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Patients who are critically ill and hospitalized often require invasive procedures as a part of their

medical care. Each procedure carries a unique set of risks and associated complications, but

common to all of them is the risk of hemorrhage. Central venous catheterization, arterial

catheterization, paracentesis, thoracentesis, tube thoracostomy, and lumbar puncture consti-

tute a majority of the procedures performed in patients who are hospitalized. In this article, the

authors will discuss the risk factors for bleeding complications from each of these procedures

and methods to minimize risk. Physicians often correct coagulopathy prior to procedures to

decrease bleeding risk, but there is minimal evidence to support this practice.
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Invasive procedures are often part of the
care plan for patients who are critically ill;
therefore, operators must be familiar with
indications, anticipated risks, and possible
complications to establish informed consent
and to perform the procedures competently.
Common to most procedures is the risk
of hemorrhage. Bleeding is associated with
both short- and long-term morbidity and
mortality, leading to increased length of
hospitalization and costs.1 There are several
patient-specific factors that may influence
risk of hemorrhage, including decreased
ability to achieve hemostasis because of
intrinsic or medication-related coagulation
abnormalities, comorbidities such as renal
disease, and abnormal anatomy. Several
provider-related factors also relate to the
risk of hemorrhage, such as inadequate
procedural training, number of needle
passes during a procedure, and the use of
ultrasonography. The combination of these
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factors leads to a unique risk profile for each
patient. On top of this, consideration must be
given to both the utility and risk associated
with corrective interventions commonly used
prior to procedures, such as transfusions
in patients with hemostasis disorders. This
review will focus on hemorrhagic risk for
the more commonly performed critical care
procedures (Table 1)2-17 with a special focus
on the use of periprocedural fresh frozen
plasma (FFP) and platelet transfusions.

Central Venous Catheterization
The use of central venous catheters (CVCs)
is widespread in patients who are critically
ill, with more than 5 million catheters
inserted annually in the United States.2 It
is estimated that complications of central
venous catheterization occur in up to 15% of
patients, although with improvement in
insertion techniques and the widespread
use of ultrasound guidance this rate has been
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TABLE 1 ] Risk of Hemorrhagic Complications by Procedure Type

Procedure
No. of Procedures

Annually Bleeding Risk Bleeding Risk Factors
Recommendations to
Reduce Bleeding Risk

Central venous
catheterization2-4

5 million 0.5%-1.6% n Anatomical
abnormalities

n No. of needle passes
n Arterial puncture
n Lack of operator

experience
n Lack of ultrasound

guidance

n Experienced operator
n Real-time ultrasound guidance
n Use of small-bore catheter

if possible

Internal jugular < 0.1%-2.2%

Subclavian 0.4%-2.1% n Lateral approach with
axillary entry point to
allow compressibility

Femoral 3.8%-4.4%

Arterial
catheterization5

8 million 1.8%-2.6% n Number of attempts
n Lack of ultrasound

guidance
n Femoral artery:

high entry site

n Experienced operator
n Real-time ultrasound guidance
n Use of small-bore catheter

Thoracentesis6-8 178,000 < 1% n Renal disease
n Small pleural effusion
n Obesity
n Complicated pleural

space
n Suboptimal patient

position
n Lack of operator

experience
n Lack of ultrasound

guidance
n Large-volume drainage

n Experienced operator
n Use of ultrasound guidance
n Knowledge of chest wall

anatomy
n Entry site within safe zone

(50%-70% of the way down
the intercostal space)

Tube
thoracostomy9,10

> 1 million 0.2%-1.4%

Paracentesis7,11-14 150,000 0%-0.97% n Renal disease
n Therapeutic

paracentesis
n Lack of operator

experience
n Lack of ultrasound

guidance

n Experienced operator
n Use of ultrasound guidance
n Awareness of location of

abdominal wall vessels

Lumbar
puncture15-17

400,000 < 0.1% n CNS disease
n Rapidly decreasing

platelet count
n Multiple procedural

attempts
n Traumatic lumbar

puncture
n Abnormal anatomy
n Obesity

n Experienced operator
n Image guidance in patients at

high risk
n Close postprocedural

monitoring for early signs
of bleeding
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reported at 4.6%.2,3,18 The risk of any bleeding
complication ranges from 0.5% to 1.6%.19 These
complications may manifest as insertional site bleeding,
subcutaneous hematoma, mediastinal or retroperitoneal
hematoma, or hemothorax. A database analysis of
16,721 CVC placements showed an incidence rate of
0.09 (per 1,000 catheter days) for severe bleeding
238 Contemporary Reviews in Critical Care Medicine
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complications, typically defined as a decrease in
hemoglobin requiring transfusion or causing
hemodynamic instability.20

Arterial puncture occurs in 3% to 15% of CVC
procedures, which, if unrecognized, can lead to severe
hemorrhage and neurologic complications.2 Hematoma
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and arterial puncture vary by site of line insertion,
occurring more commonly with femoral catheterization
than in internal jugular or subclavian sites.2 The
complications associated with arterial needle puncture
can be exacerbated if the artery is dilated and an
indwelling catheter is inserted. Accordingly, it is
recommended that confirmation of venous, rather
than arterial, puncture be established before dilation
is performed. This can be done with the use of real-time
ultrasonography, transduction of the cannulated vessel
prior to dilation, manometry, pressure waveform
analysis, or venous blood gas analysis.4

Strategies to reduce the risk of mechanical complications
of central line placement include recognition of risk
factors such as prior surgery at a site, assistance of
a more experienced operator, and use of real-time
ultrasound guidance.2 Sznajder et al3 demonstrated
that a physician who has performed more than
50 procedures is one-half as likely to have a mechanical
complication than is a physician who has performed
fewer than 50. Additionally, the number of insertion
attempts is associated with increasing risk.21,22 A recent
systematic review showed that the use of ultrasound
guidance in internal jugular catheter placement
reduced the number of arterial punctures by 72% and
hematoma formation by 73%.23 Ultrasound guidance
for subclavian catheter placement also significantly
decreases the incidence of arterial puncture, hematoma
formation, and hemothorax.24 Studies of ultrasound-
guided vs landmark technique show that a possible
additional benefit of real-time ultrasound guidance for
subclavian catheterization is the ability to move the site
of vein entry more lateral (ie, the axillary vein) and,
therefore, to a more compressible site should bleeding
occur.25 A meta-analysis showed that ultrasound
guidance in femoral vein catheterization has not
been shown to decrease bleeding risk but increases
first-attempt success rate and decreases the overall
complication rate.26,27 After the data for all three
insertion sites has been pooled, the use of real-time
ultrasound guidance significantly reduces the risk of
arterial puncture, hematoma, and hemothorax.28

