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Abstract
Background: Central venous catheters are essential for management of hospitalized patients, but their insertion is 
subject to complications that can make them unusable and/or cause patient morbidity. There are few data on the 
incidence of these complications and the variables associated with these outcomes in Brazil. Objectives: To determine 
the incidence of mechanical complications and failures of short stay central venous catheters fitted by the vascular surgery 
service at a teaching hospital and identify variables associated with their occurrence. Methods: This was a prospective 
cohort of 73 attempts to fit patients with a central venous catheter performed by the vascular surgery service at 
a teaching hospital from July to October of 2022. results: Mechanical complications occurred in 12 cannulation 
attempts (16.44%) and there were 10 failures (13.70%). The factors associated with mechanical complications were 
less experienced operators (p < 0.001), less specialized operators (p = 0.014), a failed attempt prior to requesting 
help from the vascular surgery service (p = 0.008), and presence of at least two criteria for difficulty (p = 0.007). 
conclusions: The local incidence of mechanical complications and central venous cannulation failures was similar 
to rates described in the international literature, but higher than rates in other Brazilian studies. The results suggest 
that the degree of experience of the person fitting the catheter, history of a failed prior attempt, and presence of at 
least two criteria for difficulty identified before the procedure were associated with worse outcomes.
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Resumo
contexto: Os acessos venosos centrais são essenciais no manejo de pacientes hospitalizados; contudo, a sua inserção 
está sujeita a complicações que podem dificultar seu uso e causar morbidade aos pacientes. No Brasil, dados acerca 
da incidência dessas complicações e das variáveis associadas com esse desfecho são escassos. Objetivos: Determinar 
a incidência de complicações mecânicas e de falhas de acessos venosos centrais de curta permanência realizados 
no serviço de Cirurgia Vascular de um hospital de ensino, além de identificar as variáveis associadas com a sua 
ocorrência. Métodos: Tratou-se de uma coorte prospectiva com 73 tentativas de acesso venoso central realizadas 
em pacientes assistidos pelo serviço de Cirurgia Vascular de um hospital de ensino entre julho e outubro de 2022. 
resultados: Complicações mecânicas ocorreram em 12 tentativas de acessos (16,44%), e falhas, em 10 tentativas 
(13,70%). Os fatores associados às complicações mecânicas foram menor experiência do operador (p < 0,001), 
menor grau de especialização do operador (p = 0,014), falha na tentativa de acesso precedente à solicitação de 
auxílio ao serviço de Cirurgia Vascular (p = 0,008) e presença de pelo menos dois critérios de dificuldade (p = 0,007). 
conclusões: A incidência local de complicações mecânicas e de falhas dos acessos venosos centrais foi semelhante 
à descrita na literatura internacional, mas foi superior à descrita em trabalhos brasileiros. Os resultados sugerem que 
o grau de experiência do executor do acesso, a história de falha em tentativa precedente e a presença de pelo menos 
dois critérios de dificuldade verificados antes do procedimento estão associados com piores desfechos.
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intrODUctiOn

Central venous catheters are an essential part of 
care of hospitalized patients, because they enable 
administration of vesicant drugs, provision of dialysis, 
and provision of parenteral nutrition.1 It is estimated 
that around 250,000 central venous catheters are 
fitted annually in the United Kingdom and the rate 
exceeds 5 million in the United States.2,3 In Brazil, 
although large scale epidemiological data are rare, 
the Unified Health System (SUS - Sistema Único 
de Saúde) authorized placement of approximately 
95,000 central venous catheters in 2015, including 
both long and short stay devices.4

Problems related to the central venous cannulation 
procedure defined as mechanical complications include 
punctured arteries, hematoma, bleeding, incorrect 
positioning, pneumothorax, and nerve damage.5,6 
The rate of mechanical complications is estimated at 
5 to 19% of cannulation attempts, of which arterial 
puncture is the most common, occurring in around 
4.2 to 9.3% of procedures.7-9

In view of the scarcity of published data on 
the mechanical complications of central venous 
cannulation in Brazil, the objective of this study was 
to analyze the rate of complications of placement 
of short stay central venous catheters performed 
by the vascular surgery service at the Hospital de 
Clínicas de Passo Fundo.

MetHODS

This is a longitudinal, observational, analytical, 
prospective cohort study. It was submitted to and 
approved by the Teaching and Research Administration 
at the Hospital de Clínicas de Passo Fundo, under 
protocol 461PPes, and the Faculdade Meridional 
Ethics Committee, under Ethics Appraisal Submission 
Certificate 58763522.6.0000.5319. All participants 
or their relatives were given a free and informed 
consent form, which was read and signed before any 
data were collected.

Patients were recruited who underwent attempts to 
fit a short stay central venous access (non-tunneled 
catheters) with direct assistance (execution of the 
procedure itself) or indirect assistance (help with 
definition of the most appropriate puncture site and 
technique) by the vascular surgery service at the 
Hospital de Clínicas de Passo Fundo from July 15, 
2022 to October 15, 2022, over a total of 3 months 
of observation. Patients were excluded from the 
final sample if they refused to participate in the 
study or underwent the procedure in emergency 
scenarios (cardiorespiratory arrest or severe 
arrhythmia) or if it was not possible to obtain the 

free and informed consent form before performing 
the procedure.

The primary objective was to determine the 
incidence of mechanical complications during 
attempts to insert short stay central venous catheters. 
Secondary objectives were to determine the incidence 
of failed procedures and the number of skin punctures 
per cannulation attempt and to identify variables 
associated with these outcomes.

