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Abstract 

Purpose: To describe all post‑insertion complications involving most used intravascular access, and to determine 
whether the use of a new‑generation transparent dressing (3M™ IV Advanced) might reduce their number and 
impact on ICU patient outcomes.

Methods: Patients older than 18, with an expected length of stay ≥48 h and requiring at least one central venous 
catheter (CVC), arterial catheter (AC), haemodialysis catheter (HDC), pulmonary arterial catheters (PAC) or peripheral 
venous catheter (PVC) were randomized into two groups: a new‑generation transparent dressing, or the hospital’s 
classical transparent dressing, and were followed daily for any infectious and non‑infectious complications. Complica‑
tions were graduated for severity by an independent international multicentre multidisciplinary panel of practitioners 
using a Delphi process.

Results: We included 628 patients, 2214 catheters (873 PVCs, 630 CVCs, 512 ACs and 199 HDCs and PACs) and 4836 
dressings. Overall incidence rate was of 60.9/1000 catheter‑days. The most common complication was dysfunction 
(34.6/1000 catheter‑days), mainly for PVCs (16/1000 catheter‑days) and ACs (12.9/1000 catheter‑days). Infectious 
complications incidence rate in CVCs and ACs was of 14.5/1000, mostly due to colonization (14.2/1000 catheter‑days). 
Thrombosis incidence was of 3.8/1000 catheter‑days with severe and very severe complications in 16 cases (1.8/1000 
catheter‑days) and one thrombosis‑related death. 3M™ IV Advanced dressing did not decrease the rate of catheters 
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1 University Hospital of Grenoble Alpes, Medical Intensive Care Unit, 
Albert Michallon Teaching Hospital, CS10217, 38043 Grenoble Cedex 9, 
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Take‑home message: Post‑insertionintravascular access 
complications are frequent and underestimatediatrogenic events 
affecting one fourth of all intravascular devices inintensive care settings. 
This randomized controlled trial reported ahigh, mainly non‑infectious, 
life‑threatening rate of complications notprevented by new adhesive 
dressings.
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Introduction
Intravascular catheters (IVCs) are the most ubiquitous 
medical devices in hospital, and 28.7  % of in-hospital 
patients benefit from at least one catheter insertion [1]. 
In intensive care units (ICUs), where the presence of a 
high-quality vascular access is essential, the proportion 
of patients receiving of a catheter insertion rises to up to 
88.7 % [1], including a wide variety of devices.

Despite the clear benefits they provide, there is a grow-
ing recognition of the eventual risks associated with IVCs. 
Catheters can fail before the completion of treatment 
as a result of accidental removal, occlusion, thrombo-
sis or infection, which may result in increased mortality, 
morbidity and higher ICU length of stay [2–4]. Indeed, 
catheter-related infection in particular [4–8] and also 
catheter-associated deep-vein thrombosis [9] are widely 
studied complications; other adverse events such as cath-
eter failure, accidental removal or superficial thrombosis 
and extravasations still need further research. Some stud-
ies [10, 11] point out that catheter movements within the 
vein, resulting from a poor securement, have an impact on 
catheter-related infections, phlebitis and thrombosis; they 
also suggest that stabilization provided by dressings or 
securement devices could have a role in dislodgement and 
catheter restart rates. Technological innovations in cath-
eter materials and dressings allow improvements in safety 
and efficiency [12], but as highlighted by recent reviews 
[13, 14], randomized controlled trials demonstrating the 
benefits of better catheter securement trials in clinical set-
tings need to be performed.

This article reports the results of a prospective rand-
omized controlled trial aimed at describing the different 
post-insertion complications that affect the most used 
intravascular devices in ICUs and determining whether 
the use of a new-generation transparent dressing (3M™ 
IV Advanced), compared to classical dressings, could 
help reduce these adverse events.

The aim of the ADVANCED study was twofold: to 
describe all the post-insertion complications related to 
intravascular access in intensive care, and to investigate 
the clinical performance of a new-generation transparent 

dressing, 3M™ IV Advanced Securement dressing, com-
pared to classical dressings used in a medical ICU from a 
tertiary hospital in France.

All dressings were compared in terms of efficiency 
(post-insertion complication rates), effectiveness (indwell 
time without dressing disruption) and safety (tolerance 
and patient comfort). Post-insertion complications were 
divided into infectious complications (colonization and 
infection), thromboembolic complication (thrombosis 
and phlebitis) and other complications (catheter dysfunc-
tion, extravasation and accidental catheter removal).

