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Pneumothorax as a complication of central venous catheter insertion
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Abstract: The central venous catheter (CVC) is a catheter placed into a large vein in the neck [internal jugular 

vein (IJV)], chest (subclavian vein or axillary vein) or groin (femoral vein). There are several situations that require 

the insertion of a CVC mainly to administer medications or fluids, obtain blood tests (specifically the “central 

venous oxygen saturation”), and measure central venous pressure. CVC usually remain in place for a longer period 

of time than other venous access devices. There are situations according to the drug administration or length of stay 

of the catheter that specific systems are indicated such as; a Hickman line, a  peripherally inserted central catheter 

(PICC) line or a Port-a-Cath may be considered because of their smaller infection risk. Sterile technique is highly 

important here, as a line may serve as a port of entry for pathogenic organisms, and the line itself may become 

infected with organisms such as Staphylococcus aureus and coagulase-negative Staphylococci. In the current review 

we will present the complication of pneumothorax after CVC insertion.
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Introduction

Pneumothorax is the one of the most frequent mechanical 
complications during central venous catheter (CVC) 

insertion. CVC insertion is a commonly performed 
procedure which facilitates resuscitation, nutritional 
support, and long-term vascular access. The clinical use of 
CVC was first described by Aubaniac in 1952 as a method 
of resuscitating trauma patients on the battlefield (1).

There has been an increase in the use of CVCs over 
the last decade due to the increase in disease severity, 

age, and severe co-morbidity of patients, especially in 
the intensive care unit (ICU) setting. Moreover, medical 
treatment for various clinical conditions has become 
more intense and prolonged, with concomitant increases 
in morbidity and the need for supportive medical care. 
As a result of all these factors the incidence and severity 
of mechanical and other catheter-related complications 
have increased. Clinicians now insert millions of CVCs 
annually, with an overall complication rate of 15%, 
ranging from 5% to 19% (2-5). Serious complications 
may significantly add to morbidity and mortality 
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of already compromised patients and also lead to a 
considerable increase in the cost of treatment.

The complications of central vein catheterization 
include infection, thrombosis, occlusion, and, in particular, 
mechanical complications which usually occur during 
insertion and are closely related to the anatomic location of 
the central veins. Infectious complications are reported to 
occur in 5% to 26% of patients, mechanical complications 
in 5% to 19%, and thrombotic complications in 2% to 
26% (4,5). Mechanical complications associated with 
the insertion of central lines include arterial puncture, 
hematoma, hemothorax, pneumothorax, arterial-venous 
fistula, venous air embolism, nerve injury, thoracic duct 
injury (left side only), intraluminal dissection, and puncture 
of the aorta (6).

Pneumothorax is one of the most common CVC 
insertion complications, reportedly representing up to 30% 
of all mechanical adverse events of CVC insertion (7). The 
incidence of pneumothorax varies between 1% and 6.6%, 
with higher incidences being reported in the following 
situations: emergency situations, large catheters size, 
catheters used for dialysis, and with the increased number of 
needle passes (8). Subclaian vein insertion (SCV) has been 
reported to have a higher incidence of pneumothorax than 
internal jugular vein (IJV) insertion (4,9).

The likelihood of mechanical complications is largely 
determined by three categories of factors:

(I)	 Patient-related factors: 
(i)	 Nature of the underlying disease and the presence 

of comorbidity (e.g., pulmonary emphysema/
COPD, coagulopathy);

(ii)	 Anatomy of the patient, (abnormal body mass 
index,  abnormal weight-to-height rat io) , 
congenital anomalies such as persistent left 
superior vena cava;

(iii)	Compromised procedural settings (mechanical 
ventilation or emergency);

(iv)	 Patients restlessness or uncooperative patients;
(v)	 Previous operations, trauma or radiotherapy in 

the anatomic region of interest.
(II)	 Catheter-related factors:

(i)	 Site chosen for CVC insertion;
(ii)	 Catheter type.

(III)	 Clinical factors:
(i)	 Experience of the physician inserting the CVC;
(ii)	 Previous catheterizations;
(iii)	Catheterization attempts;
(iv)	 Emergency or elective situations.

