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Abstract

Objective: Pulmonary artery hypertension (PAH) is a severe complication of congenital heart

disease (CHD). Monitoring of pulmonary arterial pressure (PAP) and pulmonary vascular resis-

tance (PVR) is essential during follow-up. This retrospective study aimed to examine carcinoem-

bryonic antigen (CEA) as an additional marker for evaluation by investigating the correlation

between CEA levels and hemodynamics in CHD-PAH.

Methods: Seventy-six patients with CHD-PAH (mean PAP [mPAP] >25 mmHg and PVR >3

Wood units, group A), 71 patients with CHD and pulmonary hypertension (CHD-PH, mPAP >25

mmHg and PVR �3 Wood units, group B), and 102 patients with CHD without PH (mPAP �25

mmHg, group C) were enrolled. Serum CEA levels and the relationships between CEA levels and

hemodynamic data were assessed.

Results: Mean serum CEA levels were 1.99�1.61, 2.44�1.82, and 1.58�1.07 ng/mL, mPAP was

58.66�20.21, 30.2�4.83, and 17.31�4.51 mmHg, and PVR was 10.12�7.01, 2.19�0.56, and 2.2�
1.1 Wood units in groups A, B, and C, respectively. Mean pulmonary output (PO) was 7.24�3.07,
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15.79�5.49, 10.18�4.72 L/minute, respectively. CEA levels were positively correlated with PO

and negatively correlated with PVR in all of the patients.

Conclusion: CEA levels are increased with PO and decreased with PVR in CHD-PH.
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Congenital heart disease, pulmonary hypertension, carcinoembryonic antigen, vascular resis-

tance, hemodynamics, right heart catheterization
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Introduction

Congenital heart disease (CHD) is a
common cause of congenital malformation

with an incidence of approximately 0.8% in
newborns.1 Pulmonary arterial hyperten-

sion (PAH), which is one of the most

severe complications of CHD, affects the
quality of life of patients and can be a con-

traindication for repair surgery for CHD.

These patients may require PAH decom-
pression therapy, as well as close follow-

up before further intervention.
Ultrasound, cardiac magnetic resonance

imaging, and N-terminal pro-brain natri-

uretic peptide (BNP) level measurement
remain the most effective noninvasive

method for estimating the pulmonary pres-

sure and disease stage.2 Although cystatin
C,3 C-reactive protein,4 uric acid, and the 6-

minute walking test5 partially indicate heart
function, additional parameters are

required for better assessment.
Carcinoembryonic antigen (CEA) was

first discovered in 1965 by Gold and

Freedman.6 Serum CEA levels are currently

widely used for detecting tumors and
assessment of therapeutic effects.7–9 CEA

also alters endothelial cell behavior, includ-
ing adhesion, spreading, proliferation, and

migration in vitro and in vivo.10–12

In PAH, proliferation and migration of
endothelial cells are one of the most

important pathological changes in progres-
sion of the disease.13 Moreover, cancer-like
growth of lung tissue and inhibition of apo-
ptosis occur in patients with PAH.14,15

These findings indicate a possible associa-
tion between CEA levels and PAH.
Therefore, this study aimed to examine the
relationship between circulating serum
levels of CAE and progression of PAH in
patients with CHD.

Methods

Patients

We conducted this retrospective study in
the Department of Adult Congenital
Heart Disease, Guangdong Provincial
People’s Hospital. All of the patients who
were hospitalized in the Department of
Grown-up Congenital Heart Disease
between January 2013 and January 2018
and met the following criteria were
initially included: 1) established diagnosis
of CHD with shunt(s), corrected or uncor-
rected; 2) age �14 years; 3) received
right heart catheterization (RHC) and 4)
had a blood test for CEA levels within 3
months before RHC. Exclusion criteria
included the following: 1) presence of etiol-
ogies of pulmonary hypertension (PH), 2)
isolated patent foramen ovale with or
without PH, 3) established diagnosis of

2 Journal of International Medical Research



inflammatory diseases or any type of
tumor, and 4) missing data or errors due
to technical reasons. The original list of
patients with CHD who received RHC
was provided by the hospital before statis-
tical analysis. This list was then screened for
enrollment and exclusion by two medical
students with cross checking. The sample
list was then re-checked and de-identified
by the authors for further analysis
(Figure 1).

