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Abstract

This whitepaper examines the risk factors for deep vein thrombosis (DVT) resulting from central
venous catheter (CVC) placement. Therapeutic hypothermia via intravascular temperature
management also uses the same CVC insertion sites, the same potential risks apply. Published
literature shows that when IVTM cooled patients are compared to general critically ill patient
populations who receive central lines, there is no difference in the rates of DVT and pulmonary
embolism (PE). These results demonstrate that IVTM using a cooling catheter is not associated
with an increased incidence of DVT.

Key Takeaways

1. The rate of thrombosis for critical care patients receiving CVCs ranges from 20 to 30%.

2. Patients with peripheral central catheters had a significantly higher incidence rate of
DVT than patients with CVC (27.2% vs 9.6%, p=0.0012).

3. DVTs are common in the general neurosurgical population, as the rates of DVT range
from 19 to 50%.

4. The rate of DVT in the patient population receiving IVTM for non-cardiac reasons is 5%.

5. The rate of DVT in the patient population receiving IVTM post-cardiac arrest is 1%.

6. Four randomized controlled clinical trials conducted in a total of 943 patients showed
that there was no difference in the DVT rate when comparing ZOLL IVTM catheters to
standard CVCs.

7. The rate of DVT in the patient population receiving surface cooling has been reported
between 3 and 15%.

8. Timely administration of prophylactic anticoagulation is safe and significantly reduces
DVT rates in high risk patient populations.

Abbreviations

CVC: Central Venous Catheter

DVT: Deep Vein Thrombosis

IVTM: Intravascular Temperature Management
PE: Pulmonary Embolism

PICC: Peripherally Inserted Central Venous Catheter
PTP: Pharmacological Thromboprophylaxis
PTS: Post-Thrombotic Syndrome

PTT: Partial Thromboplastin Time

TBI: Traumatic Brain Injury

VTE: Venous Thromboembolism

Introduction

Venous thromboembolism (VTE) is a common complication in critically ill patients which
includes deep vein thrombosis (DVT) and pulmonary embolism (PE). VTEs occur at a rate of
approximately 100 per 100,000 persons in the United States per year', two-thirds of which are
PE and one-third of which are DVT"2. The distinction between DVT and PE is as follows: DVT is
the formation of blood clots. Although the majority of DVTs occur in the lower extremities,

other locations include the upper extremities and pelvic veins®. In some patients, DVT may still
EDC-2888 Rev. 03 p.2of 27



occur even when the patient is on adequate therapy*®. A DVT can either remain adherent to
the vein wall where it undergoes the thrombus breakdown process of fibrinolysis and
recanalization’. In contrast, PE is a potentially life-threatening disease involving pulmonary
artery thrombosis or clot formation in one part of the body (often in the legs), which may then
become clinically significant and travel to the lungs and block an artery. It can lead to the
collapse of the respiratory or circulatory systems, resulting in death.

The mortality rate for the total VTE population has been reported as high as 32%”%. The
number of VTE in the United States is estimated to double to 1.82 million adults by 2050°.

Risk Factors for DVT

The Virchow triad describes the 3 major risk factors that contribute to thrombosis, which are
hypercoagulabililty, hemodynamic changes (stasis or turbulence), and endothelial injury or
dysfunctionlo.

Stasis of
blood flow

Endothelial Hypercoagulability
injury
In addition, previous studies have shown that inflammatory’ status is associated with
coagulation abnormalities due to increased procoagulant factors and inhibition of natural
anticoagulant pathways® and may cause thrombotic tendencies and microvascular thrombosis.
With inflammatory response, the properties of the endothelium may become dysfunctional

with multiple outcomes, including the loss of anticoagulant, antiaggregant, and vasodilatory
properties.4 The following chart summarizes various DVT risk factors.
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Patient-dependent DVT risk factors®***? Iliness or surgery-dependent DVT risk factors®**>
e Age over 40 years e Trauma or surgery: especially the pelvis,
e Obesity hip, leg
e Critical illness with mechanical ventilation e Malignant processes-particularly in the
e Central venous catheter insertion pelvis, abdomen, primary or metastatic
e Hormonal therapy (estrogen, e Lack of ambulation due to surgery

progesterone) e Heart failure
e Using contraceptive pills e Recent myocardial infarction
e Deep vein thrombosis or pulmonary e Paraplegia
embolism in history e Severe infection
e Thrombophilia, deficiency of antithrombin e Intestinal inflammations
(AT) lll factor, protein C, protein S and 0 Polycythemia
lupus anticoagulant, resistance to O Paraproteinemia
activated protein C, homocistinemia 0 Behcet’s disease
e Genetic predisposition 0 Paroxysmal nocturnal
hemoglobinuria

DVT in the Neurosurgery Population

Thromboembolism is a common problem in neurosurgery and neurology patients™ . As such,
patients at substantial risk for DVT and PE include those with spinal cord injury, brain tumor,
subarachnoid hemorrhage, head trauma, stroke, and patients undergoing a neurosurgical
operation. The incidence of DVT in the general neurosurgical population ranges between 19
and 50% (Table 1, appendix). Stroke and spinal injury populations also have a high risk for
DVTY (Tables 2 and 3, appendix).

14-16

In neurosurgical patients, a 2-fold increase in the risk of DVT has been associated with
procedures that last longer than 4 hours®®. Although the brain contains the highest
concentration of thromboplastin in the human body, it is speculated that trauma, infarction, or
surgery to the brain results in the release of tissue thromboplastin and activation of the
coagulation cascade’®. Some of the abnormalities of coagulation that may be associated with
an increased risk of thrombosis include: 1) elevations of fibrinopeptide A and fibrinogen
fragment B[beta]’®; 2) decreased activated partial thromboplastin time (PTT) and increased
fibrinopeptide A levels* % increased platelet count and plasma fibrinogen level with lowered
platelet adhesiveness and plasminogen levels®, and decreased fibrinolysis in the superficial
veins of the paralyzed limbs of stroke patients®®; 3) subclinical disseminated intravascular
coagulation in patients with brain tumor®>?%; and 4) increases in Factor VIII and platelet
aggregation in patients with spinal cord injury®’. Hypotheses regarding the mechanisms for
these changes are less definite.