Design and methods
Study design and sample
This prospective, single-centre randomized controlled 
trial was conducted in an 18-bed medical ICU at a ter-
tiary hospital in France, between October 2012 and 
October 2013. We included all male and female patients 
who were at least 18 years old, admitted to the ICU for 
an expected stay of at least 48  h and requiring a cathe-
ter insertion as part of their clinical care. Patients were 
excluded if they had an existing bloodstream infection, a 
known hypersensitivity to the study dressings or if they 
refused their consent.

We calculated a sample size of 670 patients with an 
average of two catheters per patient. With an overall 
post-insertion complication rate of 30 %, this size would 
be sufficient to detect a relative difference of 6 % reduc-
tion rate, equivalent to an absolute reduction of 35 % in 
the number of post-insertion complications.

Eligible patients were randomly assigned on admission 
via a dedicated computer-generated allocation sequence 
(random permuted blocks), in a one-to-one ratio, to 
either group of dressings:

(a)  Study group: 3M™ IV Advanced.
(b)   Control group: depending on the type of dressing 

available at the hospital, either 3M™ HP Dressing 
(1st period, from October 2012 to February 2013) 
or Smith & Nephew IV3000™ (2nd period, from 
February 2013 to October 2013).

with at least a minor complication [57.37/1000 vs. 57.52/1000 catheter‑days, HR 1.03, CI (0.84–1.27), p = 0.81]. Inci‑
dence rates for each single complication remained equivalent: infectious [HR 0.93 (0.62–1.40), p = 0.72], deep throm‑
bosis [HR 0.90 (0.39–2.06), p = 0.80], extravasation and phlebitis [HR 1.40 (0.69–2.82), p = 0.35], accidental removal 
[1.07 (0.56–2.04), p = 0.84] and dysfunction [HR 1.04 (0.80–1.35), p = 0.79].

Conclusion: The ADVANCED study showed the overall risk of complications to intravascular catheters in ICU patients 
being dysfunction, infection and thrombosis. The 3M™ IV Advanced dressing did not decrease complication rates as 
compared to standard dressings.

Keywords: Catheter‑related complications, Safety, Adverse event, ICU, Dressing
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All consecutive catheters in a given patient were man-
aged as determined by the random allocation until ICU 
discharge. Patients were followed until catheter removal 
or discharge from the unit, plus 48  h of follow-up. If 
adverse reactions occurred, patients were followed up 
until the incident was fully investigated.

Ethics statement
The study received the approval of the Rhone-Alpes-V 
Ethics Committee, France, in July 2012 (N ID RCB 2012-
A00734-39). Informed consent was sought prior to a 
patient’s participation or, if their clinical condition meant 
they were unable to express it, permission from their 
legal representative was sought and patients were asked 
retrospectively.

Statistical analysis
Statistical analysis was performed using SAS 9.3 (Cary, 
NC). Characteristics of patients, catheters and dressings 
were described using frequency and percentage (qualita-
tive variables) or median and interquartile range (quan-
titative variables). Balance of characteristics between 
randomization groups was tested using the Fisher exact 
test or Mann–Whitney test as appropriate.

The relationship between randomization group and 
the number of dressings per catheter was assessed using 
a generalized estimating equation (GEE) with negative 
binomial distribution to take into account intrapatient 
correlation between catheters. Adjustments based on 
time period, insertion duration and type of catheter were 
systematically applied when appropriate, and to test for 
group differences concerning first-sight imbalances (i.e. 
SAPS II), no significant differences were found (Elec-
tronic Supplemental Appendix (ESA) 3.2, Table S3). The 
differences in the incidence of catheter-associated com-
plications between randomization groups were tested 
using a marginal Cox model. This model takes into 
account the censored nature of the data and accounts 
for the intracluster (intrapatient) correlation (>1 catheter 
per patient), using a robust sandwich variance estimate 
(PROC PHREG of the SAS software). All P values less 
than 5 % were considered as significant.

Staff training and intravascular catheter care
Prior to implementation of the study, research staff 
ensured that all staff members were aware of institu-
tional protocols of catheter insertion, maintenance and 
surveillance, following the French Haute Autorité de 
Santé Checklist and international guidelines for prevent-
ing catheter-related infections (ESA  2.1: Guidelines for 
insertion and management of central and peripheral lines 
used during the study).

