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Abstract
The Fontan procedure is a palliative cardiac surgery performed for children with a single functional ventricle, and its aim 
is to divert central venous return to the pulmonary artery without passing through the right ventricle. We herein report the 
first case of endometrial cancer after the Fontan procedure that was successfully treated with laparoscopic hysterectomy. A 
38-year-old female who underwent the Fontan procedure at the age of 23 presented with abnormal genital bleeding and was 
diagnosed with endometrial cancer. Computed tomography revealed distinctive venous vasculature in the pelvis: most of 
the venous return from the left lower extremity occurred via the extremely distended left ovarian vein. Laparoscopic total 
hysterectomy and bilateral salpingo-oophorectomy were performed. The pneumoperitoneum was maintained at 8–10 mmHg 
during the operation so that the high intra-abdominal pressure would not interfere with venous return. In addition, the left 
ovarian vein was first test clamped to ensure that circulation was maintained and was then resected. Although the volume 
of blood loss reached 358 ml due to high venous pressure, her postoperative course was favorable, and she had no signs 
of recurrence at the 12-month follow-up. Our case suggests that laparoscopic hysterectomy might be safe and feasible for 
patients with endometrial cancer after the Fontan procedure, as long as a preoperative study of pelvic vascularization and 
intraoperative monitoring of the circulation is carried out.
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Introduction

Endometrial cancer is the seventh most common malig-
nancy in women worldwide, and its incidence is increasing 
in developed countries [1]. Endometrial cancer is often diag-
nosed at an early stage because it frequently causes vaginal 
bleeding. Thus, surgery plays a major role in the treatment of 
endometrial cancer, and minimally invasive surgery, such as 
laparoscopic surgery and robot-assisted surgery, has recently 
become increasingly popular [2].

The Fontan procedure is a palliative cardiac surgery per-
formed for children with a single functional ventricle, and 
its aim is to divert central venous return to the pulmonary 

artery without passing through the right ventricle. Recently, 
some studies have raised a concern about increased can-
cer-related mortality in adult Fontan survivors [3] and an 
elevated cancer risk in patients with congenital heart dis-
ease [4], although survival rates after the Fontan procedure 
are almost 80% at 20 years [5, 6]. The treatment of cancer, 
especially with laparoscopic surgery, after the Fontan pro-
cedure is challenging due to the unique hemodynamics of 
Fontan circulation. Pneumoperitoneum with carbon diox-
ide and the Trendelenburg position result in an increase in 
intra-abdominal and thoracic pressure, thereby compromis-
ing central venous return and reducing cardiac output. To 
date, an inadequate number of cases of laparoscopic surgery 
in patients with Fontan physiology have been accumulated 
[7–10], and there have been no cases in gynecological sur-
gery. We herein describe the first case of endometrial cancer 
after the Fontan procedure that was successfully treated with 
laparoscopic hysterectomy.
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Case report

The patient was a 38-year-old nulligravida female. Shortly 
after birth, she was diagnosed with pulmonary atresia and 
a left ventricular type single ventricle, and the Blalock-
Taussig shunt was performed. She underwent the Bjork 

operation when she was 16 years old and finally underwent 
a total cavopulmonary connection type Fontan procedure 
at the age of 23. Fifteen years later, she presented with 
abnormal vaginal bleeding, and a biopsy of the uterine 
endometrium showed endometrial carcinoma, grade 1 
(G1). Gadolinium-enhanced magnetic resonance imag-
ing suggested endometrial cancer that diffusely invaded 