Sample and procedures
The initial sample, selected by convenience, 

comprised 82 central venous access attempts in a 
total of 66 patients. Nine attempts were excluded 
from this total (n = 73), as illustrated in Figure 1. 
With a view to verifying the reproducibility of the 
sample results, a post hoc sample size calculation 
was performed using G*Power (University of 
Düsseldorf, Germany), revealing a statistical test 
power of 0.80 with α = 0.05.

All procedures were performed using the 
Seldinger technique by health professionals who 
had graduated in medicine or by sixth-year medical 
students on obligatory placements as part of the 
curriculum and under direct supervision by a 
physician. Ultrasound guidance was used for all 
attempts to obtain access via the internal jugular, as 
per the standard protocol at the service, while use 
of ultrasound for subclavian and femoral accesses 
was according to operator preference.

Figure 1. Flow diagram showing recruitment of cases and 
exclusions.
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Data on the procedures and their immediate 
outcomes were collected via direct observation by 
vascular surgery residents or another staff member 
(a physician or nursing technician), for cases of access 
attempts performed by the vascular surgery residents 
themselves. The researchers monitored patients 
daily for 48 hours after each attempt to screen for 
development of mechanical complications. Correct 
positioning of the catheter tips was confirmed by 
observation of control X-rays.

Variables
Table 1 lists the main variables collected. Level 

of operator experience was dichotomized as greater 
than or equal to 50 central venous accesses placed in 
the operator’s entire academic-professional career or 
less than 50, in line with previous studies.7,10,11 Patient 
variables correlated with need for a higher number 
of skin punctures per access attempt and with higher 
incidence of mechanical complications, termed as 
“criteria for difficulty” in the literature,12-15 were 
also systematically screened before each attempt, as 
described in Table 2.

Outcomes
A “central venous cannulation attempt” was 

defined as any, successful or unsuccessful, attempt 
to insert a venous catheter into the internal jugular, 
subclavian, or femoral vein by a single operator at a 
single time. The primary outcome was defined as all 
complications related to the procedure that occurred 
within 48 hours of the attempt.

Complications included arterial puncture (flow 
of bright-red blood red and high pressure in the 
puncture needle), hematoma (visible blood collection 
beneath the skin at the puncture site), important 
bleeding without hematoma (bleeding at the puncture 
site that needed compression to staunch, without 
formation of hematoma), pneumothorax (air in 
the pleural space visible on the control X-ray), 
incorrect catheter tip position (proximal extremity 
of the catheter outside the superior or inferior 
vena cava, cavoatrial junction, or right atrium), 
and nerve damage (sensory and/or motor deficit 
observed after the procedure, related to a nerve 
close to the puncture site, and not explainable by 
a different cause).

The secondary outcomes were incidence of failures 
(attempts in which it was not possible to insert the 
central venous catheter) and the number of skin 
punctures (where a puncture is defined as insertion 
of the puncture needle through the skin, regardless of 
whether it enters a central vascular structure, followed 
by its complete removal).

table 1. Frequency of variables related to central venous 
cannulation attempts.

n = 73
age (range), years 66 (18-89)
genus/gender, n (%)
Female 37 (50.69)
Male 36 (49.31)
Prior history of central venous cannulation, n (%) 27 (36.99)
comorbidities, n (%)
Kidney disease 40 (54.79)
Chronic kidney disease 26 (35.62)
Acute kidney injury 21 (28.77)
Infection 24 (32.88)
Diabetes mellitus 19 (26.03)
Heart disease 19 (26.03)
Cancer 17 (23.29)
Lung disease 15 (20.55)
Degree of specialization of the person performing cannulation, n (%)
General surgeon on 1st year of vascular surgery residency 45 (61.64)
First year resident on direct access residency (Internal Medicine, 
General Surgery, Neurosurgery)

17 (23.29)

Sixth year medical student 11 (15.07)
level of experience of the person performing cannulation, n (%)
≥ 50 central venous accesses 45 (61.64)
< 50 central venous accesses 28 (38.36)
State of consciousness of patient during the procedure, n (%)
Alert 57 (78.08)
Altered state of consciousness 16 (21.92)
Patient on invasive positive pressure ventilation, n (%) 13 (17.80)
Patient’s position during the procedure, n (%)
Horizontal supine 67 (91.78)
Trendelenburg position 6 (8.22)
class of procedure, n (%)
Elective 59 (80.82)
Urgent 14 (19.18)
Setting of procedure, n (%)
Ward 21 (28.76)
Hemodialysis 16 (21.92)
Emergency 13 (17.81)
Surgical center 11 (15.07)
ICU 8 (10.96)
Cath lab 4 (5.48)
Specialty of primary assisting physician, n (%)
Nephrology 29 (39.72)
Internal medicine 13 (17.81)
Vascular surgery 7 (9.59)
Hematology 5 (6.85)
Orthopedics 5 (6.85)
General Surgery 4 (5.48)
Critical care 3 (4.11)
Neurosurgery 3 (4.11)
Digestive surgery 2 (2.74)
Coloproctology 1 (1.37)
Endoscopy 1 (1.37)
reason for requesting assistance of vascular surgery service, n (%)
Unspecified (request from assisting physician) 45 (61.64)
Difficult access anticipated 11 (15.07)
Failure of prior attempt(s) 10 (13.70)
reason for central venous access, n (%)
Hemodialysis 32 (43.83)
Infusion of irritant and/or vesicant solutions 14 (19.18)
Rapid infusion of drugs and/or blood products 14 (19.18)
Difficulty obtaining peripheral venous access 9 (12.33)
Total parenteral nutrition 4 (5.48)
number of catheter lumens in attempt to obtain central venous access, n (%)
Two lumens 41 (56.17)
Three lumens 32 (43.83)
Use of ultrasound during puncture, n (%) 58 (79.45)
Puncture site, n (%)
Right internal jugular vein 35 (47.94)
Left internal jugular vein 20 (27.40)
Right femoral vein 9 (12.33)
Left femoral vein 1 (1.37)
Right subclavian vein 7 (9.59)
Left subclavian vein 1 (1.37)
ICU = intensive care unit.
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Biases
With the objective of reducing the impact of 

selection bias, care was taken to enroll the majority 
of patients who met the inclusion criteria by rapid 
administration of the free and informed consent form 
before procedures. Observer bias was minimized by 
assigning data collection to a different professional 
than the person performing the cannulation and with 
conceptual standardization of variables and outcomes, 
as described above.

