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Abstract 

Background: The objective of this study is the evaluation of routine chest radiography following the placement of 
Implantable venous access port catheter (IVAPC) central lines using combined ultrasound and fluoroscopic guidance 
by a vascular surgeon in the operating room.

Material and method: A prospective study of 189 consecutive patients who underwent IVAPC central line insertion 
in the vascular surgery operating room from 2016 to 2019. Venipuncture was performed with an 18-gauge needle 
under the guidance of sonography in each case, and the access site was noted. The line position was confirmed by 
fluoroscopy following the procedure. Multiple tries for puncture and patients under 18 were excluded from our study. 
Routine radiography of chest was performed for all patients and pneumothorax, hemothorax, and catheter malposi-
tion were evaluated in each case.

Results: There were 2 cases of asymptomatic pneumothorax, no cases of hemothorax, and all catheter tip positions 
were optimal or acceptable. The annual cost of chest radiography was 33,000,000IRR, 220 h of hospital and staff time, 
and 1.1 mSv radiation.

Conclusion: In conclusion, when imaging guidance is used for IVAPC insertion by an experienced surgeon in a high-
volume center, performing post-procedure routine chest radiography shows little benefit.
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Introduction
Since the introduction of chemotherapy, much attention 
has been paid to the achievement of an adequate means 
of venous access that is suitable for long-term use [1, 2]. 
The implantable of venous access port catheter (IVAPC) 
are valued devices for long-term intravenous treatment 

of cancer patients with cancer; however, the use and 
inserting of these devices are each linked with complica-
tions [3–6].

In 1992, Morris et  al. reported their experience with 
radiological ultrasound and fluoroscopic guidance for 
the placement of port catheters. This study and subse-
quent studies showed low periprocedural complications 
and late complication rates, comparable to the standard 
surgical procedure. Radiological implantation usually 
uses jugular, subclavian or brachial veins as entry sites [7, 
8, 9]. Radiological-interventional port catheter insertion 
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under the guide of ultrasound and fluoroscopy is a pro-
cedure with an extremely high technical success rate and 
particularly low periprocedural complication rate. Ultra-
sound guidance is mainly responsible for the high tech-
nical success rate with zero periprocedural complication 
rates, fluoroscopy for exact catheter tip placement with a 
reduction of long-term complications. If the transjugular 
route is appointed as the catheter entry site, mechanical 
complications such as secondary migrations are rare and 
the progress of a pinch-off syndrome is unlikely. Patients 
and relatives are highly satisfied with the port system and 
experience more advantages than disadvantages [9–15].

Complications regarding port catheter insertions can 
be classified by the period of their appearance or by their 
underlying source. IVAPC insertion was first considered 
as a surgical procedure by means of entree through either 
the cephalic vein or the direct puncture of the jugular or 
subclavian vein, with complications related to either local 
or bloodstream infections [16].

In this study, we aim to evaluate the need for routine 
chest X-ray (CXR) after IVAPC under the guidance of 
ultrasonography and fluoroscopy.

Material and method
This prospective study was conducted on 189 consecu-
tive patients who underwent IVAPC central lines in the 
vascular surgery operating room from 2016 to 2019. 
The study was approved by the Ethics Committee of 
the Shiraz University of Medical Sciences (IR code: 
IR.sums.med.rec.1397.317). The patients’ records were 
anonymized and de-identified prior to analysis. The 
confidentiality of the details of the subjects was assured 
and written inform consent was obtained from the 
participants.

Venipuncture was performed with an 18-gauge needle 
under the guidance of sonography in each case, and the 
access site was noted. The line position was confirmed 
by fluoroscopy following the procedure. Routine radiog-
raphy of chest was performed for all patients and pneu-
mothorax, hemothorax and catheter malposition were 
evaluated in each case. Patients with catheter rout apart 

from the jugular vein, multiple tries for punctures, and 
under 18 years of age were excluded from our study.

Data were analyzed using SPSS (version 18; SPSS Inc., 
Chicago, IL, USA) to evaluate the frequency of each 
complication.

Results
In our study, among the 189 enrolled patients, 116 were 
male and 73 were female. The rates of Hemothorax, 
Pneumothorax and the positioning of the catheter were 
evaluated in our study. Among the 189 patients, all of the 
patients had acceptable positioning, 2 (1.05%) developed 
mild pneumothorax and 0 (0%) developed Hemothorax. 
Table 1 demonstrates the frequency of post-IVAPC inser-
tion complications.