Fig. 1  Images from magnetic resonance imaging (a and b) and com-
puted tomography (c and d). a Sagittal T2-weighed image. A diffuse, 
low-intensity area was detected in the uterine corpus, suggesting inva-
sive endometrial carcinoma. b Sagittal dynamic contrast-enhanced 
T1-weighted image at 20  s. A nonhomogeneous, early-enhanced 

lesion invaded the myometrium. c Coronal image. The left ovarian 
vein (arrows) was as distended as the inferior vena cava (arrowheads). 
d Coronal image. The left uterine vein was markedly distended 
(arrow)
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the myometrium (Fig. 1a and b). Contrast-enhanced com-
puted tomography (CT) showed no lymph node swelling 
or metastasis. In addition, CT revealed abnormalities in 
the venous system characteristic of this patient; the right 
external iliac vein and the left common iliac vein were 
extremely hypoplastic, and the left ovarian vein was as 
distended as the inferior vena cava (Fig. 1c). Further-
more, the left uterine vein was also markedly distended 
(Fig. 1d). Based on these findings, Fig. 2 described the 
patient's assumed venous perfusion: venous blood flowed 
from the left lower limb to enter the inferior vena cava via 
the external iliac vein, internal iliac vein, uterine vein, 
gonadal vein and renal veins.

After a thorough preoperative evaluation by a multidis-
ciplinary team, her cardiac function was found to be well 
preserved with an ejection fraction of 61%, and total lapa-
roscopic hysterectomy and bilateral salpingo-oophorectomy 
were performed. The patient was ventilated with a positive 
end-expiratory pressure of 5  cmH2O, and the pneumoperi-
toneum was maintained between 8 and 10 mmHg. There 
was concern as to whether severing the left ovarian vein 
would have a serious effect on systemic circulatory dynam-
ics because the left ovarian vein appeared to be the main 
venous return from the left lower limb. Thus, before cutting 
the left ovarian vein, the vessel was temporarily clamped 
with a bulldog clip to ensure that there was no change in cir-
culatory dynamics (Fig. 3). The left uterine vein was dilated 
as shown in the preoperative CT images. In order to reduce 
bleeding, it was first ligated and then cut. In the process of 
cutting the cardinal ligament and vagina, a large amount 
of bleeding was observed, and eventually, the volume of 

blood loss reached 358 ml. During the operation, central 
venous pressure was monitored continuously, and intermit-
tent transesophageal echocardiography examinations were 
carried out to check cardiac function. The operative time 
was 371 min, and her postoperative course was generally 
favorable, except for a port site infection.

Histopathologically, the cancer cells displayed a glan-
dular architecture with partially squamous differentiation, 
and there was mild nuclear atypia (Fig. 4). The cytodiag-
nosis of ascites was negative. Because the tumor invasion 
had reached the serosa, the final diagnosis was endome-
trial carcinoma, G1, FIGO stage IIIA (pT3aNXM0). We 
recommended adjuvant systemic chemotherapy; however, 

Fig. 2  Scheme of the expected venous return from both lower limbs 
in the present case. v vein, IVC inferior vena cava, ext. external, int. 
internal

Fig. 3  Intraoperative image. The left ovarian vein was temporarily 
clamped with a bulldog clip

Fig. 4  Microscopic findings of the uterine corpus. Cancer cells dis-
played a glandular architecture with partially squamous differentia-
tion, and nuclear atypia was mild (× 200, bar 100 µm)
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the patient did not agree after careful consideration. At the 
12-month follow-up, she had no signs of recurrence.

Discussion

To the best of our knowledge, this is the first case report 
of endometrial cancer successfully treated by laparoscopic 
surgery in a patient with Fontan physiology. It has been 
50 years since the Fontan procedure was first introduced in 
1971 [11]. During this time, the procedure has undergone 
various improvements and has become the standard surgi-
cal treatment for patients with a single functional ventricle.

The most frequent cancer that occurs after the Fontan pro-
cedures is hepatocellular carcinoma [12]. The elevated cen-
tral venous pressure and decreased cardiac output in Fontan 
physiology cause chronic liver congestion, thereby leading 
to the development of hepatocellular carcinoma. The annual 
incidence of new-onset hepatocellular cancer in the fourth 
decade after surgery was 8.83% [12]. Consequently, cancer-
related mortality in adult Fontan survivors notably increased 
after age 40 [3]. Moreover, patients with congenital heart 
disease appear to have significantly increased cancer risk, 
probably because of their frequent exposure to medical 
radiation and unelucidated genetic background [4]. At pre-
sent, cases of malignancy other than liver cancer in patients 
with Fontan circulation are extremely rare. However, since 
a number of patients who underwent Fontan surgery in the 
1970s and 1980s have reached the age of 40, the number 
of cancer patients with Fontan circulation may gradually 
increase in the future.