There is minimal evidence to support routine
prophylactic platelet or plasma transfusions to decrease
bleeding risk prior to central line placement in
patients with mild to moderate hemostasis disorders
(international normalized ratio [INR] of 1.5 to 3 or
platelet count of 25,000 to 50,000/mL). Two prospective
studies examining CVC placement in patients with
an INR $1.5 or platelet count < 50,000/mL showed
journal.publications.chestnet.org
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no association with bleeding complications.29,30 A large
retrospective study examining the risk factors for
bleeding due to CVC insertion also showed no
association between hemorrhage and abnormal
coagulation tests in 1,737 consecutive line insertions.19

An increased risk for bleeding complications with
large-bore (11.5-13 F) catheters is described, but in a
study of the placement of large-bore tunneled CVCs
in patients with a platelet count between 25,000 and
50,000/mL or an INR of 1.5 to 2, there was no increase
in bleeding complications.19,31 There is not a definitive
cutoff value for CVC placement in the setting of
thrombocytopenia, with some studies showing that
a platelet count < 50,000/mL is associated with mild
bleeding complications (such as oozing at the insertion
site), and other studies concluding that CVCs can safely
be placed when the platelet count is $20,000/mL.32,33

In a prospective study in patients with liver disease
with a median INR of 2.4 and platelet count of
81,000/mL, there was no increase in major bleeding
complications.34 Additionally, no increased risk of
major bleeding events has been observed in patients
with cancer with hemostasis disorders.35

The summary evidence available at this time indicates
that CVC placement carries similar risk in patients
with and those without hemostasis abnormalities.
Accordingly, we recommend the following strategies
for CVC placement to minimize risk of bleeding:
(1) presence of an experienced operator, (2) use of
real-time ultrasound guidance for all CVC placement,
(3) use of a lateral approach to subclavian vein
cannulation with axillary vein entry to allow vessel
compression, (4) avoidance of routine prophylactic
transfusions in mild to moderate hemostasis disorders.

Arterial Catheterization
An estimated 8 million arterial catheters are placed
annually in the United States for hemodynamic and
blood gas monitoring.5 The most common site of
placement is the radial artery, followed by femoral,
axillary, brachial, and dorsalis pedis sites. A review of
the literature from 1978 to 2001 showed no difference
in bleeding complications by site.5 In a study of
4,932 medical and surgical patients in the ICU,
the risk of bleeding was between 1.8% and 2.6%.36

Bleeding complications are often limited to oozing
or hematoma formation. The development of a
hematoma may increase the risk of vascular occlusion
and ischemia. Femoral catheterization also carries
the risk of retroperitoneal hematoma formation,
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with higher femoral artery puncture increasing this
risk.37

The use of ultrasound guidance significantly reduces
the overall complication rate in both radial and femoral
arterial catheterization. The relative risk of hematoma
formation is decreased by 86% when ultrasonography
used in radial artery catheterization.38 In the cardiology
literature, the use of ultrasonography decreases the overall
complication rate of femoral artery catheterization,
including decreases in the risk of hematoma (relative risk,
0.51; P ¼ .14), and improves the likelihood of first-pass
success by 42%.39

There are no data regarding the bleeding risk of arterial
catheterization in patients with abnormal hemostasis
who are critically ill. The cardiology literature suggests
that arterial access carries no increased risk of bleeding
with mild elevations in INR, particularly for the radial
approach.40,41 In a small, observational study of arterial
puncture for endovascular procedures, there was no
difference in bleeding complications in patients with
an INR of 2.3 than in patients with an INR of 1.1.42
Thoracentesis
It is estimated that 178,000 thoracenteses are performed
annually in the United States.6 The reported incidence
of bleeding associated with thoracentesis is < 1%.7

Given the rarity of this complication, there is minimal
evidence describing the risk factors for bleeding. One
observational study showed that renal disease, defined
as a creatinine level > 6 mg/dL, may increase the
risk of hemorrhagic complications.43 Traditionally,
coagulopathy and thrombocytopenia are implicated
as risk factors. Other factors that increase the overall
complication rate for thoracentesis include small
effusions, obesity, complicated effusions in the pleural
space, suboptimal patient positioning, lack of operator
experience, lack of ultrasonography use, and large-
volume drainage.44

The strategies to decrease the risk of thoracentesis are
most commonly examined in the context of reducing the
rates of pneumothorax. There is much less evidence
regarding reduction of hemorrhagic complications.
One strategy for risk reduction may include increasing
provider education to focus on improved understanding
of the pleural and chest wall anatomy. For example,
Wraight et al45 described remarkable variation in the
anatomic location of the intercostal neurovascular bundle
on cadavers. The neurovascular bundle was not always
tucked under the superior rib in the subcostal groove, as
240 Contemporary Reviews in Critical Care Medicine
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is classically taught. Particularly noteworthy was the
finding of a total of 83 inferior collateral intercostal
arteries of a total of 148 interspaces evaluated. These
inferior collateral intercostal arteries were not in the
subcostal groove 90% of the time. On the basis of these
findings, the authors recommended a safe zone between
50% to 70% of the way down an intercostal space to
avoid the varyingly positioned superior intercostal
neurovascular bundle and the inferior collateral artery.45

This recommendation should apply to both thoracentesis
and tube thoracostomy.

Additional cadaveric and imaging studies have also
demonstrated variation in the course of the posterior
intercostal artery but reveal that, in general, its location
is closer to the undersurface of the rib as it travels more
laterally from the spine.46-49 Therefore, in addition to
familiarity with the aforementioned safe zone, these
cadaveric and imaging studies suggest choosing a
location at least 6 cm lateral from midline when
performing a posterior thoracentesis, although this
has not been studied in clinical practice. Knowledge
of an individual’s chest wall and pleural anatomy
can be gained by the use of ultrasound guidance,
which decreases the overall complication rate of
thoracentesis.50 A review of 19,339 thoracenteses
found a 38.7% reduction in the likelihood of hemorrhage
when using ultrasound guidance (P ¼ .071).51

Many studies have examined coagulopathy and the
use of prophylactic blood product transfusions to
reduce the bleeding risk from thoracentesis. McVay
and Toy43 found no increased bleeding in patients
who were undergoing thoracentesis and had mild to
moderate coagulopathy defined as prothrombin time
(PT) or partial thromboplastin time (PTT) up to
twice the midpoint normal range or mild (50,000 to
99,000/mL) to moderate (25,000 to 49,000/mL)
thrombocytopenia. A retrospective review of 1,076
ultrasound-guided thoracenteses showed no bleeding
complications despite a preprocedural INR > 2.0 in
139 cases and platelet count < 50,000/mL in 58 cases.52

A cohort study of 9,320 thoracenteses also showed no
associations between bleeding and INR, PTT, or
platelet counts.8 Puchalski et al53 defined potential
risk factors for bleeding as INR > 1.5, platelet
count < 50,000/mL, therapeutic low-molecular-weight
heparin or unfractionated heparin, and renal disease
defined as a creatinine level > 1.5 mg/dL or use of
renal replacement therapy. In their observational
study in 312 patients, 42% of whom had a potential
risk factor for bleeding, there was no difference in
[ 1 5 0 # 1 CHE S T J U L Y 2 0 1 6 ]
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pre- and postprocedural hematocrit levels.53 Similarly,
a retrospective review of 1,009 ultrasound-guided
procedures in patients with an INR > 1.6 or platelet
count < 50,000/mL showed no difference in bleeding
complications in patients who had received FFP or
platelets prior to the procedure compared with those
who had not.9 In a retrospective study in 100 patients
with hematologic malignancy who were undergoing
thoracentesis, hemothorax occurred only 2% of the time,
with none occurring in patients with abnormal clotting
test results.10 The observational data available at this
time do not support the routine use of prophylactic
transfusions prior to thoracentesis to correct a mild
to moderately abnormal INR or platelet count.