In a study of spinal cord injury, the DVT rate was at 41.4% (12/25) and detected as early as on
postoperative day 3 (25%) with the peak of DVT formation occurring on day 7%. Risk for DVT

increases with more severe paralysis; thus, early detection and treatment are essential. More
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importantly, an awareness of the risk factors for the development of thromboembolic disease
will allow for the initiation of adequate prophylactic measures™.

Central Line Related Thrombosis in Critically Il Patients

Central venous catheters (CVC) and interventional procedures are essential to manage patients
who have been resuscitated from cardiac arrest or are critically ill, but catheters are not
without risks. Studies have shown that thrombosis of the central venous system occurs in 20-
30% of patients with indwelling catheters®. This is likely related to injury to the vessel
endothelium from the catheter tip, antithrombotic properties of the catheter itself, and length
of time the catheter is left in the vein®.

The most common insertion sites for CVC are the subclavian, internal jugular, and femoral
veins. In a study of 76 trauma patients who required unilateral femoral vein cannulation and
had bilateral venous duplex sonography weekly for one month after cannulation, iliofemoral
DVT was identified in 14% of the patients>’. A hypothermia study of 80 consecutive patients
admitted to a mixed medical/surgical ICU found that the incidence of catheter related femoral
vein thrombosis, as detected with phlebography, was 8.5%2. However, fibrin sleeves, or
fibrous, non-globular proteins involved in blood clots, were observed in 15.7% of the cases. The
significance of this finding is that, although fibrin sleeves can consistently form around
indwelling catheters regardless of catheter material, they may be associated with venous
thrombosis even if they are not clinically apparent®. In another study of 124 mixed ICU
patients who had femoral vein catheterization and were examined with duplex Doppler
ultrasonography, 9.6% developed catheter related thromboses®®. In that study, the incidence
of thrombosis was not found to be related to duration of catheterization. Thus, the reported
incidence of thrombosis with femoral central venous catheters ranges between 8.5 and 26.2%
in critical care patients with a wide variety of medical and surgical diseases® 323",

In addition, some venous insertion sites appear to be more prone to thrombosis than others. In
a study with 239 patients randomized between CVC and peripherally inserted central venous
catheters (PICC), patients with PICC had a significantly higher incidence rate of DVT than
patients with CVC (27.2% vs 9.6%, p=0.0012).

In a recent NEJM publication by Parienti et al., further details on the rates of complications
reports for three CVC insertion sites (subclavian, jugular, and femoral)®®. In this multicenter
randomized trial, 2352 catheters were placed and randomly assigned in a three-choice, 1:1:1
scheme. The median number of days for catheterization is 5 days with the range of 2-9 days for
3 insertion sites. No differences in the rate of DVT were found between femoral vs. jugular
sites, although femoral had a higher rate of symptomatic DVT. On the contrary, DVT occurrence
was significantly higher in the jugular group compared to subclavian, although the symptomatic
rate of DVT was the same. Although Parienti et al. found that the subclavian insertion site was
associated with a lower risk of DVT compared to jugular and femoral sites, there are a number
of key points of note in the results. First, the rates of DVT reported in this study should be
interpreted with caution since data on asymptomatic DVTs were missing in 59.0% of the
collected cases. Secondly, the overall rate of complications (summation of catheter-related
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bloodstream infections, deep vein thrombosis, and mechanical events) for the three insertion
sites in this trial was similar (subclavian 3.1%, jugular 3.8%, femoral 3.3%), and according to the
authors, these results suggest that an ideal site for CVC insertion does not exist>>. In choosing a
CVC insertion site, it is important to consider the overall rate of complication, which has a
greater impact than a single type of complication (i.e., mechanical complication such as
pneumothorax). Lastly, the results show that femoral insertion site had the lowest rate of
insertion failure (5.3%) compared to jugular (7.7%) and subclavian (14.7%) insertion sites. Thus,
the ease of insertion should also be considered when selecting a CVC site.

Inferior Vena Cava Thrombosis

Thrombosis involving the inferior vena cava (IVC) is a rare event, and data on IVC thrombosis
and its clinical presentation are scarce. In a registry of 1,470 consecutive patients with
documented histories of DVT, 60 (0.4%) had thrombosis involving the IVC. The study showed
that patients who suffered IVC thrombosis as the first thrombotic event were significantly
younger: 58% experienced IVC thrombosis before age 40, 78% (47 patients) was first
thrombosis. The most frequent location of IVC thrombosis was infrarenal®®. In the majority of
cases, IVC thrombosis extended to the iliac and lower-extremity veins. The most common
initial symptom of IVC is lower back pain and abdominal pain. Among IVC thrombosis patients
with malignant disease was more prevalent, followed by congenital anomalies of IVC.

IVC anomalies have a 0.5% incidence rate and could be associated with other congenital
abnormalities. In later stages of the disease, trophic ulcers with or without DVT is a consistent
finding. This condition is usually asymptomatic and thus is mostly an incidental finding. The
incidence of IVC anomalies ranges from 0.3 to 0.5% in young healthy individuals, and increases
to 5-6.7% in adults with spontaneous DVT>’. In 2001, Ruggeri et al stated that congenital
anomalies of the IVC might be a risk factor for DVT, because the azygous venous system does
not drain the lower limbs adequately despite compensatory enlargement®. Some authors have
referred to this condition as KILT syndrome (Kidney and IVC abnormalities with Leg
Thromboses)®. Only a handful of cases where there is an absence of the inferior vena cava
have been reported in the literature thus far’®*2.

