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INTRODUCTION

Central venous access is commonly performed in the care 
of the critically‑ill patient, for a number of indications. 
However, this routine procedure has complications that 
every provider must recognize, consider, and be able 
to manage—either directly or with prompt specialty 
assistance. These complications can be immediate or 
delayed in nature. Immediate complications occur at the 
time of catheter insertion and include vascular, cardiac, 
pulmonary, and placement complications. Delayed 
complications include device dysfunction and infection. 
Peripherally inserted central venous catheters have 
an altered complication profile that clinicians should 
consider when deciding on central venous access, but are 
still associated with the same spectrum of complications 
as centrally placed catheter.

LITERATURE SEARCH

An extensive literature search was completed using both 
online and print resources. PubMed and Google Scholar 
were used to search for relevant articles with search 
phrases that included central line complications, central 
venous access complications, central venous catheter 
complications, subclavian line complications, internal 

jugular line complications, femoral line complications, 
and peripherally inserted central catheter (PICC) 
complications. Articles not published in English were 
excluded. Additional manual print literature search 
was conducted using various textbooks, manuals, and 
journals.

SIGNIFICANCE

Over 5 million central venous catheters are inserted every 
year in the United States alone, accounting for 15 million 
central venous catheter days.[1,2] However, this ubiquitous 
procedure has many associated complications that result 
in morbidity, mortality, and increased healthcare cost. 
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Government organizations, such as Medicare, no longer 
reimburse for some preventable complications related 
to central line placement. Thus, it is imperative that 
both healthcare providers be aware of the prevention, 
incidence, and management of the immediate and 
delayed complications related to central venous access.

IMMEDIATE COMPLICATIONS

Immediate complications related to central venous access 
include vascular, cardiac, pulmonary, and placement 
complications. These immediate complications are related 
to technique at the time of procedure. Recognition and 
management of immediate complications is paramount 
as they can often quickly become life‑threatening. Overall, 
number of unsuccessful insertion attempts is the biggest 
predictor of complications.[3] Ultrasound has significantly 
reduced the incidence of immediate complications from 
rates previously as high as 11.8 to 4 to 7%.[4,5]

VASCULAR COMPLICATIONS

Vascular injuries that can occur during catheter placement 
include arterial injury, venous injury, bleeding, and 
hematoma. The use of ultrasound and operator 
experience greatly influence the incidence of vascular 
complications.[3] Ultrasound guidance has been shown 
to decrease risk of complication at all access sites.[6‑8]

Arterial injury occurs in less than 1% of catheter 
placements.[9] Arterial puncture occurs in 4.2–9.3% of 
line placements, and is often easily recognized secondary 
to pulsatile flow, but recognition may be difficult in 
a hypotensive and critically‑ill patient.[9,10] Arterial 
injury occurs most commonly in femoral catheter 
placement and least commonly in subclavian 
placement.[1] Ultrasound is a widely available tool that 
can aid in proper catheter placement. Multiple studies 
have demonstrated the benefit of using ultrasound to 
reduce vascular complications.[11‑13] Use of ultrasound 
does not eliminate the risk of arterial puncture, and 
catheters can still be inadvertently placed into the 
arterial system [Figure 1].[14‑16] If there is uncertainty of 
the punctured vessel, a single lumen catheter can be 
placed over the guide wire and connected to a pressure 
transducer to assess for venous waveforms.[1,9]

In the instance of an inadvertent arterial catheter 
placement, leaving the catheter in place and immediate 
removal with pressure, each carry separate risk. Prolonged 
arterial catheterization can result in thrombus, neurologic 
deficits, and stroke. Immediate removal of an accidental 
arterial catheter can result in uncontrolled hemorrhage, 
pseudoaneurysm, and arteriovenous (AV) fistula 
formation; especially in patients who are treated with 

anticoagulatants or antiplatelet agents.[9] Recent studies 
have demonstrated that leaving the arterial catheter in 
place with prompt repair carries less morbidity and 
mortality than catheter removal with pressure.[17,18] AV 
fistulas can be treated with image‑guided coiling, and 
pseudoaneurysms can be treated with compression or 
image‑guided thrombin or coil placement. However, 
fistulas between two large vessels (i.e., carotid artery 
and internal jugular vein) that are not promptly 
recognized and grow over time may require direct 
surgical repair as attempted coil placement, a technique 
that can be quite challenging in high‑flow/high‑pressure 
systems, may result in catastrophic coil embolization. 
Fortunately, surgery is rarely required for repair.[5] If 
inadvertent arterial insertion fails to be recognized, 
further complications can arise from infusion through 
malpositioned catheters. Rare cases of cerebrovascular 
events and neurologic deficits have been reported in 
the literature as a result of infusion through accidental 
arterial lines.[19‑21]