Patients were classified in accordance
with guidelines for the diagnosis and treat-
ment of PH.16 PH was defined as mean

pulmonary arterial pressure (mPAP) >25
mmHg as measured by RHC at sea level
and PAH was defined with an additional
criteria of pulmonary vascular resistance
(PVR) >3 Wood units (WU). The patients
were divided into the three following
groups: 1) group A, CHD-PAH (mPAP
>25 mmHg and PVR >3 WU); 2) group
B, CHD-PH (mPAP >25 mmHg and PVR
�3 WU); and 3) group C, control (mPAP
�25 mmHg).16 Patients in group C without
PVR data were considered as having PVR
�3 WU and the PVR data were not ana-
lyzed further.

Figure 1. Flowchart of patients’ enrollment.
CHD, congenital heart disease; RHC, right heart catheterization; CEA, carcinoembryonic antigen; PH,
pulmonary hypertension; PFO, patent foramen ovale; mPAP, mean pulmonary arterial pressure; PVR,
pulmonary vascular resistance; WU, Wood units.
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RHC

Before RHC, weight and height were rou-

tinely measured and recorded. RHC was

performed in the catheter laboratory

under electrocardiographic monitoring.

After local anesthesia, a 6-French MPA 2

catheter (Cordis Inc., Miami, FL, USA)

was advanced into the right heart system

through the right femoral vein by place-

ment of a 6-French vascular sheath. The

catheter was manipulated to the correct

position under fluoroscopy. We measured

pressure in the right atrium, pulmonary

artery, and wedged pulmonary artery. In

patients with atrial septal defect, mean pres-

sure of the pulmonary vein was used instead

of pulmonary arterial wedged pressure.

Before measurement of pressure, trans-

ducers were calibrated to zero at atmo-

spheric pressure. Pressure of the systemic

circulation was measured with an arm-cuff

electronic sphygmomanometer (M3 type;

EDAN Inc., Shenzhen, China). After these

procedures, patients with suspicion of PAH

received complete hemodynamic measure.

Blood from the superior vena cava, inferior

vena cava, pulmonary artery, and systemic

circulation was aspirated for blood gas

assay. After oxygen saturation was mea-

sured, PVR, pulmonary output (PO), the

pulmonary index, and the ratio of blood

flow volume between the pulmonary and

systemic circulations (Qp/Qs) was calculat-

ed using an estimated metabolic equation

called the Fick method17 and a resistance

equation (see the Appendix).

Quantification of serum CEA levels

Blood samples were taken for quantifying

serum CEA levels. Blood samples were

stored in a gel and clot activator tube at

room temperature. CEA levels were quan-

tified using the Access CEA Reagent Pack

(Cat. No. 33200; Beckman Coulter, Inc.,

Brea, CA, USA) in the hospital central
laboratory.

In Guangdong Provincial People’s
Hospital, the CEA test is part of a routine
test and it has a low cost (¥63.48 as of 12
August 2020). Patients were able to consult
with their clinician to add or refuse a cer-
tain test, which included the CEA test.

Statistical analysis

Data were analyzed using IBM SPSS
Statistics for Windows, version 20 software
(IBM Corp., Armonk, NY, USA).
Descriptive data analyses were conducted
to examine the distribution of the data.
Proportions were compared using the chi-
square test, the Mann–Whitney U test, and
the Kruskal–Wallis test. Correlations were
calculated using the Spearman method and
linear regression. Statistical significance was
set as P<0.05.

Ethics

This study was approved by the Research
Ethics Committee of Guangdong General
Hospital, Guangdong, China on 24 July
2015 (No. GDREC2015254H(R1)). Data
from all participants were de-identified
and informed consent was waived for this
study.

Results

Clinical characteristics of the participants

The study sample consisted of 73 men and
176 women. The numbers of patients in
groups A, B, and C were 76, 71, and 102,
respectively. The types of CHD after sur-
gery included atrial septal defect, ventricu-
lar septal defect, patent ductus arteriosus,
and other CHDs. These other CHD includ-
ed atrioventricular canal defect (n¼3,
1.2%), tetralogy of Fallot (n¼2, 0.8%),
single ventricle (n¼1, 0.4%), an abnormal
pulmonary venous connection with or
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without atrial septal defect (n¼7, 2.8%),

and more than one simple CHD (n¼9,

3.6%). The types of CHD were significantly

different among the groups (v2¼19.96,

P¼0.03) (Table 1).

The clinical characteristics of the

patients, including hemodynamic data, are

shown in Table 2. The mean CEA level was

significantly different among the whole

sample (v2¼12.53, P¼0.02). When

Table 2. Clinical characteristics.