Tube Thoracostomy
Chest tube insertion (tube thoracostomy) is also a
common procedure performed in patients who are
critically ill, with more than 1 million placed annually.54

Mechanical complications including bleeding are rare,
occurring in 0.2% of small-bore drains (< 16 F) and
1.4% of large-bore drains (> 20 F).55 Risk factors
and strategies to reduce complications are similar to
those described for thoracentesis, including the use
of ultrasound guidance for tube placement. There
are minimal data regarding chest tube insertion in
patients with abnormal hemostasis. Some guidelines
recommend delaying chest drain insertion until the
INR is < 1.5 if clinical circumstances allow, although
there have not been high-quality trials to support
this recommendation.55 In a randomized trial of
prophylactic FFP prior to chest tube insertion, no
difference was found in bleeding rates in patients with
mild coagulopathy receiving prophylactic FFP and those
who were not.56 Two studies examined chest tube
placement in patients receiving clopidogrel and
showed no increase in the incidence of bleeding for
those patients when chest tubes were inserted in the
midaxillary line with ultrasound guidance.57,58 To
minimize the bleeding risk for both chest tube insertion
and thoracentesis, we recommend that providers
performing the procedure have sufficient experience,
use ultrasound guidance, and be familiar with the
chest wall anatomy, particularly the variation in the
path of the intercostal artery.

Paracentesis
At least 150,000 paracenteses are performed annually
in the United States.59 Paracentesis is regarded as a
safe procedure, with an overall serious complication
journal.publications.chestnet.org
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rate of approximately 1% to 2% and a severe
hemorrhage rate of 0% to 0.97%.11-14,43,60,61 However,
bleeding complications, when they occur, can cause
substantial morbidity.12,60

Hemorrhagic complications from paracentesis typically
occur as a result of needle puncture of a superficial
abdominal wall vein, mesenteric varices, or the inferior
epigastric artery. A systematic review identified
three types of hemorrhagic complications associated
with paracentesis: abdominal wall hematomas (52%),
hemoperitoneum (41%), and pseudoaneurysm (7%).12

In this review, renal disease (creatinine level> 1.2 mg/dL
or glomerular filtration rate < 60) was present in 70% of
patients with bleeding complications. Other studies
have also found a correlation with renal disease and
increased bleeding risk, with the definition of renal
disease varying widely by study.43,61 Its presence is a
marker for a higher risk procedure that should
be performed by an experienced operator.

In a prospective study of 515 paracenteses, therapeutic
paracentesis was associated with a slightly higher risk of
complication than was diagnostic paracentesis. There was
a trend toward an increased complication rate in patients
with platelet count < 50,000/mL, alcoholic cirrhosis,
and advanced liver disease.13 The midline approach
is traditionally considered the least likely to cause
hemorrhagic complications because it is a relatively
avascular region; however, there have been rare reports of
hemorrhage with midline procedures.12 As with the other
procedures described, operator experience and ultrasound
guidance are additional ways to decrease complication
rates. A retrospective review of 69,859 paracenteses
showed a 0.8% rate of any bleeding complications. This
risk was decreased by 68% when ultrasound guidance was
used.1 The use of ultrasonography with Doppler to
evaluate for abdominal wall vessels has not been studied,
but it is an additional tool that may further reduce
bleeding risk. The authors of a prospective study found no
bleeding complications when the operators had adequate
training, which they recommended to be 10 supervised
procedures.60

Paracentesis is reported to be safe in the setting of
coagulopathy and thrombocytopenia. In a review
of 608 procedures, McVay and Toy43 showed no
increase in hemorrhagic complications of paracentesis
in the setting of mild to moderate coagulopathy.
Another retrospective study of 4,729 paracenteses had
a 0.19% rate of severe hemorrhage. The authors found
no increase in risk related to operator experience,
241
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elevated INR, or thrombocytopenia.61 A prospective
study of 1,100 large-volume paracenteses had no
hemorrhagic complications in patients with a mean
INR of 1.7 (as high as 8.5) and a mean platelet count
of 50,400/mL (as low as 19,000/mL).60 Because of the
low rate of bleeding complications, the American
Association for the Study of Liver Diseases recommends
against the prophylactic use of FFP or platelets prior
to paracentesis.62 On the basis of the available evidence,
the presence of an experienced operator and use of
ultrasonography are the best practices to decrease the
hemorrhagic risk of paracentesis.
Lumbar Puncture
Approximately 400,000 lumbar punctures (LPs) are
performed in the United States annually.15 The risk of
bleeding complications due to LP is small but can carry
devastating neurologic consequences. Accordingly,
LP is considered a higher risk procedure than are
CVC placement, thoracentesis, tube thoracostomy, or
paracentesis regarding bleeding complications. Much of
the literature surrounding this issue pertains to the risks
associated with central neuraxial anesthesia, although
there are some retrospective series that focus on LP.

The risk of hematoma following epidural anesthesia
is 1 in 150,000 and following spinal anesthesia is 1 in
220,000.16 The risk with LPs is probably similar,
though there are no reliable published estimates.
Three mechanisms of epidural hematomas have been
described: rupture of epidural veins, rupture of epidural
arteries, and hemorrhage from vascular abnormalities.17

Potential risk factors for hemorrhagic complications
include CNS disease; rapidly decreasing platelet
counts; disseminated intravascular coagulation;
multiple attempts or a traumatic LP; and difficult
anatomy such as ankylosing spondylitis, spinal
stenosis, or obesity.16,17,63 In cases that are anticipated
to be more difficult, an experienced operator or image
guidance (eg, real-time fluoroscopy or ultrasound
guidance) can be used to decrease risk.

