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Abstract 
Purpose: To study the cost and impact on patient manage- 
ment of the routine performance of chest radiographs in 
patients undergoing imaged-guided central venous catheter 
insertion. 
Methods: Six hundred and twenty-one catheters placed in 
489 patients over a 42-month period formed the study group. 
Catheters were placed in the right internal jugular vein (425), 
left internal jugular vein (133), and subclavian veins (63). At 
the end of the procedure fluoroscopy was used to assess 
catheter position and check for complications. A postproce- 
dural chest radiograph was obtained in all patients. 
Results: Postprocedural chest fluoroscopy showed no evi- 
dence of pneumothorax, hemothorax, or mediastinal hema- 
torna. Inappropriate catheter tip position or catheter kinks 
were noted with 90 catheters. These problems were all 
corrected while the patient was on the interventional table. 
Postprocedural chest radiographs showed no complications 
but proximal catheter tip migration was noted in six of 621 
catheters (1%). These latter six catheters required further 
manipulation. The total technical and related charges for the 
postprocedural chest radiographs in this series were esti- 
mated at s 
Conclusion: Postprocedural chest radiographs after image- 
guided central venous catheter insertion are not routinely 
required. A postprocedural chest radiograph can be per- 
formed on a case-by-case basis at the discretion of the 
interventional radiologist. 
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Traditionally, tunneled central venous catheters have been 
placed without image guidance by surgeons. More recently 
these catheters have been placed by interventional radiolo- 
gists in interventional radiology suites [1-3]. Because sur- 
gical placement of tunneled central venous catheters is 
performed without image guidance, a chest radiograph has 
routinely been performed after each procedure to exclude a 
pneumothorax, hemothorax, or mediastinal hematoma and to 
assess the course of the catheter and the position of the 
catheter tip. 

The use of imaging guidance by interventional radiolo- 
gists [3, 4] has reduced the complications related to catheter 
insertion [1, 2, 5-13]. This is due to the use of ultrasound to 
guide puncture of the internal jugular or subclavian vein, 
which reduces the incidence of pneumothorax, and the use of 
continuous fluoroscopic guidance to precisely guide catheter 
tip placement. Although image guidance yields precise pro- 
cedural information, the postprocedural chest radiograph is 
often still performed at many institutions including our own, 
usually at the insistence of the referring physician. We 
retrospectively studied the impact on patient care of rou- 
tinely performed postprocedural chest radiographs in pa- 
tients at our institution who had central venous catheters 
placed by interventional radiologists. 

Material and Methods 
The procedural notes and chest radiographs of 489 patients (M : F 
220 : 269; mean age 58 years, range 14-88 years) who had 621 
tunneled central venous catheters placed were retrospectively re- 
viewed. These catheters were inserted over a 42-month period. Five 
hundred and fifty-three catheters were inserted for the purpose of 
long-term hemodialysis and 68 catheters were inserted for chemo- 
therapy administration. The right internal jugular vein was prefer- 
entially cannulated and 425 right internal jugular catheters were 
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placed. In addition, 133 left internal jugular catheters, 42 fight 
subclavian catheters, and 21 left subclavian catheters were placed. 
The catheters used were Quinton Permcath (18 Fr, 312), Vascath 
Softcell (13 Fr, 241) and Bard Hickman (9.5 Fr, 68). 

All catheters were inserted in the interventional radiology suite. 
Coagulation status was assessed before the procedure and corrected 
accordingly. Sedo-analgesia in the form of intravenous midazolam 
and fentanyl was used for all procedures. Ultrasound was used to 
localize the vein to be punctured and the puncture site infiltrated 
with 1% lignocaine. A small incision was made in the skin. The 
vein was punctured using a 21 gauge micropuncture needle (Cook, 
Bloomington, IN, USA) under ultrasound guidance. After veni- 
puncture, a 0.018-inch guidewire was passed through the mi- 
cropuncture needle into the superior vena cava (SVC). 

