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Central Uenous Catheter-Related Uenous
Thromboembolism Guidelines

LEGAL DISCLAIMER: The information provided by Dell Children’s Medical Center (DCMC), including but not limited
to Clinical Pathways and Guidelines, protocols, and outcome data, (collectively the "Information") is presented to
educate patients and providers on various medical treatment and management. The information should not be relied
upon as complete or accurate; nor should it be relied on to suggest a course of treatment for a particular patient. The
Clinical Pathways and Guidelines are intended to assist physicians and other health care providers in clinical
decision-making by describing a range of generally acceptable approaches for the diagnosis, management, or
prevention of specific diseases or conditions. These guidelines should not be considered inclusive of all proper
methods of care or exclusive of other methods of care reasonably directed at obtaining the same results. The ultimate
judgment regarding care of a particular patient must be made by the physician in light of the individual circumstances
presented by the patient. DCMC shall not be liable for direct, indirect, special, incidental, or consequential damages
related to the user's decision to use this information contained herein

Purpose
Central venous catheters are often necessary to provide life-sustaining treatments to

hospitalized patients. Although essential for treatment, they also have associated
morbidity. The principal among these is the risk of venous thromboembolism. The
purpose of this guide is to assist providers in minimizing this risk by carefully considering
the type, location, and size of the catheter. As with all guidelines, providers should
consider these recommendations in light of individual patient’s needs, which may
preclude adherence to the guidance presented here.

Eligibility Criteria: Patients of any age admitted to DCMC requiring a central venous
catheter, excluding umbilical venous catheters or surgically placed tunneled lines (e.g.,
Hickman and Broviac catheters, ports).

Summary of Recommendations:
° Use the catheter-to-vessel diameter ratio to guide the choice of catheter size

whenever possible.
Use internal jugular (IJ) or subclavian sites whenever possible.
Place IJ and subclavian on the right side whenever possible.
Place upper extremity catheter tips in the lower third of the SVC by the right
atrium unless contraindicated.

° Use as few lumens as medically necessary.
Consult hematology early if the patient has a history of prior VTE or additional
risk factors such as a family history of VTE in a 1st degree relative, cancer,
systemic infection, gastrointestinal/liver disease, or renal failure requiring dialysis
or nephrotic syndrome among others for consideration of preventative
anticoagulation.
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e Central venous lines (CVCs) include peripherally inserted central venous catheters
(PICCs), midline catheters, and central venous lines (non-tunneled, tunneled, and

ports).

e Non-tunneled central lines are inserted directly into the vein without forming a tract

within the skin.

e Tunneled central lines are placed subcutaneously, forming a tunnel under the skin
before entry into the vein to increase line stability and decrease the risk of infection.
Please note that surgically placed tunneled lines have a cuff that facilitates tissue
formation, anchors the catheter, and minimizes bacterial migration. PICC tunneled
catheters do not have a cuff and thus are not as stable nor decrease the risk of
infection to the same degree, but can be removed by non-surgical providers.

e Venous thromboembolism (VTE) includes deep vein thrombosis (DVT) and superficial
vein thrombosis (SVT).

e Superficial veins drain blood from the skin and superficial fascia, whereas deep veins
drain blood from the deeper fascia, muscles, and bones; anatomy has been

demonstrated in Figure 1 (Doan, 2021).

Figures

Figure 1: Deep vs Superficial Vein Anatomy Upper and Lower Extremity (Doan, 2021)
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The most prevalent risk factor for venous thromboembolism (VTE) development in
children is the presence of a central venous catheter (CVC) (Jaffray, 2018). The rate of

CVC placement is increasing in the pediatric population (Kreuziger, 2017).

Incidence:

The incidence of CVC-related VTE varies largely on study design and patient population
(Jaffray, 2017). CVC-related thrombosis has been estimated between 50-80% of all
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VTEs in pediatric populations, compared to only 10% in adult populations (Sridhar,
2020).

