm short-axis.
Luger et al., 2020 (17)            Primary                     178              Prognostic value of enlarged CPLNs             CPLN detected in 50% of all cases. 
                                                                                                        in comparison with control subjects              The cut-off was ≥5 mm short-axis. 
                                                                                                               without CPLN enlargement                    The presence of enlarged CPLN was 
                                                                                                                                                                               associated with impaired PFS and OS.
Larish et al., 2020 (44)          Recurrent                    27                    Recurrence patterns in patients              Patients with CPLN were more likely to
                                                                                                            with CPLN at initial diagnosis             experience recurrence in the thoracic region.

Oommen et al., 2021 (40)        Primary                      42                   Clinical significance of enlarged               CPLN detected in 41.5% of all cases. 
                                                                                                         CPLN in comparison with control           The presence of enlarged CPLN showed 
                                                                                                       subjects without CPLN enlargement              shorter DFS. No differences in OS.
                                                                                                             on preoperative CT scan with 
                                                                                                            cut-offs of ≥7 mm and ≥5 mm
Luengas-Wuerzinger               Primary                      66                   Analyzing the role of the CPLN                    Response to NACT can also be 
et al., 2021 (70)                                                                                 status before and after NACT                         measured by the size CPLN 
                                                                                                                     with cut off >5 mm                                   in advanced ovarian cancer

CPLN: Cardiophrenic lymph node; OS: overall survival; FDG PET/CT: fluorodeoxyglucose positron emission tomography/computer tomography;
PFS: progression-free survival; DFS: disease-free survival; EOC: epithelial ovarian cancer; CT: computer tomography; PSLN: parasternal lymph
node; NACT: neoadjuvant chemotherapy.



The vast majority of authors agreed that an enlarged CPLN
is a prognostic factor in patients with ovarian cancer. Data
from Luger et al. (17) and Mert et al. (18) showed that
patients who underwent intraabdominal macroscopically
complete resection and had been diagnosed with enlarged
CPLN on preoperative CT scans, had shorter overall survival
than the control subjects without CPLN. This difference was
found to be significant by Luger et al. (17) for both
progression-free survival (HR=2.02, 95% CI=1.14-3.55
p=0.015) and overall survival (HR=2.46, IQR=1.54-3.93,
p=0.0001). A significant difference was also reported for PFS
and OS by Raban et al. (24) who reported shorter PFS
(median PFS value was 9.0 vs. 24.0 months, respectively;
p=0.0097) in patients with CPLN, while OS was shorter as
well (median OS value was 31.7 vs. 61.3 months, respectively;
p=0.001). Patients who underwent optimal cytoreduction (<1

cm) had also been shown to have differences regarding OS
according to Kolev et al. (27), who found a median survival
rate of 55 months in patients without adenopathy and 50
months with supradiaphragmatic adenopathy. After conducting
further investigations, Mert et al. (18) reported that in cases
with intra-abdominal residual disease after surgery (0.1-1.0
cm), no significant OS differences could be found between the
two study groups, irrespective of enlarged CPLNs (median OS
value was 37.5 vs. 28.5 months; respectively; p=0.49).

In contrast to these findings, Oommen et al. (40)
published that CPLNs detected by CT did not have an
adverse effect on overall survival (p=0.272), but they
negatively affected the rates of recurrence-free survival
(p=0.008) after primary or interval cytoreductive surgery. In
addition to this, significantly more patients with CPLN had
interval surgery than patients without enlarged CPLN (61.9%
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Table II. Studies in which removal of cardiophrenic lymph nodes was performed through a transdiaphragmatic resection.

Authors                                     Patient               Number of                              Objective                                                        Conclusion
                                                   group                   patients