Statistical analysis
Categorical variables were expressed as 

absolute and relative frequencies, and continuous 
variables as means and standard deviations (SD), 
when symmetrically distributed, or in the form 
of median and minimum and maximum values, if 
asymmetrically distributed. Outcomes were compared 
with the Mann-Whitney U test for continuous 
variables and the chi-square or Fisher’s exact test 
(when expected frequencies were less than five) for 
categorical variables. The effect size on qualitative 
outcomes was expressed as relative risk (RR), 
with a 95% confidence interval (95%CI). In turn, 
quantitative outcomes were expressed as means 
and with the Hodges-Lehmann estimator (HLE). 

All analyses were conducted using JASP 0.16.4.0 
statistical software (University of Amsterdam, 
Netherlands). Results with p values < 0.05 were 
considered statistically significant.

reSUltS

A total of 73 central venous cannulation attempts 
were identified in 57 patients, after application of 
the exclusion criteria, in patients under the primary 
or secondary care of the vascular surgery service at 
the Hospital de Clínicas de Passo Fundo. Of these, 
12 patients needed two or more access attempts. Median 
age was 66 years (range: 18-89 years) and 50.69% of 
the patients were female. The most common reason 
for catheter placement was a need for hemodialysis 
(43.83%). The most common cannulation site was 
the internal jugular vein (75.34%). Ultrasound was 
used in 79.4% of the attempts, including all attempts 
to cannulate the internal jugular vein and three of the 
10 femoral attempts. Table 1 lists the clinical and 
technical characteristics of the attempts analyzed.

Just seven of the total of 73 cannulation attempts 
(9.59%) were performed on patients cared for 
primarily by the vascular surgery service. Vascular 
surgery residents (all with ≥ 50 cannulations over 
their medical careers) performed 45 cannulation 
attempts, and in the remaining 28 attempts they only 
provided indirect assistance to other physicians or 
students. The most common criteria for difficulty 
observed were obesity (28.77%), poor patient 
cooperation (24.66%), and prior history of mechanical 
complications in central venous accesses (20.55%), 
as shown in Table 2.

Mechanical complications occurred in 16.44% 
of procedures, of which hematoma (9.59%) and 
arterial puncture (8.22%) were the most common. 
Two or more complications were observed in 
five procedures. Table 3 lists the distribution of 
study outcome incidence rates. The most frequent 
variables associated with incidence of mechanical 
complications were cannulation attempted by an 
operator with limited experience (RR 7.84, 95%CI 
2.05-19.04, p < 0.001) and less specialized operators 
(residents of other specialties vs. vascular surgery 
residents, RR 6.62, 95%CI 1.50-15.93, p = 0.014; 
students vs. vascular surgery residents, RR 9.74, 
95%CI 2.04-20.40, p = 0.002).

A history of failed access attempt made 
immediately prior to requesting assistance from the 
Vascular Surgery service (up to 12 hours previously 
[RR 4.50, 95%CI 1.69-7.31, p = 0.008]), and presence 
of two or more criteria for difficulty obtaining access 
(RR 5.43, 95%CI 1.42-12.63, p = 0.007) were 
also associated with mechanical complications. 

table 2. Frequency of criteria for difficulty of central venous accesses.
n = 73

Presence of criteria for difficulty of central  
venous access, n (%)

51 (69.86)

Clinical criteria 43 (58.90)

Obesity (BMI > 30 kg/m2) 21 (28.77)

Difficulty cooperating 18 (24.66)

Prior history of mechanical complications related 
to central venous cannulation

15 (20.55)

Hypotension (SBP < 90 mmHg) 13 (17.81)

Local swelling 8 (10.96)

Recent local surgery and/or radiotherapy 8 (10.96)

Thyromental distance < 60 mm 4 (5.48)

Local arterial pulse difficult to palpate 4 (5.48)

Low tolerance of supine position 2 (2.74)

Local injury 1 (1.37)

Laboratory criteria 12 (16.44)

Platelet count < 50,000 cells/mm3 7 (9.59)

INR > 1.8 7 (9.59)

Other coagulopathies 1 (1.37)

Ultrasonographic criteria 12 (16.44)

Small veins (< 5 mm in diameter) 6 (8.22)

Veins difficult to visualize 4 (5.48)

Non-distensible veins 3 (4.11)
INR = international normalized ratio; SBP = systolic blood pressure; BMI = body 
mass index.
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None of the criteria for difficulty were statistically 
significant correlated with occurrence of complications. 
Table 4 lists correlations between the characteristics 
of cannulation attempts and the incidence of 
complications and failures.

With regard to the secondary outcomes, failures to 
obtain access occurred in 13.70% of attempts, and the 
mean number of skin punctures was 2.31 punctures 
per cannulation attempt (SD ± 1.23). Presence 
of failures was associated with limited operator 
experience (RR 3.75, 95%CI 1.09-8.81, p = 0.038), 
less specialized operators (students vs. vascular surgery 
resident, RR 5.45, 95%CI 1.42-11.36, p = 0.022), 
failure of immediately preceding cannulation 

attempt (RR 4.20, 95%CI 1.34-7.31, p = 0.026), 
and presence of at least two criteria for difficulty 
(RR 4.34, 95%CI 1.04-11.43, p = 0.029).