Among the patients who developed pneumothorax, 
both were mild and didn’t need any further manage-
ment. Both patients did not have symptoms related to 
their pneumothorax. One of the patients was a male lung 
cancer patient which also demonstrated pneumotho-
rax in his previous images. The pneumothorax was also 
detected during our fluoroscopy. Reviewing previous 
imaging data revealed that pneumothorax was a chronic 
process. The second patient was a very cachexic female 
patient, in which the dome of the pleura was possibly 
pierced by the metal stilt used to pass the catheter, result-
ing in the patient’s pneumothorax. However, the patient 
was asymptomatic and did not require any further inter-
vention or chest tube insertions, and was treated with 
conservative therapy.

In one of the patients which CXR showed haziness in 
favor of hemothorax, in which after a further investiga-
tion showed to be pleural effusion related to his disease 
which was also present in his previous chest radiographs.

Cost‑allocations evaluation
Based on our center’s database, during a 4-year period 
(2016–2019), a total of 438 cases of IVAPC were per-
formed, calculating an approximate average annual rate 
of 110 cases. Based on our countries’ currency (Iran rial, 
IRR), we have estimated a cost of 300,000 IRR (80,000 
IRR with insurance) for every single view frontal CXR, 

Table 1 Frequency of Implantable venous access port catheter insertion complications

Variable Frequency (%)

Male Female

Population 116 (61.37) 73 (38.62)

Complication

 Pneumothorax 1 (0.86) 1 (0.86)

 Hemothorax 0 (0) 0 (0)
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an average radiation dose of 0.1 mSv, and an average 
time of 2 h for each patient, including preparations, staff 
involvement, and coordination’s. The average time for 
CXR alone is also around 20 min for each patient. Based 
on these findings, an average hospital cost of 33,000,000 
IRR, 220  h of staff involvement, and 11.1mSv radiation 
is used each year based on the current guidelines. Also, 
36.7 h are spent on CXR alone.

Discussion
The need for providing a mid to long term central venous 
catheter has increased with the use of chemotherapy 
drugs and long-term nutrition therapy. IVAPC has shown 
to be a safe procedure with minor complications. More 
than 15 million cases of central venous access take place 
in the United States annually with a complication rate of 
5–19% [17].

Nowadays with the help of sonography guided 
approaches and the use of fluoroscopy, the rate of compli-
cations after catheter insertion has decreased. Surgeons 
used to perform IVAPC by dissecting a cephalic vein as a 
catheter entry site. Christoph M and colleagues reported 
the initial success rate of cephalic venous cutdown pro-
cedure of 80% and when using the radiological Seldinger 
technique the success rate increased up to 98.4–100% 
[10]. In 2011 another study done by Rabindranath KS 
showed a significant decrease in catheter insertion failure 
and time of procedure using sonography-guided hemo-
dialysis catheter insertion [18]. A meta-analysis done by 
Randolph et  al. demonstrated that using sonography-
guided approaches for central venous catheterization of 
subclavian and jugular is preferred compared to land-
mark-based ones [19]. A standard practice to confirm the 
correct positioning of the port catheter and documenta-
tion of pneumothorax and hemithorax is to perform rou-
tine CXR. Many studies suggest performing routine chest 
X-rays only for patients who are clinically suspicious of 
hemithorax or pneumothorax, due to the low incidence 
of these complications [20–23]. In a study done by Burn 
and colleagues in central line placement in 3.844 patients, 
between 1994 and 1998, only 1.4% had pneumothorax in 
routine chest X-rays with only 0.1% of them not having 
any signs and symptoms [24].

In our study 2 patients (1.05%) developed pneumo-
thorax and no cases of hemothorax after IVPAC which 
was similar to other studies done. The combined use of 
sonography and fluoroscopy in our study led to a high 
success rate of catheter positioning. It is worth men-
tioning that in our study, one of the patients whose CXR 
showed haziness in favor of hemothorax, which after fur-
ther workup and evaluation showed to be disease-related 
pleural effusion which was also present in past chest 
radiographies. Therefore, we recommend the evaluation 

of past imaging and radiography in patients undergoing 
catheter insertion to lower the chance of being misled. 
Based on the mentioned patients, since the first patient 
was asymptomatic, and the patient present pneumotho-
rax was also detected during fluoroscopy, a routine CXR 
was redundant. However, in the second patient, we sus-
pected pleural injury during catheterization X-ray was 
required. However, these findings are in line with our 
results which demonstrate the excessiveness of routine 
chest-Xray performance in these patients, unless clinical 
suspicion or the physicians’ or surgeons’ judgment.

 Based on our center’s report, with an annular rate 
of 110 IVAPC patients, an average hospital cost of 
33,000,000 IRR (≈ 300$ in 2019), 220  h of staff involve-
ment, and 11.1 mSv radiation is used each year based on 
the current guidelines. Also, 36.7  h is spent on chest-X 
ray alone. Woodland et  al. reported an annular rate of 
155,000$ for unnecessary routine CXR after ultrasound-
guided central venous line placement [25]. Based on a 
report by the World Health Organization (WHO), Iran 
Gross Domestic Product (GDP) per capita for 2020 was 
$2757, a 21.55% decline from 2019 ($3514), in which 
also had a 13.16% decline from 2018 [26]. Due to limited 
resources and staff, along with the high volume of our 
center, an adjustment in protocols regarding the necessity 
of CXR after IVAPC under the guidance of fluoroscopy.