Patel et al., 1999 (49)            Recurrent                     5                        Unusual pattern of isolated                   Relapse without peritoneal metastases 
                                                                                                               supradiaphragmatic disease                        3-5 years after complete primary 
                                                                                                                                                                                         abdominopelvic resection.
Yoo et al., 2013 (16)           Primary and                  11                   Transabdominal CPLN resection                       Transabdominal CPLN can
                                                recurrent                                             instead of VATS with a cut-off                substitute conventional VATS in 45% 
                                                                                                                     of ≥5 mm short-axis                       (5/11) of histologically positive CPLNs.
LaFargue et al.,                    Primary and                  11                      Technique and perioperative                           Transdiaphragmatic CPLN 
2016 (50)                               recurrent                                            outcomes of transdiaphragmatic                  resection is achievable with minor 
                                                                                                                           LN resection                                short-term postoperative morbidities.
Prader et al., 2016 (28)           Primary                      30                    Surgical management of CPLN                CPLN detected in 15.3% of all cases. 
                                                                                                                resection with a cut-off of                   Transdiaphragmatic CPLN resection is
                                                                                                                      ≥10 mm short-axis                        achievable during cytoreductive surgery.
Garbi et al., 2017 (51)            Primary                      22                 To define the safety and feasibility              Transdiaphragmatic enlarged CPLN 
                                                                                                            of surgical transdiaphragmatic                      resection is a safe and feasible 
                                                                                                         resection of enlarged CPLNs with              procedure when indicated to achieve
                                                                                                             a cut-off of ≥5 mm short-axis                  no or minimal residual tumor disease.
Salehi et al., 2018 (42)           Primary                      24                 To assess the accuracy of imaging               CPLN detected in 13% of all cases. 
                                                                                                      for CPLN metastases, and to compare              Resection of CPLN metastases is 
                                                                                                    surgical outcomes between women with                 achievable. The prognostic 
                                                                                                       and without CPLN resection at PDS                         significance of CPLN 
                                                                                                         with a cut-off of >8 mm short-axis                       metastases is still unclear.
Lopes et al., 2019 (41)        Primary and                 24                  To evaluate the clinical outcomes                    Resection of CPLN should be
                                                recurrent                                               after CPLN resection with a                            performed when complete 
                                                                                                              cut-off of ≥8 mm short-axis                           cytoreduction is achievable.
Prader et al., 2019 (20)            Primary                      52                    Prognostic impact and potential                  CPLN detected in 62% of all cases. 
                                                                                                              role of CPLN resection with                       CPLN metastases are associated 
                                                                                                             a cut-off of ≥5 mm short-axis                      with impaired PFS and OS after 
                                                                                                                                                                                 macroscopically CR. The impact of 
                                                                                                                                                                                    CPLN resection remains unclear.
Pinelli et al.,                      Primary during                7                    Transabdominal CPLN resection                 CPLN detected in 57% of all cases
2019 (52)                         IDS after NACT                                      when full-thickness resection is                        after NACT. Intraoperative 
                                                                                                            required to achieve CR with a                          assessment is less accurate 
                                                                                                              cut-off of ≥7 mm short-axis                          during IDS compared to PDS.

CPLN: Cardiophrenic lymph node; PDS: primary debulking surgery; IDS: interval debulking surgery; NACT: neoadjuvant chemotherapy; CR:
complete tumor resection; EOC: epithelial ovarian cancer; PSLN: parasternal lymph node; LN: lymph node.



vs. 32.2%, respectively). Table I includes the details of the
studies where CPLN removal was not performed.

Next, we examined those studies where cardiophrenic
lymph nodes were removed by transdiaphragmatic resection
(Table II). The transdiaphragmatic approach for removing
enlarged CPLNs is performed at the time of abdominal
diaphragm peritonectomy or full-thickness resection. If full-
thickness resection is not required due to diaphragmatic
infiltration, a linear ventral muscle incision is created
retrosternally on the diaphragm near the CPLN of interest
(subxiphoid approach). At this point, the anterior insertion
of the diaphragm at the xiphoid process must be dissected
and separated. It is followed by the exploration of the
anterior mediastinal space when metastatic lymph nodes are
grasped and extracted prior to closing the diaphragmatic
defect (16, 45, 46, 47). If there is a need for full-thickness
resection during intra-abdominal cytoreduction due to
diaphragmatic infiltration, the pleural space has to be
explored more precisely both visually and by palpation to
exclude an extensive disease, such as pleural or pericardial
carcinosis, or parenchymal lung disease (45). Additionally,
lymph nodes located in posterior regions can also be
removed by this method. These techniques require preceding
hepatic mobilization, and during such interventions, a
pericardial opening can rarely occur (3% of the cases) (48).