The level of experience of the physician inserting the 
CVC is of paramount importance. Insertion of a catheter by 
a physician who has performed 50 or more catheterizations 
is half as likely to result in a mechanical complication as 
insertion by a physician who has performed fewer than 
50 catheterizations (10). Previous unsuccessful insertion 
attempts, especially in an emergency setting are the most 
common predictors of insertion complications (8). The 
number of needle passes was strongly associated with the 
rates of failure and complications. It has been reported that 
with one attempt of catheterization the complication rate 
is 4.3 % which rises to 24% in patients who undergo more 
than two attempts (11).

In a prospective study of Schummer et al. the incidence 
of primary mechanical complications and malpositions 
associated with landmark-guided central venous access 
procedures by experienced operators were analyzed in the 
ICU setting (12). The incidence of pneumothorax was not 
related to the insertion site. More than one cannulation 
attempt was associated with a significantly higher 
mechanical complication rate. The risk of mechanical 
complications, including failure, increased nearly  
10 times with two attempts and the majority of mechanical 
complications occurred in procedures involving more than 
two attempts. The authors concluded that even experienced 
operators cause a considerable number of early mechanical 
complications and malpositions, after two unsuccessful 
cannulation attempts failure and associated complications 
are very likely.

Kilbourne et al. (13) reported that if only one needle 
pass was attempted during subclavian CVC placement, the 
failure rate for subsequent catheter placement was 1.6%, 
compared with 10.2% for two attempts and 43.2% for 
three or more attempts. Risk of mechanical complications 
is dramatically increased if the local anatomy is altered 
(cannulation of the jugular or subclavian vein after 
sternotomy or clavicular fracture) (14). In this regard, it is 
noteworthy that connections between the pleural cavities 
can develop after thoracic surgery. Thus, CVC insertion on 
one side can lead to contra-lateral or bilateral complications, 
especially in patients with a history of thoracic surgery. 
Similarly, the risk may be increased in patients with the 
narrow thoracic inlet syndrome.

Large catheter size, such as those used for dialysis, 
appears to increase the risk of vascular complications of 
insertion (6,8).

Apart from patient and procedural factors, most CVC-
related complications are closely linked to the insertion site, 
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usually the jugular, subclavian or femoral vein.

Sites of central vascular access and related risk 
of complications

Overall, internal jugular catheterization and subclavian 
venous catheterization carry similar risks of mechanical 
complications. Subclavian catheterization is more likely 
than internal jugular catheterization to be complicated by 
pneumothorax and hemothorax, whereas internal jugular 
catheterization is more likely to be associated with arterial 
puncture. Hematoma and arterial puncture are common 
during femoral venous catheterization (4).

Studies in normal risk patients found a higher incidence 
of pneumothorax when the subclavian vein is cannulated, 
as compared with the IJV (0.5-2% vs. 0.2-0.5%) (9,15,16). 
Subclavian venous catheterization has occasionally been 
linked to a lower incidence of pneumothorax than IJV 
access (17). The frequency of mechanical complications 
according to the sites of central vascular access is presented 
in Table 1.

Internal jugular catheterization can be difficult in obese 
patients, in whom the landmarks of the neck are often 
obscured. Subclavian venous catheterization should be 
avoided in patients with severe hypoxemia, because the 
complication of pneumothorax is more likely to occur at 
this site and is less likely to be tolerated by such patients. 
When inserting a CVC in the jugular or subclavian veins of 
patients with unilateral pulmonary disorders (pneumonia, 
traumatic pneumothorax, etc.), this should, if possible, 
be performed on the side of the affected lung as the 
consequences of potential complications will be less severe.

If central venous access is needed for resuscitation from 
shock, femoral venous access should be considered because 
of the speed with which it can be performed, especially 
if it is believed that internal jugular or subclavian venous 
catheterization will be difficult. Conversely, a prospective, 

comparative study suggests that during cardiac arrest the 
catheterization success rate can be higher for SCV than for 
FV access (19).

