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Abstract
Background: The presence of  cardiophrenic lymph nodes (CPLN) was potentially associated with 
peritoneal involvement in patients with abdominal malignancies. In this study, gastric cancer pa-
tients were investigated for the relationship between CPLN and peritoneum metastases.
Methodology: Peritoneal exploration was performed on 516 gastric cancer patients between 2017 
and 2019, including 134 (26%) with peritoneal metastases (PM). An univariate and multivariate 
analysis of  preoperative computed tomography (CT) scans was conducted to assess the association 
between CPLN and confirmed PM.
Results: Among the factors associated with CPLN in the univariate analysis, PM accounted for the 
strongest association (P < 0.001). In the multivariate analysis, PM was the only independent factor 
associated with CPLN (odds ratio [OR], 7.8; 95% confidence interval [CI], 4.6 ~ 13.0; P < 0.001). 
CPLN was significantly more common in the 38 patients with classic signs of  PM compared to 
the 96 patients without visible signs of  PM (36/38 [95%] versus 76/96 [79%]). CT scan sensitivity 
rose from 28% (38/134 patients) to 85% (114/134 patients) with CPLN detection added to other 
diagnostic signs of  PM.
Conclusion: Detecting CPLN on CT was a valuable tool for diagnosing peritoneal metastases of  
gastric cancer.
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Introduction
In terms of  cancer deaths, gastric can-
cer (GC) ranks fourth among all types 
of  cancer1. Peritoneal metastases (PM) 
affect a large number of  gastric cancer 
patients2. Computed tomography (CT) 
has been the preferred method for diag-
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nosing gastric cancer, but it is not sensi-
tive enough to detect peritoneal metas-
tasis. Even when CT scans specifically 
target isolated small peritoneal metastat-
ic nodules during abdominal explora-
tion, meaningful direct CT features may 
not be evident, especially in cases where 
typical metastatic signs are absent. A 
new radiomics model has shown prom-
ising potential in addressing this issue3-5. 
However, this model requires image 
delineation and input into a computer 
for analysis, making it less intuitive for 
radiologists to interpret by simply read-
ing the films. Additionally, different re-
search institutions have yielded varying 
results regarding whether the radiomics 
model is superior to the clinical model6.
Other imaging methods, such as PET/
CT with new imaging agents, have 
shown some value in improving the 
sensitivity of  peritoneal metastasis diag-
nosis7. However, their high cost makes 
widespread application challenging. 

Diagnostic laparoscopy has been used 
for earlier detection of  simultaneous 
peritoneal metastases, but it remains an 
invasive procedure8. The presence or 
absence of  peritoneal metastasis affects 
the treatment strategies for gastric can-
cer patients. Intraperitoneal chemother-
apy has become an essential component 
of  combined treatment for gastric can-
cer, and ongoing translational research 
aims to address this specific disease 
state9.

Previous studies have suggested that the 
presence of  cardiophrenic lymph nodes 
(CPLN) may be potentially associated 
with peritoneal involvement in patients 
with abdominal and pelvic malignan-
cies10-12. CPLN could serve as a mean-
ingful predictive marker in conditions 
such as ovarian cancer and colorectal 
cancer due to their distinct imaging fea-
tures, allowing for direct interpretation 
by radiologists. Therefore, further inves-
tigation into the relationship between 
CPLN and peritoneal metastasis in pa-
tients with gastric cancer is warranted.
This study analyzed preoperative CT 
scans of  gastric cancer patients who un-
derwent abdominal exploratory surgery 
to examine the relationship between 
CPLN and peritoneal metastasis.