Prader et al. (20) found an inverse association between the
size of CPLNs and the rate of complete cytoreduction.
According to their data, the larger the CPLN, the lower the
probability of achieving complete cytoreduction. They reported
a significant difference in 5-year survival between patients who
had negative CPLN and those with positive (54% vs. 21%,
respectively; p=0.019). Comparing the cohorts of patients in
whom macroscopically complete tumor resection could be
achieved, the difference was even more significant: 5-year OS
was 69% vs. 30% in CPLN negative and positive cases,
respectively (p=0.009) (20). During further investigation of
those 52 patients who underwent CPLN resection, no
significant prognostic impact of CPLN resection could be
observed compared to the control group who did not have
CPLN resection prior to 2014 (20). The same result was
reported by Lee et al. (53) who found that patients who
underwent supradiaphragmatic debulking experienced no
benefit in PFS and OS compared to patients who did not
undergo this procedure. Pinelli et al. (52) published the only
study that verified the accuracy and feasibility of CPLN
removal during interval cytoreductive surgery after neoadjuvant
chemotherapy (NACT). They found that intraoperative
assessment of the samples was less accurate during interval
cytoreductive surgery than in primary cytoreductive surgery.

In addition to this, video-assisted thoracoscopic surgery
(VATS) is performed separately to the abdominal
cytoreduction, or concurrently with the abdominal
procedures. Table III shows those studies where CPLN

resection happened via VATS, while Table IV includes
studies in which CPLNs were removed both via VATS and
through a transdiaphragmatic approach.

Thoracic surgical intervention via VATS requires the
application of a double-lumen endotracheal tube and single-
lung ventilation; the ability to manage hemodynamic shifts
resulting from single-lung ventilation is also crucial. Most
of the time this procedure is performed by thoracic surgeons
in oncology centers in a multidisciplinary setting. The
patient is placed in the lateral decubitus position with the
help of an axillary roll. In the three-port technique, one port
is inserted into the seventh or eighth intercostal space along
the posterior axillary line for the introduction of the camera.
The second port is placed into the eighth intercostal space,
and the third port goes into the fourth or fifth intercostal
space in the mid-axillary line (56). CPLNs are usually
resected by using standard electrocauterization or a vessel-
sealing device. One of the advantages of this procedure is
that the pleural cavity can be explored accurately without
opening the diaphragm, and this method does not only have
diagnostic potential, but lesions can be removed at the same
time. The only disadvantages are that the patient must be
repositioned for intraabdominal surgery, and the insertion of
a chest tube is inevitable (16). Juretzka et al. (57)
recommended the use of VATS in patients with moderate to
large pleural effusion prior to abdominal cytoreduction, and
reported that 65% of these patients had gross intrathoracic
disease identified at VATS. In line with this, Di Guilmi et
al. (58) detected pleural disease in 57% of their patients
with pleural effusion. However, in the latter case, pleural
carcinosis was the most common finding and the main cause
of FIGO stage IV EOC.

As it can be seen in Table V, enlarged CPLNs have been
shown to predict a pathologically confirmed metastatic
disease in 45-95% of patients. These patients had
radiographically confirmed abnormal cardiophrenic lymph
nodes and underwent surgical resection based on specific
lymph node cut-off values (≥5 mm, ≥7 mm, ≥10 mm). The
median CPLN diameter ranged from 7.65 to 16 mm, while
the median number of removed CPLNs was between 1.5 and
3, and in general, 1 to 3 lymph nodes were removed.
Enlarged metastases were suspected and pathologically
confirmed cardiophrenic lymph nodes were reported in 10.5-
62% of the studies. The majority of these publications
revealed that the presence of enlarged CPLNs significantly
correlates with the occurrence of peritoneal carcinosis,
particularly with diaphragmatic involvement, and predicts
poor prognosis as well (20, 26, 35, 41, 53). The peritoneal
carcinosis rate reported by Cowan et al. (25) was 81% in
patients with enlarged CPLNs. In addition, we reviewed
studies in which authors found pathologically confirmed
FIGO stage IVB ovarian cancer and provided PFS and OS
data. These data are shown in Table VI.
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Several researchers published a low rate of complications
possibly related to CPLN resection; the most common
complications were of pulmonary nature (pleural effusion,
pneumothorax, and pneumonia), with a prevalence rate of
7%. Accordingly, they concluded that CPLN resection is a
feasible and safe technique (16, 25, 28). Regarding the
duration of the CPLN procedure, a specific time of 65
minutes was given for VATS by Lim et al. (12), 28 minutes
for transdiaphragmatic approach by Lopes et al. (41), and 30
minutes for transabdominal cardiophrenic lymph node
dissection (CPLND) by Yoo et al. (16).