While arterial injuries are more common, lacerations 
of the vena cava, mediastinal vessels, and right atrium 
have been reported. The proposed mechanism of these 
injuries is that the guide wire becomes trapped against a 
vessel wall, and subsequent insertion of dilator or catheter 
causes injury. The mechanism is such that as the catheter, 
or dilatator, is advanced; the wire starts to “bow” and 
push up against the vessel wall and potentially causing 
a linear laceration which can be much larger (and 
catastrophic) than a simple puncture. While catheter 
placement within the atria have higher flow rates and 
lower rates of thrombosis, the risk of atrial perforation 
has changed recommendations of catheter placement 
from within the atria to the atrial‑caval junction. Catheter 

Figure 1: Chest X-ray demonstrating a pulmonary artery catheter inadvertently 
placed via the right carotid artery into the thoracic aorta. Despite pressure 
waveform monitoring, erroneous placement was not noticed until a post-procedure 
chest was obtained. The catheter was removed immediately. Follow-up carotid 
ultrasound was unremarkable for arteriovenous (AV) fistula or pseudoaneurysm. 
This patient had no residual complications as this complication was immediately 
recognized and managed
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placement in the right atrium, or even, within the right 
ventricle can also cause local myocardial irritation that 
might result in supraventricular arrhythmias. Such 
arrhythmias, if left unrecognized, may result in significant 
hemodynamic compromise and be very difficult, if 
impossible, to control pharmacologically. The junction 
often lies 1.5–2 vertebrate below the carina.[22] Careful 
attention to resistance during guide wire insertion and 
direct visualization under fluoroscopy may minimize risk 
of vessel or atria injury.[9] If a central venous catheter rests 
against a vessel at an angle of greater than 40°, the risk 
of perforation increases.[3] If major venous vessel injury 
occurs, emergent surgical intervention is often needed, 
and literature related to this topic is largely limited to case 
reports [Figure 2].[9] Surgery can range from direct suture 
repair of a perforation to complete vascular reconstruction 
with autologous tissue or bovine pericardium. Prosthetic 
material in the venous system is highly thrombogenic, 
even with aggressive anticoagulation, and unlikely 
to remain patent for prolonged periods of time and 
should not be used. For surgical interventions in which 
the patient is in extremis from hemorrhage, proximal 
and distal ligation of the bleeding vessel—even if a 
major vein such as innominate (brachiocephalic) is 

an appropriate approach and potentially lifesaving 
technique. Time‑consuming and extensive vascular 
reconstructions in unstable circumstances, in this author’s 
experience, are rarely successful and only delay critical 
attempts at obtaining both hemostasis and physiologic 
stability. Major intrathoracic injuries may even require the 
use of cardiopulmonary bypass to achieve hemodynamic 
stability and to help define and manage complex injuries 
and should be available, if possible. This author’s 
experience with management of such injuries suggests 
that collateral venous return will develop and head and/
or limb swelling in the interim is well‑tolerated. Delayed 
reconstruction after damage‑control procedures, while 
theoretically appealing, has not been apparently reported 
and most likely is not required. For such injuries, the 
primary goal is to save the life of the patient.