Dressings and catheters sites were inspected at 
each shift by the bedside nurses, and at least daily by a 
research nurse and a medical investigator; to reduce the 
subjectivity related to the large number of caregivers 
involved, training and posters with standard grids and 
pictures were provided. Dressing effectiveness was based 
on the rate of unplanned dressing changes, defined as the 
need for changing the dressing before the time interval 
specified by the local guidelines.

Follow‑up
Arterial and central venous catheters received a chlo-
rhexidine-impregnated sponge on the insertion site and 
under the transparent dressing, as part of the standard 
dressing. Dressing replacement interval was 7  days for 
these devices and every 4 days for all other catheters.

Tip culture was systematically performed for all central 
and arterial catheters and only in the case of suspected 
infection for peripheral catheters. Catheter infection and 
colonization was defined as previously reported accord-
ing to French guidelines [15] and detailed in the ESA. 
Definitions for all catheter complications (dysfunction, 
extravasation, unexpected catheter removal and throm-
boembolic complications) were established following 
international and national guidelines, scores and scales 
(ESA 2.3).

To determine the effect of the dressings on skin tol-
erance, we evaluated the skin reaction at each dress-
ing change and at each catheter removal according to 
the International Contact Dermatitis Research Group 
(ICDRG) scale and on a clinical evaluation of any abnor-
mality such as redness, pain, oedema and purulent or 
non-purulent discharge.

Materials
All dressings used in the study were transparent, water-
proof, impervious to the passage of bacteria to ensure 
a sterile barrier, and used a hypoallergenic adhesive. 
The hospital’s standard dressings were 3M™ Tegaderm 
HP dressing. The production was stopped by 3M after 
4  months, and Smith & Nephew™ IV3000 dressing was 
used during the rest of the study. Differences with the 
3M™ IV Advanced Securement dressing concerned the 
evacuation of the excess moisture to prevent skin mac-
eration, and the adaptability to the anatomical contours.

Graduation of infectious and non‑infectious complications 
by a Delphi process
Concomitantly with the study, and in order to integrate 
the various scales and classifications in a comparative 
table, we implemented a Delphi process focused on the 
impact of complications. On the basis of a literature 
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review and on the NCI Common Terminology Criteria 
for Adverse Events v4 (CTCAE) (ESA 2.2, Table S1), two 
investigators (SCG, JFT) developed the Delphi question-
naires. An independent expert panel of 12 doctors and 11 
nurses (ESA 1.1), mostly working outside the study cen-
tre to ensure higher objectivity, evaluated the severity of 
complications within each category (infection, thrombo-
sis, accidental removal, extravasation, dysfunction), and 
that for each study device.

The experts received a first questionnaire listing the 
different post-insertion complications without particular 
hierarchy and had to rate each item in terms of severity 
using a visual scale. Only items that achieved over 80 % 
of agreement were considered as solved. Discordance 
between experts was solved after three rounds. In the 
last round specific discrepancies between classifications 
were solved by specific comparisons (ESA 1.3). The con-
sensus obtained allowed us to build a summarizing table 
(Table 4), which even includes the complications that did 
not appear in the CTCAE classification. Detailed gradu-
ation and definitions of the CTCAE items used for this 
study are in ESA 2.2.

Results
The ADVANCED study included and evaluated 628 
patients, 4836 dressings and 2214 catheters: 873 periph-
eral venous catheters, 630 central venous catheters, 512 
arterial catheters and 199 dialysis catheters and pulmo-
nary arterial catheters (Fig. 1). Characteristics of patients 
are given in Tables S2 and S3 of the ESA. Patients were 
similar in all the groups in terms of sex, comorbidities, 
SOFA score and length of stay at the ICU. All analyses 
were controlled ensuring that the outcome measures 
were not affected. Characteristics of the catheters are 
summarized in Table 1. The study did not find differences 
between the dressings in terms of complication rates, 
dressing disruption rates or dressing tolerance.