In terms of  cancer deaths, gastric can-
cer (GC) ranked fourth1. Peritoneal 
metastases (PM) affectd large numbers 
of  gastric cancer patients2. Comput-
ed tomography (CT) was the preferred 
method for gastric cancer patients, but 
CT was not sensitive to of  gastric can-
cer peritoneal metastasis. For some gas-
tric cancer peritoneal metastases lack-
ing typical metastatic signs, even if  the 
CT images of  isolated small peritoneal 
metastatic nodules were targeted after 
abdominal exploration, meaningful di-
rect CT features could not be found. 
The new radiomics model demonstrat-
ed a promising approach3-5. However, 
it needed to delineate the image and 
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inputed it into the computer to realize 
it, and it could not be judged intuitively 
by radiologists by reading the film, and 
different research institutions had dif-
ferent research results on whether the 
radiomics model was better than the 
clinical model6. Other imaging methods, 
such as PET/CT focusing on new im-
aging agents, had some value in terms 
of  improving the sensitivity of  diag-
nosing peritoneal metastases7, but their 
high cost maked them difficult to apply 
universally. Diagnostic laparoscopy for 
earlier diagnosis of  simultaneous peri-
toneal metastases8, but it was still an in-
vasive procedure. However, for gastric 
cancer patients, whether there was peri-
toneal metastasis or not, the treatment 
strategies

were different. In recent years, intra-
peritoneal chemotherapy had become 
an indispensable part of  the combined 
treatment of  gastric cancer2,9, and some 
translational research was also aimed at 
addressing this specific disease state8.
Previous studies had shown that the 
presence of  cardiophrenic lymph nodes 
(CPLN) was potentially associated with 
peritoneal involvement in patients with 
abdominal and pelvic malignancies, 
which might serve as a meaningful pre-
dictive marker, such as ovarian cancer10-12 
and colorectal cancer13. And because the 
imaging features of  CPLN were clear, 
they could be directly interpreted by ra-
diologists. Therefore, the relationship 

between the preence of  CPLN and peri-
toneal metastasis in patients with gastric 
cancer deserved further study.
Preoperative CT scans of  gastric can-
cer patients undergoing abdominal ex-
ploratory surgery were analyzed. In this 
study, gastric cancer patients were in-
vestigated for the relationship between 
CPLN and peritoneum metastases.

Methods
Patient Population and Study Design
This retrospective study was approved 
by the ethics committee (protocol num-
ber 2021KY120); written informed 
consent was waived owing to the use 
of  deidentified retrospective data. Our 
study retrospectively analyzed all con-
secutive GC patients who underwent 
surgery in our center between 2017 and 
2019. The inclusion criteria were: (1) 
histologically confirmed gastric adeno-
carcinoma patients, (2) CT scan within 
two weeks before surgery, and (3) the 
peritoneal cavity had been completely 
explored during surgery. The exclusion 
criteria were: (1) prior anticancer ther-
apy, (2) insufficient clinical data or CT 
images, and (3) patients with another 
cancer.

Patient characteristics
Demographic characteristics such as 
age and gender were collected for the 
patients. Clinical features related to 
the tumor were obtained based on the 
surgeon's final evaluation. These fea-
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tures included the location of  gastric 
adenocarcinoma, T stage (reflecting the 
depth of  tumor invasion into the gastric 
wall), N stage (indicating the presence 
of  gastric lymph node metastasis), and 
M stage (which encompassed peritoneal 
metastasis and other distant metastases). 

Peritoneal metastasis was determined 
based on a comprehensive surgical re-
port of  peritoneal cavity exploration. 
Additionally, cytological examination 
of  peritoneal lavage fluid was conduct-
ed for all cases.The demographic char-
acteristics of  patients: age and gender 
were collected. According to the final 
evaluation report of  the surgeon, the 
clinical features related to the tumor 
were collected: the location of  gastric 
adenocarcinoma; T stage (it reflects the 
depth of  tumor invasion to gastric wall); 
N stage (it reflects the status of  gastric 
lymph node metastasis); M stage (in-
cluding peritoneal metastasis and other 
distant metastasis). Peritoneal metastasis 
was based on a complete surgical report 
of  peritoneal cavity exploration. Cyto-
logical examination of  peritoneal lavage 
fluid was performed in all cases.

