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Abstract
Background  The use of peripherally inserted central catheters and midline catheters is growing due to their 
potential benefits. These devices can increase patient safety and satisfaction while reducing the use of resources. 
As a result, many hospitals are establishing vascular access specialist teams staffed by nurses who are trained 
in the insertion and maintenance of these catheters. The objective of the study is to evaluate previously to the 
implementation whether the benefits of introducing ultrasound-guided peripheral venous catheters, midline 
catheters and peripherally inserted central catheters compared to current practice by a vascular access specialist team 
outweigh their costs.

Methods  Cost-benefit analysis from the perspective of the healthcare provider based on administrative data. The 
study estimates the reduction in resources used when changing the current practice for the use of ultrasound-guided 
midline and PICC catheters, as well as the additional resources required for their use.

Results  The use of an ultrasound-guided device on peripherally inserted central carheter, results in a measurable 
resource reduction of approximately €31. When 3 peripheral venous catheters are replaced by an ultrasound-guided 
peripherally inserted central catheter, the saving is €63. Similarly, the use of an ultrasound-guided device on a midline 
catheter, results in a reduction of €16, while each ultrasound-guided midline catheter replacing 3 peripheral venous 
catheters results in a reduction of €96.

Conclusion  The benefits of using ultrasound-guided midline and PICC catheters compared to current practice by 
introducing a vascular access specialist team trained in the implantation of ultrasound-guided catheters, outweigh 
its cost mainly because of the decrease in hospital stay due to the lowered risk of phebitis. These results motivate the 
implementation of the service, adding to previous experience suggesting that it is also preferable from the point of 
view of patient safety and satisfaction.
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Background
Peripheral venous catheters (PVC) are the most widely 
used invasive devices in hospitals, with a prevalence 
rate of 66% among patients admitted to Catalan hospi-
tals [1, 2]. However, they are often used excessively and 
inappropriately, particularly when the peripheral intra-
venous line is not the preferred treatment option [3]. Fur-
thermore, PVCs are associated with a high incidence of 
minor local complications, resulting in additional costs 
for both patients and healthcare providers [4]. Research 
indicates that over 73% of patients may contract a health-
care-associated infection (HAI) due to the presence of a 
PVC [5]. Additionally, some studies suggest that retain-
ing an unused catheter in a patient may increase the risk 
of developing potentially avoidable complications by 
more than 25% [6]. The most relevant complications that 
require catheter replacement include phlebitis, obstruc-
tion, infiltration and extravasation [4, 7].

On the other hand, the use of peripherally inserted 
central catheters (PICC) and midline catheters is grow-
ing due to the numerous benefits they offer to patients 
and healthcare providers. In the first case, they increase 
patient safety and satisfaction by preserving venous capi-
tal and eliminating the discomfort caused by multiple 
venous punctures [8, 9]. In the second case, they could 
optimize the use of resources if a PICC or a midline cath-
eter could replace various PVC.

Due to the numerous benefits of using PICCs and mid-
line catheters, as well as the drawbacks associated with 
PVC, more hospitals are creating vascular access special-
ist teams (VAST). These teams are formed by nurses who 
are specially trained in the insertion and maintenance of 
PICCs and midline catheters, utilizing ultrasound sup-
port during insertion [10]. Several studies suggest that 
this method is more cost-effective [11, 12]: on one hand, 
it offers greater accuracy during insertion and a higher 
success rate of venipunctures, which eliminates the need 
of an X-ray to confirm correct catheter placement [13]; 
on the other hand, patients are less likely to develop HAIs 
[5]. In addition, it increases patient satisfaction due to 
greater comfort, reduced pain sensation, greater patient 
mobility and decreased length of hospital stay [11, 13, 
14]. Nevertheless, the Cochrane Library conducted a 
systematic review to compare the effectiveness of the 
vascular access specialist team with the generalist model 
commonly used in hospitals and other medical centers, 
concluding that there is currently insufficient high-qual-
ity evidence to either support or reject the implementa-
tion of a VAST [15].

Healthcare-associated infections affect 5–10% of 
patients admitted to a hospital [13] and are a major bur-
den on the healthcare system, as when they occur they 
lead to a 77% increase in cost per patient (31% of this 
increase caused by pharmacy costs, 31% by materials 

and services, 24% by increased hospital stay and 14% 
by laboratory costs) [16]. In addition, HAIs are associ-
ated with additional complications, which in the worst-
case scenario can result in the death of the patient. Some 
studies estimate that 6% of patients with HAIs eventu-
ally die from it [17]. The most common HAIs associated 
with catheter use are bacteremia and phlebitis of infec-
tious origin [13]. In the case of bacteremia, an episode 
due to a PVC infection, might increase hospital costs by 
€18,078 [18] and the patient’s stay tends to be longer and 
much more expensive [19]. Moreover, if it happens, the 
probability of mortality rises to 1.7% [20, 21]. In case of 
infectious phlebitis due to PVCs, several studies report a 
prevalence between 3% and 12% [3, 22].