This 0.018-inch guidewire was subsequently exchanged for a 
0.035-inch "J" guidewire and the tract dilated with sequential 
dilators passed under fluoroscopic guidance with final insertion of 
a peel-away sheath. At this point the subcutaneous tunnel was made 
by making a second incision 12.5-15 cm inferior to the venipunc- 
ture site below the middle third of the clavicle. The skin was 
infiltrated with local anesthetic and a subcutaneous tunnel formed 
by blunt dissection. The catheter was attached to the tunneling 
device and pulled through the tunnel to the venipuncture site. The 
catheter was passed through the peel-away sheath and placed under 
fluoroscopic guidance so that the tip lay in the distal SVC or 
proximal right atrium (ideally the latter position for dialysis). The 
catheter was secured by suturing it to the skin at the catheter exit 
site. At the end of each procedure fluoroscopy was used to examine 
the position of the catheter tip and to check the catheter course for 
any kinks. Any malpositioned catheters or kinks were repositioned 
or straightened using guidewires. An erect postprocedural chest 
radiograph was routinely obtained in all patients and used to check 
for procedure-related complications, catheter course, and catheter 
tip position. 

Results 
A 100% technical success rate was achieved. Fluoroscopy of 
the thorax at the end of the procedure showed no evidence of 
pneumothorax, hemothorax, or mediastinal hematoma. Cath- 
eter course and position of the catheter tip were also deemed 
appropriate in 531 catheters. Catheter kinks at the venipunc- 
ture site or inappropriate catheter tip position was seen with 
90 catheters. Twenty-six catheters showed kinks at the ve- 
nipuncture site and 64 catheters had been placed too distally. 
These problems were corrected when recognized at the time 
of the procedure. Kinks in the catheter invariably occurred at 
the venipuncture site. These were rectified by finger dissec- 
tion to enlarge the venipuncture site and by using a guide- 
wire at the venotomy site to straighten out any kinks. If the 
catheter tip was placed too distally in the right atrium, the 
catheter was withdrawn until the tip lay in the lower SVC/ 
upper right atrium. No patients were encountered who had 
the catheter tip sited too proximally. 

The postprocedural chest radiograph showed no evidence 
of pneumothorax, hemothorax, or mediastinal hematoma in 
any patient. However, proximal migration of the catheter tip 
was seen in six of 621 catheters (1%). In these six patients 

the catheter tip had been sited correctly at the time of the 
procedure but when the patient was placed in the erect 
position for the chest radiograph there was proximal migra- 
tion of the catheter tip into the SVC. Catheter tip migration 
in these patients was due to traction on the subcutaneous 
portion of the catheter because of large pendulous breasts in 
four patients and because of obesity in two patients. These 
six catheters were exchanged for longer catheters. 

The technical and related charges for a chest radiograph at 
our institution were calculated to be s ($35) per exam- 
ination, yielding a total cost of s ($21,735) for all 
chest radiographs performed in this study. 

Discussion 
Historically, central venous catheters have been placed by 
surgeons in the operating room, with complication rates due 
to puncture failure in 4% of cases and puncture-related 
complications in up to 10% of cases [14-19]. These com- 
plications include catheter malposition, pneumothorax (im- 
mediate or delayed), hemothorax, pleural effusion, 
pulmonary hemorrhage, and mediastinal hematoma. The 
complication rates associated with central venous catheter 
placement by interventional radiologists are minimal. Punc- 
ture failure does not occur because of precise sonographic 
localization of the vein [20-22], and fluoroscopic guidance 
throughout the procedure minimizes procedure-related com- 
plications [23]. Pneumothorax has been reported in 0-2.5% 
of cases [1, 2, 14]. Several series including our own have 
shown no incidence of hemothorax or mediastinal hema- 
toma, while the incidence of catheter malposition is also as 
low as 0%. 

Despite the low complication rates associated with image- 
guided central venous catheter placement, conventional wis- 
dom at our institution and many others has decreed that 
routine chest radiographs are performed after every proce- 
dure. Indeed many physicians would not consider commenc- 
ing hemodialysis without a postprocedural chest radiograph 
to rule out complications and check the catheter tip position. 
Despite the switch from surgical to radiologic catheter place- 
ment, the postprocedural chest radiograph has remained an 
integral part of the procedure. 

