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IMPORTANCE Central venous catheters (CVCs) are commonly used but are associated with
complications. Quantifying complication rates is essential for guiding CVC utilization
decisions.

OBJECTIVE To summarize current rates of CVC-associated complications.

DATA SOURCES MEDLINE, Embase, CINAHL, and CENTRAL databases were searched for
observational studies and randomized clinical trials published between 2015 to 2023.

STUDY SELECTION This study included English-language observational studies and
randomized clinical trials of adult patients that reported complication rates of short-term
centrally inserted CVCs and data for 1 or more outcomes of interest. Studies that evaluated
long-term intravascular devices, focused on dialysis catheters not typically used for
medication administration, or studied catheters placed by radiologists were excluded.

DATA EXTRACTION AND SYNTHESIS Two reviewers independently extracted data and assessed
risk of bias. Bayesian random-effects meta-analysis was applied to summarize event rates.
Rates of placement complications (events/1000 catheters with 95% credible interval [CrI])
and use complications (events/1000 catheter-days with 95% CrI) were estimated.

MAIN OUTCOMES AND MEASURES Ten prespecified complications associated with CVC
placement (placement failure, arterial puncture, arterial cannulation, pneumothorax,
bleeding events requiring action, nerve injury, arteriovenous fistula, cardiac tamponade,
arrhythmia, and delay of �1 hour in vasopressor administration) and 5 prespecified
complications associated with CVC use (malfunction, infection, deep vein thrombosis [DVT],
thrombophlebitis, and venous stenosis) were assessed. The composite of 4 serious
complications (arterial cannulation, pneumothorax, infection, or DVT) after CVC exposure for
3 days was also assessed.

RESULTS Of 11 722 screened studies, 130 were included in the analyses. Seven of 15
prespecified complications were meta-analyzed. Placement failure occurred at 20.4 (95% CrI,
10.9-34.4) events per 1000 catheters placed. Other rates of CVC placement complications
(per 1000 catheters) were arterial canulation (2.8; 95% CrI, 0.1-10), arterial puncture (16.2;
95% CrI, 11.5-22), and pneumothorax (4.4; 95% CrI, 2.7-6.5). Rates of CVC use complications
(per 1000 catheter-days) were malfunction (5.5; 95% CrI, 0.6-38), infection (4.8; 95% CrI,
3.4-6.6), and DVT (2.7; 95% CrI, 1.0-6.2). It was estimated that 30.2 (95% CrI, 21.8-43.0) in
1000 patients with a CVC for 3 days would develop 1 or more serious complication (arterial
cannulation, pneumothorax, infection, or DVT). Use of ultrasonography was associated with
lower rates of arterial puncture (risk ratio [RR], 0.20; 95% CrI, 0.09-0.44; 13.5 events vs 68.8
events/1000 catheters) and pneumothorax (RR, 0.25; 95% CrI, 0.08-0.80; 2.4 events vs 9.9
events/1000 catheters).

CONCLUSIONS AND RELEVANCE Approximately 3% of CVC placements were associated with
major complications. Use of ultrasonography guidance may reduce specific risks including
arterial puncture and pneumothorax.
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C entral venous catheters (CVCs) are widely used to de-
liver medications, fluids, and parenteral nutrition. Older
estimates suggest that 5 million CVCs are inserted in the

US annually,1 and a more recent estimate is that 27 million CVCs
are inserted worldwide annually.2 Despite their frequent use,
CVCs are associated with several risks, including immediate
insertion-related complications (eg, pneumothorax, arterial
cannulation), central catheter–line-associated bloodstream in-
fections (CLABSI), and deep venous thrombosis (DVT).3

Recent studies have shown low complication rates from
peripheral administration of vasoactive drugs previously
thought to require administration via CVC.4 This has
motivated hospitals to create protocols supporting periph-
eral vasoactive medication administration.5 Understanding
complication rates of different catheter types helps guide de-
velopment of these policies.