Hematoma formation has been reported in up to 4.7% 
of all catheter placements.[10] Hematoma formation is 
often not life‑threatening, but the pleural space and 
mediastinum are both potential spaces where hematoma 
may occur. However, such fluid collections can be 
significant sources of infection in critically‑ill patients 
and may progress to abscess formation. Accumulation 
of blood in these spaces results in hemothorax and 
hemomediastinum and may require surgical intervention 
for image‑guided (i.e., computed tomography (CT)) 
drainage. Oozing related to catheter placement can 
occur in patients with coagulopathies, and can often 
be controlled with pressure at the insertion site.[10] 
Compressible access sites such as the internal jugular or 
femoral vein cannulation are favored if coagulopathy is 
a concern.[3]

Additional vascular complications can occur with 
abnormal anatomy. Congenital persistence of the 
left‑sided vena cava, with or without a bridging 
innominate vein can occur in up to 0.3% of healthy 
patients and may be encountered during central line 
placement via the left subclavian or internal jugular 
veins.[23‑27] This congenital abnormality does not preclude 
catheter placement; if this is the only reasonable option. 
However, recognition of this anomaly should prompt 
consideration of removal of the catheter and right‑sided 
placement to avoid complications that can occur with 
persistent left‑sided vena cava catheter placement. These 
complications include systemic emboli and cardiac 
arrhythmias when the left‑sided vein drains into the 
left atrium (versus the more common drainage into the 
coronary sinus).[27]

Central venous catheter placement can also be 
complicated by existing central venous devices. Cases 
of line and wire entanglement with inferior vena 
cava (IVC) filters have been reported in the literature. 
Fluoroscopic visualization and interventional radiology 
are often needed to correct IVC filter entanglement.[28,29] 

Figure 2: (a) Vascular injury following dialysis catheter placement. Initial chest 
X-ray after reported uneventful place of a tunneled right internal jugular dialysis 
line in a 67-year-old female with end-stage renal disease. (b) After initial attempts 
to access catheter demonstrated that fluid was easily flushed, but not aspirated 
out of the catheter, attempts to change the “malfunctioning” catheter over a wire 
suggested that the wire was in the pleural space, and hence the catheter tip 
was extravascular. (c) Due to concerns of a vascular injury, removal under direct 
visualization was recommended. Following median sternotomy, the intraoperative 
findings demonstrated the catheter had punctured the confluence of the right 
subclavian vein as it entered into the superior vena cava. The catheter was in 
the right pleural space. The pericardial space had not been violated. Under direct 
visualization the catheter was removed and the residual hole was repaired with a 
purse-string and pledgeted suture. Blood loss was minimal and the postoperative 
recovery was uneventful. Repeat line placement several days later, under 
fluoroscopic guidance, was uneventful

C
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Additionally, catheter entanglement can occur in patients 
with multiple catheters. Various techniques have been 
described to remove knotted catheters. Tightening the 
knot and removal through a dilated insertion site as well 
as manipulation under fluoroscopy has been described 
as minimally invasive techniques. However, surgical 
intervention may be required when multiple lines become 
entangled.[30‑32] Additionally, lines can become entrapped 
by suture placement during cardiothoracic surgery.[33] 
To avoid this complication that requires reoperation for 
suture removal, free mobility of all lines should be tested 
at the conclusion of cardiovascular cases. In general, 
surgical removal in stable patients is often preferred in 
any type of catheter entrapment prior to the development 
of complications, especially if complications are the 
direct result of attempts at removal (such as catheter 
fragmentation, further distal embolization to harder to 
reach areas, such as the right ventricle or pulmonary 
arteries, or access site injuries). Understandably, there 
is little literature on the management of these primarily 
iatrogenic misadventures.

Complications can occur with guide wire placement 
alone. Cases of wire entrapment and “lost” wires have 
been reported.[34‑37] Entangled wires may be removed with 
steady traction or require surgical intervention.[35] Lost 
wires are often amendable to snaring under fluoroscopic 
guidance by interventional radiology.[36,37]

PULMONARY COMPLICATIONS

Pulmonary complications that can occur during catheter 
placement include pneumothorax, pneumomediastinum, 
chylothorax, tracheal injury, injury to the recurrent 
laryngeal nerve, and air embolus. Injury to the 
parietal pleura during central line placement results in 
pneumothorax and pneumomediastinum. Pneumothorax 
and pneumomediastinum occur in up to 1% of cases and are 

most often related to subclavian catheter placement.[1,5,10] 
Risk factors for pneumothorax are larger catheter size and 
number of attempted insertions. Pneumothorax can be 
detected using bedside ultrasound at the time of insertion, 
but can also be detected on post‑insertion upright chest 
X‑ray or CT [Figures 3 and 4].[3] If the pneumothorax is less 
than <15% in size, it can be managed conservatively with 
high flow oxygen and close observation. Hemodynamic 
instability and hypoxia obviate the need for emergent 
chest tube placement.[10]