Recognition of pneumothorax: symptoms and signs

Until recently it was common practice to exclude 
radiologically detectable complications after the insertion 
of CVCs by the jugular or subclavian approach by chest 
X-ray. However, this procedure is expensive, carries the risk 
of cancer induction, may delay more important procedures 
and may even lead to a false sense of safety because not 
all complications are visible on X-rays shortly after the 
procedure and not all visible complications are correctly 
diagnosed (20-22).

Molgaard et al. (16) found no value in routine X-ray 
control and considered the omission of routine chest X-ray 
control after CVC placement. In a prospective study Rowan 
et al. (23) compared the accuracy of ultrasonography (US) 
with that of supine chest radiography (CR) in the detection 
of traumatic pneumothoraces, with computed tomography 
(CT) as the reference standard. Supine chest radiographs 
were unreliable in making the diagnosis of pneumothorax, 
with a sensitivity value of 36%. US was more sensitive 
than supine CR and as sensitive as CT in the detection of 
pneumothoraces. Alrajhi et al. (24) in a systematic review 
and meta-analysis study, compared the test characteristics 
of US and supine CR in adult patients clinically suspected 
of having a pneumothorax, using CT scan findings or the 
release of air from the chest tube as a reference standard. 
Performance of US for the detection of pneumothorax 
is excellent and is superior to supine CR. CR data were 
available for 864 of 1,048 patients evaluated with US. US was 
90.9% sensitive (95% CI, 86.5-93.9) and 98.2% specific (95% 
CI, 97.0-99.0) for the detection of pneumothorax. CR had 
50.2% sensitivity (95% CI, 43.5-57.0) and 99.4% specificity 
(95% CI, 98.3-99.8). Considering the ease of access and the 

Table 1 Mechanical complications rate according to the sites of central vascular access

Sites
Mechanical complications, total 

(%)

Arterial puncture  

(%)

Hematoma  

(%)

Pneumothorax 

(%)

Internal jugular vein 6.3-11.8 6.3-9.4 <0.1-2.2 <0.2

Internal jugular vein, ultrasound guided 4 1.4-1.7 <0.1-2.2 <0.1

Subclavian vein 6.2-10.7 3.1-4.9 1.2-2.1 0.45-3.1

Femoral vein 12.8-19.4 9.0-15.0 3.8-4.4 0

Data are derived from several studies summarizing by McGee et al. (4), Kusminsky (8), Troianos et al. (14), Orsi et al. (18).
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excellent clinical performance of US the study supports the 
routine use of US for the detection of pneumothorax.

CR of supine patients is not sensitive enough to 
identify hidden pneumothorax because the air initially 
dissipates within the nondependent and medial parts 
of the chest and therefore can be invisible on supine 
radiographs. Even upright CR can be challenging, 
however, because lines, tubes, and other folds can hide 
subtle pleural line abnormalities. Only when the air 
volume increases and pneumothorax extend to the apical 
and lateral sites where the separation of pleural layers is 
more easily identifiable does radiography have diagnostic 
value. CR is often performed immediately after CVC 
insertion and it is therefore possible that there is not 
enough time for the development of a pneumothorax 
large enough to be identified.

Although chest CT is quite accurate, it involves 
moving potentially unstable patients to a less monitored 
environment; it involves radiation exposure; and its 
increased cost makes it an inefficient screening tool.

Clinician-performed bedside US allows the diagnosis of 
pneumothorax to be made immediately, with a high degree 
of sensitivity and with better accuracy than supine chest 
films and equal to that of CT scan (14,23,25). Lung US 
scans carried out in the emergency department detect occult 
pneumothorax and its extension with an accuracy that is 
almost as high as the reference standard (CT scanning) (26). 
Sonography is portable, can be performed at the bedside, 
and has no risk associated with repeated measurements as 
clinical scenarios change. These advantages can make it less 
expensive because there are no additional burdens placed on 
radiologic technologists, and the performance is physician 
dependent. Indeed, numerous studies have described near 
100% sensitivity and 90% to 95% specificity if a thorough 
examination is performed (27-29). The meta-analysis of 
Ding et al. (30) indicated that bedside US performed by 
clinicians had higher sensitivity and similar specificity in 
comparison to anterior-posterior CR in the diagnosis of 
pneumothorax, but the accuracy of US in the diagnosis of 
pneumothorax depended on the skill of the operators.