To estimate current rates of complications associated with
centrally inserted CVCs and factors influencing complication
rates, we conducted a systematic review and meta-analysis of
recent studies (2015-2023) examining CVCs in inpatient
populations.

Methods
Search Strategy
This study followed the Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA)
reporting guidelines,6 and was registered at PROSPERO
(CRD42020176851). We searched MEDLINE, Embase, CINAHL,
and CENTRAL. We included English-language studies
published between July 2015 and September 2023. The search
strategy was limited to 2015 to 2023 to ensure that included
studies were more representative of current medical practices,
including adherence to recent guidelines on CVC placement
and use, and increased adoption of ultrasonography guidance
(eAppendix 1 in Supplement 1).

Inclusion/Exclusion Criteria
We included observational studies or randomized clinical trials
reporting complication rates of short-term centrally inserted
CVCs (peripherally inserted central catheters [PICCs] were ex-
cluded). Included studies met the following criteria: (1) in-
cluded data for adult inpatients aged 18 years or older, (2) de-
scribed centrally inserted CVCs that are typically placed for
short-term use, and (3) included data for 1 or more outcomes
of interest. We excluded studies that (1) evaluated long-term
intravascular devices such as tunneled lines; (2) focused on di-
alysis catheters not typically used for medication administra-
tion; and (3) studied catheters placed by radiologists. We ex-
cluded studies in which data for CVCs of interest could not be
separated from data on PICCs or dialysis catheters (eTable 1 in
Supplement 1).

Study Selection
Pairs of investigators (B.T., C.D., T.V.P., P.M., M.C.S., and/or A.S.)
independently screened identified references for inclusion
based on title and abstract. Full texts of potentially eligible ar-

ticles were reviewed by at least 2 of the reviewers. Disagree-
ments were resolved by discussion and, when necessary, con-
sultation with a senior reviewer (H.C.W., D.N.W., or H.W.).

Data Extraction and Risk of Bias
Data were extracted using Covidence7 by 2 assessors (B.T., C.D.,
T.V.P., P.M., M.C.S., and/or A.S.). Studies were assessed for qual-
ity using an adapted version of the Risk of Bias in Cohort Stud-
ies tool8 (eAppendix 2 in Supplement 1).

Outcomes
We examined complications associated with placement and
use of CVCs. We defined CVC-associated complication as any
undesirable event not present prior to CVC insertion or any pre-
existing event that worsened in intensity or frequency follow-
ing CVC exposure.9 While this definition did not allow us to
differentiate between complications directly related to CVC in-
sertion and those that may have occurred independently of the
catheter, the broader definition enabled us to be more com-
prehensive and accurate in estimating overall risks associ-
ated with CVC placement and use.

The 10 prespecified CVC placement complications of in-
terest included placement failure, arterial puncture, arterial
cannulation, pneumothorax, bleeding events requiring ac-
tion, nerve injury, arteriovenous fistula, cardiac tamponade,
arrhythmia, and delay in vasopressor administration. The 5 pre-
specified CVC use complications of interest were malfunc-
tions, CLABSIs, DVTs, thrombophlebitis, and venous steno-
sis (eTable 2 in Supplement 1).10 Placement-related
complications were modeled as incidence proportions (risks)
because they tend to occur immediately after catheter expo-
sure, whereas CVC use complications were modeled as inci-
dence rates because these events are more time-dependent (the
risk increases with increasing catheter exposure). We ex-
pressed risks as events per 1000 catheters and incidence rates
as events per 1000 catheter-days.

Serious complications were defined as those with the po-
tential for grade 3 to 4 morbidity based on National Cancer In-
stitute Common Terminology Criteria for Adverse Events.11,12

A composite outcome was then developed, including 4 seri-
ous complications often considered in clinical decision-
making regarding whether to place a CVC: arterial cannula-

Key Points
Question What are the rates of complications from central venous
catheter (CVC) use?