CT Acquisition Technique
The scans comprised of  unenhanced 
chest scans and multiphase contrast-en-
hanced abdominal scans, which were 
performed to capture the cardiophrenic 
angle and other selected metastatic ar-
eas. A CT scanner (SOMATOM Defi-

nition Flash; Siemens Healthcare, Ger-
many) was utilized, employing 120 kVp 
and 210 mAs. The entire abdomen was 
scanned from the thoracic entrance to 
the level of  the inferior edge of  the pu-
bic symphysis. Nonionic contrast medi-
um was administered with parameters 
of  300 mgI/ml and a flow rate of  3.0 
ml/s, with a dose of  2 mL/kg based on 
body weight. The arterial phase and ve-
nous phase were scanned at 25 seconds 
and 70 seconds after contrast injection, 
respectively. The reconstruction thick-
ness was set at 1.0 mm.Scans included 
unenhanced chest scans and multiphase 
contrast-enhanced abdominal scans to 
cover the cardiophrenic angle and oth-
er selected metastatic areas. The CT 
scanner (SOMATOM Definition Flash; 
Siemens Healthcare, Germany) was 
used with 120 kVp and 210 mAs, and 
the whole abdomen was scanned from 
the thoracic entrance to the level of  the 
inferior edge of  the pubic symphysis. 
Nonionic contrast medium parameters: 
300 mgI/ml; flow rate of  3.0 ml/s; 2 
mL/kg body weight. The arterial phase 
and venous phase were scanned at 25 s 
and 70 s after injection. The reconstruc-
tion thickness was 1.0 mm.

Image analysis
Without knowledge of  the surgical ex-
ploration results, two radiologists, with 
7 and 21 years of  experience respective-
ly, conducted a retrospective analysis of  
the images in consensus. They recorded 
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the following CT features of  the car-
diophrenic lymph nodes: (a) presence 
or absence of  CPLNs, (b) dimensions 
in the long and short axes (if  multiple 
lymph nodes were present, the largest 
one was measured), (c) side of  occur-
rence, and (d) quantity of  CPLNs. They 
also recorded the presence of  classical 
signs indicating the presence of  peri-
toneal metastasis (PM). The diameters 
were measured on the axial images.

Without knowing the results of  surgical 
exploration, two radiologists in consen-
sus (7 years and 21 years of  experience) 
retrospectively analyzed the images. The 
following CT features of  the cardio-
phrenic lymph nodes were recorded: (a) 
whether CPLNs appear, (b) dimensions 
in the long and short axes (if  multiple 
lymph nodes are present, the largest one 
is measured), (c) which side and (d) the 
amount oCPLN. Whether there were 
classical signs indicating the presence of  
PM was also recorded. The diameters 
were measured on the axial images.

Statistical Analysis
All statistical analyses were conducted 
using R version 4.0.5. Continuous vari-
ables were presented as medians and 
ranges, while categorical variables were 
presented as counts and percentages. 
Sensitivity (true positive) and specific-
ity (true negative) were determined at 
the optimal cutoff  probability. Receiver 

operating characteristic (ROC) curves 
were plotted. Multivariate and univariate 
logistic regression analyses were per-
formed to assess the factors associated 
with the presence of  CPLNs. A p-value 
of  less than 0.05 was considered statis-
tically significant.All statistical analyses 
were performed using R version 4.0.5. 

All continuous variables were expressed 
as medians and ranges and categorical 
variables as counts and percentages. The 
sensitivity (true positive) and the speci-
ficity (true negative) were determined 
at optimal cutoff  probability. We then 
plotted receiver operating characteristic 
(ROC). Multivariate and univariate lo-
gistic regression were conducted to an-
alyze the factors associated with CPLN 
presence. P-values of  <0.05 were con-
sidered statistically significant.

Results
Patient Characteristics
Among the 561 patients who underwent 
surgery at our center between 2017 and 
2019, 45 (8%) were excluded (Figure 1). 
The study population comprised the 
remaining 516 patients. Among them, 
374 (72.5%) were male and 142 (27.5%) 
were female, with an average age of  61 
years. In terms of  T staging, 452 pa-
tients (87.6%) were classified as T4. A 
total of  203 patients (39.3%) had meta-
static disease, with 134 (26.0%) exhibit-
ing peritoneal metastasis (PM). Further 
details can be found in Table 1.
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Patients (%) N = 516
Age (median [range]) (years) 61.0[54.0,67.0]
Sex

Male 374(72.5)
Female 142(27.5)

Primary site
Cardia 72(14.0)
Fundus 18(3.5)
Body 172(33.3)
Antrum 254(49.2)