Etiology:
CVC contributes to VTE formation via endothelial injury, which leads to inflammation,

thrombus formation, and intimal hyperplasia (Forauer, 2003). In conjunction with patient
factors such as hypercoagulable states and other factors contributing to stasis, this injury
raises the risk of thrombosis for patients with CVC (Wall, 2016).

Primary Prevention:

Insertion - Risk Reduction for CVC-related VTE:

Catheter-to-vessel ratio
e Literature Review: Simulated models have found that successively increasing

catheter size causes a statistically significant decrease in flow rate and increase in
turbulent flow along the catheter length (Nifong, 2011, Shridhar, 2020).
Historically, it has been accepted that 33% of the vein should be occupied by the
catheter and not more. This conveniently translates into the ideal catheter size (in
Fr) being equal to the diameter of the vessel and is widely known as the ‘rule of
thumb.” However, there is limited evidence in clinical practice regarding the exact
catheter-to-vessel ratio that should be used. A single hospital study with pediatric
patients found that a catheter-to-vein diameter ratio (CVR) greater than 33%
contributes to a greater risk of thrombosis (Menedez, 2016). More recently, this
ratio has been questioned. A large adult prospective multicenter study concluded
that a catheter-to-vein diameter ratio of 45% predicted symptomatic
catheter-related VTE with a 13-fold increased risk when this threshold was
violated (Sharp, 2014). This standard is currently supported by the Infusion
Therapy Standards of Practice (Gorski,2021). In 2017, Spencer and Mahoney
challenged the idea that the diameter should be used to determine the
catheter-to-vessel ratio. Instead, they proposed that since the vessel is a
3-dimensional object area, no diameter should be used to calculate this ratio. The
resulting “ CVR tool “ has appeared in published guidelines such as the Michigan
Hospital Medicine Safety Consortium. However, this approach has not been
tested and may lead to a catheter selection that is too large (e.g., recommends up
to 6Fr catheter in a 3mm diameter vessel).

> > Recommendation: In consultation with the vascular access team and

interventional radiology, the committee reviewed Spencer’s theoretical
catheter-to-vein area ratio tool based on catheter and vessel area and determined
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that this recommendation was not adequately supported in the literature and
clinical practice. We therefore recommend that providers use a catheter-to-vessel
diameter ratio to guide the choice of the catheter.

Based on the minimal literature and expert opinion, a CVR ratio of 33% or less is
preferred, 33-45%, CVR cautionary, >45% high risk. See (Figure 2).

Location of CVC

e Literature Review: Currently, most studies support the placement of CVCs in the
internal jugular and subclavian veins over the femoral vein to reduce CVC-related
VTEs( Jaffray, 2017; Shah, 2015; Latham, 2014; Derderian,2018). However, it is
important to remember that thrombosis of the femoral and subclavian veins is
more likely to be reported given symptomatic presentations. In contrast, jugular
vein thrombosis may remain silent, given collateral drainage (Latham, 2014). In
addition, other risks, such as pneumothorax or chylothorax, need to be considered
with subclavian vein insertion (Parienti, 2015).

When considering the side of insertion, studies have shown a higher incidence of
VTE with left-sided CVC compared to right-sided CVC due to contrasting anatomy
favoring right-sided unobstructed flow and decreased endothelial disturbance
(Sridhar, 2020).

> > Recommendation: Based on the literature, the femoral vein consistently
appears to have the highest risk for clinically significant thrombosis and should be
considered a significant risk factor for catheter-related VTE in children.
Additionally, when inserting central catheters into the upper body vein, they should
preferentially be inserted on the right side due to the anatomy of the upper venous
drainage systems.

This recommendation may be influenced by cardiac anatomy in patients with
congenital heart disease. In addition, the Kidney Disease Outcomes Quality
Initiative recommends avoiding placement of CVCs in the non-dominant
subclavian or upper extremity vessels in patients with stage 4 or 5 CKD who may
require future placement of an AV fistula.