Complication rates
Although from the 684 initially enrolled patients only 
628 were finally included, the 2214 evaluable catheters 
largely exceeded the size calculated for performing the 
intention-to-treat analysis (1340). Overall complication 
rate was high, with an incidence density of 60.9/1000 
catheter-days, involving 26.9  % of all intravenous 
devices (Table 2 and ESA 3.1, Table S2). Incidence rates 
and severity were extremely different, depending on 
the kind of device and their impact on the patient; 267 

complications occurred with PVC (41.9  % of all PVCs; 
25.5/1000 catheter-days), severe or very severe compli-
cations representing 2 cases (0.4  %). One hundred and 
eleven (17.6  % of all CVCs; 10.6/1000 catheter-days) of 
the CVCs presented a complication with 22 (7 %) severe 
and 4 (3  %) very severe complications. Sixty-one HDCs 
presented a complication (30.6 % of all HDCs, 5.8/1000 
catheter-days), with 34 (17.1 %) severe and 3 (1.5 %) very 
severe events with life-threatening consequences.

The most frequent complication leading to early cath-
eter removal was dysfunction, with an incidence rate 
of 34.6/1000 catheter-days; this event occurred mainly 
with PVCs (16/1000 catheter-days), followed by ACs 
(12.9/1000 catheter-days) and HDCs (3.5/1000 catheter-
days). Overall infectious complications incidence rate 
was of 14.5/1000 catheter-days and mainly related to 
catheter-tip colonization (14.2/1000 catheter-days), as 
only one catheter-related infection (0.1/1000 catheter-
days) in an AC and two catheter-related bloodstream 
infections (0.2/1000 catheter-days), in a CVC and in an 
HDC, happened during the study.

Thrombosis, deep or superficial, appeared as the most 
serious complication, with 16 cases of severe thrombo-
sis (1.8/1000 catheter-days), five very severe (0.6/1000 
catheter-days) and one attributable death (0.1/1000 
catheter-days), and an overall incidence rate of 3.8/1000 
catheter-days. Deep-vein thrombosis rates were also 
higher for HDCs, as it occurred in 5 % of all HDCs and 
in less than 1 % of ACs or CVCs. For PVCs, extravasation 
and superficial phlebitis occurred in 45 cases (24.7/1000 
catheter-days).

Accidental catheter removal was identified in 71 cases 
(3.2 % of all catheters, density incidence of 6.7/1000 cath-
eter-days) and occurred mainly with PVCs (55 cases, 6 % 
of all PVCs, 5.2/1000 catheter-days) and CVCs (14 cases, 
2.2  % of all CVCs, 1.3/1000 catheter-days), whereas it 
only happened on two ACs (1.2/1000 catheter-days) and 
never affected HDCs or PACs.

Complication rate was identical between groups, with 
an incidence rate of at least a minor complication of 
57.37/1000 catheter-days for the Advanced group and 
of 57.52 for the control group [HR 1.03, CI (0.84–1.27), 
p  =  0.81], proving the equivalence in performance 
between the three dressing types (Table 3). At least one 
minor complication occurred in 20  % versus 16.45  % 
in period 1 (HR =  1.14, p =  0.56) and in 25.5 % versus 
26.6 % in period 2 (HR = 0.95, p = 0.71), but these differ-
ences were not significant (Table 4). 
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Secondary end points: dressing disruption rates and skin 
tolerance
As dressings of PVCs are generally removed only dur-
ing catheter replacement, this end point was analysed 
only for all other catheters: ACs, CVCs, PACs and HDCs. 
Overall disruption rate was 36.9  %, but not different 

between both groups (ESA 3.4, Table S5). There was no 
difference either in the median and mean number of 
dressings per group (2 [1–3], 2.2 for the Advanced group 
versus 2 [1–3], 2.1 for the control group, RR  =  1.04, 
p = 0.19) (ESA 3.4, Table S5). The main reason for disrup-
tion was a peeling off by the edges, inducing a dressing 

Modified Inten�on To Treat

904 ICU admissions 
during study period

218 not randomized :
- 99 admi�ed less than 48h
- 95 research nurses vaca�on
- 7 Protected-by-the law pa�ents
- 17 No need for catheter inser�on

686 randomized pa�ents 

641 pre-included paents 

45 catheter inseron failures

ADVANCED 
316 pa�ents

1142 catheters
2541 dressings

HP / IV3000      
312 pa�ents

1072 catheters
2295 dressings

628 included pa�ents 

13 protocol violaons:
3 pa�ents < 18 years-old
2 Protected-by-the law pa�ents
8 randomiza�on errors

Fig. 1 Flow chart
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change to secure the catheter and seal the insertion site 
(ESA 3.5, Table S6 and ESA 3.6, Table S7].