T stage
T1 10(1.9)
T2 24(4.7)
T3 30(5.8)
T4 452(87.6)

N stage
N0 101(19.6)
N1 140(27.1)
N2 164(31.8)
N3 111(21.5)

Metastases* 203(39.3)
Peritoneum 134(26.0)
Liver 30(5.8)
Lung 1(0.2)
Retroperitoneal lymph nodes 56(10.9)

Left supraclavicular fossa lymph
nodes 7(1.4)

Mediastinal lymph nodes 15(2.9)
Cardiophrenic lymph nodes 263(51.0)

Selected metatastic sites were collected, including peritoneum, liver, lung, lymph nodes 
(retroperitoneal, left supraclavicular fossa, mediastinum).

Table 1: Patient characteristics
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CT Image Analysis
Among the 516 patients, CPLNs were 
identified in 263 patients (51%), with 
1-5 CPLNs found per patient on aver-
age (mean: 0.8 per patient). A total of  

404 CPLNs were observed, with 87% 
located on the right and 13% on the left 
side (Figure 2). The median diameter of  
CPLNs in the long axis was 5 mm (in-
terquartile range [IQR]: 4-6 mm).

Figure 1: Flow chart of  the study

Figure 2: A 57-year-old male with transverse computed tomography (CT) scan showing 
cardiophrenic lymph nodes as the only indication of  gastric peritoneum metastases

Out of  the 134 patients with confirmed 
PM, 38 (28%) exhibited clear signs on 
CT imaging. Among the patients with 
clear signs, 36 (95%) had at least one 
CPLN, whereas 76 patients (79%) with-
out clear signs also had CPLNs.

Correlation between CPLN and PM
Among the 134 patients with PM, 112 
(84%) had CPLN lesions, while among 
the 382 patients without PM, 151 (40%) 
had CPLN lesions (Table 2). For CPLNs 
measuring 5 mm (sensitivity [Se] 60%, 
specificity [Sp] 93%) (Table 3), the best 

African Health Sciences, Vol 25 Issue 1, March, 2025 324



accuracy was achieved through ROC 
curve analysis (Figure 3). Univariate 
analysis revealed that PM was the stron-
gest predictor of  CPLN (p < 0.001) 
(Table 4). A significant association was 
also found between CPLN and N3 
lymph node status. In the multivariate 
analysis, PM was the only independent 
factor associated with CPLN (odds ratio 
[OR]: 7.8; 95% confidence interval [CI]: 

4.6-13.0; p < 0.001). Among the 134 
patients with surgically confirmed PM, 
38 (28%) exhibited clear signs. CPLN 
occurrence was significantly higher in 
the 38 patients with classic signs of  PM 
compared to the 96 patients without 
visible signs of  PM (36/38 [95%] versus 
76/96 [79%]) (Table 5). When CPLNs 
were considered, CT scan sensitivity in-
creased from 28% (38/134 patients) to 
85% (114/134 patients).

Table 2: The relationship between peritoneal metastasis status and CPLNs’ amount

CPLN, cardiophrenic angle lymph node. PM, Peritoneum metastases

PM n = 134 No PM n =
382

Total n =
516

CPLN
exist(%)

Yes 112(83.6) 151 (39.5) 263 (51.0)

No 22 (16.4) 231 (64.5) 253 (49.0)

Amount of
CPLN(%)

0 22(16.4) 231(60.5) 253 (49.0)

1 59(44.0) 119(31.2) 178(34.5)

2 23(17.2) 23(6.0) 46(8.9)

3 18(13.4) 9(2.4) 27(5.2)

4 7(5.2) 0(0.0) 7(1.4)

5 5(3.7) 0(0.0) 5(1.0)
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AUC Sensitiv
ity

Specific
ity

Cut-
off

Long
axis 0.78 0.6 0.93 5

Short
axis 0.69 0.78 0.52 2

CPLN, cardiophrenic angle lymph node.