Group A (n¼76) Group B (n¼71) Group C (n¼102)

Men 26 (34.2) 16 (22.5%) 31 (30.6%)

Women 50 (65.8%) 55 (77.5%) 71 (69.4%)

Age (years)# 40.33�13.7 49.14�13.97 41.62�14.55

CEA (ng/mL)# 1.99�1.61 2.44�1.82 1.58�1.07

CREA (mmol/L) 73.28�18.94 68.49�19.58 68.85�17.15

CK (U/L)* 71.28�48.93 92.38�59.93 93.18�78.44

CK-MB (U/L) 12.95�13.31 11.52�5.12 11.37�9.68

UA (mmol/L)* 442.84�166.1 362.71�113.43 388.74�96.89

ALT (U/L)* 23.33�26.86 21.23�15.82 18.05�15.9

AST (U/L)* 25.64�10.42 27.75�15.41 21.48�6.6

HGB (g/L)* 145.82�30.12 135.9�30.31 132.85�17.26

WBC count (�109/L)* 7.22�2.17 6.35�1.52 6.31�1.44

BNP (pg/mL)* 1355.66�1651.82 704.89�999.03 238.83�504.62

TNT (ng/mL)# 11.12�9.66 51.93�249.56 5.32�3.94

sPAP (mmHg)# 96.21�31.59 49.68�11.06 31.72�8.16

dPAP (mmHg)# 36.67�16.24 17.08�5.57 9.11�3.75

mPAP (mmHg)# 58.66�20.21 30.2�4.83 17.31�4.51

PVR (Wood units)# 10.12�7.01 2.19�0.56 2.2�1.1

PO (L/minute)# 7.24�3.07 15.79�5.49 10.18�4.72

PI (L/(minutes�m2))# 4.82�2.15 10.68�4.66 6.54�3.19

Qp/Qs# 1.61�0.96 3.22�1.5 1.9�0.87

Values are n (%) or mean� standard deviation.

*P<0.05, #P<0.01.

CEA, carcinoembryonic antigen; CREA, creatinine, CK, creatine kinase; UA, uric acid; ALT, alanine aminotransferase; AST,

aspartate aminotransferase; HGB, hemoglobin; WBC, white blood cell; BNP, N-terminal pro-brain natriuretic peptide;

TNT, troponin T; sPAP, systolic pulmonary arterial pressure; dPAP, diastolic pulmonary arterial pressure; mPAP, mean

pulmonary arterial pressure; PVR, pulmonary vascular resistance; PO, pulmonary output; PI, pulmonary index; Qp/Qs,

ratio of blood flow quantity between the pulmonary and systemic circulations.

Table 1. Types of CHD in participants.

Types of CHD* Group A Group B Group C

After surgery 3 1 4

ASD 36 48 65

PDA 11 12 13

VSD 18 2 14

Others† 8 8 6

*P¼0.03 for comparison of types of CHD among the groups; †atrioventricular canal defect, tetralogy of Fallot, single

ventricle, abnormal pulmonary venous connection with or without ASD, and more than one simple CHD.

CHD, congenital heart disease; ASD, atrial septal defect; PDA, patent ductus arteriosus; VSD, ventricular septal defect.
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examining differences between each group,
the mean CEA level was significantly higher
in group B than in group C (Z¼�3.584,
P<0.001).

Pulmonary arterial pressure (PAP) was
significantly different among the groups,
with the highest mean value in group A,
followed by groups B and C (all P<0.01).
Among them, 32 patients in group B and 34
patients in group C had valid complete
hemodynamic data. Mean PO was signifi-
cantly different among the groups, with the
highest mean value in group B (P<0.01).
All hemodynamic data were significantly
different among the groups (P<0.01).
Laboratory test results showed that other
variables were significantly different

among the groups (all P<0.05), except for
creatinine and creatinine kinase-MB.

Correlations of CEA levels with clinical

characteristics

We analyzed the correlations of CEA levels

with clinical characteristics using correla-

tion and linear regression analyses

(Table 3). In group A, CEA was negatively

correlated with PAP and PVR and positive-

ly correlated with Qp/Qs (all P<0.01).

However, no correlations were found

between CEA levels and hemodynamic

data in group B or C, except for systolic

PAP in Group B (P<0.01). In the combined

groups, the correlations between CEA

levels and hemodynamics were negative

when with PVR and positive with systolic

PAP, PO (Figure 2), the pulmonary index,

and Qp/Qs (Table 3). CEA levels were also

significantly positively lineally correlated

Table 3. Linear regression analysis between CEA levels and other clinical characteristics.