The standard treatment for endometrial cancer is surgi-
cal removal of the uterus and adnexa, and the laparoscopic 
approach is now widespread because of its feasibility, 
safety and efficacy in terms of minimal invasiveness and 
risk of recurrence [13, 14]. However, laparoscopic surgery 
in patients with Fontan circulation is hemodynamically 
challenging and requires special considerations. The most 
important concern is increased intra-abdominal pressure 
due to pneumoperitoneum, which impairs venous return 
[7]. In addition, increasing intra-abdominal pressure, the 
Trendelenburg position, and positive-pressure ventilation 
all contribute to increased intrathoracic pressure [8]. Both 
increased intraabdominal and thoracic pressure compromise 
venous return and decrease cardiac output because in Fon-
tan circulation, central venous blood is drained directly to 
pulmonary arteries, which is maintained only by the pres-
sure gradient between them. Therefore, both the pneumop-
eritoneum and positive end-expiratory pressure should be 
set appropriately. Moreover, intraoperative central venous 
pressure monitoring and cardiac function assessment by 
transesophageal echocardiography are recommended.

In the present case, the patient had very distinctive venous 
vasculature in the pelvis. It is uncertain whether this abnor-
mality was related to congenital heart disease. However, it is 
quite possible that frequent cardiac catheterization or central 
venous catheterization by venous cutdown since childhood 
resulted in venous stenosis or subocclusion. A preoperative 
CT scan showed that most of the venous return from the left 
lower extremity occurred via the left ovarian vein. Since a 
sudden reduction in venous return in patients with Fontan 
circulation directly induces circulatory failure, we tempo-
rarily clamped the left ovarian vein to see if it affected the 
systemic circulatory dynamics. When performing laparo-
scopic hysterectomy in post-Fontan procedure patients, the 
possibility of such pelvic venous abnormalities should be 
considered, and a thorough preoperative imaging evaluation 
should be performed to confirm vascularization.

Increased venous bleeding due to high central venous 
pressure, which is characteristic of patients with Fontan 
circulation, should also be noted. Generally, laparoscopic 
surgery has the great advantage that insufflation pressure 
can promote hemostasis. Although high intra-abdominal 
pressure would be detrimental to patients with Fontan cir-
culation, appropriate pneumoperitoneum should be used 
effectively to reduce venous bleeding.

When offering cancer treatment to post-Fontan patients, 
we must carefully consider whether the benefit of each treat-
ment greatly outweighs the risk of associated complications. 
In our case, retroperitoneal lymphadenectomy was aban-
doned because the therapeutic value of lymphadenectomy 
had not yet been established in endometrial cancer [15], 
and it seemed unreasonable to perform it with the risk of 
uncontrolled heavy bleeding due to increased venous pres-
sure. In addition, there are few reports and many unknowns 
regarding cardiac safety following systemic chemotherapy 
in patients with Fontan circulation [16, 17]. For endometrial 
cancer, it may be difficult to use doxorubicin, which is car-
diotoxic, and cisplatin, which requires a large infusion load.

In conclusion, in order to provide patients with the ben-
efits of laparoscopic surgery, the characteristic hemodynam-
ics of Fontan circulation must be fully understood and meas-
ures taken accordingly. Our case suggests that laparoscopic 
hysterectomy might be safe and feasible in patients with 
endometrial cancer after the Fontan procedure, as long as a 
preoperative study of pelvic vascularization and intraopera-
tive monitoring of the circulation is carried out.
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