Discussion

Our review demonstrates that the clinical and prognostic
significance of enlarged CPLNs is unclear. In this systematic
review, a total of 302 patients were identified in whom
CPLN resection was performed. The number of CPLN
positive cases in the studies varied between 1 and 54 with
data collection of 3 to 16 years, and further follow-up times
were 6 to 120 months. In the published literature,
progression-free survival ranged between 3 and 24 months,
whereas overall survival was found to be 30 to 70.1 months.
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Table III. Cardiophrenic lymph nodes resection via video-assisted thoracoscopic surgery.

Authors                                     Patient               Number of                              Objective                                                        Conclusion
                                                   group                   patients

Montero et al., 2000 (31)         Primary                       1                         Case report about the first                             VATS enables the accurate 
                                                                                                                CPLN resection via VATS                              pathological diagnosis and
Lim et al., 2009 (12)           Primary and                 12                   To assess the benefit of VATS in                        intrathoracic resection of 
                                                recurrent                                      pathological diagnosis and intrathoracic               pleural and CPLN metastases. 
                                                                                                              cytoreduction of CPLN and                            Metastatic CPLN detected
                                                                                                                       pleural metastasis                                          in 78% of all cases.
Ragusa et al., 2011 (54)        Primary and                  2                      Resection of isolated bilateral                       More investigation is required 
                                                recurrent                                                 cardiophrenic angle lymph                              to make the indication of 
                                                                                                                        node metastases                                       surgery more appropriate.
Lee et al., 2018 (53)               Primary                      10                      To determine the prognostic                          The presence of CPLN is an 
                                                                                                           significance of CPLN detection                      unfavorable prognostic factor. 
                                                                                                                            by PET/CT                                         The resection of CPLNs did
                                                                                                                                                                                          not improve PFS nor OS.
Hamaji et al., 2018 (55)       Primary and                  6                    Experiences about thoracoscopic                     No perioperative or long-term 
                                                recurrent                                               resection of PET/CT-positive                                mortality was noted.
                                                                                                                mediastinal lymph nodes.                                                    
                                                                                                                  3/6 patients with CPLN                                                      

CPLN: Cardiophrenic lymph node; OS: overall survival; PFS: progression-free survival; VATS: video-assisted thoracoscopic surgery; PET/CT:
positron emission tomography and computed tomography.

Table IV. Cardiophrenic lymph nodes resection via video-assisted thoracoscopic surgery and transdiaphragmatic approach.

Authors                                     Patient               Number of                              Objective                                                        Conclusion
                                                   group                   patients

Kim et al., 2016 (15)           Primary and                 31                    Prediction of optimal cut-off of                   The CPLN short axis was >7 mm 
                                                recurrent                                            CPLN metastasis using CT scan              with a positive predictive value of 86%. 
                                                                                                                                                                                       Metastatic CPLN detected in 
                                                                                                                                                                                          61% (19/31) of all cases.
Cowan et al., 2017 (25)          Primary                      54                     Feasibility, safety, and clinical                  CPLN resection can help to identify 
                                                                                                             outcomes of CPLN resection.                  extra-abdominal disease progression, 
                                                                                                             48 (89%) patients underwent                      and it is safe, feasible, and does 
                                                                                                        transdiaphragmatic resection, while                       not delay chemotherapy.
                                                                                                              6 (11%) patients had VATS.                                                  

CPLN: Cardiophrenic lymph node; CT: computer tomography; VATS: video-assisted thoracoscopic surgery.