The number of skin punctures per attempt 
increased with presence of two or more criteria for 
difficulty (means 2.85 vs. 1.81, U = 358.5, HLE 1, 
p < 0.001), prior history of mechanical complications 
of central cannulation (means 3.06 vs. 2.12, 
U = 245.5, HLE 1, p = 0.007), limited experience 
of cannulation operator (means 3.18 vs. 1.78, 
U = 1,024, HLE 1, p < 0.001), and less specialized 
operators (resident of other specialty vs. vascular 
surgery resident, means 3.00 vs. 1.78, U = 595, HLE 
1, p < 0.001; student vs. vascular surgery resident, 
means 3.44 vs. 1.78, U = 429, HLE 2, p < 0.001).

The incidence of outcomes increased progressively 
with increasing number of criteria for difficulty and 
skin punctures, as illustrated in Figures 2 and 3, 
respectively. Mechanical complications were 
also more frequent when there were simultaneous 
cannulation procedure failures (RR 8.82, 95%CI 
3.95-11.62, p < 0.001). Comparing the groups by 
different levels of experience with the procedure, 
it was found that this variable only remained 
associated with greater incidence of mechanical 
complications in the presence of at least two criteria 
for difficulty or of history of failed attempt within 
the previous 12 hours, since in the absence of both 
these variables, differences were not statistically 
significant, as shown in Table 5.

table 3. Incidence of mechanical complications, failures, and 
number of skin punctures of central venous cannulation attempts.

n = 73

Presence of mechanical complications, n (%) 12 (16.44)

Hematoma 7 (9.59)

Arterial puncture 6 (8.22)

Significant bleeding without hematoma 3 (4.11)

Incorrect catheter tip position 1 (1.37)

Pneumothorax 0 (0.00)

Nerve damage 0 (0.00)

Failures to obtain central venous access, n (%) 10 (13.70)

number of skin punctures per attempted central 
venous cannulation (standard deviation)

2.31 (± 1.23)

table 4. Incidence of complications and failures according to patient and procedural variables.
Mechanical 

complications, 
n (%)

p
Failures to obtain 

central venous access, 
n (%)

p

Degree of specialization of the person performing cannulation

General surgeon on 1st year of vascular surgery residence (n = 45) 2 (4.44) 0.01 3 (6.67) 0.33

First year resident on direct access residency (n = 17) 5 (29.41) 3 (17.65)

Sixth year medical student (n = 11) 5 (45.45) < 0.01 4 (36.36) 0.02

General surgeon on 1st year of vascular surgery residency (n = 45) 2 (4.44) 3 (6.67)

Sixth year medical student (n = 11) 5 (45.45) 0.44 4 (36.36) 0.38

First year resident on direct access residency (n = 17) 5 (29.41) 3 (17.65)

level of experience of the person performing cannulation

≥ 50 lifetime central venous accesses (n = 45) 2 (4.44) < 0.001 3 (6.67) 0.03

< 50 lifetime central venous accesses (n = 28) 10 (35.71) 7 (25.00)

reason for requesting assistance of vascular surgery service (vs. other reasons)

Unspecified (n = 45) 6 (13.33) 0.52 5 (11.11) 0.49

Difficult access anticipated (n = 11) 1 (9.09) 0.68 0 (0.00) 0.34

Failure of prior attempt(s) (n = 10) 5 (50.00) 0.008 4 (40.00) 0.026

number of criteria for difficulty identified during the procedure

Less than or equal to 1 (n = 38) 2 (5.26) 0.007 2 (5.26) 0.029

Greater than or equal to 2 (n = 35) 10 (28.57) 8 (22.86)
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DiScUSSiOn

As far as is known, this is only the second prospective 
Brazilian study to investigate the outcome mechanical 
complications of central venous cannulation and is the 
first prospective study to be conducted in a teaching 
hospital. This cohort had a 16.44% incidence of 
mechanical complications of central venous cannulation 
and a 13.70% incidence of failures, compatible with 
the range of frequencies found in the international 

literature, which varies from 1.1 to 18% of procedures 
for complications and 0.4 to 22.3% for failures.16-29

In relation to Brazilian studies, the incidence of 
complications varies from 2.7 to 12% of procedures. 
Two of these three studies were observational and 
retrospective, performed in teaching hospitals with 
1,502 and 311 central venous catheters inserted 
by medical residents, into internal jugular and 
subclavian sites, finding, respectively, mechanical 
complication rates of 2.7% and 6.5%.18,19 The 
third was a prospective observational study, with 
421 hemodialysis catheters, the great majority (99%) 
inserted by angiologists or angiology residents, with 
a 12% incidence of mechanical complications.30 
In turn, rates of failures, which were only reported 
in the second and third studies, were 3% and 2.4% 
of procedures respectively.

The greater occurrence of mechanical complications 
and failures observed in the present study may be 
because 15% of the procedures were performed 
by medicine interns, which was not the case in the 
other three studies, and also because of the presence 
of at least two criteria for difficulty in 47.94% of 
procedures, and failed prior attempts in 13.70% of 
attempts, both of which were factors associated with 
greater incidence of outcomes.