Findings This systematic review and meta-analysis of literature
from 2015 to 2023 found that rates of complications varied
substantially across studies, but on average, the rate of serious
complications (arterial cannulation, pneumothorax, infection, or
deep vein thrombosis) from a CVC placed for 3 days was estimated
to be 30 events per 1000 catheters placed (3%). Use of
ultrasonography was associated with lower rates of immediate
insertion-related complications.

Meaning This study found that approximately 3% of CVC
placements were associated with major complications, with
ultrasonography guidance reducing some of the specific risks.
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tion, pneumothorax, CLABSI, and DVT. Although CVCs are
often placed for more than 3 days, we chose a 3-day period to
estimate the probability of the composite outcome based on
published vasopressor dose trajectories13 to remain conser-
vative in our estimate.

Statistical Analysis
Continuous variables were described as medians (IQRs). Cat-
egorical variables were presented as counts (proportions). We
imputed mean follow-up (in catheter-days) using reported
summary statistics (eAppendix 3 in Supplement 1).14

We used Bayesian random-effects meta-analysis models
to pool estimates across studies. We used the binomial likeli-
hood with a logit link to model proportions. For incidence rates,
we used the Poisson likelihood with a log link. All models were
estimated based on noninformative prior distributions
(eAppendix 4 in Supplement 1). We quantified the between-
study heterogeneity using 95% predictive intervals.15

We fitted Bayesian random-effects meta-regression mod-
els to investigate whether moderators (insertion site, ultraso-
nography use, risk of bias, and study design) were associated
with the risk or incidence rate of complications. We prespeci-
fied these models for placement failure, arterial puncture, and
pneumothorax but did not do so for CLABSI and DVT. We added
these nonprespecified analyses based on reviewer recommen-
dations since reducing needle passes with ultrasonography
might mitigate the risk of CLABSI and DVT, as suggested by pre-
vious studies.16-18

We also estimated the probability of patients developing
the composite outcome (arterial cannulation, pneumotho-
rax, infection, or DVT) after being exposed to a CVC for 3 days
(eAppendix 4 in Supplement 1).

All results were obtained from posterior medians and 2.5th
and 97.5th percentiles. We implemented models in Open-
BUGS 2.0, and estimates were obtained using Markov chain
Monte Carlo simulation via 500 000 iterations (burn-in of
50 000 simulations). Approaches to model diagnostics are de-
scribed in eAppendix 4 in Supplement 1. We conducted a sen-
sitivity analysis using frequentist random-effects meta-
analysis models, specifically mixed-effects logistic and Poisson
regression, as these models provide less biased estimates than
inverse-variance methods in meta-analyses with few
events.19,20

Results
Study Characteristics
Our search identified 15 282 records, of which 11 722 were
unique peer-reviewed studies. After title/abstract screening and
full-text assessment, 130 articles met all eligibility criteria
(Figure 1). The Table shows the study characteristics. Sixty-
one (47%) were randomized trials and 50 (38.5%) were pro-
spective cohort studies. The median (IQR) sample size was 160
(91-424) participants. A total of 112 studies (86%) were at low
risk of bias (eTable 3 in Supplement 1 and eFigure 1 in Supple-
ment 1). Randomized clinical trials were twice as likely to use
ultrasonography guidance: 37 of 61 (61%) randomized clini-

cal trials used ultrasonography guidance in all patients, com-
pared with 23 of 69 observational studies (33%).

Catheter Placement Characteristics
In the 130 included studies, 214 325 central catheters were
placed, of which 47 533 were internal jugular (22.2%), 21 540
subclavian (10.1%), and 8201 (3.8%) femoral. Catheters were
primarily assessed in participants from intensive care units
(ICUs; n = 69 studies; 53.1%) and/or operating rooms (n = 53
studies; 40.8%). The purpose of catheter placement was un-
specified in 77 studies (59.2%). Among the 53 studies that re-
ported the purpose, the most common reason was total par-
enteral nutrition (18 studies), followed by chemotherapy (13
studies), and vasopressors (12 studies) (Table).