Despite the economic impact of HAIs on the health-
care system, there is a lack of up-to-date data in Catalo-
nia that can accurately determine the direct and indirect 
costs of this type of infections. In 2015, it was estimated 
that the cost represented by PVC bacteremia in Cata-
lan hospitals was above 12 million euros, a cost that had 
already been reduced by approximately 10 million euros 
during the 2008–2013 period thanks to the implementa-
tion of healthcare-associated infection surveillance ini-
tiatives such as the VINCat Programme, the Bacteremia 
Zero Programme and the local programmes initiated by 
care teams [23].

The Germans Trias i Pujol University Hospital is a pub-
lic healthcare center that provides highly complex medi-
cal care to a reference population of 800,000 inhabitants 
in the Northern Metropolitan Health Region of Barce-
lona. The hospital is part of the Catalan Health Institute, 
which is the largest provider of healthcare services in 
Catalonia. In 2022, despite the widespread use of venous 
catheters (approximately 80% of its patients carry one at 
some point during their hospital stay), the hospital has 
not yet implemented a VAST. The most commonly used 
catheters were PVCs (93%), while other types like PICCs, 
midline catheters and CVCs were used less frequently 
(Fig.  1). A survey conducted in 2019 by the hospital’s 
Infection Control Unit indicated that 71% of nurses do 
not use PICCs and midline catheters when they are indi-
cated, despite their potential benefits to patients and the 
hospital. Nurses cited a lack of skills and the pressure of 
care as the main reasons for not using these devices.

In this context, given the potential benefits of using an 
ultrasound-guided technique for the insertion of PICCs 
and midline catheters, the hospital is considering adopt-
ing a VAST. The aim of this study is to conduct a cost-
benefit analysis of the use of ultrasound-guided PVC, 
midline and PICCs compared to current practice, in 
order to demonstrate the important economic impact of 
this measure before implementing it.
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Methods
Description of the intervention
The team will attend patients who are hospitalized in the 
semi-critical and acute care units, as well as those receiv-
ing care at home or in the emergency room. Patients 
admitted to critical care units will not be attended by 
the team, as the nursing professionals in those units are 
already experienced in ultrasound-guided insertion of 
this type of catheter. Moreover, as most of the CVCs are 
only used in this unit, the new team will not replace this 
type of catheter. The decision regarding the most suitable 
type of catheter for a patient is determined by a hospital-
implemented decision algorithm. Factors such as medi-
cation pH and osmolarity levels, potential damage to the 
vein’s intimal layer, type and duration of treatment and 
the patient’s clinical history are taken into consideration 
by the algorithm to determine the appropriate type of 
catheter and the need for team intervention. In addition, 
The team will work in collaboration with the Healthcare-
associated infections Infection Control Nursing Team 
to develop and evaluate protocols related to the correct 
use of the different types of catheter and will monitor the 
evolution of clinical evidence and implement changes in 
practice accordingly.

The team will comprise two nursing professionals who 
will be replaced in case of illness, incapacity or vacation, 
following the model of other hospitals with a VAST. They 
will not work night or weekend shifts. If the algorithm 
indicates the team’s intervention is required for patients 
hospitalized during these time slots, an alternative cath-
eter will be placed until the team returns.

Based on estimations provided by the hospital’s nurs-
ing staff, each team member can insert an average of five 
catheters per day, considering insertion time and expe-
riencies from other hospitals. With two team members 
working 250 days a year, the hospital’s annual capacity 
for catheter insertions would be 2,500. Figure 1 indicates 
a higher number of patients requiring catheters, but the 
algorithm will determine the exact number to be inserted 
by the team. Increasing the number of team members 
will depend on their performance and capacity to attend 
all patients recommended by the algorithm.

Study design
A cost-benefit analysis was conducted from the health-
care provider perspective, previously to the implementa-
tion of the team. On one hand, it has been estimated the 
reduction in resources used when changing the current 
practice for the use of ultrasound-guided devices. On the 
other hand, the additional resources required for the use 
of the ultrasound-guided PICCs and midline catheters 
have also been studied. The analysis followed the Consol-
idated Health Economic Evaluation Reporting Standards 
[24].