The factor most frequently associated in the literature 
with increased rates of mechanical complications and 
failures of central venous cannulation is a greater 
number of skin punctures, since three or more punctures 
increased the risk of mechanical complications by 
around six times.7,12,16 Other variables associated 
with increased incidence of complications include 
experience of the person performing cannulation, 
not using ultrasound during the procedure, and 
prior history of central venous cannulation.5,6,10,31 

table 5. Incidence of outcomes according to the experience of person performing procedure.
Mechanical 

complications, n (%)
p

Cannulation 
failure, n (%)

p
Mean number of skin punctures 

per access attempt (SD)
p

Presence of ≤ 1 criterion of difficulty(n = 38)

≥ 50 lifetime accesses (n = 24) 0 (0.00) 0.13 1 (4.17) 1.00 1.54 (± 0.83) 0.003

< 50 lifetime accesses (n = 14) 2 (14.28) 1 (7.14) 2.29 (± 0.73)

Presence of ≥ 2 criteria for difficulty (n = 35)

≥ 50 lifetime accesses (n = 21) 2 (9.52) 0.006 2 (9.52) 0.04 2.05 (± 0.74) < 0.001

< 50 lifetime accesses (n = 14) 8 (57.14) 6 (42.86) 4.07 (± 1.14)

absence of previous failed attempts (n = 63)

≥ 50 lifetime accesses (n = 40) 2 (5.00) 0.09 3 (7.50) 0.66 1.80 (± 0.85) < 0.001

< 50 lifetime accesses (n = 24) 5 (21.73) 3 (12.50) 2.87 (± 1.21)

Presence of previous failed attempts (n = 10)

≥ 50 lifetime accesses (n = 5) 0 (0.00) 0.008 0 (0.00) 0.048 1.60 (± 0.55) 0.01

< 50 lifetime accesses (n = 5) 5 (100.00) 4 (80.00) 4.60 (± 0.54)
SD = standard deviation.

Figure 2. Incidence of outcomes by number of criteria for difficulty.

Figure 3. Incidence of complications and failures by number 
of skin punctures attempted.
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Patient and puncture site characteristics were also 
correlated with greater difficulty in obtaining and 
negative outcomes of central venous access.13,14

In the present study, procedures performed by 
caregivers with limited experience (< 50 central 
venous accesses) were related to greater numbers 
of mechanical complications, failures, and skin 
punctures per attempt, which have also been reported 
in several other studies.5,10,16,17,21,22,32 A history of 
failure of the immediately preceding cannulation 
attempt was also associated with higher rates 
of complications and with additional insertion 
failures, which has also been described before in 
the literature.12,28,33

Presence of factors related to greater difficulty 
inserting central venous catheters was associated 
with higher frequency of occurrence of mechanical 
complications and failures in some studies.12,14 Here, 
although these criteria for difficulty did not in isolation 
have significant correlations with the outcomes 
analyzed, when they were grouped together as two or 
more criteria, there was an increase in complications 
and failures directly proportional to the number of 
criteria, as illustrated in Figure 2.

As far as is known, this is the first study in the 
literature to correlate number of criteria for difficulty 
with incidence of complications and failures. 
Mechanical complications and failures also increased 
progressively with greater numbers of skin punctures 
per attempt, which was also observed in a series of 
other studies.7,16,22,23,29,33,34

In contrast with the majority of literature, this cohort 
did not exhibit significant differences in outcomes 
between cannulation attempts performed with or 
without ultrasound guidance. It should be pointed out 
that this study had asymmetrical proportions between 
groups with and without ultrasound guidance and 
also had operators who were fairly inexperienced, 
given that a training program is not yet available 
at this center for medical students or some of the 
direct access residencies. This result may suggest 
that use of ultrasound by untrained operators may 
not yield benefits for patients, and further studies, 
preferably multicenter, are needed to confirm or 
reject this hypothesis.

One interesting finding of this study was the fact 
that different degrees of experience and specialization 
only affected outcomes in the presence of failure of 
an immediately preceding attempt or at least two 
criteria for difficulty. This could be a consequence 
of the sample selected by convenience, but may 
also show that the lower rate of complications when 
cannulation is performed by experienced operators 
is restricted to more complex cases.

This study has several limitations. First, it is an 
observational study, i.e., it is not possible to rule out 
the hypothesis that the differences observed may be the 
result of omission of confounding variables. Second, 
although the sample was adequate for validation of 
the statistical tests, it was selected at a single center, 
because the researchers lacked the resources to 
conduct a multicenter study, and so the results should 
be interpreted with caution. Third, the great majority 
of the sample comprised cannulation attempts for 
which other specialties had requested assistance and 
cases with at least one criterion for difficulty, which 
could partially limit generalization of the results of 
this study. Fourth, not all cannulation attempts that 
met the inclusion criteria during the period were 
analyzed because it was not possible to administer 
the free and informed consent form or conduct data 
collection itself for some procedures, which were 
excluded from the study sample. Finally, there was 
a considerably greater proportion of cannulation 
attempts via jugular sites than via other sites.

Despite these limitations, this study adds to the 
literature the finding that only those central venous 
accesses that are theoretically more difficult may 
demand the greater expertise of a vascular surgeon or 
resident in the area to avoid complications. This may 
suggest that requests to the vascular surgery team for 
central venous access should be limited to difficult 
access, in order to avoid possibly limiting training 
of physicians and students with less experience with 
performing the procedure, in addition to sparing 
patients delays in provision of care.

cOnclUSiOnS

As far as it is known, this was the first prospective 
study in Brazil to assess the incidence of mechanical 
complications and failures of short-stay central 
venous cannulation at a teaching hospital. The 
incidence of outcomes was similar to rates described 
in the international literature, but greater than rates 
described in Brazilian studies. Predictive factors of 
greater frequency of complications and failures were 
the degree of experience and specialization of the 
person performing cannulation, a history of failure 
of an immediately prior attempt (up to 12 hours 
previously), and presence of at least two criteria 
for difficulty. However, there were no significant 
differences in outcomes between different levels of 
experience or different specialties in the absence of 
two other risk factors, suggesting that the benefit 
linked to performance of the procedure by a more 
experienced professional may be limited to difficult 
central venous accesses. Additional multicenter studies 
are needed to confirm the results of this study.