Chylothorax and chylopericardium may have also been 
reported during central venous catheter insertion.[38] 
Venous congestion or injury to lymphatics can cause 
this rare complication. Left‑sided internal jugular or 
subclavian access carries a higher risk of lymphatic injury 
due to the anatomic location of the thoracic duct, but 
lymphatic injury can still occur with right‑sided access. 
Nitric oxide, thoracoscopic fibrin glue, and percutaneous 
coiling have all been used to treat lymphatic injury.[3] 
However, while fortunately exceedingly rare, significant 
lymphatic injuries, as with other iatrogenic lymphatic 
or thoracic duct injuries, should have an attempted trial 
of medical management with total parental nutrition or 
low‑fat enteral nutrition prior to invasive repair attempts.

Nerve injury to the recurrent laryngeal nerve can result 
from accidental trauma or perineural hematoma. The 
sympathetic chain, brachial plexus, and phrenic nerve can 
also be injured in this way. Nerve injury can occur with 
an incidence of up to 1.6%.[19] Recovery from nerve injury 
sustained during central venous catheter placement can 
take up to 6–12 months.[3,19]

Tracheal injuries can be the direct result of inadvertent 
puncture of the trachea while trying to gain vascular 
access with either a “finder” needle or the larger bore 
needle used to advance the guide wire.[39,40] Such injuries 

Figure 3: Contralateral pneumothorax. Pneumothorax following failed chronic 
port placement on contralateral side

Figure 4: Ipsilateral pneumothorax. Pneumothorax following left-sided subclavian 
line placement
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are of little significance, unless the patient is mechanically 
ventilated. Needle punctures of a endotracheal or 
trachesostomy cuff may result in a clinically apparent 
air leak, and hence require tube change. For patients 
requiring mechanical ventilation with high airway 
pressures, punctures below an endotracheal tube cuff may 
result in progressively developing pneumomediastinum 
and/or subcutaneous emphysema. While this might be 
radiographically and clinically concerning; rarely is it 
a clinically relevant problem. Unless associated with a 
pneumothorax, therapy is rarely indicated and the air 
will reabsorb over time as airway pressures improve. 
Advancing the endotracheal tube, if possible, or replacing 
with a long trachesotomy tube might help control 
ongoing transtracheal airleaks.[41]

Air embolism can occur during catheter insertion or 
inadvertently when flushing the catheter. Negative 
intrathoracic pressure from inspiration can draw air 
into the vein while cannulized, and hypoxia can result 
from larger air emboli that reach the pulmonary arterial 
system. Patients with atrial or ventricular septal defects 
can transmit air emboli into the systemic circulation 
with potentially fatal complications. In order to avoid 
air embolism, the patient should be placed in the 
Trendelenburg position at all times during insertion 
to increase venous pressure. Additionally, all catheter 
hubs should be occluded at all times. If an air embolism 
is suspected, the patient should be placed on high flow 
oxygen and in the left lateral decubitus position. The 
left lateral decubitus position localizes air to the right 
atrium and right lung and prevents further air emboli 
from entering the pulmonary artery. This maneuver is 
not effective in patients with abnormal anatomy, such 
as patients with previous pneumonectomy or patent 
foramen ovale, and may worsen complications.[1,5] Small 
air embolisms, such as less than several cc’s, are typically 
of little significant and should not distract from safely 
securing the line. Even with intracardiac shunts, small 
cerebral air embolisms can be self‑resolving and can 
be managed with supplemental oxygen and increased 
systemic pressures to help “washout” the air bubble.[42] 
In extreme cases, hyperbaric oxygen therapy, if easily 
available, can be attempted to help reabsorb the air.[43]