According to the available data, no study has been able to
prove the benefits of CPLN resection in terms of overall
survival or progression-free survival so far. Based on the
aforementioned results, our main finding is that the
enlargement of cardiophrenic lymph nodes indicates the
presence of extensive tumor load and advanced lymphatic
metastases. Together, these conditions have an adverse effect
on prognosis. Even though several animal experiments have
been conducted and radiological studies and clinical
experience are available, the exact lymphatic drainage routes
and tumor metastatic pathways are still not completely
explored. This is particularly relevant for the connections of
parietal mediastinal lymph nodes. In addition, costophrenic
(middle mediastinal) and paracaval (posterior mediastinal)
lymph nodes may occur as a result of different metastatic
disease progression as well (32, 33, 38, 39, 59, 60). There is
little information available about the two apertures of the
diaphragm – the Larrey’s cleft (Trigonum sternocostale
sinistrum) and the Morgagni’s foramen (Trigonum
sternocostale dextrum) – through which ascites and tumor
cells can enter the thoracic cavity (61). For this reason, it is
essential to have a better understanding of the role of these
metastatic pathways. As some radiological findings indicate,
Hynninen et al. (35) also suggested that the anterior
metastatic lymph route originates from the cardiophrenic
lymph nodes and continues in the mammarian lymph nodes
while the lateral paracardiac group empties its content into
the anterior mediastinal lymphatic chain.

Macroscopically complete resection is the main prognostic
and surgical factor that can be influenced in advanced
ovarian cancer. Maximal-effort cytoreductive surgery and
extended surgical procedures are beneficial, especially in
stage IV cancer patients, in whom microscopic residual
disease is linked with the best outcome (62, 63). Several
studies have demonstrated that patients with optimal (<1 cm)

or microscopic residual disease had better survival chances
compared to those with suboptimal resection (62, 64, 65).
There is increasing evidence that the presence of enlarged
and suspicious cardiophrenic lymph nodes is associated with
poor prognosis, lower overall and disease-free survival rates
(18, 26, 27). However, the removal of metastatic enlarged
CPLNs with macroscopically complete tumor resection
would lead to better survival rates, theoretically. In contrast
with this, the results of Prader et al. (20) have proved that
even the resection of positive cardiophrenic lymph nodes
could not result in a significant survival benefit compared to
patients who did not have their positive CPLNs resected.
They also indicated a 5-year survival rate of 69% in CPLN
negative patients, while this number was 30% in CPLN
positive patients (with complete resection).

In view of these results, substantial questions may arise.
One of the most important questions is whether there is a
clear need for removing these lymph nodes, as the only
accepted indication of this procedure from which we expect
survival benefit is the pathologically proven diagnosis of
FIGO stage IVB cancer. Without lymph node resection, a
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Table V. Studies about the pathological processing of cardiophrenic lymph nodes.

Authors                                         Median diameter of                     Metastasis in                       Median number of                     Median number of 
                                                           CPLN in mm                                CPLNs                               removed CPLNs                   metastatic lymph nodes 

Lim et al., 2009 (12)                   8.9 (range=5.3-16.1)                        78% (7/9)                              3 (range=1-10)                            3 (range=1-10)
Yoo et al., 2013 (16)                       10 (range=7-17)                           45% (5/11)                             3 (range=1-12)                            1 (range=0-10)
La Frague et al., 2016 (50)             16 (range=2-25)                         86% (18/21)                           1.9 (range=1-4)                                 No data
Prader et al., 2016 (28)                              10                                     90% (27/30)                            2 (range=1-12)                             1 (range=0-5)
Garbi et al., 2017 (51)                           No data                                95% (21/22)                           1.7 (range=1-8)                                 No data
Cowan et al., 2017 (25)                  13 (range=6-29)                        94.4% (51/54)                          3 (range=1-23)                            2 (range=0-22)
Salehi et al., 2018 (42)                          No data                                83% (20/24)                                  No data                                        No data
Lee et al., 2018 (53)                                 7.65                                    80% (8/10)                        2.6 (range=1.4-14.1)                             No data
Prader et al., 2019 (20)                              8.5                                   84.6% (44/52)                                No data                                        No data
Lopes et al., 2019 (41)                    14 (range=8-25)                         87% (21/24)                           1.5 (range=1-6)                                 No data
Pinelli et al., 2019 (52)                          No data                                  57% (4/7)                                    No data                                        No data

CPLN: Cardiophrenic lymph node.

Table VI. Progression-free survival and overall survival in pathologically
proven cardiophrenic lymph node metastases (FIGO stage IVB).