Table 4 lists the distribution of established risk factors for IVC thrombosis versus isolated leg

DVT®®. Congenital IVC anomaly, inflammatory disease, malignant disease, and family history of
VTE have a higher potential of IVC thrombosis.
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Table 4. Distribution of established risk factors for IVC thrombosis and leg DVT>®

Congenital IVC anomaly 8(13) 0(0) 0.006
Family history of VTE 12 (20) 20 (35) 0.096
Thrombophilia 32 (53) 35 (61) 0.455
Long-term travel 3(5) 8 (14) 0.119
Immobilization 10 (17) 9 (16) 1.000
Previous surgery 13 (22) 7 (12) 0.223
Inflammatory disease 19 (32) 10 (18) 0.090
Malignant disease 16 (27) 5(9) 0.015
Obesity (BMI = 30kg/m®) 15 (25) 14 (25) 0.832
Hormonal treatment (OC/HRT) 21 (58)* 20 (57)* 1.000
Pregnancy and post-partum period 1(3)* 4 (11)* 0.199

OC=oral contraceptives; HRT=hormonal replacement therapy; LE=lower extremity;*percentage of women

Clinical Symptoms of DVT and PE

Typically, the symptoms of low extremity DVT are redness, unilateral leg swelling and pain. Less
frequently, patients present with tenderness along the course of the deep veins or with a
prominence of superficial veins functioning as collaterals, dilated blood vessels, varicosities and
eventually stasis ulceration®®, also known as post-thrombotic syndrome (PTS). While the exact
pathophysiology of PTS is unknown, it is thought to be a clinical manifestation of venous
hypertension resulting from residual venous outflow obstruction or venous valvular
incompetence secondary to valve damage following a DVT**™*. Extravasation of red blood cells,
fibrin and inflammatory mediators occur as a result of the venous hypertension®. Severe DVT
causes permanent damage to the leg. Only 10 to 17% of neurosurgical patients with
documented DVT have clinical symptoms or sign of venous thrombosis>>°.

In comparison to DVT, common symptoms of a PE include shortness of breath and a rapid heart
rate, which may be accompanied by sharp chest pain under the breastbone or on one side,
which might radiate to the neck, jaw, shoulder or arm. In many cases, however, the patient is
asymptomatic prior to the PE.

DVT Diagnostic Options

If a DVT is suspected, the doctor will take a full medical history and carry out a physical
examination, and additional tests may be required. In patients with suspected DVT, venous
ultrasound is the option of choice. In patients with suspected PE, computed tomography
pulmonary angiography (CTPA) and ventilation-perfusion lung scan (V/Q scan) are the two
recommended imaging tests. D-dimer, a highly sensitive biomarker, is useful for excluding acute
DVT, it lacks the specificity necessary for diagnostic confirmation, therefore if D-dimer test is
positive, the patient should go on to ultrasonography. Ultrasound remains the gold standard
for DVT diagnosis, as it is an excellent method for noninvasive screening of DVTY. In a study
where all possible detection modalities were available to clinicians, 91.4% of patients were
screened using ultrasound and while 24.3% were screened with a venogram48. The sensitivity of
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ultrasonography in detecting DVT is reported to be 98%-100% and its specificity to be 75%-
100%46,49»50'

Recent advances in the management of patients with suspected DVT have both improved
diagnostic accuracy and made management algorithms safer, easier to use and well
standardized. These diagnostic algorithms are mainly based on the assessment of clinical
pretest probability, D-dimer measurement and imaging tests, mainly represented by
compression ultrasound (CUS) for suspected DVT and computed tomography pulmonary
angiography (CTPA) or lung ventilation-perfusion (V/Q) scan for PE. An example of validated
diagnostic algorithm for both DVT and PE is displayed Figure 1%.

*Figure 1: Diagnostic Strategy of venous thromboembolic disease. 1) when the clinical probability is low (or
unlikely), a negative result from a highly sensitive D-diner rules out DVT or PE; 2) D-dimer measurement is a simple
non-invasive blood test that allows to safely rule out VTE when below a certain cut-off (< 500 pg/I for most tests) in
patients with a non-high or an unlikely clinical probability; 3) ultrasound in case of suspected DVT; CT pulmonary
angiography in case of suspected PE; 4) in case of negative ultrasound or CTPA in high clinical probability patients,
additional imaging, e.g. venography (suspected DVT) or lung ventilation/perfusion scintigraphy or pulmonary
angiography (suspected PE) might be considered™.

‘ Clinical Probability ‘

|
- '

Low or intermediate’ High'

Below cutoff Above cutoff
L
CUS/CTPA?
Megative® Positive
a— I
v
No Treatment ‘ ‘ Treatment ‘

These diagnostic algorithms allow a safe and cost-effective diagnosis for most patients with
suspected VTE. However, there are challenges in diagnosing VTE in special patient populations,
such as elderly patients, pregnant, or patients with a prior VTE. For example, D-dimer level as a
diagnosis of DVT and PE, is less sensitive and dependent on the timing of the measurement?,
especially in elderly and pregnant women and prior VTE in patients aged < 50 years”". D-dimer,
a derivative of cross-linked fibrin, has been well studied and previously linked with both DVT
and pulmonary embolism (PE)**. The sensitivity of D-dimer for the diagnosis of DVT is reported
as 96% for the diagnosis of DVT, but serves as a poor biomarker for DVT given its low specificity
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(40%) and low positive predictive value (PPV) (48%)>*>*. However, a normal plasma D-dimer
level serves as a test of exclusion for DVT.

Compression ultrasonography (CUS) might also be utilized in elderly patients in whom CTPA is
contraindicated. Indeed, in a patient with suspected PE, the presence of a proximal DVT is
highly predictive of PE allowing to rule in the diagnosis of PE without further thoracic imaging>.

The main limitation of V/Q scan is an important proportion of non-diagnostic results, which
increases with age (from 32 % in patients < 40 years to 58 % in those > 80 years)51. V/Q scan
results thus need to be interpreted in conjunction with clinical probability, D-dimer and CUS,
the latter sometimes being repeated at a week’s interval in order to safely exclude PE®.

Planar lung ventilation-perfusion (V/Q) scan and SPECT (Single Photon Emission Computed
Tomography) V/Q scan have been developed to replace pulmonary angiography, the gold-
standard test for PE >/, however there are some limitations such as a high proportion of non-
conclusive tests and instances where further imaging is required. Studies published so far
reported a high proportion of technically inadequate tests and a limited overall sensitivity>®>°.
This modality could be useful in patients with contraindications to CTPA (contrast-induced
nephropathy, allergy) or in pregnant women.