Table 3: The best AUC and cut-off  achieved of  dimension of  CPLN

Figure 3: A receiver operating characteristic (ROC) curve for CPLN measuring
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Number of
Patients

Univariate analysis Multivariate analysis

OR p OR p

Age 0.405

≤60 217

>60 299 0.816 0.254 0.846

Sex 0.422

Male 374

Female 142 1.065 0.749 0.834

Primary 0.998

Cardia 72

Fundus 18 2.645 0.079

Body 172 1.594 0.100

Antrum 254 1.302 0.327 1.000

T stage 0.302

T1 10

T2 24 0.618 0.540

T3 30 1.147 0.854

T4 452 1.683 0.425 1.179

N stage 0.096

N0 101

N1 140 1.806 0.026

N2 164 1.920 0.012

N3 111 2.258 0.004 1.169

Liver metastases 0.464

No 486

Yes 30 1.276 0.521 1.349

Lung metastases >0.999

No 515

Yes 1 <0.001 0.999 <0.001

Peritoneum
metastases <0.001

No 382

Yes 134 7.788 0.000 7.766

OR, odds ratio

Table 4: Associated factors with cardiophrenic lymph nodes (CPLN)

PM (n =
96)

No PM (n =
377) Total (n = 473)

CPLN (%)
Present 76 149

Absent 20 228
CPLN, cardiophrenic lymph nodes. PM, Peritoneum metastases

Table 5: Correlation between CPLN and PM with no clear signs of  PM
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Patient Characteristics 
Among the 561 patients who underwent 
surgery at our center during 2017 and 
2019, 45 (8%) were excluded (Figure 1). 
This study population consists of  the 
remaining 516 patients. Among them, 
there were 374 (72.5%) males and 142 
(27.5%) females, with an average age 
of  61 years. For T staging, 452 patients 
(87.6) were T4. There were 203 patients 
with metastatic disease (39.3%), of  
whom 134 (26.0%) had PM. Full results 
are reported in Table 1.

CT-images analysis
In 263 patients (51%), 1–5 CPLNs were 
found (mean: 0.8 per patient). In to-
tal, 404 CPLNs were found, of  which 
87% were located right and 13% located 
left (Figure 2). In the long axis of  the 
CPLN, the median diameter was 5 mm 
(interquartile range [IQR], 4–6 mm).
Among the 134 patients with confirmed 
PM, 38 (28%) showed clear signs. There 
were at least one CPLN in 36 patients 
(95%) with clear signs while 76 patients 
(79%) without clear signs.

CPLN and PM correlation
Among the 134 patients with PM, 112 
(84%) had CPLN lesions, while of  the 
382 patients without PM, 151 (40%) had 
CPLN lesions (Table 2).

For CPLN measuring 5mm (Se 60%, 
Sp 93%) (Table 3), the best accuracy 

was obtained using ROC curve analysis 
(Figure 3).
Univariate analysis revealed that PM was 
the strongest predictor of  CPLN (P < 
0.001) (Table 4). A significant associa-
tion was also found between CPLN and 
the N3 lymph node status.
PM was the only independent factor 
associated with CPLN in the multivar-
iate analysis (odds ratio [OR], 7.8; 95% 
confidence interval [CI], 4.6 ~ 13.0; P 
< 0.001).
Within the 134 surgically proven PM pa-
tients, 38 (28%) had clear signs. CPLN 
was significantly more common in the 
38 patients with classic signs of  PM 
compared to the 96 patients without 
visible signs of  PM (36/38 [95%] versus 
76/96 [79%]) (Table 5). CT scan sensi-
tivity rose from 28% (38/134 patients) 
to 85% (114/134 patients) with CPLN 
detection if  CPLNs were considered.