Given the ease of performance, the low cost, and 
the multiple clinical scenarios in which this diagnosis 
is considered, application of this examination could be 
considered in any situation in which a chest radiograph is 
being ordered to evaluate for pneumothorax. Given the 
frequency with which this diagnosis is considered in the 
hospital setting, using thoracic sonography as a screening 
tool may lead to decreased number of chest radiographs, 

may optimize recourse utilization, reduce costs and 
minimize unnecessary repeated radiation exposure of both 
patients and physicians (31-33).

Interventions to prevent and manage 
pneumothorax during CVC insertion

The profound impact of the complications associated 
with CVC use is so important that efforts to minimize 
and prevent its occurrence should be a routine element 
of quality improvement programs. The interventions to 
prevent and manage pneumothorax during CVC insertion 
are presented in Table 2.

Treatment of pneumothorax after CVC insertion

If a pneumothorax is diagnosed the treatment strategy 
should be determined by the following factors: (I) size; 
(II) symptoms; (III) spontaneous breathing or use of 
mechanical ventilation; (IV) clinical diagnosis of a tension 
pneumothorax.

A standardized treatment algorithm of CVC-induced 
pneumothorax can safely lead to improvements in patients’ 
comfort, and decreases in the length of stay for both adults 
and children (8). Laronga et al. developed a treatment 
algorithm for iatrogenic pneumothorax complicating 
CVC insertion, based on the retrospective review of 100 
pneumothorax cases secondary to subclavian CVC insertion 
on an outpatient basis (34).

Treatment consisted of: (I) observation; (II) outpatient 
insertion of a Heimlich valve; (III) inpatient tube 
thoracostomy. A total of 58 patients underwent observation 
as their initial treatment, and this strategy was successful 
in 35 patients (60%). A total of 34 patients were initially 
treated with the Heimlich valve, and this strategy was 
successful in 29 patients (85%). Tube thoracostomy as 
the initial therapy was successful in 7 (88%) of 8 patients. 
Patients with the Heimlich valve required a mean of  
1.7 days of outpatient treatment as compared to 3.7 days of 
hospitalization for patients treated with tube thoracostomy.

On the basis of the results of the study, the authors 
proposed a treatment algorithm for pneumothoraces 
complicating CVC placement.

For pneumothoraces 30% or smaller, in asymptomatic 
patients, in whom there was no difficulty with CVC 
insertion, a trial of observation is appropriate. Inspiration/
expiration CR performed four hours later, followed by a CR 
performed 24 hours later should be obtained to assess the 
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stability of pneumothorax. If the pneumothorax enlarges 
and the patient develops symptoms a small pigtail catheter 
with a Heimlich valve can be inserted on an outpatient 
basis. For larger pneumothoraces (>30%), for symptomatic 
patients, and for patients with a prior history of same-side 
CVC insertion a pigtail catheter can be used as the initial 
treatment. Large—tube thoracostomy can be reserved 
for refractory pneumothoraces and in the emergency 
setting. However in critically ill patients under mechanical 
ventilation a small pneumothorax may quickly develop into a 
tension pneumothorax with a rapid deterioration of patient’s 
condition. A large thoracostomy tube is recommended as 
the initial treatment in mechanically ventilated patients with 
pneumothorax after CVC placement.

Standardized method of CVC insertion

Because the complication rate decreases with training, 
designing a standardized method of CVC insertion is a 
logical process to promote prevention and decrease the 
incidence of adverse events (4).