Because of increasing availability of imaging techniques, it is possible to over-suspect VTE. Only
20% of patients clinically suspected to have DVT are found to have it®®. Standard approach to
surveillance for DVT and PE is based on the clinical symptoms. In absence of a standardized
approach, reported DVT rates can be influenced by how often and how hard physicians look for
these events. Surveillance bias is a type of selection or information bias that occurs when an
exposure (ultrasound or imaging) may result in a higher probability of detection (of DVT) in
exposed patients’®. Several organizations have developed guidelines to make the diagnosis of
DVT more specific and to reduce inefficient imaging. Clinical decision rules to establish pretest
probability are recommended by, among others, the American College of Physicians and the
American Academy of Family Physicians®.

Treatment

Critically ill patients are at high risk for the development of VTE, so it is more cost effective to
prevent than to treat DVT and subsequent PE’>*%%%3 with a well-structured program for
thrombosis prophylaxis established as the standard of care for this high risk population, the
incidence of DVT and PE will be dramatically reduced and considerable human life, health care
energy, and health care dollars will be saved®. Without VTE prophylaxis the incidence of DVT
ranges from 13 to 50%°°; it has also been shown that DVT develops in one of every three
patients old than 40 years of age undergoing elective general surgical procedure5’9'37. Ina 100

patient study in general MICU, 61% received DVT prophylaxis, and the rate of DVT was 16%°".

The basic principles for DVT prevention include the prevention of venous retention, stimulation
of venous return, and anticoagulation. Thrombosis prophylaxis is undertaken with two basic
methods, pharmacologic and mechanical, which can be used either alone or in combination.
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Pharmacologic prophylaxis with unfractionated heparin (UFH) or low-molecular-weight heparin
(LMWH) has been shown to decrease the incidence of DVT and PE in medical, surgical, and
critically ill patients without increasing the risk of major bleeding or ICU mortality®’. Over the
past few decades, VTE prophylaxis had become a standard of preventive measure in the ICU.
However, a failure rate as high as 5.1 to 15.5% has been reported®®°. This rate underscores
the high risk of VTE in critically ill patients despite anticoagulation. In a prospective cohort
study of 261 medical-surgical ICU patients given UFH 5,000 units subcutaneously twice a day,
DVT developed in 9.6% of patients during hospitalization. Patients with DVT had a significantly
longer duration of mechanical ventilation, ICU stay, and hospitalization than those without
DVT’®. A recent observational study, conducted in adult ICU patients in the United States,
included 294,896 episodes of critical illness and reported that the group of patients who
received prophylactic anticoagulation had a significantly lower risk of death than those not
provided VTE prophylaxis’*. LMWH is the preferred drug in critically ill patients because it
demonstrates superior efficacy and has a reduced likelihood of heparin-induced
thrombocytopenia. UFH can be an alternative if patients have impaired renal function’*”.

Mechanical prophylaxis, or the use of graduated compression stockings (GCS) and intermittent
pneumatic compression devices (IPC), should be considered for high risk patients. Studies have
shown that IPC decreased the rate of VTE in the setting of ICU patients compared with no
mechanical prophylaxis, but less is known about the effectiveness of GCS compared with other
prophylaxis strategies’*”>.

For high risk patients, an extreme prophylactic treatment called an IVC filter can be considered.
IVC filters are indicated in patients who have an absolute contraindication to anticoagulants
and who have an active DVT, or PE with evidence of thrombosis below the level of the IVC at
which the filter will be inserted. IVC filters can also be placed post-DVT detection in order to
prevent PE.

In clinical practice, the rate of VTE prophylaxis varies and may be inadequate in some centers.
Recent studies suggested prophylaxis administration rates of 33% in medical ICUs’®. In
comparison, prophylaxis administration rates in medical-surgical ICUs have been reported as
63-86%’""®. For surgical ICUs, the prophylaxis administration rate is 86.7%>2. Low prophylaxis
rates are attributable to fear of bleeding and low (and probably underestimated) perceived risk
of VTE in critically ill patients among most physicians.

In one meta-analysis there was no evidence that pharmacologic prophylaxis increased the risk
of major bleeding when heparin prophylaxis was compared with placebo®. A large
observational study from International Medical Prevention Registry on Venous
Thromboembolism (IMPROVE) assessed in-hospital bleeding risk in acutely ill medical patients.
The results showed that heparin prophylaxis was not the factor associated with a high bleeding
risk’®. Strategies to improve compliance include continual education strategies for physicians.
The following is a decision tree on VTE prophylaxisgo.
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Patients admitted to
medical-surgical ICU

+
Considered high bleeding risk
or have contraindication for
anticoagulant

No Yes
b
Pharmacologic prophylaxis Mechanical prophylaxis
UFH 5, 000 units sc b_id ar Bleeding risk - Intermittent preumatic compression
Dalteparin 5,000 unitsscod  or decreased Graduated compression stocking
Encxaparin 40 mg sc od/
Emoxaparin 30 mg sc bid or

Madroparin 65 IU/kg sc od

American College of Chest Physicians (ACCP) evidence-based clinical practice guidelines
recommend prophylaxis of critically ill patients with LMWH or low-dose UFH over no
prophylaxis®! (Grade 2B), combined use of IPC (Grade 2C), combined use of IPC and stocking in
cases where anticoagulants are contraindicated (Grade 1C+), and treatment with LMWH or an
oral-dose vitamin K antagonist during rehabilitation (Grade 1C). Further, no difference has been
detected in the incidence of DVT or hemorrhagic complications between patients receiving
5000 U of UFH every 8 hours and those receiving 30 mg LMWH every 12 hours, if treatment
was started within 72 hours after injury®*.

Guidance Regarding Prophylaxis of Venous Thromboembolism in Neurocritical Care

As mentioned previously, VTE is a common problem in neurosurgery and neurology patients**
1 As such, patients who are at substantial risk for DVT and PE include those with spinal cord
injury, brain tumor, subarachnoid hemorrhage, traumatic brain trauma, stroke, and patients
undergoing a neurosurgical operation; thus, VTE prophylaxis is even more important in the
neurocritical care population. The Neurocritical Care Society (NCS) and Society of Critical Care
Medicine (SCCM) have issued guidelines for VTE prophylaxis in adult patients with

Neurological/Neurosurgical diagnosis in the ICU based on scientific evidence™”.