Authors                                             Median PFS                Median OS 
                                                             (months)                      (months)

Yoo et al., 2013 (16)                                24                            No data
Garbi et al., 2017 (51)                3, 5, 8 (3 relapses)               No data
Cowan et al., 2017 (25)                          17.2                              70.1
Lee et al., 2018 (53)                                 14                               31.5
Lopes et al., 2019 (41)                             12                                 30

CPLN: Cardiophrenic lymph node; OS: overall survival; PFS:
progression-free survival.



residual tumor mass can remain after surgery, and therefore
the procedure cannot be called macroscopically complete or
optimal tumor resection, aggravating the prognosis. As
recommended by some authors, the presence of enlarged
cardiophrenic lymph nodes should not rule out surgery and
CPLN removal if macroscopically complete cytoreduction is
achievable. On the other hand, CPLNs tend to be an
important indicator for extended peritoneal carcinosis, thus
these patients should be admitted to appropriate gynecologic
oncology centers (25, 28). Corresponding results show the
intraabdominal residual disease having a greater prognostic
impact than positive cardiophrenic lymph nodes (17, 20).
Another problem may develop if metastatic CPLNs are
pathologically confirmed, as mentioned in 45-95% of the
cases, as it can cause a significant shift in disease staging,
and thus in prognosis. Prader et al. (28) reported a FIGO
stage shift from FIGO stage IIIC to IVB in 30% and from
FIGO stage IVA to IVB in 13% of cases. This means a
considerable deterioration of prognosis for patients (28). As
the original FIGO stage and FIGO stage IVB do not make a
difference between inguinal, axillary, and cardiophrenic
lymph nodes and metastases of the abdominal wall, all of
them are considered distant metastases. Overall, there is a
lack of clinical relevance and prognostic accuracy (11).

Discussing this issue further, Nasioudis et al. (66) studied
the survival rates of 11,152 patients with FIGO stage III and
IV ovarian cancer, distinguishing 3 subgroups in the latter
group. They found that the prognosis of FIGO stage IVB
patients was similar to those who had FIGO stage III disease
with pelvic or paraaortic lymph node metastases (OS was 55
and 53 months, respectively). According to their
understanding, this was due to the involvement of inguinal
lymph nodes. However, FIGO stage IVB patients with
distant lymph node metastases had longer survival than those
with distant parenchymal metastases (OS was 39 and 30
months, respectively) (66). In support of these data, the
retrospective study of Ataseven et al. (67) revealed that
FIGO stage IVB patients with abdominal wall metastases
had significantly longer overall survival compared to other
stage IVB patients (58 vs. 25 months, respectively), while
the OS was similar to that of those with stage IIIC.
Moreover, the same authors found that OS of patients with
FIGO stage IVA ovarian cancer was almost identical to that
of stage IVB patients who had at least 2 metastatic
manifestations (25 vs. 28 months, respectively) (68).
Whether there is a difference in prognosis in terms of CPLNs
compared to other FIGO stage IVB patients is still unknown.

Finally, as it has been suggested by Mert et al. (18) and
Nasser et al. (69), there is a concern that tumor dissemination
arising from adverse tumor biology is difficult to manage by
surgical resection. Results from the LION study have revealed
that in advanced stage ovarian cancer, systematic
lymphadenectomy of radiologically non-suspicious lymph

nodes has no benefits regarding survival rates. However, the
resection of bulky lymph nodes is still recommended for the
achievement of complete cytoreduction, thus for better
prognosis (29). Nevertheless, no attention has been paid to the
presence and resection of frequently enlarged extra-abdominal
cardiophrenic lymph nodes in this setting.

Conclusion

The impact of cardiophrenic lymph node resection on overall
and progression-free survival remains uncertain, and no
recommendation can be made based on evidence to date.
Therefore, CPLN removal allowing complete macroscopic
resection is still advocated if this is the only extra-abdominal
tumorous manifestation of the disease. In order to clarify
these questions, a prospective, randomized, and multicentric
clinical trial, analogous to the LION study, should be
conducted with the involvement of a large group of patients,
extending the trial’s scope to extra-abdominal lymph nodes
as well. To gain comparable data, it is necessary to make a
consensus on CPLN size to predict the pathologic diameter
of cardiophrenic lymph nodes.
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