Complications of central venous cannulation

8/9Jatczak et al. J Vasc Bras. 2023;22:e20230070. https://doi.org/10.1590/1677-5449.202300702

reFerenceS

1. Kissane JL, Hughes JA, Cantwell CP, Waybill PN. 83 - Peripherally 
inserted central catheters and nontunneled central venous 
catheters. In: Mauro MA, Murphy KP, Thomson KR, Venbrux AC, 
Morgan RA, editors. Image-Guided Interventions [Internet]. 3rd 
ed. Boston: Elsevier; 2020 (Expert Radiology). [citado 2023 abr 23]. 
p. 669-76.e2. https://www.sciencedirect.com/science/article/pii/
B978032361204300083X

2. Edgeworth J. Intravascular catheter infections. J Hosp Infect. 
2009;73(4):323-30. http://dx.doi.org/10.1016/j.jhin.2009.05.008. 
PMid:19699555.

3. Raad I. Intravascular-catheter-related infections. Lancet. 
1998;351(9106):893-8. http://dx.doi.org/10.1016/S0140-
6736(97)10006-X. PMid:9525387.

4. Brasil. Ministério da Saúde. Departamento de informática 
do Sistema Único de Saúde - DATASUS. Informações de 
Saúde (TABNET) – DATASUS [Internet]. Brasília: DATASUS; 
2022. [citado 2023 abr 23]. https://datasus.saude.gov.br/
informacoes-de-saude-tabnet/

5. Kusminsky RE. Complications of central venous catheterization. 
J Am Coll Surg. 2007;204(4):681-96. http://dx.doi.org/10.1016/j.
jamcollsurg.2007.01.039. PMid:17382229.

6. Smith RN, Nolan JP. Central venous catheters. BMJ. 2013;347:f6570. 
http://dx.doi.org/10.1136/bmj.f6570. PMid:24217269.

7. McGee DC, Gould MK. Preventing complications of central venous 
catheterization. N Engl J Med. 2003;348(12):1123-33. http://dx.doi.
org/10.1056/NEJMra011883. PMid:12646670.

8. Patel AR, Patel AR, Singh S, Singh S, Khawaja I. Central line catheters 
and associated complications: a review. Cureus. 2019;11(5):e4717. 
http://dx.doi.org/10.7759/cureus.4717. PMid:31355077.

9. Bowdle A. Vascular complications of central venous catheter 
placement: evidence-based methods for prevention and treatment. 
J Cardiothorac Vasc Anesth. 2014;28(2):358-68. http://dx.doi.
org/10.1053/j.jvca.2013.02.027. PMid:24008166.

10. Lennon M, Zaw NN, Pöpping DM, Wenk M. Procedural 
complications of central venous catheter insertion. Minerva 
Anestesiol. 2012;78(11):1234-40. PMid:22699699.

11. Yoon H-K, Hur M, Cho H, et al. Effects of practitioner’s experience 
on the clinical performance of ultrasound-guided central venous 
catheterization: a randomized trial. Sci Rep. 2021;11(1):6726. 
http://dx.doi.org/10.1038/s41598-021-86322-y. PMid:33762662.

12. Mansfield PF, Hohn DC, Fornage BD, Gregurich MA, Ota DM. 
Complications and failures of subclavian-vein catheterization. 
N Engl J Med. 1994;331(26):1735-8. http://dx.doi.org/10.1056/
NEJM199412293312602. PMid:7984193.

13. Brederlau J, Greim C, Schwemmer U, Haunschmid B, Markus C, 
Roewer N. Ultrasound-guided cannulation of the internal jugular 
vein in critically ill patients positioned in 30° dorsal elevation. 
Eur J Anaesthesiol. 2004 [citado 2023 abr 23];21(9):684-7. 
https://journals.lww.com/ejanaesthesiology/Fulltext/2004/09000/
Ultrasound_guided_cannulation_of_the_internal.3.aspx

14. Hatfield A, Bodenham A. Portable ultrasound for difficult central 
venous access. Br J Anaesth. 1999;82(6):822-6. http://dx.doi.
org/10.1093/bja/82.6.822. PMid:10562772.

15. Hatfield A, Bodenham A. Difficult central venous access and the 
role of ultrasound. Curr Anaesth Crit Care. 2002;13(4):185-93. 
http://dx.doi.org/10.1054/cacc.2002.0398.

16. Eisen LA, Narasimhan M, Berger JS, Mayo PH, Rosen MJ, 
Schneider RF. Mechanical complications of central venous 
catheters. J Intensive Care Med. 2006;21(1):40-6. http://dx.doi.
org/10.1177/0885066605280884. PMid:16698743.

17. Sznajder JI, Zveibil FR, Bitterman H, Weiner P, Bursztein S. Central 
vein catheterization: failure and complication rates by three 
percutaneous approaches. Arch Intern Med. 1986;146(2):259-61. 
http://dx.doi.org/10.1001/archinte.1986.00360140065007. 
PMid:3947185.

18. Hanauer LPT, Comerlato PH, Papke A,  et  al. Reducing central 
vein catheterization complications with a focused educational 
program: a retrospective cohort study. Sci Rep. 2020;10(1):17530. 
http://dx.doi.org/10.1038/s41598-020-74395-0. PMid:33067489.

19. Comerlato PH, Rebelatto TF, De Almeida FAS, et al. Complications 
of central venous catheter insertion in a teaching hospital. Rev 
Assoc Med Bras. 2017;63(7):613-20. http://dx.doi.org/10.1590/1806-
9282.63.07.613. PMid:28977087.