Prophylaxis of VTE in the Traumatic Brain Injury Population

Patients with TBI are at an increased risk of developing VTE including DVT and PE due to their
prolonged immobilization and hypercoagulable state®*®. Therefore early prophylaxis against
VTE was warranted among TBI patientsss. The incidence of VTE may be as high as 54% among
patients with major head trauma not treated by mechanical or pharmacological
thromboprophylaxis (PTP)®. However, there is difficulty in balancing PTP against VTE with the
potential risk of intracranial hematoma (ICH) expansion. Published literature has not been
consistent because TBI is not a homogeneous population; preinjury use of anticoagulation adds
more controversy to management of TBI patients. Selection bias also exists in clinical practice
where physicians tend to delay PTP for patients at a higher risk for ICH progression.

EDC-2888 Rev. 03 p. 11 of 27



A recent metadata analysis by Shen et al. on the benefits and risks of anticoagulation following
TBI reviewed 1026 unique studies, most of which were observational®’. Only 23 studies had
complete information on post-TBI anticoagulation use and outcome®. The analysis suggested
that TBI is a heterogenic population and the need for crafting guidelines for the use of
anticoagulation should be based on patients’ risks for developing VTE and progression of
existing injury. Hemorrhagic stability is commonly considered an important criterion for
assessing risk of ICH progression. A study by Levy et al. stressed the importance of ensuring
stability of hemorrhage patterns before initiating PTP demonstrated that PTP was safe among
patients with a stable CT scan at 24 hours of admission®. These studies showed that PTP
appears to be safe in TBI patients at a low risk of developing a new hemorrhage or experiencing
progression of an existing hemorrhage.

It has been shown that the TBI population can develop VTE as early as the first 24 hours post-
injury®®°. Therefore, there is value in commencing prophylactic anticoagulation early to help
prevent the development of VTE. Reiff et al. compared the use of PTP in TBI when given within
24 hours, between 24 and 48 hours, and after > 48 hours. They found an increase in DVT rates
from 3.6% when PTP was given within 24 hours to 15.4% when it was given after 48 hours™.
Another systemic review and meta-analysis reporting on the timing of PTP in TBI showed that
TBI patients who started PTP early had almost half the risk of developing VTE and without
affecting progression of ICH®*. The study recommended commencing PTP within 72 hours in
the context of a stable follow-up CT.

In the context of clinical practice, many hospitals have incorporated PTP into their standard
management in TBI population. For example, enoxaparin 30 mg administered subcutaneously
every 12 hours is included into the University of Pittsburgh Medical Center (UPMC) standard
severe traumatic brain injury admission protocol*>>. The medication is initiated 48 hours after
admission.

In conclusion, the risks of intracranial and systematic bleeding have historically been the major
concern of implementing prophylactic anticoagulation in patients with TBI¥”°2. However,
studies have shown that prophylactic anticoagulation is safe and reduces the rate of VTE in
patients with normal coagulation and stable intracranial hemorrhage patterns®>®.

Intravascular Temperature Management

Therapeutic hypothermia using feedback-controlled patient temperature has become routinely
used in the ICU setting for patients with a wide range of neurological injuries (cardiac arrest,
acute ischemic stroke, traumatic brain injury, reduction of intracranial pressure, etc.).
Therapeutic hypothermia can also be referred to as targeted temperature management (TTM).
With promising results from various clinical studies, therapeutic hypothermia is increasingly
recognized as an effective agent for treatment of several critical disease states. Therapeutic
hypothermia is currently a Class | recommendation for the post-resuscitation treatment of
patients who achieve return of spontaneous circulation but remain comatose after out-of-
hospital cardiac arrest and for newborns with neonatal hypoxic ischemic encephalopathy”®’.
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Therapeutic hypothermia is also associated with a significant decrease in the incidence of
intracranial hypertension® %2,

Studies using hypothermia post-cardiac arrest, after neonatal hypoxia ischemia, and after
traumatic brain injury have all suggested that reaching the target temperature sooner may
allow for hypothermia to be even more beneficial than has already been demonstrated®®%,
Given the unavoidable delays in the discovery, resuscitation, and transport of patients with
cardiac arrest, stroke, or traumatic brain injury, it is very likely that significant secondary injury
has already occurred by the time hypothermia is initiated. The sooner the patient is cooled to
target temperature, the more likely he or she is to benefit from the therapym'ms. Importantly,
it has been documented that precise control of target temperature can improve neurological

outcome'”. Cooling blankets, ice packs, gel pads, and other external methods are clinically
inefficient, labor intensive, and hinder access to critically ill patients who require constant
care'®'®. In a study of therapeutic cooling using ice packs and cooling blankets, Holzer
reported that target temperature was reached in only 30% of patients'™®.  Another

observational cohort study involving 1,036 patients reported similar findings'''. Surface cooling
failure (target temperature was not reached) occurred in nearly one-third of patients, the
failure rate even higher with obese patients and patients who underwent percutaneous
coronary intervention, both common among patients who have been resuscitated*".

Compared to skin surface cooling, intravascular temperature management (IVTM) systems
rapidly reach target temperature and precisely maintain patient core temperature. One recent
publication showed that the target temperature (33°C) was reached in a mean time of 64
minutes'*’, while another study found that 98% of patients cooled with an IVTM system were
maintained at target temperature, compared with only 50% of patients cooled using surface
methods'*2. IVTM not only provides ease of use but demonstrates good outcomes both short-

11
and long-term™®.

It is a common assumption that patients are prone to thrombosis when CVC and interventional
catheters are utilized, despite the use of prophylactic anticoagulants. Heparin is commonly used
in hydrophilic coatings on catheters because it is anti-thrombogenic, although non-heparin
coated catheters are also used in the clinical setting depending on the patient’s situation.
Studies have shown that heparin-bound catheter coatings reduce the incidence of DVT and PE
and inhibit the formation of fibrin sleeves®>®’. For the high risk population, thrombosis
prophylaxis should routinely be considered.