Rates of CVC-Associated Complications
Figure 2 summarizes the rates of the 7 CVC-associated com-
plications with sufficient data for meta-analysis. There were
insufficient data for meta-analysis for bleeding events requir-
ing action, nerve injury, arteriovenous fistula, cardiac tam-
ponade, arrhythmia, delay of 1 or more hours in vasopressor
administration, thrombophlebitis, and venous stenosis.

Figure 1. PRISMA Diagram

11 722 Titles and abstracts screened

7116 Embase
4008 MEDLINE
3453 Cochrane

Records identified from

705 CINAHL

3560 Records removed before 
screening: duplicate records 
removed

10 843 Records excluded

879 Reports sought for retrieval

0 Reports not retrieved

879 Reports assessed for eligibility

Reports excluded:
350 Other catheter typea

142 Publication typeb

132 No relevant outcomes
65 Long-term catheters
30 Radiologist insertion
30 Pediatric patients

130 Studies included in review

a Other catheter types such as urinary catheters, peripheral intravenous
catheters, midline catheters, peripherally inserted central catheters, and
dialysis catheters were excluded from this study.

b Other study types such as case reports, case series, study protocols for future
research, guidelines, systematic reviews, and surveys were excluded from this
study.
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Placement Failure
In 37 studies on 17 407 catheters, placement failure rates
ranged from 0 to 200 per 1000 catheters placed (eFigure 2

in Supplement 1). The pooled rate of catheter placement
failure was 20.4 per 1000 catheters placed (95% CrI, 10.9-
34.4), with a wide 95% prediction interval (PI) (0.8-326.4
events/1000 catheters), indicating high heterogeneity
(Figure 2; and eFigure 2 in Supplement 1).

Arterial Cannulation
In 10 studies on 6489 catheters, the rate of arterial cannulation
ranged from 0 to 28 per 1000 catheters placed (eFigure 3 in
Supplement 1). The pooled rate of arterial cannulation was 2.8
events per 1000 catheters placed (95% CrI, 0.1-10.0) (Figure 2;
and eFigure 3 in Supplement 1). The 95% PI, indicating substan-
tial between-study heterogeneity, spanned from 0.3 to 135.4
events per 1000 catheters placed.

Arterial Puncture
In 67 studies on 22 296 catheters, the rates of arterial puncture
ranged from 0 to 144 per 1000 catheters placed (eFigure 4 in
Supplement 1). The pooled rate of arterial puncture was 16.2 per
1000 catheters placed (95% CrI, 11.5-22.0) (Figure 2; and eFig-
ure 4 in Supplement 1). The 95% PI, suggesting high between-
study heterogeneity, spanned from 1.6 to 139.3 events per 1000
catheters placed.

Pneumothorax
In 65 studies on 32 665 catheters, the rates of pneumothorax
ranged from 0 to 100 per 1000 catheters placed (eFigure 5 in
Supplement 1). The pooled rate of pneumothorax was 4.4 per
1000 catheters placed (95% CrI, 2.7-6.5). The 95% PI, indicat-
ing substantial between-study heterogeneity, ranged from 0.3
to 54.9 events per 1000 catheters placed (Figure 2; and eFig-
ure 5 in Supplement 1).

Catheter Malfunction
In 8 studies examining 23 794.3 catheter-days, catheter mal-
function occurred at an incidence rate ranging from 0 to
45.7 per 1000 catheter-days (eFigure 6 in Supplement 1).
The pooled incidence rate of catheter malfunction was 5.5
per 1000 catheter-days (95% CrI, 0.6-38.0). The 95% PI
indicated extreme heterogeneity across studies (0 to 2054
events per 1000 catheter-days) (Figure 2; and eFigure 6 in
Supplement 1).

Central Catheter-Associated Bloodstream Infections
In 48 studies examining 549 246.8 catheter-days, rates of
CLABSI ranged from 0 to 23.5 per 1000 catheter-days (eFig-
ure 7 in Supplement 1). The pooled rate of CLABSI was 4.8 per
1000 catheter-days (95% CrI, 3.4-6.6). The 95% PI indicated
substantial heterogeneity across studies (0-39.8 events per
1000 catheter-days) (Figure 2; and eFigure 7 in Supple-
ment 1).