Location of catheter and catheter tip within the vessel:
e Literature Review: The ideal place for the catheter tip is at the RA-SVC junction.
Patients are seven times more likely to develop VTE when the catheter tip ends in
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the proximal SVC. (Luciani). There is less risk for clotting when the tip ends in the
distal SVC due to increased SVC flow. (Sridhar, 2020). Furthermore, if the
catheter traverses a sharp bend, it is important to continue advancing the catheter
so that the tip is along the same axis of the vessel to avoid catheter-tip-associated
endothelial damage; this becomes more important with insertion from the left side
(Fletcher, 2000; Sridhar, 2020). When PICC lines are inserted, efforts should be
made to reduce the risk of SVTs, which are more frequent than DVTs (Menedez,
2016). This is likely because they occupy a larger proportion of the vessel's
intraluminal diameter (Chopra, 2013; Geerts, 2014).

> > Recommendation: Upper body catheter tips should be positioned by the right
atrium in the lower third of the superior vena cava (SVC). Catheter tips should
remain within the same axis as their respective venous terminus. When PICCs
are placed in the upper extremities, efforts should be made to place them above
the antecubital fossa and into larger vessels with optimization of catheter-to-vein
ratio to decrease the risk of SVT and possible progression to DVT.

One exception to this recommendation is for patients with single ventricle
anatomy in whom SVC clots would be catastrophic. In these cases, providers may
elect to place the catheter tip proximal to the SVC.

Number of Lumens:

e Literature Review: A meta-analysis of four adult studies demonstrated that
patients with multiple lumens are three times more likely to have catheter-related
venous thrombosis than those with a single lumen (Liu, 2022). Although these
studies did not control for the variations in overall catheter size (Fr) in the setting
of multiple lumens, increased lumens have been associated with increased
thrombosis risk in adult patients with PICC lines ((Bhargava, 2020; Zochios,
2014). This makes theoretical sense in that the smaller caliber of each individual
lumen would be expected to increase turbulence and restrict flow, which might
lead to thrombosis formation.
> > Recommendation: Based on the above studies and theoretical plausibility,
we recommend that catheters contain as few lumens as medically necessary
(Ullman, 2020).

Type of Central Venous Catheter:

e Literature Review: Although PICC lines have been associated with a higher risk of
thrombosis than surgically tunneled CVC (Jaffray, 2020), data regarding PICC and
non-surgically tunneled CVCs is conflicting. A meta-analysis of 11 studies of
~3790 adult patients demonstrated that PICCs were associated with an increased
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risk of DVT compared with other CVCs (Chopra, 2013). This was not supported
by a recent retrospective single-institution pediatric study (Clark 2022), which
found no difference. The risk of DVT in midline catheters is similar, if not greater,
than in other more invasive devices such as PICC (Bahl 2019). In choosing
between a non-tunneled CVL and PICC line, other factors should be considered,
including safety of placement, risk of CLASBI, need for hemodynamic monitoring,
and duration of need for central access.

> > Recommendation: There is insufficient evidence to recommend one type of
line over the other (centrally placed non-surgically tunneled CVC vs. PICC) to
minimize thrombosis, and other factors, as outlined above, should be considered.

Patient and Treatment Related Factors: History of Venous Thromboembolism:
e Literature Review: Children who have a prior history of DVT are more likely to
develop DVT with subsequent CVC placement, regardless of previous location of
DVT (Jaffray, 2020, Liu, 2022, Clark, 2022, Bauman, 2017).

