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Implantation of a totally
implanted venous device
unexpected discovery of left
permanent superior vena cava
in a patient with sigmoid
colon cancer: a case report
Shuchen Zhu, Mingyan Dong*, Haiguan Luo, Yicui Piao,
Qiaohong Zhang, Lihui Huang and Zijie Liu

Department of Intensive Care Unit, National Cancer Center/National Clinical Research Center for
Cancer/Cancer Hospital & Shenzhen Hospital, Chinese Academy of Medical Sciences and Peking Union
Medical College, Shenzhen, China
Persistent left superior vena cava (PLSVC) is an intrathoracic vascular
malformation. Sigmoid colon cancer with a left superior vena cava (LSVC) is
very rare. Totally implanted venous devices (TIVADs) are commonly used in
recurrent chemotherapy for sigmoid colon cancer. We describe a case of
unexpected finding of coronary sinus rhythm in intracavitary electrocardiogram
localization TIVAD implantation. Intraoperative ultrasonography revealed a PLSVC.
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Introduction

Implantation of a TIVAD in the PLSVC is very rare. Herein, we present a case of

coronary sinus rhythm detected during surgical operation for implantation of an

infusion port, ultrasound further revealed a LSVC. We successful implantation of a

TIVAD under ultrasound combined with intracavitary electrocardiographic localisation

technique in a patient with sigmoid colon cancer and PLSVC.
Case report

A woman in her late 50 s was admitted to the hospital due to bloody stool and

abdominal pain. Colonoscopy biopsy showed tubular adenocarcinoma of the sigmoid

colon. The patient had undergone a combined thoracoabdominal CT scan at another

hospital before admission. However, the CT did not provide any relevant imaging data,

and the CT diagnostic report did not mention the left persistent superior vena cava.

According to the pathological type and stage of the tumor, the patients were evaluated

before chemotherapy, and the patients’ consent was obtained to receive chemotherapy

with XELOX regimen. The patient had no previous history of coronary heart disease or

diabetes mellitus without chest tightness, chest pain and palpitations. Cycles of

chemotherapy are expected to last up to 6 months, TIVADs are effective and safe
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central venous infusion device. The vital signs of the patient were

stable. Electrocardiogram showed normal sinus rate. The in vitro

measurement method was approximately 14 cm from the

expected skin puncture point to the catheter tip position along

the right subclavian vein path.
Surgical procedures

After signed the informed consent, the patient was in a supine

position. Under ultrasound guidance, a puncture was made into the

right subclavian vein, a guidewire was inserted and the puncture

needle was withdrawn. Intraoperative bedside B ultrasound

showed that the guide wire direction was from the right

subclavian vein into the innominate vein, and no right superior

vena cava was found. Intraoperative bedside B ultrasound

considered the possibility of left persistent superior vena cava.

The diagram of the patient’s superior vena cava anatomical

variation based on B-ultrasound (Figure 1). A small skin incision

was made in the skin around the guidewire, the sheath tube was

threaded into the guide wire, The guide wire was pulled out and

the catheter was inserted down the sheath tube. Intracavitary

electrocardiogram was used for localization, and the P wave of

electrocardiogram in lead II of the limb was used as the

localization wave type. The P wave was upright at the beginning

of the operation. When the catheter was sent to 15 cm, there was

a negative wave at the beginning of the P wave, considering the

possibility of coronary sinus heart rate. The ideal tip position was

withdraw 1 cm from the catheter when the P-wave was at its

highest point. A 2 cm incision of the skin was made in the right

chest wall, and the subcutis was bluntly separated to form a

pouch. Tunneled through the pocket and the subclavian vein

puncture point, The catheter was attached to a port device along

the tunnel. The infusion port of TIVAD was implanted into the

subcutaneous pouch, the pouch was sutured. Implantation

process of this venous access device takes approximately 40 min.