All three dressings were well tolerated (overall rate of 
normal skin >89 %, and no allergic reactions were observed 
for 99  % of all dressings). Skin status was not different 
between groups. Redness was the most common adverse 

event (4.9  %) (ESA  3.6, Table  S7) followed by bleeding 
under the dressing (4.6 %). We identified 31 doubtful and 
nine violent reactions, all analysed and followed up until 
resolution; nevertheless, none of them could be attributed 
directly to the dressings. The doubtful reactions resolved 
spontaneously within 24  h; violent reactions, which 

Table 1 Characteristics of the catheters

* For redness, comparing HP versus other groups (marginal Cox model adjusted for origin, parenteral nutrition and SAPSII), HP: p value = 0.05, HR 95 % CI 2.44 
[1.00–5.98]

Variable Advanced (n = 1142) HP/IV3000 (n = 1072)

Type of catheter

 Arterial catheter 254 (22.2) 258 (24.1)

 Dialysis/pulmonary arterial catheter 122 (10.7) 77 (7.2)

 Peripheral venous catheter 439 (38.4) 434 (40.5)

 Central venous catheter 327 (28.6) 303 (28.3)

Duration of insertion (in days) 3 [1.3; 6.1] 2.9 [1.2; 5.9]

Antibiotic therapy at insertion

 Yes 930 (81.4) 830 (77.4)

Mechanical ventilation at insertion

 Yes 554 (48.5) 526 (49.1)

Vasopressors at insertion

 Yes 401 (35.1) 393 (36.7)

Transport out of ICU with catheter in place

 No 759 (66.5) 731 (68.2)

 Once 245 (21.5) 209 (19.5)

 Twice 88 (7.7) 82 (7.6)

 More than twice 50 (4.4) 50 (4.7)

Transport to operating room with catheter in place

 No 1039 (91) 995 (92.8)

 Once 79 (6.9) 61 (5.7)

 Twice 18 (1.6) 9 (0.8)

 More than twice 6 (0.5) 7 (0.7)

Antibiotic therapy in the 3 days before catheter removal

 Yes 852 (74.6) 755 (70.4)

Discharge with catheter in place

 Yes 217 (19) 221 (20.6)

Reason for catheter removal

 Change of insertion site 190 (16.6) 161 (15)

 Complication (see Table 4) 359 (31.4) 360 (33.6)

 Death 88 (7.7) 66 (6.2)

 Useless 185 (16.2) 183 (17.1)

 Discharged from ward 320 (28) 302 (28.2)

Skin status 24 h before catheter removal

 Normal skin 1071 (93.8) 1008 (94)

 Redness* 22 (1.9) 25 (2.3)

 Pain 13 (1.1) 12 (1.1)

 Non‑purulent discharge 30 (2.6) 22 (2.1)

 Purulent discharge 6 (0.5) 5 (0.5)
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affected five patients, were associated with an exacerba-
tion under the dressing of a systemic reaction related to 
another event (medication allergy, comorbidity, etc.).

Discussion
The results show an accurate and comprehensive picture 
all intravascular post-insertion complications found in 
intensive care, highlighting an important overall compli-
cation incidence rate (60.9/1000 catheter-days) involving 
more than one-fourth of all IVCs.

Another important aspect pinpointed by the study 
was the relevance of deep-vein thrombosis (DVT) as 
the most frequent very severe complication, exceeding 
infections in number and in severity. Actually, catheter-
related infections incidence, consistent with other stud-
ies [15–18], remained low (0.3/1000 catheter-days) and 
occurred only in three cases. In contrast, we identified 
33 cases of DVT that, as found in precedent studies in 
intensive care settings [9, 19–21], had a high impact on 
the patient’s outcome; most of them required long-term 
medical treatment (anticoagulant) or urgent surgical 
intervention. Catheterization is an important risk factor 
for developing DVT. DVT is also related to insertion site 
infection, as already suggested by other studies [21–23], 
but also catheter type and size [24] may facilitate the 
occurrence of thrombotic events. In our study, HDCs 
represent an important share of all severe and very severe 
complications, in particular thrombosis. Increased sever-
ity and complication frequency with these devices may be 
related to greater patient fragility, as this particular group 
of patients has an already higher gravity score at ICU 
admission (ESA 3.3, Table S4), or to a higher risk of intro-
duction of organisms during dialysis procedures [25, 26].