With these findings in favor of low incidence of com-
plications using combined fluoroscopy and sonography, 
the necessity of routine chest X-ray after IVAPC will be 
questioned.

Routine post-procedure chest X-rays in patients with-
out signs and symptoms place an untenable burden on 
hospital resources. Factors contributing to higher costs 
of surgical implantations are higher costs of operat-
ing rooms, surgical assistants and operating nurses, and 
anesthesiologists stand by.

Conclusion
By using sonography guided approaches and fluoros-
copy for IVAPC, the incidence of adverse events such 
as hemothorax, pneumothorax, and catheter misplace-
ment is reduced; therefore, post-procedure chest radi-
ography in such cases seems unnecessary and excluding 
it will reduce hospital and patient’s costs and time 
consumption.

Abbreviations
CXR: Chest X-ray; IVAPC: Implantable venous access portcatheter.

Acknowledgements
The study was financially supported by the office of vice-chancellor for 
research at Shiraz University of Medical Sciences. The study was the subject of 
the MD dissertation of Mohammad Reza Saki. The technical assistant of staff in 
Namazi hospital is acknowledged.



Page 4 of 4Ghoddusi Johari et al. Cost Effectiveness and Resource Allocation           (2022) 20:43 

Author contributions
HG designed the study. MS collected the data. RS carried out the statisti-
cal analysis and helped with manuscript writing. KR and AE drafted the 
manuscript. HG revised and proofread the manuscript. All authors read and 
approved the final manuscript.

Funding
No financial support was received for this case report.

Availability of data and materials
SPSS data of the participant can be requested from the authors. Please write 
to the corresponding author if you are interested in such data.

Declarations

Ethics approval and consent to participate
The study was approved by the Ethics Committee of the Shiraz University of 
Medical Sciences. The patients’ records were anonymized and de-identified 
prior to analysis. The confidentiality of the details of the subjects was assured.

Consent for publication
 Written informed consent was obtained from the patient for publication of 
this case report and any accompanying images. A copy of the written consent 
is available for review by the Editor of this journal.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Vascular Surgery Department, Trauma Research Center, Shiraz University 
of Medical Sciences, Shiraz, Iran. 2 Thoracic and Vascular Surgery Research 
Center, Shiraz University of Medical Sciences, 71936-13311 Shiraz, Iran. 3 Stu-
dent Research Committee, Shiraz University of Medical Sciences, Shiraz, Iran. 

Received: 27 December 2021   Accepted: 17 August 2022

References
 1. Kock HJ, Pietsch M, Krause U, Wilke H, Eigler FW. Implantable vascular 

access systems: experience in 1500 patients with totally implanted 
central venous port systems. World J Surg. 1998;22:12–6.

 2. Freytes CO. Indications and complications of intravenous devices for 
chemotherapy. Curr Opin Oncol. 2000;12:303–7.

 3. Libutti S, McDonald KH. Vascular access and specialised techniques of 
drug delivery. In: Cancer: principles and practice of oncology. Philadel-
phia: Lippincott-Raven; 2001. p. 760–9.

 4. Bow EJ, Kilpatrick MG, Clinch JJ. Totally implantable venous access ports 
systems for patients receiving chemotherapy for solid tissue malignan-
cies: a randomized controlled clinical trial examining the safety, efficacy, 
costs, and impact on quality of life. JoCO. 1999;17:1267.

 5. Di Carlo I, Cordio S, La Greca G, Privitera G, Russello D, Puleo S, Lat-
teri F. Totally implantable venous access devices implanted surgically: 
a retrospective study on early and late complications. Arch Surg. 
2001;136(9):1050–3.

 6. Biffi R, De Braud F, Orsi F, Pozzi S, Arnaldi P, Goldhirsch A, Rotmensz N, 
Robertson C, Bellomi M, Andreoni B. A randomized, prospective trial of 
central venous ports connected to standard open-ended or Groshong 
catheters in adult oncology patients. Cancer Int J Am Cancer Soc. 
2001;92(5):1204–12.

 7. Lorch H, Zwaan M, Kagel C, Weiss HD. Central venous access ports placed 
by interventional radiologists: experience with 125 consecutive patients. 
Cardiovasc Inter Rad. 2001;24(3):180–4.