Deep Vein Thrombosis
In 14 studies examining 73 895 catheter-days, rates of DVT
ranged from 0 to 25.0 per 1000 catheter-days (eFigure 8 in
Supplement 1). The pooled incidence rate of DVT was 2.7 per
1000 catheter-days (95% CrI, 1.0-6.2). There was evidence for
between-study heterogeneity, with the 95% PI spanning 0.1

Table. Characteristics of the 130 Included Studies

Study characteristic No. (%)
Settinga

Intensive care unit 69 (53.1)

Ward 18 (13.8)

Emergency department 8 (6.2)

Operating room 53 (40.8)

≥2 categories 25 (19.2)

Other/unclear 11 (8.5)

Catheter placed byb

Attending physician 84 (64.6)

Medical trainees 37 (28.5)

Nurses 3 (2.3)

Other professionals 2 (1.5)

≥2 categories 29 (22.3)

Unclear 36 (27.7)

Purposec

Vasopressors 12 (9.2)

Total parenteral nutrition 18 (13.8)

Chemotherapy 13 (10)

Other 23 (17.7)

≥2 categories 12 (9.2)

Unclear 77 (59.2)

Study design

Randomized clinical trial 61 (46.9)

Prospective cohort 50 (38.5)

Retrospective cohort 14 (10.8)

Time series 5 (3.8)

Ultrasonography use

Yes 60 (46.2)

No 11 (8.5)

Partiallyd 17 (13.1)

Unclear 42 (32.3)

Sample size (No. of participants)

≤100 38 (29.2)

101-250 39 (30)

251-500 18 (13.8)

501-1000 11 (8.5)

≥1000 14 (10.8)

Unclear 10 (7.7)

Countrye

High income 75 (57.7)

Low and middle income 55 (42.3)

a The sum of the counts is larger than the number of studies because catheters
could be placed in more than 1 location in a given study.

b The sum of the counts is larger than the number of studies because catheters
could be placed by more than 1 professional category in a given study.

c The sum of the counts is larger than the number of studies because a study
could have examined catheters for different purposes.

d Partial refers to ultrasonography guidance used for some but not all patients.
e Based on the classification of countries by the World Bank in 2021.21
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to 61.7 events per 1000 catheter-days (Figure 2; and eFig-
ure 8 in Supplement 1).

Pooled Composite Outcome of Serious Complications
We estimate that 30.2 (95% CrI, 21.8-43.0) of 1000 patients
treated with a CVC for 3 days will develop 1 or more serious
complications (arterial cannulation, pneumothorax, CLABSI,
or DVT).

Association of Insertion Site With the Rate of Complications
Figure 3 shows CVC-associated complication rates by cath-
eter insertion site. A total of 124 studies were included in the
analysis of complications by insertion site (eFigures 9-12 in

Supplement 1 and eTables 4-7 in Supplement 1). All insertion
sites were comparable with respect to rates of arterial punc-
ture and placement failure. Insufficient data for arterial can-
nulation and catheter malfunction precluded model fitting. The
subclavian site had a higher risk of pneumothorax than the in-
ternal jugular site, with 7.8 events per 1000 events (95% CrI,
4.3-13.0) vs 1.9 events per 1000 catheters (95% CrI, 0.93-3.5),
respectively. The corresponding risk ratio (RR) was 4.09 (95%
CrI, 1.84-9.48), with 100% posterior probability that the true
RR greater than 1 (eFigure 11 in Supplement 1).

Rates of CLABSI were comparable for subclavian and fem-
oral insertions, with rates of 2.5 and 2.7 infections per 1000
catheter days, respectively. Internal jugular insertions were as-

Figure 2. Summary of Central Venous Catheter-Associated Complications
Based on Bayesian Random-Effects Meta-Analysis Models
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Figure 3. Central Venous Catheter-Associated Complication Rates by Catheter Insertion Site
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sociated with 3.8 infections per 1000 catheter days, but 95%
CrIs overlapped across the 3 insertion sites (eFigure 12 in
Supplement 1).