A review of a series of studies involving both adult
and pediatric populations showed that 39 LPs were
performed at a platelet count < 10,000/mL, 204 at
counts between 11,000 and 20,000/mL, 817 between
21,000 and 50,000/mL, and 858 between 51 and
100,000/mL. There were no bleeding complications
in any of the studies.16 A separate review showed a
correlation between an abnormal coagulation status
and hemorrhagic complications of LP, but it is
242 Contemporary Reviews in Critical Care Medicine
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unclear whether other risk factors were present and
what constituted an abnormal coagulation status.63

Given the paucity of data regarding optimal platelet
levels for LP and the potential risks of hematoma,
consensus guidelines recommend platelet count of
50,000/mL or greater, with clinical judgment guiding
practice when platelet counts are between 20,000 and
49,000/mL.16

In a review of 613 patients with spinal hematomas,
the majority of which were spontaneous, 16.9% of
patients were receiving anticoagulation. A bleeding
diathesis, including pharmaceutical anticoagulation, in
combination with LP was seen in 6% of circumstances.
LP or neuraxial anesthesia without a hemorrhagic
diathesis accounted for 4.2% of the cases.17 A
retrospective review showed a correlation between
starting anticoagulation within 1 hour of the procedure
and the risk of major complication.64 Based on expert
opinion and observational data, the recommendations
suggest that therapeutic systemic anticoagulation be
held prior to spinal anesthesia or LP.65 In 2013, the
United States Food and Drug Administration issued
a safety communication recommending that neuraxial
procedures be delayed 12 hours after prophylactic
low-molecular-weight heparin is administered and
24 hours after therapeutic administration.66

Given the serious consequence of bleeding after LP,
a more conservative approach to patients with
hemostasis disorders must be taken. Vigilance on
the part of the provider for postprocedural signs
of bleeding, such as back pain or new neurologic
symptoms, is necessary for immediate recognition
and treatment of bleeding if it does occur.
Periprocedural Use of Antithrombotic
Medications
Periprocedural management of antithrombotic
medications is a challenge often faced by physicians
performing invasive procedures. The potential for
increased risk of bleeding while using these medications
must be weighed against the risk of thrombotic events
and delayed diagnostic tests and treatment when they
are temporarily discontinued. These risks vary by
procedure type and individual patient comorbidities.
To help determine the risk of stopping antithrombotic
medications, expert consensus guidelines provide risk
stratification based on the indications for anticoagulant
or antiplatelet therapy.67-69 As discussed, most invasive
procedures performed in the ICU are considered to have
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a low risk of hemorrhage.65,68 In addition to the risk
of hemorrhage associated with a given procedure, one
must consider the potential consequences associated
with a procedure-related hemorrhage. For example,
though the risk of hemorrhage associated with LP is
low, the consequences of bleeding around the spinal
cord may be clinically devastating.

For low-risk procedures, it is often possible to
continue anticoagulant and antiplatelet medications
without increased bleeding risk. The use of aspirin or
nonsteroidal antiinflammatory drugs is not associated
with increased bleeding risk, even in the case of LP.70

Several small studies have shown that thoracentesis
or small-bore chest tube placement is safe in patients
receiving clopidogrel.57,58,71 Direct oral anticoagulants,
such as inhibitors of thrombin or factor Xa, are
increasingly being used in place of vitamin K
antagonists. At this time, recommendations for
periprocedural management of these medications
are based on expert opinion. These recommendations
include holding direct oral anticoagulants for a 24-hour
window before and after low-risk procedures and
5 days prior to high-risk procedures.72 More research
is needed to validate these recommendations.
TABLE 2 ] Risks of Blood Product Transfusions

Risk
Approximate

Incidence per Unit

Acute hemolysis 1:50,000 to 1:100,000

Anaphylaxis 1:30,000

Mismatch due to
human error

1:6,000 to 1:20,000

Transfusion-associated
lung injurya

1:12,000

Transfusion-associated
circulatory overload

1:356

Infectious risks

HIV 1:2.4 million

Hepatitis C 1:2 million

Hepatitis B 1:200,000

Bacterial 1:1 million leads to
sepsis fatality

aEstimated to occur in 5% to 8% of critically ill patients who undergo
transfusion.80,81

Sources: Baron,82 Toy et al,83 and Rana et al.86
Use of FFP and Platelet Transfusions Prior
to Procedures
Physicians have increasingly turned to prophylactic
FFP and platelet transfusion to help mitigate the risk
of procedural hemorrhage, but there is little evidence
to support this practice. In 2006, approximately
4 million units of FFP and 9 million units of platelets
were transfused in the United States.53 A prospective
study of 1,923 ICU admissions showed that 15% of
plasma transfusions were administered as preprocedural
prophylaxis and 36% as prophylaxis without a planned
procedure. In this study, more than 10% of patients
in the ICU received a plasma transfusion during
their hospital stay.73 A prospective study of the
factors associated with prophylactic FFP transfusion
showed considerable variation in the practice of
physicians regarding the decision to transfuse.74

The laboratory tests that many physicians use to
determine bleeding risk, such as PT, INR, and PTT,
were not developed to assess this risk and have not
been validated as accurate tools in this setting. PT
and PTT were developed to assess for an inherited
coagulopathy in bleeding patients, and INR was
developed to monitor clotting in the setting of vitamin K
journal.publications.chestnet.org
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antagonists. They have not been validated to assess
bleeding risk in patients who are not bleeding.75 A
systematic review of 24 observational studies and one
randomized control trial examining the correlation of
preprocedural coagulation tests and risk of bleeding
showed insufficient data to support PT and INR as
predictors of bleeding risk.76

In addition, several studies have shown that in the
case of mild to moderate coagulopathy, the laboratory
measures of coagulation fail to improve significantly
following transfusion. This was examined in a
prospective study of the effect of FFP transfusions in
patients with an INR of 1.1 to 1.85. In this study,
only 0.8% of patients had normalization of the INR,
and only 15% had improvement of at least halfway
to normal.77 A separate study showed that at an INR
of 1.8, there is only a 50% chance that there will be
any significant change after FFP transfusion.78 An
analysis of the effect of FFP transfusions administered
in the emergency department also demonstrated the
limited efficacy of FFP when the INR is in the mildly
abnormal range. The authors found there was a change
in the INR of 0.03 when the pretransfusion INR
was < 2, 0.77 when the INR was 2 to 5, 2.14 when
the INR was 9 to 12, and 4.63 when the INR was > 12.79

Furthermore, transfusions of blood products are
known to carry significant risks that must be considered
(Table 2).80-83 Frozen plasma transfusions carry a risk of
transfusion-related acute lung injury (TRALI) estimated
243
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at 1 per 12,000 units, anaphylaxis in 1 per 30,000
transfusions, and hemolysis in 1 per 50,000 units.53

The incidence of TRALI in a review of 5,208 patients
who were critically ill was 5.1%, which is higher than the
incidence seen in other patient populations.80 Plasma
transfusions are associated with an increased risk of
acute lung injury (OR, 2.32; 95% CI, 1.46-3.71).84

Two studies showed an increased mortality (OR, 2.00;
95% CI, 1.11-3.59) when FFP was administered
prophylactically in the absence of coagulopathy.84

The incidence of transfusion-associated circulatory
overload in patients in the ICU is reported at 1 in
356 units transfused, but some believe this to be
underreported.85,86 A prospective study of transfusion-
associated circulatory overload in patients in the ICU
described a rate of 6%, with the volume of plasma
transfused and rate of transfusions cited as significant
risk factors.87 Platelet transfusions also carry significant
risk per platelet transfusion: 1 in 14 risk of febrile
reaction, 1 in 50 risk of an allergic reaction, and 1 in
138,000 risk of TRALI.88 The rate of alloimmunization
to platelets is approximately 8%, making it important to
avoid unnecessary transfusions, particularly in those
likely to require platelet transfusions later (eg, patients
with hematologic malignancies receiving chemotherapy
with or without bone marrow transplantation).