Ultrasonography-assisted insertion

The use of ultrasound guidance has been referred to as a 
method for reducing the risk of mechanical complications 
during insertion of CVC. Imaging of the target vein by 
ultrasound prior to catheter insertion is clinically useful to 
confirm the presence of a target vein of adequate size for 

cannulation, because nearly 10% of patients have abnormal 
venous anatomy, including the absence of the vein of 
interest (4,35). There is a broad consensus and an extensive 
body of evidence-based literature demonstrating that real-
time ultrasound-guided CVC placement is associated with 
fewer overall and specific complications, improved catheter 
insertion success and reduced costs (6,14,36-39). Reports 
of the advantages of US guided insertion method over the 
anatomic landmark method support the findings of risk 
reduction and improved insertion success for all access 
sites and in different settings (37,40). In addition, the gap 
between experienced and inexperienced operators has been 
reported to disappear when UAI is used (41). Conversely, 
US-assisted insertion can be of help to a skillful operator 
who is otherwise unable to perform the CVC insertion (35).

Internal jugular vein (IJV)

The IJV is probably the most common site for CVL 
placement. The IJV is classically described as exiting the 
external jugular foramen at the base of the skull posterior 
to the internal carotid and coursing toward an anterolateral 
position (in relation to the carotid) as it travels caudally. 
Vascular anomalies and anatomic variations of this vessel 
and surrounding tissues have been observed in up to 36% of 
patients (42). Denys and Uretsky (35) showed that the IJV 
was located outside of the path predicted by landmarks in 
5.5% of patients.

Ultrasound identifies the vein size and location, 

Table 2 Actions and intervention rationale for CVC placement related pneumothorax

Actions Intervention rationale

Recognizing risk factors for difficult 

catheterization

Presence of the underlying disease (e.g., pulmonary emphysema/COPD), abnormal 

body mass index, abnormal weight-to-height ratio, high pressure mechanical ventilation, 

patients restlessness, operations, trauma or radiotherapy in the anatomic region of 

insertion suggest that catheterization may be difficult

Use of standardized method of CVC 

insertion

The use of standardized method of CVC insertion reduce the rate of mechanical and 

infectious complications

Assistance from experienced clinician Insertion by experienced physician (performing more than 50 CVC insertion) lowered the 

risk of pneumothorax

Ultrasound guidance The use of ultrasounds during CVC catheterization reduce the time required for insertion 

and the rate of mechanical complications

Recognition of pneumothorax Chest radiography, CT-scan, bedside ultrasonography

Use of standardized treatment algorithm The use of standardized treatment algorithm of CVC-induced pneumothorax improves 

patients safety and decreases the length of hospital stay

Abbreviations: CVC, central venous catheter; COPD, chronic obstructive pulmonary disease.
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anomalies, and vessel patency, thus avoiding futile attempts 
in patients with absent or thrombosed veins and congenital 
anomalies such as persistent left superior vena cava. 
Troianos et al. (43) demonstrated that the overall success 
rate of central venous cannulation could be improved from 
96% to 100% with the use of ultrasound. The improved 
first attempt success rate (from 54% to 73%), the decreased 
needle advances (from 2.8 to 1.4 attempts), the decreased 
time to CVC insertion (from 117 to 61 sec), and the lower 
rate of arterial punctures (from 8.43% to 1.39%) have been 
demonstrated in this study. Obese patients and patients with 
obscured external landmarks derive a particular benefit from 
ultrasound guidance by decreasing the incidence of arterial 
puncture, hematoma formation, and pneumothorax (44,45).

The recognition and avoidance of pleural tissue during 
real-time ultrasound imaging could potentially decrease the 
risk for pneumothorax for approaches that involve a needle 
entry site closer to the clavicle (14).

Oguzkurt et al. (46) prospectively reviewed the placement 
of 220 temporary IJV dialysis catheters using US guidance 
in a high risk, patients with 100% success rate, with only 
seven mechanical complications among the 171 procedures.

In summary, ultrasound guidance reduces the number 
of mechanical complications, the number of catheter 
placement failures, and the time required for IJV insertion.

Subclavian vein

Landmark-guided SC vein access uses the anatomic 
landmarks of the midpoint of the clavicle, the junction 
between the middle and medial border of the clavicle, and 
the lateral aspect of a tubercle palpable on the medial part 
of the clavicle. Advantages of using the subclavian vein for 
central venous access include consistent surface anatomic 
landmarks and vein location, patient comfort, and lower 
potential for infection (14).