Peripheral venous catheters were the most frequently 
inserted devices. As in recent studies [27, 28], PVCs were 
also associated with the highest number of complica-
tions, revealing the weakness of this access in intensive 
settings. Complications were often related to dysfunc-
tion (15.9/1000 catheter-days), but the most serious com-
plications were moderate (7.1/1000 catheter-days) and 
severe phlebitis and extravasations (1.1/1000 catheter-
days), similar in gravity to those found in the literature 
[27, 29]. On the other hand, CVCs had a low complica-
tion incidence rate (10.9/1000 catheter-days), but some 
of the events, in particular DVT and infection, remained 
very severe. Disparities in density rates among PVCs 
and CVCs raise the question of the adequacy of vascular 
access in intensive care, and the interest of carefully bal-
ancing risks and benefits as proposed recently by Bouza 
and Fernandez-Ruiz [30, 31].

Improvements in catheter and dressing technologies 
and compliance with catheter maintenance bundles have 
provided real efficiency in catheter-related infection pre-
vention [32–35]. The impact of dressings has been dem-
onstrated in different studies, in PVCs [11, 36], ACs [37] 
and CVCs [38, 39], and the results are similar to those 
obtained in our study. However, the present study did not 
find any statistically significant difference between the 
different dressing groups with respect to complication 
occurrence, dressing disruption rates or skin tolerance.

Our study has some major limitations, in particular the 
single centre and open-label design. For obvious reasons 
of dressing differences, study groups were not blinded 
for nurses and physicians; but complication reports 
were anonymous and their analysis was performed with-
out displaying the randomization group. Ultrasound 

Table 3 Risk of complications and incidence rates

* Generalized estimating equation (GEE) with independent correlation structure, adjusted for patient origin, parenteral nutrition, patient SAPS, and stratified 
according to the study period

** Incidence rate per 1000 catheter-days

Variable Advanced HP/IV3000 Cox marginal HRadj [95 % CI], p value*

All catheters No. catheter‑days = 5389 No. catheter‑days = 5078

 Dysfunction 35.63** 33.48 1.04 [0.80–1.35], p = 0.79

 Severe catheter dysfunction 5.57 3.35 1.43 [0.69–2.94], p = 0.34

 Accidental removal 6.87 6.70 1.07 [0.56–2.04], p = 0.84

 At least a minor complication 57.37 57.52 1.03 [0.84–1.27], p = 0.79

 Global complication scoring severe and very severe 7.24 6.10 1.17 [0.72–1.90], p = 0.53

CVC, dialysis, pulmonary arterial and arterial catheters No. catheter‑days = 4463 No. catheter‑days = 4184 8647

 Deep thrombosis 3.36 4.30 0.89 [0.45–1.77], p = 0.74

 Colonization/CRI/CRBSI 13.44 15.77 0.89 [0.61–1.32], p = 0.57

Peripheral catheters No. catheter‑days = 926 No. catheter‑days = 894

 Extravasation and phlebitis 28.08 21.25 1.40 [0.69–2.82], p = 0.35

Advanced incidence rate HP/IV3000 incidence rate Overall incidence rate

 All complications 61.2 60.5 60.9
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exploration and peripheral venous catheter tips analysis 
were performed only on request; therefore, silent deep 
venous thrombosis or colonization of peripheral cath-
eters could have remained unnoticed. Unfortunately, we 
did not collect initially ventilator-free days data, an end 
point that would have better described ICU resource 
utilization. Finally, further validation of the Delphi pro-
cess would have ensured higher objectivity, as some 
items (like catheter-tip colonization) remain subject to 
discussion.

Conclusion
Maintaining reliable and adapted vascular access is a 
complex process, involving numerous clinical factors, 
staff competencies and a careful balance between risks 
and benefits when choosing the kind of access and the 
insertion site. None of the new dressings analysed in 
this study decreased complication or dressing disruption 
rates. The main contribution of this study was to put into 
perspective the various complications related to vascular 
access in intensive care.

Despite important progress on serious adverse events 
such as catheter-related infections, other complications 
remain a challenge, in particular DVT, and additional 
efforts are needed to reduce iatrogenic complications 
related to intravascular access in intensive care settings.
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