Data
The total costs of the ultrasound-guided PICCs and mid-
line catheters placement were calculated by quantifying 
the material costs and the practitioner’s time burden 
associated with catheter placement, assuming a PICC 
or a midline catheter could replace an average of three 
PVCs. In contrast, the total benefits were calculated by 
quantifying the reduction in resources used from elimi-
nating confirmatory radiography and PVCs material, as 
well as the reduction in staff burden. Additionally, the 
reduction of bacteremia and hospital stay due to the 
elimination of phlebitis was also quantified. The costs 
were obtained from the hospital administrative database 
and were measured in monetary units (euros 2021). No 
discount rate was used.

Outcome measures
Benefits and costs have been classified into the following 
categories: personnel, material, confirmatory radiogra-
phies and possible complications (Table 1).

In terms of personnel costs, the cost of hiring each 
nursing professional for the VAST is estimated at approx-
imately €53,583 (annual cost to the company). The mone-
tary value of workload relief for the nursing staff provided 
by the new team was calculated by multiplying compa-
ny’s hourly cost supported for each worker (€32.63 per 
hour) by the time required for professionals to perform 
the insertion of different catheters: approximately 60 min 
for PICC, 40  min for ultrasound-guided PICC, 40  min 
for a midline catheter, 20 min for an ultrasound-guided 
midline catheter and 22.5 min (7.5 min multiplied by an 

Fig. 1  Number of patients with catheters annually in the Germans Trias i Pujol University Hospital. * Number of patients discharged in 2019
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average of 3 peripheral venous catheters insertions per 
episode) in the case of PVC. The result of the quantifica-
tion of the workload relief is €32.63 per intervention for a 
PICC, €21.75 per intervention for an ultrasound-guided 
PICC, €21.75 per intervention for a midline catheter, 
€10.88 per intervention for an ultrasound-guided midline 
catheter and €12.24 per 3 PVCs insertions.

The cost of PICC material is close to €56.31, which is 
calculated as the weighted average of the prices of dif-
ferent types of PICCs used in the hospital in 2021. The 
cost of materials for an ultrasound-guided PICC is the 
same. Similarly, the material cost for a midline catheter is 
approximately €34, which is the same as the material cost 
for an ultrasound-guided midline catheter. The cost of 
the PVC material is approximately €0.68 (€2.06 for three 
units). The cost of the ultrasound scanner used for ultra-
sound-guided insertion is not included, as it is accounted 
for in the cost of the material used for each catheter 
placement. The cost of the X-ray required to verify the 
correct placement of the PICC is estimated to be around 
€15 [25].

Finally, it has been taken into account the potential 
benefits resulting from the reduction of complications 
and infections through the incorporation of trained 
professionals for the introduction of ultrasound-guided 
PICCs and midline catheters. Firstly, replacing PVCs 
with PICCs or midline catheters may lead to a reduction 
in the length of hospital stay due to decreased infections 
and complications. The value of this reduction in length 

of stay was estimated by multiplying the probability of 
phlebitis occurring with PVCs (12% according to our own 
data) with the average cost of increased length of stay 
(€674 per 24-hour stay [25], for an estimated increase of 
1.5 days, based on our own data). Secondly, the decrease 
in the number of bacteremias associated with both PVCs 
and PICCs/midline catheters implies a reduction in 
resource utilization. This value was calculated by multi-
plying the number of episodes of bacteremias related to 
the selection and insertion of PVCs and PICCs/midline 
catheters at the Germans Trias i Pujol University Hos-
pital (9 in 2021, according to our own data) with the 
cost associated with a patient developing this infection 
(€18,078) [18], and then dividing this value by the total 
number of patients with any type of catheter (29,547). 
Therefore, the reduction in the number of bacteremias 
derived from replacing every three PVCs or one PICC 
with an ultrasound-guided PICC, or every three PVCs or 
one midline catheter with an ultrasound-guided midline 
catheter, represents a quantifiable reduction in resources 
of approximately €5.50.

Results
Table  2 shows the benefits and costs of introducing an 
ultrasound-guided device on PICC and midline cathe-
ters, as well as the ones derived from replacing PVCs with 
ultrasound-guided PICCs and midlines. We observe that 
the use of an ultrasound-guided device on peripherally 
inserted central carheter, results in a measurable resource 
reduction of approximately €31. When 3 peripheral 
venous catheters are replaced by an ultrasound-guided 
peripherally inserted central catheter, the saving is €63. 
Similarly, the use of an ultrasound-guided device on a 
midline catheter, results in a reduction of €16, while each 
ultrasound-guided midline catheter replacing 3 periph-
eral venous catheters results in a reduction of €96.