> > Recommendation: Before line placement, providers are encouraged to
review the patient’s medical history, including hematology notes (if available) and
ultrasound vessel imaging to determine if there is a history of DVT. If there is a
history of CVC-related DVT or unprovoked DVT, early consultation with
Hematology regarding preventive anticoagulation is recommended (Clark, 2022).
This risk is increased in children with congenital heart disease, full TPN
dependence, and more than one CVC (Clark, 2022). There is currently a lack of
data to support the use of preventative anticoagulation in patients with a history of
superficial vein thrombosis. (Bates,2013)

Additional Patient and Treatment-Related Factors
e Literature Review: In addition to the factors outlined above, recent meta-analyses

have investigated the role of underlying disease states with the risk of
CVC-related DVT. Among the most commonly cited patient-related factors in adult
and pediatric studies were cancer, systemic infection, and gastrointestinal and
liver disease (Tian 2021, Lui 2022) . The history of VTE in a first-degree relative
is associated with risk (Revel-Vilk, 2010), although the role of inherited
thrombophilia is unclear (van Ommen, 2017). Treatment-related factors often cited
include parental nutrition, ECMO, and hemodialysis (Tian 2021, Clark 2022 ). This
list is not comprehensive and other risk factors associated with non-line
associated VTE (see EBOC VTE Prophylaxis Guideline) should also be
considered when assessing patient risk.
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> > Recommendation: Although there is limited and sometimes conflicting data,
we recommend that providers determine whether the patient has comorbid
conditions or is undergoing treatments that increase the risk of VTE. If present,
consider consulting hematology to determine if additional preventative measures
such as anticoagulation are warranted. (see next section)

Role of anticoagulation in the prevention of CVC-related VTE

e Literature Review: There is no clear consensus regarding the role of
anticoagulation in preventing CVC-VTE. Several studies using prophylactic dosing
strategies for the primary prevention of CVC VTE have not demonstrated efficacy.
(Pelland-Marcotte 2020) A small phase 2B trial examining the role of early
prophylaxis (<24 hrs. from CVL placement ) was inconclusive (Faustino, 2021).
One single-center retrospective study compared treatment dose enoxaparin to
prophylactic dosing demonstrated decreased odds of recurrent CVC-VTE (odds
ratio [OR] 0.35; 95% CI 0.19-0.65) with full dosing but not prophylactic dosing (OR
0.61; 95% CI1 0.28-1.30) with low rate of major bleeding (Clark 2022).

> > Recommendations: Based on the limited nature of current evidence and the
lack of large randomized clinical trials, we cannot offer global recommendations on
the use, timing, or dose of enoxaparin to prevent CVC-related thrombosis. These
decisions should be made in consultation with hematology based on the individual
patient's associated thrombosis and bleeding risks.
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Figures

Figure 1: Deep vs Superficial Vein Anatomy Upper and Lower Extremity (Doan,
2021)
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Figure 2: Ultrasound measurement of vessel diameter (Spencer, 2017)
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Vascular Access

Figure 3.
Recommended catheter size based on CVR ratio (diameter).
Vessel Diameter should be measured with ultrasound without a tourniquet.

Catheter Catheter | Minimum | Minimum
size' size in mm | Vessel vessel
(rounded) [ size size mm

mm (45%)
(33%) 2

14F?3 0.47 14 1.0

19F3 0.63 1.9 1.4

27F 0.90 2.7 2.0

3F 1.00 3.0 2.2

4F 1.33 4.0 3.0

5F 1.67 5.1 3.7

6 F 2.00 6.1 4.4

7F 2.33 71 5.2

8F 2.67 8.1 5.9

9F 3.00 9.1 6.7

10F 3.33 10.1 7.4

1M1F 3.67 11.1 8.2
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12 F 4.00 12.1 8.9
125 F 417 12.6 9.3
13F 4.33 13.1 9.6
13.5F 4.50 13.6 10.0
14 F 4.67 14.1 10.4
145F 4.83 14.7 10.7
15F 5.00 15.2 111

PEDIATRIC

EB@C
/

1. The equation to convert French (F) to millimeter (mm): French/3 = catheter
size in mm.
2. Often referred to as the “rule of thumb” i.e. ideal catheter size ~ vessel
diameter
3. These catheters cannot be used for drawing blood samples.
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