As clinicians consider the use of therapeutic hypothermia or fever control, they must carefully
weigh the risks as well as the potential benefits of the therapy. Like any interventional
procedure, IVTM involves insertion of a catheter into the superior vena cava via the subclavian
vein, internal jugular vein, or into the IVC via the femoral vein and therefore carries the
potential for CVC-related complications. However, this potential is relative, since most patients
who would be considered candidates for therapeutic hypothermia require central venous
access anyway, by virtue of their critical medical condition.
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Case Series on IVTM Looking at DVTs

Few publications have described thrombus related to the use of femoral IVTM on both severely
brain-injured patients and post resuscitation. This section discusses all of the published case
series reporting on DVT, listed in Table 5.

Table 5: IVTM Case Series Reporting on DVT

Case Series Disease Number of Patients
Si 14 TBI 10
Flur:']l(;-:ﬁl5 Spinal injury 35
Maller'® SAH 43
Rel::c?ljsl” CA, TBI, ICH, SAH & Cl 20
Maze''® CA 61
Lazzli’ CA 1

Simosa™ reported duplex ultrasound evidence of thrombus in post severe brain trauma
patients and found thrombi only in patients who had the catheter in place ranging from 4 to 8
days, which is greater than the approved dwell time of maximum 4 days given by the femoral
catheter Instructions for Use (IFU). Hypercoagulable panels were not routinely checked, nor
DVT prophylaxis provided to this high risk population. The presence of DVT did not increase the
length of stay or affected outcome. No occurrence of PE was reported in this group.

Another study in 83 high risk patients with polytrauma or traumatic brain injury where IVTM
was utilized in both core cooling or warming'* showed that 10 patients were noted to have
thrombus including 5 patients with IVC thrombus. Patients were either treated with
anticoagulation or prophylactic IVC filter. The population in this report was at high risk for DVT
and none received DVT prophylaxis. The DVT group had a higher injury severity score
compared to the overall group (33 vs. 21, p= 0.039). This could indicate that the injury severity
contributed to DVT formation. 60% of the study population had prophylactic IVC filters, which
also indicates a high risk of DVT in this population.

Additional data from Furlan et al. showed that rates of DVT in the IVTM patient population
were low™™. In this study, 35 patients with complete spinal cord injury were cooled with IVTM,
and 43% had improvement in ASA score by at least one grade at one year follow up (compared
to 26% historical data). All patients underwent ultrasound to evaluate the possibility of DVT and
DVT prophylaxis. Five events were observed including 2 DVTs (one seen in the subclavian vein,
unrelated to the femoral catheter), 2 PE, and 1 clot in the inferior vena cava. Only three of
these events were related to cooling catheters (2 PEs and 1 DVT not in the subclavian vein).
The author also noted that the first 14 patients who received Lovenox had no DVT, and all DVTs
were observed in the later patients who received Fragmin due to a hospital-wide change.
Incidence of DVT and PE after spinal cord injury was varied and reported as high as 43%"’.
Despite the change to a different DVT prophylaxis medication, the overall DVT rate of 8.6%

(3/35) with IVTM is still much lower than expected compared to published data™.
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Furthermore, a retrospective chart review was performed and reported in 43 severe
subarachnoid hemorrhage (SAH) patients who received IVTM for fever management or
therapeutic hypothermia®®. A total of 16 patients were confirmed to have DVT (N=11) and PE
(N=5) by ultrasound and CT scan. PE tended to occur more frequently in patients treated for
fever, although without statistical significance. The median day for thrombosis occurrence was
day 15. Patients in the IVTM group had a higher Hunt and Hess grade (3.6 vs 2.5, p< 0.001
compared to patients with standard CVC). The higher rate of thromboembolic events could be
due to the severe SAH population because of the inflammatory response and the length of
catheter indwelling time. In addition, the cooling catheters used in this study did not have
covalently bonded heparin coating. It is important to note that the site continues to use IVTM
catheters to manage SAH patients, as the benefits of better outcomes with IVTM continue to
outweigh the low risk of DVT.

A small number of studies have been designed specifically to evaluate the rate of DVT in the
IVTM and CVC populations. An article by Reccius et al. described a study of 20 patients in which
the purpose was to detect thrombus in the inferior vena cava using two sensitive methods:
invasive cavography and ultrasonography related to the use of IVTM in an ICU-based, critically
ill patient population'”. The patient population was at high risk for venous thrombus, with
primary diseases such as severe traumatic brain injury, cardiac arrest, intracerebral
hemorrhage, acute ischemic stroke and aneurysmal subarachnoid hemorrhage. It is important
to note that no clinical evidence of DVT was reported in any of the 20 patients and that none of
the thrombi produced stenosis with a significant hemodynamic effect.

Results showed that clinically asymptomatic thrombi were found in the IVC in 18 of 20 patients
using invasive cavography; based on current literature, the rate of thrombi as detected by this
method is not available for comparison. Thrombi were confirmed in only 3 of 20 patients using
ultrasonography, which is comparable with the rates of DVT reported with CVC placement in
the critically ill patient population®**. No pulmonary embolism was identified in the case series.
In addition, the dwell time of the catheters in most of the patients during this study was greater
than the approved dwell time of maximum 4 days given by the catheter IFU. Although
mechanical DVT prophylaxis measures were taken in every patient, LMWH prophylaxis was not
given in the neuro patient population as they were thought to have a higher risk of brain
bleeding.