CARDIAC COMPLICATIONS

Cardiac complications during catheter placement include 
arrhythmia and cardiac arrest. Arrhythmia results 
from guide wire contact with the right atrium. Most 
frequently, this results in premature atrial and ventricular 
contractions. However, if the AV node is contacted for a 
significant amount of time, supraventricular tachycardia 
can result and lead to fatal arrhythmia and arrest.[3,5,44] 
Awareness of guide wire depth and telemetry monitoring 
help in early recognition of arrhythmia. If arrhythmia 

does occur, prompt initiation of advanced cardiac life 
support (ACLS) is necessary. Although rare, deaths from 
cardiac arrest related to central venous catheter placement 
have been reported.[44] Probably underreported in the 
literature, direct valvular (particularly tricuspid) injuries 
would rarely require intervention as even severe tricuspid 
regurgitation can be managed medically. Likewise, right 
ventricular perforations with pulmonary artery catheters 
can occur and result in life‑threatening tamponade. When 
suspected, emergent surface echocardiography may 
confirm the diagnosis and prompt immediate sternotomy 
for direct repair. Such injuries are rarely diagnosed 
preoperatively as immediate hemodynamic collapse 
from presumed hemorrhage may prompt emergent 
surgical exploration. Lifesaving cardiothoracic surgical 
intervention often requires a high index of suspicion as 
delaying surgery while awaiting diagnostic studies may 
be fatal.

DELAYED COMPLICATIONS

Delayed complications include device dysfunction and 
infection. These complications are more gradual in onset 
and can occur in the weeks to years after central venous 
catheter placement. Early recognition is important 
in reducing morbidity and mortality associated with 
these complications. As with any infection, appropriate 
culture‑guided antibiotic therapy and prompt catheter 
removal, if possible, is indicated.

DEVICE DYSFUNCTION

Device dysfunction complications include fibrin sheath 
formation, fracture, thrombosis, central venous stenosis, 
and infection. Site of catheter placement, duration of 
catheterization, and underlying patient comorbidities 
all affect the rate of device dysfunction.

Fibrin sheath formation can occur within 1 week of 
catheter placement and can occlude the distal openings 
resulting in inability to withdraw blood. Fibrinolytics 
such as alteplase can be employed in order to dissolve the 
fibrin sheath.[5] Line stripping can be attempted in patients 
where fibrinolytics have failed.[19] Fibrin sheath formation 
does not correlate with future catheter thrombosis.[3] 
Unless there is a large thrombus associated with the 
sheath (>3 cm), simple line removal is appropriate. If there 
is a large thrombus at the end of the catheter, especially if 
there is concern that it is infected, direct surgical removal 
should be considered after attempted anticoagulation 
or thrombolytic therapy. In septic patients, intracardiac 
removal of infected lines may play an important role 
in infection source control and should be considered in 
appropriate patients.



Kornbau, et al.: Central line complications

175International Journal of Critical Illness and Injury Science  |  Vol. 5  |  Issue 3  |  Jul-Sep 2015

Catheter fracture occurs most commonly in subclavian 
lines after a catheter has been in place for an extended 
period of time [Figures 5 and 6]. Fracture can lead to serious 
complications related to catheter embolization including 
sepsis, endocarditis, cardiac perforation, or arrhythmia.[19] 
Catheter fracture is preceded by pinch‑off syndrome, 
which results in catheter malfunction from compression 
of the catheter by the subclavius‑costoclavicular complex 
between the clavicle and first rib.[3] Catheter fracture 
can also occur during removal secondary to catheter 
entrapment. Catheter entrapment can occur due to the 
ingrowth of endothelium around the catheter and results 
in fracture upon attempted removal.

Long‑term catheters can also lead to venous thrombosis. 
Symptoms include ipsilateral extremity erythema, 
edema, and paresthesia. Additionally, thrombosis 
can lead to superior vena cava syndrome, which can 
present as head and neck swelling.[5] Incidence of 
superior vena cava syndrome is estimated to be 1 in 
1,000 cases.[3] Subclavian central venous catheters have 
the lowest rate of thrombosis.[1,3] Femoral lines have 
the highest rate of thrombosis.[3] Cancer patients have 
a higher risk of central line thrombosis of up to 41%.[3] 
Primary thromboprophylaxis has no proven benefit in 
the oncologic or cancer‑free population.[3]

Chronic central venous access can also lead to venous 
stenosis. Stenosis is often asymptomatic and has been 
reported to occur in up to 41% of cases.[19] Stenting may 
be required to treat symptomatic stenoses or occlusion.[19] 
Risk factors for stenosis include previous cannulation, 
infection, and increased in‑dwelling catheter time.[3]