At least 30% of patients in the ICU will have abnormal
coagulation study results during their hospitalization,
the majority of which will be mild to moderate.75

Because many patients who are critically ill will undergo
invasive procedures, their care providers will frequently
face the question of the utility of prophylactic plasma
or platelet transfusions. A randomized control trial in
81 patients who were critically ill and undergoing
invasive procedures (central venous catheterizations,
thoracenteses, percutaneous tracheostomies, and abscess
or fluid drainage) with an INR of 1.5 to 2.2 (mean INR,
1.8) showed no difference in bleeding complications in
those who underwent transfusion prophylactically and
those who did not.56 There is a growing body of
evidence suggesting transfusions are administered too
frequently.75,88-92 A caveat to this is that the majority of
the evidence we have tends to be in patients with mild to
moderate hemostasis disorders (INR < 3 or platelet
count > 50,000/mL). We do not have sufficient evidence
to guide practice when the abnormalities are more
severe, but we know that risk of spontaneous
hemorrhage significantly increases when the INR is
> 4.5.93 Therefore, providers must take into account
the severity of coagulopathy when weighing the risk
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of bleeding vs the risk of correcting that risk in patients
undergoing invasive procedures.

Use of Prothrombin Complex Concentrates
Prothrombin complex concentrates (PCCs) are
indicated for the reversal of life-threatening bleeding
in patients receiving warfarin and are increasingly taking
the place of FFP transfusion in these situations. The
use of PCCs to reverse coagulopathy prior to invasive
procedures has not been examined. Although PCCs
can rapidly and effectively reduce INR, their use
increases the risk of thromboembolic events twofold.94

The increased risk of thromboembolic events is
significant when compared with the rarity of bleeding
complications associated with the procedures common
to critical care; therefore, we do not recommend the use
of PCCs as prophylaxis in patients who are not bleeding.

Conclusion
Bleeding complications secondary to commonly
performed critical care procedures are rare but can
be associated with significant morbidity and mortality.
Operator experience, minimization of procedure
attempts, and use of ultrasonography have all been
shown to decrease the rate of complications. There is
limited evidence to support the routine use of
prophylactic FFP or platelet transfusions prior to
procedures in patients who are not bleeding and have
mild to moderate hemostasis disorders. At this time,
many patients are likely exposed to blood products that
provide them no benefit and carry potential risks.

Acknowledgments
Financial/nonfinancial disclosures: None declared.

References
1. Mercaldi CJ, Lanes SF. Ultrasound guidance decreases complications

and improves the cost of care among patients undergoing thoracentesis
and paracentesis. Chest. 2013;143(2):532-538.

2. McGee D, Gould M. Preventing complications of central venous
catheterization. N Engl J Med. 2003;348(12):1123-1133.

3. 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):259-261.

4. American Society of Anesthesiologists Task Force on Central
Venous Access, Rupp SM, Apfelbaum JL, Blitt C, et al. Practice
guidelines for central venous access: a report by the American
Society of Anesthesiologists Task Force on Central Venous Access.
Anesthesiology. 2012;116(3):539-573.

5. Scheer B, Perel A, Pfeiffer UJ. Clinical review: complications and
risk factors of peripheral arterial catheters used for haemodynamic
monitoring in anaesthesia and intensive care medicine. Crit Care.
2002;6(3):199-204.

6. Owings MF, Kozak LJ. Ambulatory and inpatient procedures in
the United States, 1996. Vital Health Stat 13. 1998;139:1-119.

7. Puchalski J. Thoracentesis and the risks for bleeding: a new era.
Curr Opin Pulm Med. 2014;20(4):377-384.
[ 1 5 0 # 1 CHE S T J U L Y 2 0 1 6 ]

ata/journals/chest/935406/ by University of Cincinnati, Nikolai Wajda on 06/24/2017

http://refhub.elsevier.com/S0012-3692(16)00517-1/sref1
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref1
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref1
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref2
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref2
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref3
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref3
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref3
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref4
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref4
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref4
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref4
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref4
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref5
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref5
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref5
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref5
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref6
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref6
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref7
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref7


Downloaded F
8. Ault MJ, Rosen BT, Scher J, Feinglass J, Barsuk JH. Thoracentesis
outcomes: a 12-year experience. Thorax. 2015;70(2):127-132.

9. Hibbert RM, Atwell TD, Lekah A, et al. Safety of ultrasound-guided
thoracentesis in patients with abnormal preprocedural coagulation
parameters. Chest. 2013;144(2):456-463.

10. Bass J, White DA. Thoracentesis in patients with hematologic
malignancy: yield and safety. Chest. 2005;127(6):2101-2105.

11. Thomsen TW, Shaffer RW, White B, Setnik GS. Videos in clinical
medicine: paracentesis. N Engl J Med. 2006;355(19):e21.

12. Sharzehi K, Jain V, Naveed A, Schreibman I. Hemorrhagic
complications of paracentesis: a systematic review of the literature.
Gastroenterol Res Pract. 2014;2014:985141.

13. De Gottardi A, Thevenot T, Spahr L, et al. Risk of complications
after abdominal paracentesis in cirrhotic patients: a prospective
study. Clin Gastroenterol Hepatol. 2009;7(8):906-909.

14. Runyon BA. Paracentesis of ascitic fluid: a safe procedure. Arch
Intern Med. 1986;146(11):2259-2261.

15. Armon C, Evans RW. Addendum to assessment: prevention of
post-lumbar puncture headaches—report of the Therapeutics and
Technology Assessment Subcommittee of the American Academy
of Neurology. Neurology. 2005;65(4):510-512.

16. van Veen JJ, Nokes TJ, Makris M. The risk of spinal haematoma
following neuraxial anaesthesia or lumbar puncture in
thrombocytopenic individuals. Br J Haematol. 2010;148(1):15-25.

17. KreppelD, Antoniadis G, SeelingW. Spinal hematoma: a literature survey
with meta-analysis of 613 patients. Neurosurg Rev. 2003;26(1):1-49.

18. Mehta N, Valesky WW, Guy A, Sinert R. Systematic review: Is
real-time ultrasonic-guided central line placement by ED physicians
more successful than the traditional landmark approach? Emerg Med J.
2013;30(5):355-359.

19. Kander T, Frigyesi A, Kjeldsen-Kragh J, Karlsson H, Rolander F,
Schött U. Bleeding complications after central line insertions:
relevance of pre-procedure coagulation tests and institutional
transfusion policy. Acta Anaesthesiol Scand. 2013;57(5):573-579.