Per direct communications with the principal investigator of the trial, the site has made
improvements to patient care methods as a result of this trial, such as earlier delivery of DVT
prophylaxis per 2011 guidelinesm. Additionally, the site continues to use IVTM in 100% of its
post-cardiac arrest patients undergoing coronary catheterization procedures, as the benefits of
better outcomes with IVTM outweigh the low risk of DVT. In addition, the site’s protocol is to
deliver heparin, aspirin, and clopidogrel during catheterization procedures in order to lower the
risk of thrombosis. The site also uses IVTM to manage neuro patients who are obese.
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A second study reported the rates of DVT in patients receiving DVT prophylaxis'®. In this
retrospective cohort study’® of 61 patients, 41 patients received DVT prophylaxis
(subcutaneous heparin) and 20 patients received UFH. All patients were screened for DVT with
ultrasound or phlebography regardless of the presence of symptoms. Catheter related
thrombosis was found in 9 patients who received prophylactic dose heparin (DVT in 2 patients;
IVC thrombus in 7 patients). Two patients with a thrombus on the catheter developed a
symptomatic PE and confirmed with computed tomography. No DVT was detected in the full
dose heparin group, nor were there increased bleeding complications. In this study, there was
no difference in symptomatic events between the study groups (0 out of 20 patients on UFH
regimen and 3 out of 41 patients on subcutaneous heparin regimen; p=0.54). Catheters used in
this study did not have covalently bonded heparin coating. Cardiac arrest survivors undergoing
TH are at high risk of complications given the high inflammatory physiological state and
immobility due to an unconscious state. The choice of between subcutaneous heparin and UFH
is dependent upon risk balance of both bleeding and clotting. In this study, the risk of catheter
related thrombosis (CRT) was negated with a UFH regimen with no apparent increase in
bleeding. The site continues to use IVTM to cool post cardiac arrest to 33°C per their standard
practice.

Lau et al. also reported one case of a patient who received an IVTM catheter post-cardiac
arrest'®. The patient had a history of drug and alcohol abuse and TH was initiated after the
patient was admitted comatose post-resuscitation from spontaneous ventricular fibrillation.
On day 15 after TH was initiated, the patient was discovered to have a right femoral vein
thrombosis near the area where the catheter had been placed. The authors state that it is not

certain that the IVC thrombus is a consequence of the cooling catheter'*®.

DVT Rates in Intravascular Temperature Management

Tables 6 and 7 summarize the rates of DVT/VCT and PE from studies of patients receiving IV'TM
for non-cardiac arrest and post-cardiac arrest, respectively. It is important to note that there
was no mortality due to PE in any of these studies.
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Table 6: IVTM in non- cardiac arrest population

Simosa™* TBI 10 Ultrasound 5 0
Keller'?® SAH 90 Clinical 0 0
Diringer™** TBI, SAH, ICH, 154 Clinical 0
Cl
Horn'® Severe Stroke 20 Clinical 1 0
Levi*® Spinal injury 35 Ultrasound/CT 3 2
Hoedemaekers'*? TBI 5 Clinical 0 0
Taylor E** Polytrauma 12 Clinical 0 0
Sahuquillo™’ TBI 24 Ultrasound 1 0
Allen™”® OPCAB 38 Clinical 0 0
Miiller'*® SAH 43 Ultrasound 11 5
David'? Severe burn 23 Clinical 0 0
Fischer™ TBI 6 Clinical 0 0
Prunet™! Severe Burn 4 Ultrasound 0 0
Puccio™ TBI 21 Clinical 0 0
Georgiadis™*? Stroke 6 Clinical 0 0
Guluma™® Stroke 10 Clinical 0 0
Gierman'® Polytrauma, 83 Cavography or 10 0
TBI intravascular
ultrasound
Hinz™** SAH, TBI 13 Clinical 0 0
Broessner™>® SAH, stroke 102 Clinical 0 0
Reccius'"’ TBI, ICH, SAH 14 Cavography or 14 0
& Cl intravascular
Total 713 36 7
DVT Rate 5% 1%
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Table 7: IVTM in post cardiac arrest population

Pichon”’ CA 40 Ultrasound 0 0
Bruel® CA 33 Clinical 0 0
Flemming**® CA 31 Clinical 0 0
Lopez-de-Sa**’ CA 36 Ultrasound 1 1
Tgmte'*® CA 72 Clinical 0 0
Hoedemaekers'*? CA 5 Clinical 0 0
Lundbye™* Nonshockable 52 Clinical 0
CA
Sunde® CA 29 Clinical 0 0
Arrich'*! CA 347 Clinical 0 0
Feucht!**” CA 19 Clinical 0 0
Holzer*? CA 97 Clinical 0 0
Grimes'* CA 38 Clinical 0 0
Patel®® CA 115 Clinical 0 0
Maze R'® CA 61 Echocardiography 9 1
Waard'® CA 97 Clinical 0 0
Lau™® CA 1 Venogram 1 0
Pittl**® CA 40 Clinical 0 0
Kozinski**’ CA 32 Clinical 0 0
Zobel**® Cardiogenic 20 Clinical 0 0
shock
Deye'®” CA 203 Clinical 0 0
Reccius™’ CA 6 Ultrasound & 4 0
cavography

Nielsen'* CA 228 Clinical 0 0
Total 1,596 15 2
DVT Rate 0.94% 0.13%

DVT Rates in Randomized Controlled Trials (RCTs) Comparing Surface Cooling to IVTM

Two multicenter, randomized controlled trials comparing surface cooling to IVTM showed that
IVTM catheters are not associated with increased incidence of DVT'**?* In a trial by Diringer
et al., 296 neuro ICU patients (TBI, SAH, ICH and Stroke) were randomized 1:1 to receiving fever
control via a ZOLL IVTM catheter or surface cooling with a standard CVC***. Results showed
64% fever burden reduction in the IVTM group compared to surface cooling, and there was no
difference in the rate of DVT occurrence between groups™?*. Another randomized controlled
trial by Deye et al. was conducted in 400 post-cardiac arrest patients where therapeutic
hypothermia was induced either with the ZOLL IVTM femoral catheter or surface cooling plus
standard CVC. Trial results not only showed a better long term neurological outcome and 74%
nursing workload reduction in the IVTM group, but also no difference was found in DVT rate

compared to standard cVCs'®.
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In addition, two single center randomized studies in 247 patients (Tomte & Pittl)*®¢

compared ZOLL IVTM to surface cooling using the Bard Arctic Sun system and found no
difference in DVT or PE rate between two groups.