Association of Ultrasound Use With the Complication Rates
Ultrasonography-based guidance was associated with lower
risk of arterial puncture and pneumothorax compared with par-
tial (used for some but not all patients) or no ultrasonography
use (Figure 4). Analyses of ultrasonography guidance per in-
sertion site (only internal jugular and subclavian catheters had
sufficient data) corroborated the results from the main analy-
sis. Compared with no or partial ultrasonography guidance, use
of ultrasonography was associated with lower rates of place-
ment failure, arterial puncture and pneumothorax, irrespec-
tive of insertion site (eFigures 13-15 in Supplement 1). How-
ever, greater differences were observed in the incidence risk
of pneumothorax for internal jugular catheters, with inci-
dence rates of 0.4 events per 1000 catheters under ultraso-
nography guidance compared with 17.9 events per 1000 cath-
eters without or with partial ultrasonography guidance (RR,
0.02; 95% CrI, 0.001-0.28). The corresponding difference was
smaller for subclavian catheters, with rates of 3.2 events
per 1000 catheters under ultrasonography guidance vs 12.2
events per 1000 catheters without or with partial ultrasonog-
raphy guidance (RR, 0.26; 95% CrI, 0.04-1.60) (eFigure 15 in
Supplement 1).

Association of Risk of Bias and Study Design
With the Rate of Complications
We found no robust association between risk of bias or study
design (randomized clinical trials vs observational studies) and
the magnitude of complication rates in the included studies
(eTables 8-11 in Supplement 1).

Sensitivity Analyses
Estimates derived from frequentist models were comparable
to those obtained from Bayesian analyses (eFigures 2-8 in
Supplement 1).

Discussion
Main Findings and Potential Implications
In this systematic review, we assessed data from 130 recent
studies (2015 to 2023) to determine average rates of compli-
cations associated with CVCs, providing comprehensive esti-
mates of potential complications resulting from placement and
use of CVCs. The 3 most common complications associated
with CVC placement are placement failure (20.4 events/1000
catheters placed), arterial puncture (16.2 events/1000 cath-
eters placed), and pneumothorax (4.4 events/1000 catheters
placed). Approximately 30 of 1000 patients with a CVC for 3
days were estimated to have 1 or more of the 4 serious com-

Figure 4. Estimates From Meta-Regression Models for the Association of Use of Ultrasonography
With the Rate of Complications
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plications: arterial puncture, pneumothorax, infection, or DVT.
This rate is relatively high compared with other bedside
procedures.22-24 However, rates were also substantially lower
for a number of these complications when ultrasonography
guidance was consistently used.

These findings have important implications for informed
consent and clinical practice because they highlight the need
for widespread use of up-to-date insertion protocols and for
clinicians to carefully consider risks and benefits of CVC use,
particularly for delivery of medications traditionally thought
to require CVC that may be safely administered peripherally
with appropriate protocols for a short period of time.4,5 Stud-
ies examining vasopressor dose trajectories and implementa-
tion of peripheral vasopressor delivery protocols have shown
that approximately 50% of patients requiring vasopressors can
avoid need for CVC,13,25,26 with extravasation of peripheral va-
sopressors being uncommon, and tissue injury being very rare
with monitored peripheral administration.4,26-29 A recent in-
ternational survey of ICUs in the US, Australia, the UK, Canada,
and Saudi Arabia found that norepinephrine was delivered pe-
ripherally in 113 of 132 centers (86%), reducing need for CVCs.30

Comparison With Previous Studies
Other reviews have reported complications occurring in 15%
to 33% of catheterization attempts.31,32 The pooled complica-
tion rates in the meta-analysis were lower, which may reflect
progress in CVC placement and maintenance techniques in our
more recent literature search. Historically, central veins were
accessed using anatomical landmarks and palpation of ana-
tomic structures, leading to high rates of immediate insertion-
related complications, particularly in obese or critically ill
patients.31