Complication rates for the landmark-guided approach 
to SC vein cannulation are 0.3% to 12% and include 
pneumothorax, hematoma, arterial puncture, hemothorax, 
catheter malposition, and thoracic duct laceration (left 
side only) (11). Kilbourne et al. (13) reported the one of 
the most common errors during failed SC vein catheter 
placement attempts by resident physicians was inadequate 
landmark identification of the vessel. Higher success rate 
in patients with ultrasound guidance as compared to those 
with landmark-guided approach was demonstrated in a 
study of Orsi et al. (18). The ultrasound group required 
fewer attempts, showed better patient compliance, and 

a zero incidence of pneumothorax, while the incidence 
of pneumothorax in the landmark group was 4.8%. 
A prospective randomized SC vein cannulation study 
performed by Gualtieri et al. (47) favored the ultrasound-
guided over the landmark-guided approach, with a higher 
success rate (92% vs. 44%), fewer minor complications  
(1 vs. 11), and fewer venopunctures (1.4 vs. 2.5) and catheter 
kits (1.0 vs. 1.4) per attempted cannulation.

However, the use of ultrasound guidance during 
subclavian venous catheterization has had mixed results 
in clinical trials, the fixed anatomical relation between the 
subclavian vein and the clavicle makes ultrasound-guided 
catheter insertion more difficult and less reliable than 
landmark-based insertion (14).

Recommendations for central vein placement using 
ultrasound guidance

Members of American Society of Echocardiography and the 
Society of Cardiovascular Anesthesiologists, the panel of 
experts in ultrasound-guided catheter insertion developed 
consensus definitions on ultrasound cannulation (14).

Recommendations of American Society 
of Echocardiography and the Society of 
Cardiovascular Anesthesiologists

Recommendation for subclavian vein cannulation

Current literature does not support the routine use 
of ultrasound for uncomplicated patients undergoing 
SC vein cannulation. Individual operators should not 
attempt cannulation more than twice, as the incidence 
of complication, particularly pneumothorax, rises 
significantly with additional attempts. High-risk patients 
may benefit from ultrasound screening of the SC vein 
before attempted cannulation to identify vessel location 
and patency and to specifically identify thrombus before 
attempted cannulation.  The recommendation for 
ultrasound guidance during SC vein cannulation is based 
on category A (supportive), level 3 evidence.

Recommendation for IJV cannulation

It is recommended that properly trained clinicians use real-
time ultrasound during IJ cannulation whenever possible 
to improve cannulation success and reduce the incidence of 
complications associated with the insertion of large-bore 
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catheters. This recommendation is based on category A, 
level 1 evidence.

International evidence-based recommendations 
on ultrasound-guided vascular access

International experts in ultrasound-guided cannulation 
analyzed the randomised clinical trials performed during the 
last decade and concluded that there are growing clinical 
experience showing that the benefits of ultrasound-guided 
venipuncture can be extended to all venous access sites (48).

Recommendations: (I) ultrasound guidance should 
be routinely used for short-term central venous access 
in adults. Level of evidence-A; degree of consensus-very 
good; strength of recommendation-strong; (II) ultrasound 
guidance should be routinely used for long-term central 
venous access in adults. Level of evidence-A; degree of 
consensus-very good; strength of recommendation-strong; 
(III) ultrasound can accurately detect pneumothorax and 
should be routinely performed after CVC cannulation 
when the pleura could have been damaged. Level of 
evidence-b; degree of consensus-very good; strength of 
recommendation-strong.

Limitations of US guided CVC insertion method

The US guided CVC insertion approach has not yet gained 
widespread acceptance, it is operator-dependent, and 
patient selection and equipment can influence the results 
(49-64).

The three main limitations for US application in 
regard to vascular access are: (I) US physics and their 
incompatibility; (II) learning curve; (III) the need for special 
equipment and its price (65-79).

As with al l  new techniques,  ultrasound-guided 
catheterization requires training. In hospitals where ultrasound 
equipment is available and physicians have adequate training, 
the use of ultrasound guidance should be routinely considered 
for central venous catheterization (78,80-94).
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