INFECTION

Infection is a serious delayed complication associated 
with central venous access that can lead to sepsis, shock, 

and death. Central line‑associated bloodstream infections 
have a reported incidence between 80–189 episodes per 
100,000 patient years, and the Centers for Disease Control 
and Prevention (CDC) estimates the additional cost per 
infection to be on average approximately $16,550.[45] 
Mortality related to central line infection can occur in 
up to 25% of cases.[29] Infections become established 
on the catheter through the production of biofilm. 
Staphylococcus aureus and Staphylococcus epidermidis are 
the two most common pathogens.[46]

Catheter infection sources include contamination from 
skin flora, contamination from infused substance, or 
from hematogenous spread from an unrelated site.[46] 
Femoral catheters have the highest rate of infection, 
and non‑cuffed catheters have higher risk than cuffed 
catheters.[3] Catheters with greater number of lumens 
have been associated with a greater risk of infection.[47‑49] 
Antimicrobial impregnated catheters can also aid in 
decreasing central line infection rates.[3]

If infection is suspected, two blood cultures should be 
drawn from separate sites before starting broad‑spectrum 
antibiotics. The catheter tip should also be sent for culture. 
The type of catheter, virulence of pathogen, severity 
of illness, and the availability of additional venous 
access should be considered when evaluating central 
line infection. Antibiotics should be tailored to specific 
pathogens as cultures return.[50]

Guidelines for reducing infection address several key 
areas.[2] In order to prevent infection, it is recommended 
that upper extremity sites be used for catheter insertion 
and that any lower extremity site be changed as soon as 
possible. This recommendation is especially important if 
catheters were placed in emergent (and potentially less 
than sterile) situations such as during a cardiopulmonary 
arrest. A midline or peripherally inserted central venous 

Figure 5: Fractured catheters following chronic port removal. An elderly lady who 
underwent combined chemo and radiation therapy for breast cancer presented 
for elective removal of her chronic intravascular port (top image). Upon attempted 
removal of the port in the operating room, the distal half fractured (bottom image). 
As it appeared to be immobile and potentially adherent to the vascular wall, the 
initial recommendation was to follow it closely for signs of migration with serial 
chest X-rays. Patient concern for embolization prompted attempted extraction 
by interventional catheter-directed techniques by interventional radiology. Such 
attempts were unsuccessful as the catheter appeared, as suspected, to be 
adherent to the innominate vein. Due to patient frailty and concerns for causing 
a major injury, further attempts at removal were abandoned. The patient remains 
asymptomatic

Figure 6: Chronic catheter fracture. Catheter fragment incidentally found on chest 
X-ray 4 years following chronic port removal. The patient was asymptomatic and 
opted for no intervention
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catheter should be used if intravenous (IV) therapy is to 
exceed 6 days. Catheter sites should be inspected daily, 
and opaque dressings should not be removed unless 
necessary. Catheters should have the minimum number of 
ports necessary for the care of the patient, and any central 
line no longer needed should be removed. Maximal sterile 
barrier precautions should be used, an aseptic should be 
used to clean the skin, and transparent dressings should be 
changed every 7 days. Central line bundles incorporating 
these guidelines have been shown to significantly reduce 
the incidence of central line infection.[51,52]

PICC COMPLICATIONS

First described in 1975 by Hoshal, the PICC has become a 
popular method of central venous access.[53] Increased use 
of PICCs is multifactorial with one of the factors being a 
perception of an improved side effect profile. Immediate 
risks of peripherally inserted catheters include injury to 
local structures, phlebitis at insertion site, air embolism, 
hematoma, arrhythmia, and catheter malposition. Late 
complications include infection, thrombosis, and catheter 
malposition.

Early studies demonstrated that PICCs may have a 
decreased rate of bloodstream infection, but more recent 
studies have indicated that there may be no difference 
in the rate of bloodstream infection between traditional 
central venous catheters and PICCs.[54‑57] Thrombosis 
of PICCs has been reported in the literature to be up to 
5%.[58] Additional studies have suggested that the risk of 
thrombophlebitis is greater in PICCs.[57] However, there is 
lack of large randomized control trials comparing PICCs 
to central venous catheters.