20. Napalkov P, Felici DM, Chu LK, Jacobs JR, Begelman SM.
Incidence of catheter-related complications in patients with
central venous or hemodialysis catheters: a health care claims
database analysis. BMC Cardiovasc Disord. 2013;13:86.

21. Mansfield PF, Hohn DC, Fornage BD, Gregurich MA, Ota DM.
Complications and failures of subclavian-vein catheterization.
N Engl J Med. 1994;331(26):1735-1738.

22. Vinson DR, Ballard DW, Hance LG, et al. Bleeding complications
of central venous catheterization in septic patients with abnormal
hemostasis. Am J Emerg Med. 2014;32(7):737-742.

23. Brass P, Hellmich M, Kolodziej L, Schick G, Smith AF. Ultrasound
guidance versus anatomical landmarks for internal jugular vein
catheterization. Cochrane Database Syst Rev. 2015;1:CD006962.

24. Lalu MM, Fayad A, Ahmed O, et al. Canadian Perioperative
Anesthesia Clinical Trials Group. Ultrasound-guided subclavian
vein catheterization: a systematic review and meta-analysis.
Crit Care Med. 2015;43(7):1498-1507.

25. Fragou M, Gravvanis A, Dimitriou V, et al. Real-time ultrasound-
guided subclavian vein cannulation versus the landmark method
in critical care patients: a prospective randomized study. Crit
Care Med. 2011;39(7):1607-1612.

26. Prabhu MV, Juneja D, Gopal PB, et al. Ultrasound-guided
femoral dialysis access placement: a single-center randomized trial.
Clin J Am Soc Nephrol. 2010;5(2):235-239.

27. Brass P, Hellmich M, Kolodziej L, Schick G, Smith AF. Ultrasound
guidance versus anatomical landmarks for subclavian or femoral vein
catheterization. Cochrane Database Syst Rev. 2015;1:CD011447.

28. Wu SY, Ling Q, Cao LH, Wang J, Xu MX, Zeng WA. Real-time
two-dimensional ultrasound guidance for central venous
cannulation: a meta-analysis. Anesthesiology. 2013;118(2):361-375.

29. Tercan F, Ozkan U, Oguzkurt L. US-guided placement of central
vein catheters in patients with disorders of hemostasis. Eur J Radiol.
2008;65(2):253-256.
journal.publications.chestnet.org

rom: http://journal.publications.chestnet.org/pdfaccess.ashx?url=/data/
30. Weigand K, Encke J, Meyer FJ, et al. Low levels of prothrombin
time (INR) and platelets do not increase the risk of significant
bleeding when placing central venous catheters. Med Klin.
2009;104(5):331-335.

31. Haas B, Chittams JL, Trerotola SO. Large-bore tunneled central
venous catheter insertion in patients with coagulopathy. J Vasc
Interv Radiol. 2010;21(2):212-217.

32. Mumtaz H, Williams V, Hauer-Jensen M, et al. Central venous
catheter placement in patients with disorders of hemostasis. Am
J Surg. 2000;180(6):503-506.

33. Zeidler K, Arn K, Senn O, Schanz U, Stussi G. Optimal
preprocedural platelet transfusion threshold for central venous
catheter insertions in patients with thrombocytopenia. Transfusion.
2011;51(11):2269-2276.

34. Fisher NC, Mutimer DJ. Central venous cannulation in patients
with liver disease and coagulopathy: a prospective audit. Intensive
Care Med. 1999;25(5):481-485.

35. Cavanna L, Civardi G, Vallisa D, et al. Ultrasound-guided central
venous catheterization in cancer patients improves the success
rate of cannulation and reduces mechanical complications: a
prospective observational study of 1,978 consecutive
catheterizations. World J Surg Oncol. 2010;8:91.

36. Frezza EE, Mezghebe H. Indications and complications of arterial
catheter use in surgical or medical intensive care units: analysis of
4932 patients. Am Surg. 1998;64(2):127-131.

37. Farouque HMO, Tremmel JA, Raissi Shabari F, et al. Risk factors
for the development of retroperitoneal hematoma after percutaneous
coronary intervention in the era of glycoprotein IIb/IIIa inhibitors and
vascular closure devices. J Am College Cardiol. 2005;45(3):363-368.

38. Gu WJ, Tie HT, Liu JC, Zeng XT. Efficacy of ultrasound-guided
radial artery catheterization: a systematic review and meta-analysis
of randomized controlled trials. Crit Care. 2014;18(3):R93.

39. Sobolev M, Slovut DP, Lee Chang A, Shiloh AL, Eisen LA.
Ultrasound-guided catheterization of the femoral artery: a systematic
review and meta-analysis of randomized controlled trials. J Invasive
Cardiol. 2015;27(7):318-323.

40. Lippe CM, Reineck EA, Kunselman AR, Gilchrist IC. Warfarin:
impact on hemostasis after radial catheterization. Catheter
Cardiovasc Interv. 2015;85(1):82-88.

41. Annala AP, Karjalainen PP, Porela P, Nyman K, Ylitalo A,
Airaksinen KEJ. Safety of diagnostic coronary angiography during
uninterrupted therapeutic warfarin treatment. Am J Cardiol.
2008;102(4):386-390.

42. Wilensky JA, Ali AT, Moursi MM, Escobar GA, Smeds MR.
Outcomes after arterial endovascular procedures performed in
patients with an elevated international normalized ratio. Ann Vasc
Surg. 2015;29(1):22-27.

43. McVay PA, Toy PT. Lack of increased bleeding after paracentesis
and thoracentesis in patients with mild coagulation abnormalities.
Transfusion. 1991;31(2):164-171.

44. Daniels CE, Ryu JH. Improving the safety of thoracentesis. Curr
Opin Pulm Med. 2011;17(4):232-236.

45. Wraight WM, Tweedie DJ, Parkin IG. Neurovascular anatomy
and variation in the fourth, fifth, and sixth intercostal spaces in
the mid-axillary line: a cadaveric study in respect of chest drain
insertion. Clin Anat. 2005;18(5):346-349.

46. Dewhurst C, O’Neill S, O’Regan K, Maher M. Demonstration of
the course of the posterior intercostal artery on CT angiography:
relevance to interventional radiology procedures in the chest.
Diagn Interv Radiol (Ank). 2012;18(2):221-224.

47. Helm EJ, Rahman NM, Talakoub O, Fox DL, Gleeson FV. Course
and variation of the intercostal artery by CT scan. Chest.
2013;143(3):634-639.

48. Salamonsen M, Ellis S, Paul E, Steinke K, Fielding D. Thoracic
ultrasound demonstrates variable location of the intercostal artery.
Respiration. 2012;83(4):323-329.