Group A Group B Group C Total

Age 0.470# 0.060 0.256# 0.293#

CREA 0.125 0.347# 0.326# 0.258#

CK 0.017 0.250* 0.365# 0.211#

CK-MB 0.327# 0.189 0.194 0.239**

UA 0.231 0.234 0.119 0.174*

ALT 0.268* 0.380# 0.210* 0.301#

AST 0.409# 0.451# 0.263# 0.388#

HGB �0.045 0.179 0.122 0.083

WBC count �0.084 �0.061 �0.093 �0.087

BNP 0.291* 0.368# 0.124 0.300#

TNT 0.317* 0.449* 0.389# 0.387#

sPAP �0.228* 0.359# 0.106 0.134*

dPAP �0.330# �0.012 0.017 0.039

mPAP �0.296# 0.197 0.091 0.111

PVR* �0.304# �0.042 0.052 �0.207*

PO 0.174 0.142 0.054 0.255#

PI 0.164 0.07 0.003 0.236#

Qp/Qs 0.369# 0.224 �0.082 0.346#

Data are shown as R values.

*P<0.05, #P<0.01.

CREA, creatinine; CK, creatine kinase; UA, uric acid; ALT, alanine aminotransferase; AST, aspartate aminotransferase;

HGB, hemoglobin; WBC, white blood cell; BNP, N-terminal pro-brain natriuretic peptide; TNT, troponin T; sPAP, systolic

pulmonary arterial pressure; dPAP, diastolic pulmonary arterial pressure; mPAP, mean pulmonary arterial pressure; PVR,

pulmonary vascular resistance; PO, pulmonary output; PI, pulmonary index; Qp/Qs, ratio of blood flow quantity between

the pulmonary and systemic circulations.

6 Journal of International Medical Research



with aspartate aminotransferase, BNP, and

troponin T levels, which are common

markers of PAH, in each group and the

combined groups, except for BNP in

group C (all P<0.05).

We also analyzed these correlations

after eliminating group A from the

total sample because PAP and PO can

decrease in severe PAH. In groups B and

C, PAP (Figure 3), PO, and Qp/Qs

Figure 2. Correlation between CEA levels and PO.
CEA, carcinoembryonic antigen; PO, pulmonary output.

Figure 3. Correlation between CEA levels and mPAP.
CEA, carcinoembryonic antigen; mPAP, mean pulmonary arterial pressure.

Zi-yang et al. 7



were positively correlated with CEA levels

(all P<0.05, Table 4).

Significance of CEA for predicting PH

or PAH

We constructed three receiver operating

characteristic curves of CEA levels for pre-

dicting PH or PAH (Figure 4). The screening

value only reached statistical significance

when predicting PH (groups A and B vs

group C) (P¼0.003). However, the area

under curve of this subgroup was only 0.61.

The screening value for predicting PAH did

not reach significance from the total sample

(groupA vs groups B and C) or from patients

with PH (group A vs group B).

Discussion

Possible role of CEA in patients with PAH

In healthy adults, CEA is mainly expressed

in the tongue, digestive system, trachea, and

at low levels in the lungs.18,19 CEA also

plays a role in cell adhesion, signal

transduction, and innate immunity.20

However, if the balance in differentiation
is lost, CEA can also help abnormal tissue
transform malignantly and metastasize.21

These malignant changes also occur in
development of PAH.13 We hypothesize
that CEA also participates in pulmonary
endothelial cell proliferation and migration
in patients with PAH.

Furthermore, while in the progression
stage of PAH, transforming growth factor
b (TGF-b) is implicated in proliferation,
migration, and differentiation of peri-
cytes,22 and endothelial-to-mesenchymal
transition23,24 and smooth muscle cell pro-
liferation,25 which lead to vascular media
thickening. TGF-b and CEA have an inter-
active effect with each other. CEA can acti-
vate the nuclear factor kappa-B pathway by
combining with the TGF-b receptor.26

More importantly, CEA gene expression is
induced through the TGF-b signal path-
way.27 These findings suggest that CEA
levels could be upregulated during the pro-
gressive stage of PAH owing to upstream or
direct gene activation.

Hemodynamic changes and CEA levels

In this study, we found that CEA levels
were significantly correlated with PVR,
PO, the pulmonary index, and Qp/Qs, but
not with mPAP, in the total sample.
However, in groups B and C, PAP, PO,
and Qp/Qs were significantly correlated
with CEA levels. These findings might be
due to two reasons. First, this was a retro-
spective study with a small sample size.
Therefore, underlying bias might have led
to unreliable results. Another reason
might be that only PVR changes linearly
in CHD-PH. During the dynamic stage of
PH, vascular pathological changes are not
significant and PAP increases with
increased PO due to a shunt(s). This situa-
tion might represent groups B and C.
However, group A represents the stage of

Table 4. Linear regression analysis between car-
cinoembryonic antigen levels and other clinical
characteristics in groups B and C.