 8. Zähringer M, Hilgers J, Krüger K, Strohe D, Bangard C, Neumann L, Warm 
M, Reiser M, Töx U, Lackner K. Ultrasound guided implantation of chest 
port systems via the lateral subclavian vein. RoFo. 2006;178(3):324–9.

 9. Gebauer B, El-Sheik M, Vogt M, Wagner HJ. Combined ultrasound and 
fluoroscopy guided port catheter implantation—high success and low 
complication rate. EJR. 2009;69(3):517–22.

 10. Seiler CM, Frohlich BE, Dorsam UJ, Kienle P, Buchler MW, Knaebel HP. 
Surgical technique for totally implantable access ports (TIAP) needs 
improvement: a multivariate analysis of 400 patients. J Surg Oncol. 
2006;93(1):24–9.

 11. Yip D, Funaki B. Subcutaneous chest ports via the internal jugular 
vein: a retrospective study of 117 oncology patients. Acta radiol. 
2002;43(4):371–5.

 12. Gann M Jr, Sardi A. Improved results using ultrasound guidance for 
central venous access. Am Surg. 2003;69(12):1104.

 13. Koroglu M, Demir M, Koroglu BK, Sezer MT, Akhan O, Yildiz H, Yavuz L, 
Baykal B, Oyar O. Percutaneous placement of central venous catheters: 
comparing the anatomical landmark method with the radiologically 
guided technique for central venous catheterization through the 
internal jugular vein in emergent hemodialysis patients. Acta Radiol. 
2006;47(1):43–7.

 14. Moureau N, Poole S, Murdock MA, Gray SM, Semba CP. Central venous 
catheters in home infusion care: outcomes analysis in 50,470 patients. 
JVIR. 2002;13(10):1009–16.

 15. Maki DG, Kluger DM, Crnich CJ. The risk of bloodstream infection in adults 
with different intravascular devices: a systematic review of 200 published 
prospective studies. Mayo Clin Proc. 2006;81(9):1159–71. https:// doi. org/ 
10. 4065/ 81.9. 1159.

 16. Abbas AA, Fryer CJ, Paltiel C, et al. Factors influencing central line infec-
tions in children with acute lymphoblastic leukemia: results of a single 
institutional study. Pediatr Blood Cancer. 2004;42:325–31.

 17. Beheshti MV. A concise history of central venous access. J Vasc Interv 
Radiol. 2011;14(4):184–5.

 18. Rabindranath KS, Kumar E, Shail R, Vaux E. Use of real-time ultrasound 
guidance for the placement of hemodialysis catheters: a systematic 
review and meta-analysis of randomized controlled trials. Am J Kidney 
Dis. 2011;58(6):964–70.

 19. Randolph AG, Cook DJ, Gonzales CA, Pribble CG. Ultrasound guidance for 
placement of central venous catheters: a meta-analysis of the literature. 
Crit Care Med. 1996;24(12):2053–8.

 20. Janik JE, Cothren CC, Janik JS, Hendrickson RJ, Bensard DD, Partrick DA, 
Karrer FM. Is a routine chest X-ray necessary for children after fluoroscopi-
cally assisted central venous access? J Ped Surg. 2003;38(8):1199–202.

 21. Abood GJ, Davis KA, Esposito TJ, Luchette FA, Gamelli RL. Comparison 
of routine chest radiograph versus clinician judgment to determine 
adequate central line placement in critically ill patients. J Trauma Acute 
Care. 2007;63(1):50–6.

 22. Guth AA. Routine chest X-rays after insertion of implantable long-term 
venous catheters: necessary or not? Am Surg. 2001;67(1):26.

 23. Brown JR, Slomski C, Saxe AW. Is routine postoperative chest X-ray neces-
sary after fluoroscopic-guided subclavian central venous port place-
ment? J Am Coll Surg. 2009;208(4):517–9.

 24. Burn PR, Skewes D, King DM. Role of chest radiography after the insertion 
of a subclavian vein catheter for ambulatory chemotherapy. Can Assoc 
Radiol J. 2001;52(6):392.

 25. Woodland DC, Cooper CR, Rashid MF, Rosario VL, Weyker PD, Weintraub J, 
et al. Routine chest X-ray is unnecessary after ultrasound-guided central 
venous line placement in the operating room. J Crit Care. 2018;46:13–6.

 26. The World Bank. GDP per capita (current US$)—Iran, Islamic Rep. Wash-
ington, D.C.: The World Bank; 2020.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.4065/81.9.1159
https://doi.org/10.4065/81.9.1159

	The role of routine chest radiography after implantable venous access port catheter insertion under the guide of ultrasonography and fluoroscopy
	Abstract 
	Background: 
	Material and method: 
	Results: 
	Conclusion: 

	Introduction
	Material and method
	Results
	Cost-allocations evaluation

	Discussion
	Conclusion
	Acknowledgements
	References