49. Shurtleff E, Olinger A. Posterior intercostal artery tortuosity and
collateral branch points: a cadaveric study. Folia Morphol (Warsz).
2012;71(4):245-251.
245

journals/chest/935406/ by University of Cincinnati, Nikolai Wajda on 06/24/2017

http://refhub.elsevier.com/S0012-3692(16)00517-1/sref8
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref8
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref9
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref9
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref9
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref10
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref10
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref11
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref11
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref12
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref12
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref12
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref13
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref13
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref13
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref14
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref14
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref15
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref15
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref15
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref15
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref16
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref16
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref16
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref17
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref17
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref18
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref18
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref18
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref18
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref19
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref19
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref19
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref19
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref20
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref20
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref20
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref20
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref21
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref21
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref21
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref22
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref22
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref22
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref23
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref23
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref23
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref24
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref24
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref24
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref24
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref25
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref25
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref25
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref25
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref26
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref26
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref26
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref27
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref27
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref27
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref28
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref28
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref28
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref29
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref29
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref29
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref30
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref30
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref30
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref30
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref31
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref31
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref31
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref32
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref32
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref32
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref33
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref33
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref33
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref33
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref34
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref34
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref34
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref35
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref35
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref35
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref35
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref35
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref36
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref36
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref36
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref37
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref37
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref37
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref37
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref38
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref38
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref38
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref39
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref39
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref39
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref39
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref40
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref40
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref40
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref41
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref41
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref41
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref41
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref42
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref42
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref42
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref42
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref43
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref43
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref43
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref44
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref44
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref45
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref45
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref45
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref45
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref46
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref46
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref46
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref46
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref47
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref47
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref47
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref48
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref48
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref48
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref49
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref49
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref49
http://journal.publications.chestnet.org


Download
50. Grogan DR, Irwin RS, Channick R, et al. Complications associated
with thoracentesis: a prospective, randomized study comparing three
different methods. Arch Intern Med. 1990;150(4):873-877.

51. Patel PA, Ernst FR, Gunnarsson CL. Ultrasonography guidance
reduces complications and costs associated with thoracentesis
procedures. J Clin Ultrasound. 2012;40(3):135-141.

52. Patel MD, Joshi SD. Abnormal preprocedural international
normalized ratio and platelet counts are not associated with
increased bleeding complications after ultrasound-guided
thoracentesis. AJR Am J Roentgenol. 2011;197(1):W164-W168.

53. Puchalski JT, Argento AC, Murphy TE, Araujo KL, Pisani MA. The
safety of thoracentesis in patients with uncorrected bleeding risk.
Ann Am Thorac Soc. 2013;10(4):336-341.

54. Munnell ER. Thoracic drainage. Ann Thorac Surg. 1997;63(5):1497-
1502.

55. Laws D, Neville E, Duffy J. BTS guidelines for the insertion of a chest
drain. Thorax. 2003;58(suppl 2):ii53-ii59.

56. Müller MC, Arbous MS, Spoelstra-de Man AM, et al. Transfusion
of fresh-frozen plasma in critically ill patients with a coagulopathy
before invasive procedures: a randomized clinical trial (CME).
Transfusion. 2015;55(1):26-35.

57. Dammert P, Pratter M, Boujaoude Z. Safety of ultrasound-guided
small-bore chest tube insertion in patients on clopidogrel.
J Bronchology Interv Pulmonol. 2013;20(1):16-20.

58. Mahmood K, Shofer SL, Moser BK, Argento AC, Smathers EC,
Wahidi MM. Hemorrhagic complications of thoracentesis and
small-bore chest tube placement in patients taking clopidogrel.
Ann Am Thorac Soc. 2014;11(1):73-79.

59. Duszak R Jr, Chatterjee AR, Schneider DA. National fluid shifts:
fifteen-year trends in paracentesis and thoracentesis procedures.
J Am Coll Radiol. 2010;7(11):859-864.

60. Grabau CM, Crago SF, Hoff LK, et al. Performance standards for
therapeutic abdominal paracentesis. Hepatology. 2004;40(2):484-488.

61. Pache I, Bilodeau M. Severe haemorrhage following abdominal
paracentesis for ascites in patients with liver disease. Aliment
Pharmacol Ther. 2005;21(5):525-529.

62. Runyon BA. Management of adult patients with ascites due to
cirrhosis: an update. Hepatology. 2009;49(6):2087-2107.

63. Adler MD, Comi AE,Walker AR. Acute hemorrhagic complication of
diagnostic lumbar puncture. Pediatr Emerg Care. 2001;17(3):184-188.

64. Ruff RL, Dougherty JH Jr. Complications of lumbar puncture
followed by anticoagulation. Stroke. 1981;12(6):879-881.

65. Patel IJ, Davidson JC, Nikolic B, et al. Consensus guidelines for
periprocedural management of coagulation status and hemostasis
risk in percutaneous image-guided interventions. J Vasc Interv
Radiol. 2012;23(6):727-736.

66. United States Food and Drug Safety Communication: updated
recommendations to decrease risk of spinal column bleeding and
paralysis in patients on lowmolecularweight heparins. http://www.fda.
gov/drugs/drugsafety/ucm373595.htm. Accessed March 9, 2016.

67. Gould MK, Garcia DA, Wren SM, et al; American College of
Chest Physicians. Prevention of VTE in nonorthopedic surgical
patients: Antithrombotic Therapy and Prevention of Thrombosis,
9th ed—American College of Chest Physicians Evidence-Based
Clinical Practice Guidelines. Chest. 2012;141(2 suppl):e227S-e277S.

68. Feinbloom D. Periprocedural management of antithrombotic
therapy in hospitalized patients. J Hosp Med. 2014;9(5):337-346.

69. Baron TH, Kamath PS, McBane RD. Management of antithrombotic
therapy in patients undergoing invasive procedures. N Engl J Med.
2013;368(22):2113-2124.

70. Horlocker TT,WedelDJ, SchroederDR, et al. Preoperative antiplatelet
therapy does not increase the risk of spinal hematoma associated with
regional anesthesia. Anesth Analg. 1995;80(2):303-309.

71. Zalt MB, Bechara RI, Parks C, Berkowitz DM. Effect of routine
clopidogrel use on bleeding complications after ultrasound-guided
thoracentesis. J Bronchology Interv Pulmonol. 2012;19(4):284-287.

72. Sie P, Samama CM, Godier A, et al. Surgery and invasive procedures
in patients on long-term treatment with direct oral anticoagulants:
246 Contemporary Reviews in Critical Care Medicine

ed From: http://journal.publications.chestnet.org/pdfaccess.ashx?url=/d
thrombin or factor-Xa inhibitors. Recommendations of the
Working Group on Perioperative Haemostasis and the French
Study Group on Thrombosis and Haemostasis. Arch Cardiovasc Dis.
2011;104(12):669-676.