The results of our study show that the postprocedural 
chest radiograph is unnecessary if the jugular route is chosen 
for insertion and is probably not needed for the subclavian 
route. It adds information that would alter patient manage- 
ment in only 1% of patients. In our study there were six 
patients in whom the postprocedural chest radiograph pro- 
vided information that altered patient management. These 
six patients either had large pendulous breasts or were obese, 
and proximal catheter tip migration is prone to occur in these 
patient types. Craft et al. [24] also found similar problems in 
their series of 153 Hickman catheters inserted in 120 pa- 
tients. Catheter migration occurred in four of 18 obese pa- 
tients versus five of 102 nonobese patients. Early in our 
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experience with image-guided catheter insertion we encoun- 
tered problems with catheter tip migration in these individ- 
uals. We now use longer catheters in these patients and a 
more medially placed tunnel on the anterior chest wall. 
These patients are usually readily identifiable and in our 
practice constitute a small percentage of the total number of 
patients referred for central venous catheters. This small 
population can be selected beforehand to undergo erect 
screening after catheter placement or an erect postprocedural 
chest radiograph. 

It is very difficult to determine accurately the cost of a 
single examination such as a chest radiograph in a large 
institution. The easiest cost to define is the value of the raw 
material such as film and developer. Radiographer and radi- 
ologist fees can be estimated on the basis of the reimburse- 
ment schedule of national insurance bodies. From a study of 
the above factors we approximated the cost of a chest radio- 
graph at our institution to be s ($35). Therefore, a cost 
saving of approximately s could have been realized 
during the study period by not performing routine postpro- 
cedural chest radiographs. 

As health care costs spiral it is becoming increasingly 
important to justify all expenses incurred during the 
course of patient management. Every effort is made to 
reduce unnecessary expenditure. Certainly, the shift from 
operating rooms to interventional radiology suites for 
central venous catheter placement can be expected to 
decrease the cost of catheter placement. We have shown 
additionally that the avoidance of postprocedural chest 
radiographs can decrease the cost associated with these 
procedures even further. Indeed, Chang et al. [25] re- 
ported similar findings in their recent study of 572 cath- 
eter insertions. No immediate complications were 
encountered on the routine postprocedural chest radio- 
graph. They did, however, have two delayed pneumotho- 
races, both of which required chest tube drainage. We did 
not have any delayed pneumothoraces in our group of 621 
catheter placements. 

The access routes used in our patient group were sim- 
ilar to those used by Chang et al. [25], except that we used 
more subclavian access routes (63 vs 37). Interestingly, 
the pneumothorax rate for the subclavian route is thought 
to be higher than that associated with the internal jugular 
route [1, 9]. Theoretically, the reason for the increased 
pneumothorax rate is the proximity of the subclavian vein 
to the apex of the lung. We feel that the absence of 
pneumothorax in our 63 patients in whom we placed 
subclavian catheters reflects our policy of puncturing the 
subclavian vein lateral to the first rib (anatomically we are 
in fact puncturing the axillary vein). Careful fluoroscopy 
to locate the lateral border of the first rib followed by 
sonographic localization of the axillary and subclavian 
veins and sonographic guidance of the micropuncture 
needle into the axillary vein helps minimize the rate of 
pneumothorax. 

In summary, imaging guidance not only helps to de- 
crease the complication rate associated with central ve- 
nous catheter placement but also obviates the need for a 
routine postprocedural chest radiograph when the jugular 
route is chosen and probably also the subclavian route. In 
our practice we no longer routinely perform postproce- 
dural chest radiographs for either route. Chest radiographs 
are performed at the discretion of the interventional radi- 
ologist performing the procedure. Therefore, only if there 
is difficulty gaining venous access or if the patient has a 
body habitus that may cause proximal migration of the 
catheter tip will a postprocedural chest radiograph be 
obtained. 
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