R value

sPAP 0.317#

dPAP 0.172*

mPAP 0.293#

PVR 0.024

PO 0.276*

PI 0.235

Qp/Qs 0.271*

*P<0.05, #P<0.01.

sPAP, systolic pulmonary arterial pressure; dPAP, diastolic

pulmonary arterial pressure; mPAP, mean pulmonary

arterial pressure; PVR, pulmonary vascular resistance; PO,

pulmonary output; PI, pulmonary index; Qp/Qs, ratio of

blood flow quantity between the pulmonary and systemic

circulations.
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PAH, and PAP increases while PO declines

when PVR increases because of vascular

remodeling. This situation might explain

the positive correlation of CEA levels with

PAP in groups B and C, and the negative

correlation in group A. This situation could

also explain the finding that CEA levels

were correlated with PO and PVR in the

combined groups.

Predictive value of CEA levels in PAH

In this study, we found that CEA levels

increased with PO and decreased with

PVR. However, the areas under the ROC
curve of CEA were all <0.7 (Figure 4),
which suggested that measurement of
CEA levels might be more practical for fol-
lowing up than for screening of PH or
PAH.

In clinical practice, patients with CHD-
PAH have close follow-up visits, irrespec-
tive of whether cardiac malformation is cor-
rected. However, acquiring precise
hemodynamic data by RHC in each visit
is costly and impractical. Although ultra-
sound and cardiac magnetic resonance can
estimate systolic PAP and right heart

Figure 4. Receiver operating characteristic curve of CEA levels.
CEA, carcinoembryonic antigen; PH, pulmonary hypertension; PAH, pulmonary arterial hypertension; AUC,
area under the curve.

Zi-yang et al. 9



function, assessment of PAH could still be

confusing because systolic PAP does not

change linearly in development of PAH

(Figure 5). Therefore, more predictive

markers of PAH are required. Because we

found that CEA levels were related to PO

and PVR in this study, this might still be the

case in follow-up of each individual patient.

If this hypothesis is verified, assessment of

PH would be more accurate with assess-

ment of CEA levels than without CEA

levels. Especially when patients have elevat-

ed estimated systolic PAP after therapy,

clinicians can better judge the actual thera-

peutic effects by combining ultrasound,

physical signs, and blood tests, such as mea-

surement of BNP and CEA. Importantly,

CEA might be an additional parameter,

but not a substitute, of the traditional

method. To verify this hypothesis, more

research, such as examining changes in

CEA levels during follow up of patients

with CHD, is required.

Limitations

This study has some limitations, which

include not using healthy people as a

control group and no follow-up test of

CEA levels during treatment of PAH or

after corrective surgery. If changes in

CEA levels in each individual patient

could be obtained, the correlation may be

more convincing. Our sample size was lim-

ited owing to the small population of adult

patients with CHD who had CEA levels

measured. Smoking was not taken into con-

sideration during data collection, which

might be a possible bias.28

Conclusion

This is the first study to show the possible

relationship between CEA levels and hemo-

dynamics in CHD-PH. CEA levels increase

with PO and decrease with PVR in CHD-

PH. This finding might help to better eval-

uate progression of the disease, the thera-

peutic effect, and the prognosis of patients

with CHD-PH.
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Appendix: calculation method.

CO L=minð Þ ¼ oxygen consumption ðL=minuteÞ
ðSaO2 � SvO2Þ �Hb ðg=LÞ � 1:34� 10

PO L=minuteð Þ ¼ oxygen consumption ðL=minuteÞ
ðSpvO2 � SpaO2Þ �Hb ðg=LÞ � 1:34� 10

PVR Wood units ¼ mPAP ðmmHgÞ
PO ðL=minuteÞ

SVR Wood units ¼ MAP ðmmHgÞ
CO ðL=minuteÞ

Qp=Qs ¼ PO ðL=minuteÞ
CO ðL=minuteÞ

PI L= minute�m2ð Þ� �
¼ PO ðL=minuteÞ

BSA ðm2Þ

CO, cardiac output; SaO2, saturation of arterial oxygen; Hb, hemoglobin; SvO2, saturation
of venous oxygen; PO, pulmonary output; SpvO2, saturation of pulmonary venous oxygen;
SpaO2, saturation of pulmonary arterial oxygen; PVR, pulmonary vascular resistance;
mPAP, mean pulmonary arterial pressure; SVR, systemic vascular resistance; MAP, mean
arterial pressure; Qp/Qs, ratio of blood flow volume between the pulmonary and systemic
circulations; PI, pulmonary index; BSA, body surface area.
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