73. Stanworth S, Walsh T, Prescott R, et al. A national study of plasma
use in critical care: clinical indications, dose and effect on
prothrombin time. Crit Care. 2011;15(2):R108.

74. Hall DP, Lone NI, Watson DM, Stanworth SJ, Walsh TS. Factors
associated with prophylactic plasma transfusion before vascular
catheterization in non-bleeding critically ill adults with prolonged
prothrombin time: a case-control study. Br J Anaesth. 2012;109(6):
919-927.

75. Desborough M, Stanworth S. Plasma transfusion for bedside,
radiologically guided, and operating room invasive procedures.
Transfusion. 2012;52(suppl 1):20S-29S.

76. Segal JB, Dzik WH; Transfusion Medicine/Hemostasis Clinical Trials
Network. Paucity of studies to support that abnormal coagulation test
results predict bleeding in the setting of invasive procedures: an
evidence-based review. Transfusion. 2005;45(9):1413-1425.

77. Abdel-Wahab OI, Healy B, Dzik WH. Effect of fresh-frozen plasma
transfusion on prothrombin time and bleeding in patients with mild
coagulation abnormalities. Transfusion. 2006;46(8):1279-1285.

78. Holland LL, Brooks JP. Toward rational fresh frozen plasma
transfusion: the effect of plasma transfusion on coagulation test
results. Am J Clin Pathol. 2006;126(1):133-139.

79. Sezik S, Aksay E, Kilic TY. The effect of fresh frozen plasma
transfusion on international normalized ratio in emergency
department patients. J Emerg Med. 2014;47(5):596-600.

80. Vlaar AP, Binnekade JM, Prins D, et al. Risk factors and outcome of
transfusion-related acute lung injury in the critically ill: a nested
case-control study. Crit Care Med. 2010;38(3):771-778.

81. Gajic O, Rana R, Winters JL, et al. Transfusion-related acute lung
injury in the critically ill: prospective nested case-control study.
Am J Respir Crit Care Med. 2007;176(9):886-891.

82. Baron RM. Point: should coagulopathy be repaired prior to central
venous line insertion? Yes: Why take chances? Chest. 2012;141(5):
1139-1142.

83. Toy P, Gajic O, Bacchetti P, et al. Transfusion-related acute lung
injury: incidence and risk factors. Blood. 2012;119(7):1757-1767.

84. Murad MH, Stubbs JR, Gandhi MJ, et al. The effect of plasma
transfusion on morbidity and mortality: a systematic review and
meta-analysis. Transfusion. 2010;50(6):1370-1383.

85. Narick C, Triulzi DJ, Yazer MH. Transfusion-associated circulatory
overload after plasma transfusion. Transfusion. 2012;52(1):160-165.

86. Rana R, Fernandez-Perez ER, Khan SA, et al. Transfusion-related
acute lung injury and pulmonary edema in critically ill patients: a
retrospective study. Transfusion. 2006;46(9):1478-1483.

87. Li G, Rachmale S, Kojicic M, et al. Incidence and transfusion risk
factors for transfusion-associated circulatory overload amongmedical
intensive care unit patients. Transfusion. 2011;51(2):338-343.

88. Kaufman RM, Djulbegovic B, Gernsheimer T, et al. Platelet
transfusion: a clinical practice guideline from the AABB. Ann Intern
Med. 2015;162(3):205-213.

89. Roback JD, Caldwell S, Carson J, et al. Evidence-based practice
guidelines for plasma transfusion. Transfusion. 2010;50(6):1227-1239.

90. Hogshire LC, Patel MS, Rivera E, Carson JL. Evidence review:
periprocedural use of blood products. JHospMed. 2013;8(11):647-652.

91. Gajic O, Dzik WH, Toy P. Fresh frozen plasma and platelet
transfusion for nonbleeding patients in the intensive care unit:
benefit or harm? Crit Care Med. 2006;34(5):S170-S173.

92. Karam O, Marisa Tucci M, Combescure C, Lacroix J,
Rimensberger PC. Plasma transfusion strategies for critically ill
patients. Cochrane Database Syst Rev. 2013;12:CD010654.

93. Patriquin C, Crowther M. Treatment of warfarin-associated
coagulopathy with vitamin K. Expert Rev Hematol. 2011;4(6):657-665.

94. Barton CA, Johnson NB, Case J, et al. Risk of thromboembolic
events after protocolized warfarin reversal with 3-factor PCC and
factor VIIa. Am J Emerg Med. 2015;33(11):1562-1566.
[ 1 5 0 # 1 CHE S T J U L Y 2 0 1 6 ]

ata/journals/chest/935406/ by University of Cincinnati, Nikolai Wajda on 06/24/2017

http://refhub.elsevier.com/S0012-3692(16)00517-1/sref50
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref50
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref50
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref51
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref51
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref51
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref52
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref52
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref52
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref52
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref53
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref53
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref53
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref54
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref54
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref55
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref55
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref56
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref56
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref56
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref56
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref57
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref57
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref57
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref58
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref58
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref58
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref58
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref59
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref59
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref59
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref60
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref60
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref61
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref61
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref61
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref62
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref62
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref63
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref63
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref64
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref64
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref65
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref65
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref65
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref65
http://www.fda.gov/drugs/drugsafety/ucm373595.htm
http://www.fda.gov/drugs/drugsafety/ucm373595.htm
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref67
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref67
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref67
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref67
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref67
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref68
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref68
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref69
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref69
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref69
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref70
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref70
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref70
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref71
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref71
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref71
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref72
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref72
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref72
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref72
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref72
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref72
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref73
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref73
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref73
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref74
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref74
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref74
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref74
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref74
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref75
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref75
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref75
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref76
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref76
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref76
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref76
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref77
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref77
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref77
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref78
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref78
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref78
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref79
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref79
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref79
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref80
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref80
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref80
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref81
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref81
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref81
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref82
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref82
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref82
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref83
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref83
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref84
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref84
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref84
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref85
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref85
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref86
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref86
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref86
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref87
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref87
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref87
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref88
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref88
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref88
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref89
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref89
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref90
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref90
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref91
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref91
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref91
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref92
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref92
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref92
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref93
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref93
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref94
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref94
http://refhub.elsevier.com/S0012-3692(16)00517-1/sref94

	Risk of Procedural Hemorrhage
	Central Venous Catheterization
	Arterial Catheterization
	Thoracentesis
	Tube Thoracostomy
	Paracentesis
	Lumbar Puncture
	Periprocedural Use of Antithrombotic Medications
	Use of FFP and Platelet Transfusions Prior to Procedures
	Use of Prothrombin Complex Concentrates
	Conclusion
	Acknowledgments
	References