20. Lee YH, Kim TK, Jung YS,  et  al. Comparison of needle 
insertion and guidewire placement techniques during internal 
jugular vein catheterization: the thin-wall introducer needle 
technique versus the cannula-over-needle technique. Crit 
Care Med. 2015;43(10):2112-6. http://dx.doi.org/10.1097/
CCM.0000000000001167. PMid:26121076.

21. Odendaal J, Kong VY, Sartorius B, Liu TY, Liu YY, Clarke DL. 
Mechanical complications of central venous catheterisation 
in trauma patients. Ann R Coll Surg Engl. 2017;99(5):390-3. 
http://dx.doi.org/10.1308/rcsann.2017.0022. PMid:28462650.

22. Adrian M, Borgquist O, Kröger T, et al. Mechanical complications 
after central venous catheterisation in the ultrasound-guided 
era: a prospective multicentre cohort study. Br J Anaesth. 
2022;129(6):843-50. http://dx.doi.org/10.1016/j.bja.2022.08.036. 
PMid:36280461.

23. Björkander M, Bentzer P, Schött U, Broman ME, Kander T. 
Mechanical complications of central venous catheter insertions: 
A retrospective multicenter study of incidence and risks. Acta 
Anaesthesiol Scand. 2019;63(1):61-8. http://dx.doi.org/10.1111/
aas.13214. PMid:29992634.

24. Calvache J-A, Rodríguez M-V, Trochez A, Klimek M, Stolker R-J, 
Lesaffre E. Incidence of mechanical complications of central venous 
catheterization using landmark technique: do not try more than 
3 times. J Intensive Care Med. 2016;31(6):397-402. http://dx.doi.
org/10.1177/0885066614541407. PMid:24988896.

25. Lathey RK, Jackson RE, Bodenham A, Harper D, Patle V, Anaesthetic 
Audit and Research Matrix of Yorkshire (AARMY). A multicentre 
snapshot study of the incidence of serious procedural complications 
secondary to central venous catheterisation. Anaesthesia. 
2017;72(3):328-34. http://dx.doi.org/10.1111/anae.13774. 
PMid:27981565.

26. Merrer J, De Jonghe B, Golliot F, et al,. Complications of femoral 
and subclavian venous catheterization in Critically Ill patients: 
a randomized controlled trial. JAMA. 2001;286(6):700-7. 
http://dx.doi.org/10.1001/jama.286.6.700. PMid:11495620.

27. Sitzmann JV, Townsend TR, Siler MC, Bartlett JG. Septic and technical 
complications of central venous catheterization: a prospective 
study of 200 consecutive patients. Ann Surg. 1985;202(6):766-
70. http://dx.doi.org/10.1097/00000658-198512000-00017. 
PMid:3935062.

28. Schummer W, Schummer C, Rose N, Niesen W-D, Sakka SG. 
Mechanical complications and malpositions of central venous 
cannulations by experienced operators. Intensive Care Med. 
2007;33(6):1055-9. http://dx.doi.org/10.1007/s00134-007-0560-z. 
PMid:17342519.

29. Lefrant J-Y, Muller L, De La Coussaye J-E, et al. Risk factors of failure 
and immediate complication of subclavian vein catheterization 
in critically ill patients. Intensive Care Med. 2002;28(8):1036-41. 
http://dx.doi.org/10.1007/s00134-002-1364-9. PMid:12185422.

https://doi.org/10.1016/j.jhin.2009.05.008
https://pubmed.ncbi.nlm.nih.gov/19699555
https://pubmed.ncbi.nlm.nih.gov/19699555
https://doi.org/10.1016/S0140-6736(97)10006-X
https://doi.org/10.1016/S0140-6736(97)10006-X
https://pubmed.ncbi.nlm.nih.gov/9525387
https://doi.org/10.1016/j.jamcollsurg.2007.01.039
https://doi.org/10.1016/j.jamcollsurg.2007.01.039
https://pubmed.ncbi.nlm.nih.gov/17382229
https://doi.org/10.1136/bmj.f6570
https://pubmed.ncbi.nlm.nih.gov/24217269
https://doi.org/10.1056/NEJMra011883
https://doi.org/10.1056/NEJMra011883
https://pubmed.ncbi.nlm.nih.gov/12646670
https://doi.org/10.7759/cureus.4717
https://pubmed.ncbi.nlm.nih.gov/31355077
https://doi.org/10.1053/j.jvca.2013.02.027
https://doi.org/10.1053/j.jvca.2013.02.027
https://pubmed.ncbi.nlm.nih.gov/24008166
https://pubmed.ncbi.nlm.nih.gov/22699699
https://doi.org/10.1038/s41598-021-86322-y
https://pubmed.ncbi.nlm.nih.gov/33762662
https://doi.org/10.1056/NEJM199412293312602
https://doi.org/10.1056/NEJM199412293312602
https://pubmed.ncbi.nlm.nih.gov/7984193
https://doi.org/10.1093/bja/82.6.822
https://doi.org/10.1093/bja/82.6.822
https://pubmed.ncbi.nlm.nih.gov/10562772
https://doi.org/10.1054/cacc.2002.0398
https://doi.org/10.1177/0885066605280884
https://doi.org/10.1177/0885066605280884
https://pubmed.ncbi.nlm.nih.gov/16698743
https://doi.org/10.1001/archinte.1986.00360140065007
https://pubmed.ncbi.nlm.nih.gov/3947185
https://pubmed.ncbi.nlm.nih.gov/3947185
https://doi.org/10.1038/s41598-020-74395-0
https://pubmed.ncbi.nlm.nih.gov/33067489
https://doi.org/10.1590/1806-9282.63.07.613
https://doi.org/10.1590/1806-9282.63.07.613
https://pubmed.ncbi.nlm.nih.gov/28977087
https://doi.org/10.1097/CCM.0000000000001167
https://doi.org/10.1097/CCM.0000000000001167
https://pubmed.ncbi.nlm.nih.gov/26121076
https://doi.org/10.1308/rcsann.2017.0022
https://pubmed.ncbi.nlm.nih.gov/28462650
https://doi.org/10.1016/j.bja.2022.08.036
https://pubmed.ncbi.nlm.nih.gov/36280461
https://pubmed.ncbi.nlm.nih.gov/36280461
https://doi.org/10.1111/aas.13214
https://doi.org/10.1111/aas.13214
https://pubmed.ncbi.nlm.nih.gov/29992634
https://doi.org/10.1177/0885066614541407
https://doi.org/10.1177/0885066614541407
https://pubmed.ncbi.nlm.nih.gov/24988896
https://doi.org/10.1111/anae.13774
https://pubmed.ncbi.nlm.nih.gov/27981565
https://pubmed.ncbi.nlm.nih.gov/27981565
https://doi.org/10.1001/jama.286.6.700
https://pubmed.ncbi.nlm.nih.gov/11495620
https://doi.org/10.1097/00000658-198512000-00017
https://pubmed.ncbi.nlm.nih.gov/3935062
https://pubmed.ncbi.nlm.nih.gov/3935062
https://doi.org/10.1007/s00134-007-0560-z
https://pubmed.ncbi.nlm.nih.gov/17342519
https://pubmed.ncbi.nlm.nih.gov/17342519
https://doi.org/10.1007/s00134-002-1364-9
https://pubmed.ncbi.nlm.nih.gov/12185422