The replacement of three PVCs, either with a PICC or 
a midline catheter, results in the most significant reduc-
tion in resources, especially in the second case. More-
over, as can be seen in the last column of Table 2, in both 
cases the major driver for this reduction is the poten-
tial decrease in hospital stay due to the lowered risk of 
phlebitis, which accounts for 86% of the benefits. This 
is primarily because the cost per day of hospitalization 
is substantial. On the other hand, although the cost of a 
patient with bacteremia is the highest, its magnitude is 
not reflected in the results, as the probability of its occur-
rence is relatively low.

Discussion
The economic analysis of implementing a vascular 
access specialist team at the Germans Trias i Pujol Uni-
versity Hospital suggests that it can result in signifi-
cant resource savings when using ultrasound-guided 

Table 1  Categories of costs
Cost category Cost 

(EUR)
Unit

Personnel Vascular Access Special-
ist Team

€ 
53,583

Annual cost 
to company 
per employee

Personnel burden PICC € 32 Per procedure
Personnel burden PICC 
with ultrasound-guided 
technique

€ 21 Per procedure

Personnel burden 
midline

€ 21 Per procedure

Personnel burden mid-
line with ultrasound-
guided technique

€ 10 Per procedure

Personnel burden PVC € 12 Per procedure
Material Material price PICC € 56 Per procedure

Material price midline € 34 Per procedure
Material price PVC € 2 For 3 

procedures
Radiography Confirmatory radiogra-

phy PICC
€ 15 Per procedure

Possible 
complications

Increased length of stay 
due to phlebitis

€ 674 Per day of 
hospital stay

Increased resource use 
due to bacteremia

€ 
18,078

Per 
bacteremia
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catheters compared to current practice, while concur-
rently improving patient safety and well-being by reduc-
ing the risk of phlebitis and bacteremia. The replacement 
of PVCs with PICCs or midline catheters yields the 
highest reduction in resources, especially in the second 
case. Moreover, in both cases, the primary driver of cost 
reduction is the potential decrease in hospital stay due 
to lower risk of phlebitis. These findings suggest that pri-
oritizing the replacement of PVCs, rather than PICCs or 
midline catheters inserted without ultrasound guidance, 
is more beneficial for both patients and the hospital.

Previous studies have concluded that the use of ultra-
sound-guided PICCs is cost-effective [8–10]. However, to 
our knowledge, there is no evidence of studies analyzing 
the cost-benefit of the implantation of a VAST. Gosselin 
et al. [26] analyzed the cost-effectiveness of the introduc-
tion of a VAST specialized in the insertion of ultrasound-
guided PICCs, and found that the reduction in resources 
derived from using the device was approximately double 
from our study (€65 vs. €31). Although this reduction 
is similar in terms of material resources, in contrast to 
our study, they considered the cost of disinfecting the 
room and patient transport, but did not incorporate 
the increase in resources derived from HAIs. Tan et al. 
[11] have also analyzed the cost-effectiveness of ultra-
sound-guided PICCs. They suggested that the benefits 
become visible six months after introducing the team in 
the hospital. They also highlighted the greater comfort 
for patients and the reduced time for catheter insertion 
and complications associated with the new catheters. 
In this sense, a study carried out in Catalonia has esti-
mated the cost of a patient with bacteremia, suggesting 
an increase in resources of €18,078 [18], although other 
studies indicate a potentially higher cost of €21,506 [27]. 
These findings suggest that the cost savings associated 
with introducing the team in our study may be conserva-
tive, and the actual cost benefits could potentially be even 
greater.

In the case of midline catheters, a study comparing 
their effectiveness with that of PVCs demonstrates that 
midline catheters significantly reduce complications 
associated with PVCs, such as phlebitis, infiltrations, 
asymptomatic thrombosis, occlusions and accidental 
removals. The study supports our conclusion and sug-
gests that although midline catheters may have higher 
costs, these are compensated by the complications pre-
vented, and that patients also prefer midline catheters 
[28]. A study conducted by Moulin et al. [29] proposes 
that ultrasound-guided midline catheters are a good 
alternative to PVCs in cases of prolonged treatment when 
PICCs placement is not feasible. Moreover, the study 
adds that, in addition to the reduction in the risk of HAIs, 
the main benefits for patients with this type of catheter 
are that it can be inserted at the patient’s bedside, does 