DVT rates with Surface Cooling Devices

Reporting on DVT from studies in temperature management in critically ill or resuscitated
patients with surface cooling methods have been inconsistent and underreported, as many
studies do not report DVT rates. Patients in these trials all received standard CVCs to deliver
medication and withdraw blood due to vasoconstriction from peripheral vessels™®. A
randomized clinical trial compared Arctic Sun to Blanketrol surface cooling devices in post-
cardiac arrest population showed a 3% DVT rate™’. Another study in 40 Neuro ICU patients
using fever control with Arctic Sun and Blanketrol showed a 15% DVT rate’?.

A summary of publications showed an overall low rate of DVT (2.2%) and PE (0.39%) with IVTM.
Occurrence of DVT and PE were higher in the neurosurgical population with IVTM than in the
cardiac arrest population (5.0% vs. 0.94% in DVT, 1.0% vs. 0.13% in PE), but both were below
previously published DVT and PE rates (19 to 50% for neurosurgical population and 8.5-26.2%
for standard CVC). The likely reasons for the lower rate of DVT with IVTM include short
indwelling time and the use of DVT prophylaxis in critically ill populations at most institutions.

Product Surveillance Data

Post-market surveillance of IVTM catheters based on the manufacturer’s internal complaint
database shows a DVT rate of 63 out of 171,000 catheters sold between May 2009 and June
2015 (0.037%)™3. Although underreporting of complaints from hospitals is possible, even an
underreporting rate of 100x less than actual would show a DVT rate of less than the range of 1-
5% in the IVTM patient population reported in Tables 5 and 6.

Conclusion

Critically ill patients admitted to the ICU are prone to DVT, mostly due to inflammatory’ status
post injury, abnormal coagulation, immobilization and catheterization. Institutions should
follow guidelines in DVT prevention which include pharmacological and mechanical methods.
Institutional implementation of standard protocols that incorporate these measures may have
contributed to the reduction of DVT rate. Importantly, therapeutic hypothermia using a ZOLL
IVTM cooling catheter placed in the femoral vein is not associated with increased incidence of
DVT or PE. Four randomized controlled clinical trials (2 multicenter and 2 single center trials)
conducted in a total of 943 patients showed that there was no difference in the DVT rate when
comparing ZOLL IVTM catheters to standard CVCs'®*?**. When IVTM cooled patients are
compared to general critically ill patient populations who receive central lines, there is no
difference in the rates of DVT and PE. Therefore, the benefits of using IVTM in the critically ill
patient population outweigh the potential risks of DVT and PE.
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Table 1. Thromboembolism and Neurological Disease (Neurosurgical Patient Population)*’

General neurosurgical population
Wetzel et al, 1960 599 Autopsy NA 3
Joffe, 1975 23 I-fibrinogen 43 0 0
Turpie et al, 1977 63 I-fibrinogen 19.1 0 0
Cerrato et al, 1978 50 I-fibrinogen 34
Skillman et al, 1978 48 I-fibrinogen 25 4.2 50
Turpie et al, 1979 96 I-fibrinogen 20.8 0
Valladares et al, 1980 100 I-fibrinogen 29 1 0
Zelikovski et al, 1981 20 I-fibrinogen 50 100
Mark et al, 1986 101 Autopsy NA 24.8

Head injury
Kaufman et al, 1983 23 I-fibrinogen 20

Subarachnoid hemorrhage
Black et al, 1985 56 Doppler 18

Brain tumors
Brisman and Mendell, 1973 238 Autopsy NA 8.4
Kayser-Gatchalian and Kayser, 1975 334 Autopsy 27.5
Sawaya et al, 1989 46 I-fibrinogen 45

*DVT=deep vein thrombosis; PE=pulmonary embolism; Mort=mortality; PE was diagnosed clinically except when screened for an autopsy

Table 2. Thromboembolism in Stroke Population'’

Warlow et al, 1972 30 I-fibrinogen 60 13 25
Denham et al, 1973 47 I-fibrinogen 46.8
Warlow et al, 1976 76 I-fibrinogen 53 158 |71
Warlow et al, 1976 15 I-fibrinogen 53
Gibberd et al, 1976 26 I-fibrinogen 50 3.8 0
McCarthy et al, 1977 16 I-fibrinogen 75
Miyamoto and Miller, 1980 141 I-fibrinogen 29 0** 0
Bounds et al, 1981 100 Autopsy 13
McCarthy and Turner, 1986 161 I-fibrinogen 72.2 |19.8 | 100
Turpie et al, 1987 25 I-fibrinogen 28 8 0
Bornstein and Norris, 1988 49 I-fibrinogen and IPG 225 |2 0
Scmidt et al, 1988 1538 Clinical 7.1

(573 Deaths first 3 wk 13.6)

(596 Deaths 3 wk-7 yr 5.2)
Landi et al, 1992 70 I-fibrinogen and Doppler ‘ 28.6 ‘ 114 |40
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Table 3. Thromboembolism in Spinal Injury Population®’

Spinal cord injury
Bors et al, 1954 99 Venogram 58.6
Philipps, 1963 25 Venogram 12
Tribe, 1963 28 Autopsy 21.4
Todd et al, 1976 20 I-fibrinogen 10
Brach et al, 1977 10 I-fibrinogen 70 10 0
Perkash et al, 1978 50 I-fibrinogen 16 8 50
Rossi et al, 1980 18 I-fibrinogen 72
Frisbie and Sasahara, 1981 17 IPG 5.9
Myllynen et al, 1985 23 I-fibrinogen 100 9 0
Mark et al, 1986 101 Autopsy 24.8
Merli et al, 1988 17 I-fibrinogen 47
DeVivo et al, 1989 459 Clinical 9
Myllynen et al, 1989 54 Clinical 13 42.8
Petaja et al, 1989 9 I-fibrinogen 67
Yelnik et al, 1991 127 Venogram 22.8 0.8** | 0
Spinal fracture without cord injury
Myllynen et al, 1985 14 I-fibrinogen 0 0 0
Petaja et al, 1989 12 I-fibrinogen 8.3

*DVT=deep vein thrombosis; PE=pulmonary embolism; Mort=mortality; IPG=impedance plethysmography; PE was diagnosed clinically except
when screened for an autopsy
** |n this portion of the study, all patients with evidence of DVT underwent anticoagulation to prevent PE.
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