Complications of central venous cannulation

9/9Jatczak et al. J Vasc Bras. 2023;22:e20230070. https://doi.org/10.1590/1677-5449.202300702

30. Rocha PN, Braga PS, Ritt GF, Gusmão LF, Pontes LCS, Santos MLM. 
Complicações imediatas relacionadas à inserção de cateteres duplo-lúmen 
para hemodiálise. Brazilian J Nephrol. 2008 [citado 2023 abr 23];30(1):54-8. 
https://www.bjnephrology.org/article/complicacoes-imediatas-relacionadas-
a-insercao-de-cateteres-duplo-lumen-para-hemodialise/

31. Hind D, Calvert N, McWilliams R, et al. Ultrasonic locating devices for 
central venous cannulation: meta-analysis. BMJ. 2003;327(7411):361. 
http://dx.doi.org/10.1136/bmj.327.7411.361. PMid:12919984.

32. Taylor RW, Palagiri AV. Central venous catheterization. Crit Care Med. 
2007;35(5):1390-6. http://dx.doi.org/10.1097/01.CCM.0000260241.80346.1B. 
PMid:17414086.

33. Heidemann L, Nathani N, Sagana R, Chopra V, Heung M. A contemporary 
assessment of mechanical complication rates and trainee perceptions 
of central venous catheter insertion. J Hosp Med. 2017;12(8):646-51. 
http://dx.doi.org/10.12788/jhm.2784. PMid:28786431.

34. Kaur R, Mathai AS, Abraham J. Mechanical and infectious complications 
of central venous catheterizations in a tertiary-level intensive 
care unit in northern India. Indian J Anaesth. 2012;56(4):376-81. 
http://dx.doi.org/10.4103/0019-5049.100823. PMid:23087461.

Correspondence  
Leonardo Jatczak 

Rua Senador Pinheiro, 304 - Vila Rodrigues  
CEP 99070-220 - Passo Fundo (RS), Brasil 

Tel.: +55 (54) 3045-6100 
E-mail: leonardojatczak@gmail.com

Author information  
LJ - Medical student, Faculdade Meridional (IMED). 

RCP - Vascular surgeon, Instituto Vascular de Passo Fundo (INVASC), 
Hospital de Clínicas de Passo Fundo (HCPF). 

AJLP and LCR - Residents in Vascular Surgery, Hospital de Clínicas de 
Passo Fundo (HCPF). 

LBB - Vascular surgeon, Instituto Vascular de Passo Fundo (INVASC), 
Hospital de Clínicas de Passo Fundo (HCPF). 

JNS - Professor of Vascular Surgery and Anatomy, Universidade 
de Passo Fundo (UPF); Vascular and endovascular surgeon and 

interventional radiologist, Instituto Vascular de Passo Fundo 
(INVASC), Hospital de Clínicas de Passo Fundo (HCPF). 

MPC - Professor of Vascular Surgery, Faculdade Meridional (IMED), 
Universidade de Passo Fundo (UPF); Vascular and endovascular 

surgeon, and interventional radiologist, Instituto Vascular de Passo 
Fundo (INVASC), Hospital de Clínicas de Passo Fundo (HCPF).

Author contributions  
Conception and design: LJ, MPC, LBB 

Analysis and interpretation: LJ 
Data collection: LJ, AJLP, LCR 

Writing the article: LJ, MPC 
Critical revision of the article: LJ, RCP, AJLP, LCR, LBB, JNS, MPC 
Final approval of the article*: LJ, RCP, AJLP, LCR, LBB, JNS, MPC 

Statistical analysis: LJ 
Overall responsibility: MPC 

 
*All authors have read and approved of the final version of the article 

submitted to J Vasc Bras.

https://doi.org/10.1136/bmj.327.7411.361
https://pubmed.ncbi.nlm.nih.gov/12919984
https://doi.org/10.1097/01.CCM.0000260241.80346.1B
https://pubmed.ncbi.nlm.nih.gov/17414086
https://pubmed.ncbi.nlm.nih.gov/17414086
https://doi.org/10.12788/jhm.2784
https://pubmed.ncbi.nlm.nih.gov/28786431
https://doi.org/10.4103/0019-5049.100823
https://pubmed.ncbi.nlm.nih.gov/23087461