Discussion
CPLN (cardiophrenic lymph nodes) 
may serve as a meaningful and easi-
ly identifiable CT sign for diagnosing 
peritoneal metastasis in gastric cancer. 
Previous studies have assessed CPLN 
status in patients with ovarian and col-
orectal cancer, but there is a lack of  
research on CPLN presence in gastric 
cancer peritoneal metastases. Our study 
population reflects the typical incidence 
of  gastric cancer peritoneal metastases, 
and as a specialized center for complex 
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gastric cancer cases, we had a relatively 
higher proportion of  advanced gastric 
cancer patients.
Our study demonstrated that CPLN 
was present in over half  of  the patients, 
and some patients exhibited multiple 
lymph nodes. Furthermore, right-sid-
ed CPLNs were more prevalent than 
left-sided ones. In patients without di-
rect classical CT scan signs indicative 
of  peritoneal metastasis in gastric can-
cer, the presence of  CPLN was the only 
imaging feature in some cases. Patients 
with peritoneal metastases had a high-
er occurrence of  cardiophrenic lymph 
nodes compared to those without the 
disease. The area under the curve (AUC) 
value corresponding to the long diam-
eter of  the cardiophrenic lymph nodes 
was 0.784, indicating a relatively high di-
agnostic value for gastric cancer perito-
neal metastasis. Studies have shown that 
in ovarian cancer patients, the presence 
of  enlarged lymph nodes in the cardio-
phrenic angle on preoperative CT scans 
is associated with concurrent peritoneal 
disease13,14. However, the criteria for 
lymph node enlargement lack consisten-
cy. In our study, the ROC curve revealed 
that a cutoff  value of  5 mm provided 
the best judgment for the presence of  
peritoneal metastasis, offering a basis 
for defining "abnormal lymph nodes" in 
the cardiophrenic angle for gastric can-
cer patients with peritoneal metastasis.
In a multivariate analysis considering 
demographic data and TNM staging 

(including factors of  multiple distant 
metastasis), the presence of  CPLN was 
the only factor associated with peritone-
al metastasis in gastric cancer. Further-
more, combining the presence of  CPLN 
with the typical signs of  gastric cancer 
peritoneal metastasis obtained through 
CT scans significantly improved detec-
tion sensitivity, providing a non-inva-
sive evaluation method for preoperative 
staging of  patients.

Laparoscopy itself  provides strong ev-
idence for peritoneal metastases. The 
pathological basis of  our study was sup-
ported by histopathological examination 
and exfoliated cytology of  patients with 
peritoneal metastases detected during 
laparoscopy. However, as CPLN sam-
pling was not possible during abdomi-
nal surgery, histological examination of  
CPLN itself  could not be performed, 
and no studies have explored cardio-
phrenic lymph node sampling combined 
with surgery in gastric cancer patients.
From an imaging perspective, cardio-
phrenic angle lymph nodes were easily 
identifiable as contrast agents were not 
required, and the pericardial fat provid-
ed clear contrast. Reconstruction thick-
ness should be less than 1 mm since 
CPLNs themselves are small, making 
thin-layer reconstruction highly signifi-
cant for observation and measurement.
CPLN is not routinely present but can 
be found in patients with tumors or 
inflammatory diseases, serving as an 
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important relay station for lymphatic 
drainage15,16. This also forms the patho-
physiological basis of  our study. Hypox-
ia-inducible factor 1 alpha (HIF-1α) has 
been identified as a potential diagnostic 
biomarker for gastric cancer peritoneal 
metastasis17. Considering its association 
with tumor lymph node metastasis, ex-
ploring the combined characteristics of  
cardiophrenic angle lymph nodes and 
predicting peritoneal metastasis status 
could be a potential direction for future 
research.

This study has certain limitations that 
need to be acknowledged. Firstly, it was 
a retrospective study conducted at a sin-
gle center, which may introduce selec-
tion bias and limit the generalizability of  
the findings. The patient population at 
our center may not represent the over-
all population and could be skewed to-
wards patients at more advanced stages 
of  gastric cancer. Secondly, the confir-
mation of  CPLN metastasis could not 
be directly established through patho-
logical examination. Although laparos-
copy provided evidence for peritoneal 
metastases, histological examination 
specifically focused on CPLN was not 
feasible. This aspect could be further 
explored in future studies by incorporat-
ing CPLN sampling during surgical pro-
cedures in gastric cancer patients. Lastly, 
the study did not address the prognostic 
significance of  CPLN. Further research 

is needed to investigate the relationship 
between the presence of  CPLN and pa-
tient outcomes, such as overall survival 
and disease progression.