Postoperative chest CT showed superior vena cava

malformation: the left and right cephalic and brachial veins
FIGURE 1

The anatomical diagram of the superior vena cava. (a) The normal
superior vena cava anatomical diagram. (b) The patient’s superior
vena cava anatomical variation based on B-ultrasound. LIV, left
innominate vein; RIV, Right innominate vein; SVC, superior vena
cava; RA, right atrium; LSVC, left superior vena cava.
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converge anteriorly on the left side of the aortic arch, travel

down the left anterior mediastinum anteriorly on the left side of

the left pulmonary artery, and finally join the right atrium. The

catheter reached the left superior vena cava through the right

subclavian vein and right brachioceanian vein, and the tip of the

TIVAD port was located at the left lateral level of the lower edge

of the T6 vertebra (Figure 2). Postoperative chest x-ray showed

that the catheter tip was 1.82 cm from the horizontal line of the

tracheal carinal (Figure 3), suggested the tip of the catheter was

in the appropriate position (1).
Discussion

PLSVC is one of the thoracic congenital venous malformations,

0.3%–0.5% incidence in normal population (2). The LSVC usually

gradually atrophes and regresses with embryonic development,

while the PLSVC represents the persistence of the embryonic left

anterior main vein. PLSVC mostly flows into the right atrium

through the coronary sinus, and most patients have no clinical

symptoms and hemodynamic changes. Therefore, LSVC is often

accidentally found by ultrasound in the process of central venous

catheterization and implantation of cardiac pacemaker.

The PLSVC was classified according to the absence of the right

superior vena cava and its adjacent anatomy of the central vein.

Type I: Anatomy of the superior vena cava in the normal heart

(3); Type II: presence of LSVC with absence of right superior

vena cava, accounting for 18% of PLSVC patients (4); Type IIIa:

there were LSVC and right superior vena cava at the same time,

and there was an unnamed vein connection between the two

sides of the superior vena cava, accounting for 60% of the

PLSVC population; Type IIIb: LSVC and right superior vena

cava were present at the same time, and there was no

innominate venous connection between the two superior vena

cava (5). In this case, the imaging after the implantation of the

TIVAD could confirm that the catheter was placed in the LSVC,

and the right superior vena cava was absent. The blood from the

right jugular vein and right subclavian vein entered the LSVC

through the innominate vein, which belonged to type II PLSVC.

We chose TIVAD because it is safer and more convenient than

PICCs and CVCs (6). PLSVC must have a sufficient internal

diameter, a diameter ratio of catheter to PLSVC > 0.45, sufficient

blood flow, and no resistance to pullback through the catheter to

reduce the incidence of thrombosis.

In type II PLSVC, due to the absence of the right superior vena

cava, the blood of the right jugular vein and subclavian vein flows

into the LSVC through the innominate vein, and there may be a

corner at the confluence of blood vessels, so the choice of the left

internal jugular vein is better than the right internal jugular vein

and right subclavian vein. For this patient, the inner diameter of

the left internal jugular vein and the left subclavian vein is

smaller. The inner diameter ratio of catheter to vein was less

than 0.45, and the patient’s right subclavian vein was thick, and

there was no resistance when the guide wire and catheter were

placed, so the right subclavian vein was selected for puncture.

Because PLSVC patients have abnormal blood vessels, they often
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FIGURE 2

Postoperative CT showed the position of the catheter. (a) The catheter was located under the right subclavicle. (b) The catheter was inserted into the
innominate vein. (c) The catheter was entered into the left superior vena cava. (d) The tip of the catheter was located at the left lateral level of the lower
border of the 6th thoracic vertebra, within the middle and lower 1/3 of the left persistent superior vena cava.

FIGURE 3

Postoperative chest x-ray showed the catheter tip is located 1.82 cm
below tracheal carina and considered the ideal location.
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mistakenly think that the catheter is inserted into the aorta or the

catheter has broken through the vein and entered the mediastinum

during the operation. The operator can feel the pressure and the

color of the blood returned by the puncture needle to identify

the arteries and veins during the operation. Blood gas analysis

was compared between the arterial end and the infusion port.

The intracardiac electrocardiogram-guided catheter tip

positioning has been widely used in recent years due to its

accuracy, safety, and efficiency (7). Most PLSVC drains into the
Frontiers in Surgery 03
right atrium through the right coronary sinus (8), The tip of the

catheter should be located at the middle and lower third of the

left persistent superior vena cava to the opening of the coronary

sinus. If the tip is too shallow, the blood flow will be insufficient,

the local turbulence will increase the possibility of thrombosis.

On the contrary, if the tip is too deep, the turbulence will

stimulate the coronary sinus and induce arrhythmia.