Table 2  Benefits and costs of substitution
Benefit/Cost of 
substitution

% of 
reduc-
tion

Substitution 
of PICC with 
ultrasound-
guided PICC

Reduction of personnel 
burden

€ 32 62%

Reduction of bacteremia € 5 10%
Confirmation X-ray 
elimination

€ 15 29%

Reduction of resources € 52 100%
Increase of personnel 
burden

€ -21

Increase in resources € -21
Total € 31

Substitution 
of 3 PVC with 
1 ultrasound-
guided PICC

Reduction of personnel 
burden

€ 12 9%

Reduction of bacteremia € 5 4%
Elimination of PVC material € 2 1%
Reduced hospital stay due 
to elimination of phlebitis

€ 121 86%

Reduction of resources € 140 100%
Cost of PICC € -56
Increase of personnel 
burden

€ -21

Increase in resources € -77
Total € 63

Substitu-
tion of 
midline with 
ultrasound-
guided 
midline

Reduction of personnel 
burden

€ 21 81%

Reduction of bacteremia € 5 19%
Reduction of resources € 26 100%
Increase of personnel 
burden

€ -10

Increase in resources € -10
Total € 16

Substitution 
of 3 PVC with 
1 ultrasound-
guided 
midline

Reduction of personnel 
burden

€ 12 9%

Reduction of bacteremia € 5 4%
Elimination of PVC material € 2 1%
Reduced hospital stay due 
to elimination of phlebitis

€ 121 86%

Reduction of resources € 140 100%
Cost of midline € -34
Increase of personnel 
burden

€ -10

Increase in resources € -44
Total midline € 96
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not require a confirmatory X-ray and allows to obtain 
repeated blood samples without additional punctures.

The hospital’s guidelines are in line with the recom-
mendations of the Catalan Agency for Health Quality 
and Evaluation [1], which emphasize the appropriate 
use of catheters in clinical practice to reduce HAIs and 
improve patient satisfaction. According to this study, 
implementing a VAST could be a positive step towards 
achieving these goals. Future studies should estimate the 
impact of this change in the venous access device usage 
model on clinical variables and user satisfaction, as well 
as determine the number of catheters of each type that 
can be inserted by the team based on its size and deci-
sion algorithm. With this data, it will be possible to fur-
ther evaluate the effectiveness of the introduction of the 
team, including whether the benefits achieved from using 
ultrasound-guided catheters outweighs the cost of hiring 
the team’s professionals.

Limitations
This study has several limitations. First, some of the 
impacts of implementing a VAST are not easily quanti-
fiable and are not accounted for in the calculation. In 
the case of PVCs replacement, these are reflected in the 
improvement in patient experience and well-being due 
to the easier catheter insertion, which preserves venous 
access and increases safety [14, 30]. In the case of PICCs 
and midline catheters substitution, the time to start the 
treatment is reduced and communication between the 
nurse and the patient is improved. Previous studies sug-
gested that 83% of patients with the ultrasound catheters 
rate the change positively and 63% of patients highlight 
increased comfort with PICCs [31].

Secondly, in the absence of specific costs for the device 
placement procedure, it was assumed to be the same for 
PVCs, PICCs and midline catheters. Additionally, the 
costs of the supplies used for insertion, maintenance and 
replacement of catheters, were not considered, assuming 
that they could be similar between the compared models. 
Moreover, the cost of the catheter tip verification system 
was also not taken into account. Furthermore, the intro-
duction of a VAST requires a cultural change and recog-
nition of its activity by all professionals in the institution. 
Future studies could also incorporate costs associated 
with materials, communication and dissemination of cor-
responding information sessions.

Thirdly, it has been assumed that the productive capac-
ity of the team corresponds to a 3:1 ratio in the PVC 
replacement and that the time required for catheter 
insertion in the hospital is comparable to the evidence 
shown by other hospitals. Future research should assess 
the reliability of these assumptions. Moreover, future 
studies should also evaluate the impact on the risk of 
HAIs of the introduction of the team.

Conclusion
The economic impact of using ultrasound-guided mid-
line and PICC catheters compared to current practice 
resulting from the implementation of a VAST has been 
analyzed and quantified, concluding that the monetary 
benefits outweigh the costs. Furthermore, the results 
suggest that prioritizing the substitution of PVCs with 
an ultrasound-guided midline or PICC, is more benefi-
cial for both the patient and the hospital, mainly because 
the decrease in hospital stay due to the lowered risk of 
pheblitis.

This study is the first to quantify the economic impact 
of using ultrasound-guided devices resulting from the 
implementation of a specialized team in our setting. It 
provides an estimation of the costs and benefits of imple-
menting such a team, while also establishing a conceptual 
and reference framework for evaluating the post-imple-
mentation results.
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