The pooled rates of CLABSI were lowest for subclavian in-
sertions in this study, but 95% CrIs overlapped substantially
(eFigure 12 in Supplement 1). A recent review suggested that
reduced risk of CLABSI with subclavian insertion may be clearer
in the ICU setting but must be balanced against increased risk
of immediate insertion-related complications such as
pneumothorax.33 Our findings suggest that the small de-
crease in CLABSI rates with subclavian insertion may be off-
set by the increased risk of pneumothorax, which remains rela-
tively high even with use of ultrasonography for subclavian
insertion. It is important to note that these results are based
on a small number of studies and are associated with consid-
erable uncertainty. Further confirmation is required through
more extensive and well-conducted studies.

The 2020 practice guidelines from the American Society
of Anesthesiologists recommended that real-time ultrasonog-
raphy guidance be used for internal jugular vein cannulation
and, when feasible, for subclavian and femoral cannulation.34

Our analyses showed that the rates of arterial puncture and
pneumothorax were 5- to 6-fold lower in studies that used ul-
trasonographic guidance compared with those that did not,
similar to prior research.35

Limitations
This systematic review has important limitations. First, out-
come definitions were not uniform across studies. Although

efforts were made to standardize estimates and account for dis-
similar follow-up whenever feasible, the wide CrIs and statis-
tical heterogeneity among estimates can be attributed, at least
partially, to variation in patient samples, study design, and dif-
ferent definitions of CVC-associated complications. Second,
we included many populations in this analysis, such as onco-
logical patients, those in critical care settings, patients under-
going major surgery, and individuals with difficult peripheral
venous access. Although these results offer important clini-
cal insights into the overall rates of CVC-associated complica-
tions, additional research is required to generate estimates spe-
cific to different patient populations. Third, we found that
many studies on CVC-associated complications provided sub-
optimal descriptions of the purpose of catheter use and char-
acteristics of operators inserting catheters. We also could not
account for the effect of the experience, type, and skill levels
of clinicians in these analyses. Further investigations are re-
quired to clarify the association of these factors with
CVC-associated complications. Fourth, despite our best ef-
forts including having 2 reviewers screen all titles, abstracts
and selected full texts, it is possible that a few articles were
missed due to the large number of studies that were screened.
Fifth, incomplete adoption of modern infection prevention pro-
tocols at some study centers may have increased pooled CLABSI
rates. Sixth, if there was correlation between major complica-
tions in the composite outcome, this may have led us to over-
estimate the outcome, whereas our short time period may have
led us to underestimate it. Seventh, our choice to use uni-
form daily risks for CLABSI and DVT in our composite out-
come may have oversimplified the risk over time. However,
because follow-up time across studies was also variable, our
estimate was likely a slight underestimate as well. Eighth, stud-
ies using ultrasonography guidance were more likely to be ran-
domized clinical trials than those that did not. Nevertheless,
we found no robust differences in complication rates be-
tween randomized clinical trials and observational studies, nor
between studies with low and high overall bias risk. The po-
tential association between methodological rigor and the mag-
nitude of the CVC complication rates remains uncertain, but
merits further investigation. Finally, it is crucial to interpret
the results obtained from our metaregression models as sug-
gestive associations, not definitive evidence of causality. Even
though the results align with previous evidence indicating that
ultrasonography guidance is associated with lower rates of
CVC-associated complications,36 we could not adjust the analy-
ses for patient demographic characteristics, comorbidities, or
concurrent treatments due to a lack of individual patient data.
Thus, residual confounding may explain the estimates of re-
duction in complications from ultrasonography use.

Conclusions
In this systematic review of complications following CVC in-
sertion, we found that the rate of major complications was ap-
proximately 3%. Ultrasonography use was associated with
fewer immediate insertion-related complications. Efforts
should be made to limit CVC use when clinically appropriate.
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