As with centrally placed catheters, rare complications 
with PICCs have also been reported. Catheter fracture 
and embolization can occur and necessitate surgical 
intervention.[59,60] Life‑threatening cardiovascular 
complications including cardiac perforation and 
tamponade, atrial arrhythmia, catheter‑related right 
atrial thrombi, and pulmonary embolism have also been 
described.[61‑63] PICC insertion can also lead to vascular 
complications such as AV fistula and venous injury. 
Cases of neurologic complications such as Horner’s 
syndrome and injury to the interosseus nerve have 
been reported as well.[64,65] Pulmonary complications 
that have been described include hydromediastinum 
and pneumothorax.[66] These case reports demonstrate 
that PICCs can cause many of the same serious and 
life‑threatening complications associated with traditional 
central venous catheters and should be considered when 
considering catheter type.

While perception remains that peripherally inserted 
catheters are less morbid than traditional catheters, 

recent data suggests that the complication profile may 
not be that altered. Physicians should be cautious and 
be aware of the risks that PICCs carry when deciding 
upon central venous access. The widely held perception 
that such catheters, because of peripheral placement, are 
associated with minimal risks is probably inappropriate.

FUTURE DIRECTIONS

Without a doubt as patients present with more 
comorbidities, as therapies become more aggressive and 
invasive, and the consequences of complications—both to 
the patient and potentially to the hospital and healthcare 
systems—become more significant (and potentially 
costly).[67] As such, the means in which therapies are 
delivered will come under greater scrutiny in terms of 
safety, efficacy, and costs. As mentioned, procedural 
related complications, more and more, are being 
considered as “never events” (implying they should never 
occur) with not only potential clinical and medical‑legal 
implications, but reimbursement as well.[68] Payers, such 
as Medicare and Medicaid, are establishing reporting 
requirements and protocols that will no longer reimburse 
for costs incurred as a result of procedural‑related 
complications. As such, greater emphasis is being placed 
on the development and adherence to protocols that 
emphasize proper technique, checklists to minimize 
complications, and technologies that improve patient 
safety. Previously routinely placed procedures performed 
by Junior residents; such as beside temporary dialysis 
catheters (which might not be billed nor charged for) 
are now routine procedures in Interventional Radiology 
suites, hybrid operating rooms, and/or specially designed 
and designated “procedure rooms”. The implications, 
in terms of costs and safety, not to mention patient 
convenience are poorly understood.[69] Nevertheless, 
as complications such as catheter line‑associated blood 
stream infections (CLABSI), are now publically reported 
in the Institutional Quality Data, much emphasis will 
be placed improving this metric of safety. Clearly, 
tremendous resources and opportunities exist for 
the development of technologies and guidelines that 
minimize such risks.

PRACTICAL CONSIDERATIONS

Without a doubt, central venous access is one of the more 
commonly performed invasive vascular procedures in 
hospitalized patients. With increasing comorbidities and 
complexity of illness in hospitalized patients, the need for 
central IV access for medication administration, multiple 
lab testing, and central hemodynamic monitoring the risks 
of placement and spectrum of complications will only 
increase as well. While most of the complications outlined 
above are well‑described, potentially preventable, and 
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within the spectrum of acceptable procedural related 
risks, clearly unusual complications have been reported 
in isolated reports; all illustrating that the clinician must 
be aware that anything that can happen, will happen, 
and that awareness and a management plan are critical 
to the use of such lines. Complications from localized 
hematomas can cause vocal cord paralysis,[70] airway 
obstruction,[71] and phrenic nerve injuries.[72] Other 
rare, but reported complications, such as intracranial 
hypertension from AV malformation from inadvertent 
arterial puncture[73] and brain stem strokes from vertebral 
artery thrombosis[74] (again, from inadvertent arterial 
puncture); all illustrate that when unusual and rare 
problems develop shortly after central line placement, a 
procedural‑related complication must be considered and 
a multidisciplinary team may be required for appropriate 
management.

CONCLUSION

While central venous access is routine in the critically‑ill 
patient, it is not without risk. Physicians should be aware 
of the immediate and delayed complications related to 
central venous catheter placement. Recognizing and 
subsequent management of complications reduces 
morbidity and mortality and improves patient outcomes. 
Each type of access carries an altered likelihood of 
complication that physicians should consider. While 
the chance of complications can never be completely 
eliminated, their prevention should be a provider’s 
ultimate goal.
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