Conclusions
The detection of  CPLN on CT imaging 
demonstrated its value as a useful tool 
for diagnosing peritoneal metastases in 
gastric cancer. However, considering the 
limitations of  the study, further research 
with larger and more diverse patient co-
horts is warranted to validate these find-
ings and assess the prognostic implica-
tions of  CPLN in gastric cancer.CPLN 
might be a meaningful and easy-to-op-
erate CT sign for diagnosing peritoneal 
metastasis of  gastric cancer.
Previous studies assessed CPLN status 
in patients with ovarian and colorectal 
cancer. Currently, there was a lack of  
studies on the presence of  CPLN for 
peritoneal metastases of  gastric cancer. 
Our study population was similar to the 
usual incidence of  gastric cancer perito-
neal metastases, and as a specialized cen-
ter for complex gastric cancer patients, 
there were relatively more advanced gas-
tric cancer patients1. This study showed 
that the presence of  CPLN could be 
observed in over half  of  patients, and 
some patients had multiple lymph 
nodes, and the right cardiophrenic 
lymph nodes appeared much more often 
than the left. For those patients without 
direct classical CT scan signs indica-
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tive of  peritoneal metastasis of  gastric 
cancer, the presence of  CPLN was the 
only imaging feature in some patients. 
Patients with peritoneal metastases had 
more cardiophrenic lymph nodes than 
patients without the disease. The AUC 
value corresponding to the long diam-
eter of  the cardiophrenic lymph nodes 
was 0.784, which meant that the long 
diameter had a relatively high diagnos-
tic value for gastric cancer peritoneal 
metastasis. Studies had shown that for 
ovarian cancer patients, if  preoperative 
CT showed enlarged lymph nodes in 
the cardiophrenic angle, there was more 
peritoneal disease at the same time10,12,14. 

However, the criteria for lymph node 
enlargement were directly defined and 
there was a lack of  consistent criteria. In 
this study, the ROC curve showed that 5 
mm was the best cut-off  value for judg-
ing the presence of  peritoneal metasta-
sis, which provided a basis for defining 
the "abnormal lymph nodes" in the car-
diophrenic angle in patients with peri-
toneal metastasis of  gastric cancer. In 
a multivariate analysis including demo-
graphic data, TNM staging (including 
multiple distant metastasis factors), the 
presence of  CPLN was the only factor 
associated with peritoneal metastasis of  
gastric cancer. In addition, combining 
the presence of  CPLN with the typical 
signs of  gastric cancer peritoneal metas-
tasis obtained by CT scan could greatly 

improve the detection sensitivity and 
provide a non-invasive evaluation meth-
od for evaluating the staging of  patients 
before surgery.
Laparoscopy itself  provided a high level 
of  evidence for peritoneal metastases8. 
The pathological basis of  this study was 
provided by the histopathological ex-
amination and exfoliated cytology of  
the patients with peritoneal metastases 
detected by laparoscopy. However, be-
cause abdominal surgery itself  could 
not sample CPLN, the study could not 
perform histological examination of  
CPLN itself, and there was no study on 
cardiophrenic angle lymph node sam-
pling combined with surgery in gastric 
cancer patients.

From an imaging perspective, cardio-
phrenic angle lymph nodes were easily 
identified because no contrast agent was 
required and the pericardial fat provid-
ed clear contrast. The reconstruction 
should be less than 1 mm because the 
CPLN itself  was small, so thin-layer re-
construction was of  great significance 
for observation and measurement.
CPLN was not routinely present but is 
present in some patients with tumors 
or inflammatory diseases, and it was an 
important relay station for lymphatic 
drainage15,16. This was also the patho-
physiological basis of  this study. Hy-
poxia inducible factor 1 alpha (HIF-1α) 
was a potential diagnostic biomarker 
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for gastric cancer peritoneal metasta-
sis17. Due to its relationship with tumor 
lymph node metastasis, its combined 
cardiophrenic angle lymph node charac-
teristics to predict peritoneal metastasis 
status might become a potential direc-
tion for future research.
There were still some shortcomings in 
this study. First, a single-center retro-
spective study was performed. There 
may be selection bias in the study pop-
ulation, as patients at our center tended 
to be present at a later stage. Second, we 
could not directly confirm the metasta-
sis of  CPLN by pathology. Thirdly, this 
study did not elucidate the prognostic 
significance of  CPLN.
In conclusion, detecting CPLN on CT 
was a valuable tool for diagnosing peri-
toneal metastases of  gastric cancer.
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