Changes in electrocardiographic positioning of the catheter tip

under normal anatomical conditions: P-wave changes in the limb II

lead intracavitary electrocardiogram are used to guide the position

of the catheter tip. When the catheter tip enters the superior vena

cava, the P-wave in the II lead begins to increase gradually as the

catheter tip penetrates deeper and deeper, and the P-wave

amplitude is the highest in the cavoatrial junction (CAJ), which

is the ideal position of the catheter tip, and then it passes

through the CAJ point and enters the right atrium, and then

negative P-waves appear. After crossing the CAJ point and

entering the right atrium, negative P waves appear, and it is

generally believed that the catheter tip reaches the ideal position

when the P/R amplitude ratio reaches 50%–80% (9). In this case,

the change of P wave in lead II was detected by intracavitary

electrocardiogram. With the assistance of bedside B ultrasound,

when the tip of the catheter entered the left superior vena cava, a

negative wave appeared at the beginning of the P wave in lead II,

presenting as bidirectional P wave. When the absolute value of

the P-wave amplitude was maximal, it was withdrawn 1 cm, and

intracavitary electrocardiogram mapping at this time showed that

the absolute value of P/R amplitude ratio was about 60%. The

final postoperative chest CT showed that the tip of the port was

located at the left lateral level of the lower edge of the 6th
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thoracic vertebra, which was at the middle and lower 1/3 of the

superior vena cava. The preoperative electrocardiogram of the

patient with left persistent superior vena cava showed sinus

rhythm, but the changes of P wave in lead II of the limb were

different from those of the normal heart during the operation. In

this patient, the LSVC drained into the right atrium through the

right coronary sinus (confirmed by postoperative imaging), and

the right coronary sinus was dilated. In the resting state, the

excitability of the sinus node was the highest, so the preoperative

diagnosis was sinus rhythm. When the catheter tip was

stimulated into the coronary sinus, the rhythmicity increased and

the atria were agitated retrograde, and abnormal P waves

appeared. Clinically, the electrocardiogram shows inverted P

wave in II, III, aVF, P-R interval > 0.12 s, normal QRS duration

and ST-T, which is called coronary sinus rhythm. Coronary sinus

tachycardia accounts for about 3% of focal atrial tachycardia (10).

Regular follow-up: In addition to the routine health education of

infusion port maintenance, the patient also received health education

on the related knowledge and possible complications of PLSVC. The

patient returned to the hospital regularly every month for

maintenance, and 100 u/ml heparin sodium was given to seal the

tube. The patient has completed chemotherapy, and ECG

monitoring was conducted during chemotherapy, and no malignant

arrhythmia events occurred. The patient had been indwelling

venous access port for 1,108 days, without chest tightness, chest

pain, palpitation and other manifestations. The venous access port

was unobstructed, and the regular electrocardiogram showed sinus

rhythm and normal electrocardiogram.
Conclusion

PLSVC is rare and clinically asymptomatic. It is often found

accidentally during invasive operation of deep veins, and

catheters can be implanted in LSVC with good preoperative

assessment. During the operation and treatment, we need to

closely monitor the patient’s heart rate and blood pressure, and

pay attention to the occurrence of malignant arrhythmia. The

application of bedside ultrasound combined with intracavitary

endocardial electrodes localisation technology can improve the

success rate of catheter placement, determine the direction of

the catheter, and efficiently and accurately adjust the position of

the tip of the catheter during the operation to reduce the

possibility of the operator and the patient being exposed to x-ray

radiation, and to shorten the duration of the operation, which is

a very great advantage if the endocardial electrocardiography in

the operation is not used. If intracavitary electrocardiogram

suggests the possibility of coronary sinus rhythm, it is necessary

to be alert to the occurrence of PLSVC.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be

directed to the corresponding author.
Frontiers in Surgery 04
Ethics statement

Ethical approval was not required for the study involving

humans in accordance with the local legislation and institutional

requirements. Written informed consent to participate in this

study was not required from the participants or the participants’

legal guardians/next of kin in accordance with the national

legislation and the institutional requirements. Written informed

consent was obtained from the individual(s) for the publication

of any potentially identifiable images or data included in

this article.
Author contributions

SZ: Writing – original draft, Writing – review & editing. MD:

Writing – original draft, Writing – review & editing. HL:

Conceptualization, Formal Analysis, Investigation, Writing –

review & editing. YP: Conceptualization, Formal Analysis,

Investigation, Writing – review & editing. QZ: Conceptualization,

Formal Analysis, Investigation, Writing – review & editing. LH:

Conceptualization, Formal Analysis, Investigation, Writing –

review & editing. ZL: Conceptualization, Formal Analysis,

Investigation, Writing – review & editing.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This

article publication was supported by Shenzhen High-level

Hospital Construction Fund.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
frontiersin.org

https://doi.org/10.3389/fsurg.2025.1428776
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


Zhu et al. 10.3389/fsurg.2025.1428776
1. Zhang X, Jia D, Ke N, Liu C, Fu L, Hu X. Excellent inter-observer agreement randomised controlled trial. Lancet. (2021) 398(10298):403–15. doi: 10.1016/
References
between radiologist and nurse: tracheal carina-based identification of peripherally
inserted central catheter tip position. J Vasc Access. (2018) 19(1):28–33. doi: 10.
5301/jva.5000799

2. Gibson F, Bodenham A. Misplaced central venous catheters: applied anatomy and
practical management. Br J Anaesth. (2013) 110(3):333–46. doi: 10.1093/bja/aes497

3. Schummer W, Schummer C, Fröber R. Persistent left superior vena cava and
central venous catheter position: clinical impact illustrated by four cases. Surg
Radiol Anat. (2003) 25(3–4):315–21. doi: 10.1007/s00276-003-0138-6

4. Leibowitz AB, Halpern NA, Lee MH, Iberti TJ. Left—sided superior vena cava: a
not-so-unusual vascular anomaly discovered during central venous and pulmonary
artery catheterization. Crit Care Med. (1992) 20(8):1119–22. doi: 10.1097/
00003246-199208000-00009

5. Higgs AG, Paris S, Potter F. Discovery of left—sided superior vena cava during
central venous catheterization. Br J Anaesth. (1998) 81(2):260–1. doi: 10.1093/bja/81.2.260

6. Moss JG, Wu O, Bodenham AR, Agarwal R, Menne TF, Jones BL, et al. Central
venous access devices for the delivery of systemic anticancer therapy (CAVA): a
Frontiers in Surgery 05
S0140-6736(21)00766-2

7. Liu Z, Zheng X, Zhen Y, Liu X, Lin F, Ye Z, et al. Efficacy, safety, and cost-
effectiveness of intracavitary electrocardiography-guided catheter tip placement for
totally implantable venous access port. Ann Vasc Surg. (2022) 83:168–75. doi: 10.
1016/j.avsg.2021.11.021

8. Sheikh AS, Mazhar S. Persistent left superior vena cava with absent right superior
vena cava: review of the literature and clinical implications. Echocardiography. (2014)
31(5):674–9. doi: 10.1111/echo.12514

9. Dong HM, Zhu YX, Yin XX, Zhang X. Clinical significance of different atlas of
intracavitary electrocardiogram for PICC localization in 961 cases. Ann Noninvasive
Electrocardiol. (2022) 27(1):e12904. doi: 10.1111/anec.12904

10. Badhwar N, Kalman JM, Sparks PB, Kistler PM, Attari M, Berger M,
et al. Atrial tachycardia arising from the coronary sinus musculature:
electrophysiological characteristics and long-term outcomes of
radiofrequency ablation. J Am Coll Cardiol. (2005) 46(10):1921–30. doi: 10.1016/
j.jacc.2005.07.042
frontiersin.org

https://doi.org/10.5301/jva.5000799
https://doi.org/10.5301/jva.5000799
https://doi.org/10.1093/bja/aes497
https://doi.org/10.1007/s00276-�003-�0138-�6
https://doi.org/10.1097/00003246-�199208000-�00009
https://doi.org/10.1097/00003246-�199208000-�00009
https://doi.org/10.1093/bja/81.2.260
https://doi.org/10.1016/S0140-�6736�(21)�00766-�2
https://doi.org/10.1016/S0140-�6736�(21)�00766-�2
https://doi.org/10.1016/j.avsg.2021.11.021
https://doi.org/10.1016/j.avsg.2021.11.021
https://doi.org/10.1111/echo.12514
https://doi.org/10.1111/anec.12904
https://doi.org/10.1016/j.jacc.2005.07.042
https://doi.org/10.1016/j.jacc.2005.07.042
https://doi.org/10.3389/fsurg.2025.1428776
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	Implantation of a totally implanted venous device unexpected discovery of left permanent superior vena cava in a patient with sigmoid colon cancer: a case report
	Introduction
	Case report
	Surgical procedures

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


