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Abstract

Background Temperature management using endovascu-
lar catheters is an established therapy in neurointensive care.
Nonetheless, several case series have reported a high rate of
thrombosis related to the use of endovascular hypothermia
catheters.

Methods As a result of a pulmonary embolism that
developed in a patient after removing an inferior vena cava
hypothermia catheter, we designed a clinical protocol for
managing and removing these devices. First, an invasive
cavography was performed before the removal of the
catheter. If there was a thrombus, a cava vein filter was
inserted through jugular access. After that, the catheter was
removed.

Results The venography found inferior vena cava thrombi
in 18 of 20 consecutive patients. A concomitant ultraso-
nography study showed vena cava thrombosis in only three
patients. A vena cava filter was inserted in all patients
where thrombi were found, without any significant com-
plication. Anticoagulation was started in all patients. No
symptomatic pulmonary embolism was diagnosed until the
time of discharge.

Conclusions The frequency of thrombosis related to tem-
perature management catheters is extremely high (90 %).
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Furthermore, ultrasonography has a very low sensibility to
detect cava vein thrombosis (16.7 %). The real meaning of
our findings is unknown, but other temperature control sys-
tems could be a safer option. More studies are needed to
confirm our findings.
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CoolGard - Neurocritical care - Venous thrombosis -
Cava vein thrombosis - Catheter related thrombosis

Introduction

Temperature control is an established therapy in neuroin-
tensive care [l]. Therapeutic hypothermia decreases
intracranial pressure in several catastrophic neurologic
diseases, including traumatic brain injury [2], intracerebral
hemorrhage [3], subarachnoid hemorrhage [4], ischemic
stroke [5], and hepatic encephalopathy [6].Until recently,
therapeutic hypothermia was a standard of care in out-of-
hospital cardiac arrest patients with shockable rhythms [7,
8]; however, the recent TTM trial [9] did not show any
difference in outcome if the patients were treated using
active temperature control systems at 33 or 36 °C. Fever
has been consistently related to poor outcome in patients
with acute severe neurological diseases [10]. Consequently,
active control of body temperature may be a reasonable
therapeutic option for several diseases.

Temperature management can be performed using phar-
macotherapy or physical methods. Pharmacological
strategies have not been demonstrated to be a satisfactory
control of body temperature [11, 12]. Physical methods,
particularly endovascular cooling, have been demonstrated
to be safe, relatively simple, and effective in controlling body
temperature [13].
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Nevertheless, endovascular temperature control has sev-
eral potential complications related to temperature
management as well as the use of endovascular catheters
[14]. Thrombosis is a well-described complication of “tra-
ditional” endovascular central venous catheters. One study
showed a thrombosis rate of 21.5 % [15] for “traditional”
central venous catheters. Because the use of endovascular
temperature control catheters is relatively recent and limited,
this factor implies that there are little data published con-
cerning the use of these devices and that the data are largely
restricted to a small number of case reports [16—18]. Simosa
et al., in a small case series, found a thrombosis rate of 50 %
with the use of endovascular temperature control catheters,
employing ultrasound as a diagnostic method [19].

The aim of our study was to report the rate of thrombosis
associated with endovascular temperature control catheters
in a series of 20 patients, using simultaneous ultrasonog-
raphy and cavography as diagnostic methods.

Methods

At our institution, we use the CoolGard 3000® system (Zoll
Medical, Chelmsford, MA, USA) for endovascular tem-
perature control. We use the Icy® catheter at 34 °C for
endovascular therapeutic hypothermia in cardiac arrest
patients and also to control intracranial hypertension in
several patients with catastrophic neurological diseases.
The Cool Line® catheter is used for vascular-induced
normothermia at 36.5 °C in neurocritical patients who
experience fever that is not well controlled using pharma-
cological therapy.

A protocol for removing these temperature control
catheters was developed at our institution after a patient,
who previously had a normal venous ultrasound, suffered a
severe pulmonary embolism immediately after the removal
of a femoral Icy® catheter. This protocol includes venous
cavography using digital subtraction angiography imme-
diately before catheter removal. The protocol details are
described below.

From January 2009 to June 2012, we studied all of the
patients who underwent temperature control using the
CoolGard 3000® system during their stay in the ICU. The
decision regarding the use of an endovascular temperature
control system was left to the discretion of the attending
physician. Either an Icy® or Cool Line® catheter was
inserted into the inferior vena cava through a femoral
venous access under ultrasound guidance.

All of the patients had elastic stockings and intermittent
pneumatic compression for venous thrombosis prophylaxis
during their ICU stay. The pharmacological DVT prophy-
laxis using enoxaparin was initiated based on the discretion
of the attending physician.

Duplex ultrasonography of the vena cava and lower limbs
was performed in all of the patients by an independent radi-
ologist before the removal of the endovascular temperature
control catheters. Vena cava thrombosis was defined as an
echogenic intracaval material. Shortly after the ultrasonogra-
phy was conducted, a digital subtraction venography of the
inferior vena cava was performed by manually injecting 20 ml
of contrast fluid through the femoral venous access, using a
new vascular sheath inserted according to the Seldinger tech-
nique. The inferior vena cava thrombosis was subsequently
defined as an intra-luminal filling defect within the vascular
lumen. These filling defects were considered thrombus only if
they were far from the renal or hepatic venous confluence, in
order to dismiss pitfalls of flow-related phenomena. If the
venography showed a caval thrombus, the interventional
radiologist inserted a Celect® vena cava filter (VCF) (Cook
Medical, Bloomington, IN, USA) through a jugular access.
The temperature control catheter would be subsequently
removed through the common femoral vein access after the
VCEF insertion. In those patients with no caval thrombus, the
temperature control catheters were simply removed.

The pharmacological treatment for venous thrombosis
was prescribed by the attending physician.

The following data were recorded: patient’s age, sex,
diagnosis, indication for active temperature control, duration
and model of the catheter, insertion site, pharmacological
venous thrombosis prophylaxis, temperature target, clinical
signs of venous thrombosis, and venous thrombosis docu-
mented by venous duplex ultrasonography or caval
venography.

Results

During the study period, 20 patients underwent endovas-
cular temperature control (Tables 1 & 2). The mean age
was 41 years (1875 years), and 5 patients (25 %) were
female. A total of 17 patients (85 %) used the Icy® catheter
for hypothermia and 3 patients (15 %) used the Cool Line®
catheter for normothermia. Of the 20 patients, 8 patients
(40 %) had severe traumatic brain injury, 6 patients (30 %)
had cardiac arrest, 4 patients (20 %) had intracerebral
hemorrhage, 1 patient (5 %) had an acute ischemic stroke,
and 1 patient (5 %) had an aneurysmal subarachnoid
hemorrhage. The average catheter duration was 4.8 days
(range, 2-8 days). Two patients required the endovascular
temperature system for more than 7 days; hence, the first
catheter was removed according to our protocol and
another catheter was inserted for 4 and 5 days, respec-
tively. Because these two patients were diagnosed with
venous thrombosis when the first catheter was removed, a
VCF was inserted; for the removal of the second catheter,
no cavography was performed (Table 1).
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Table 1 Patients

Age Sex Diagnosis Temperature Duration  Catheter Temperature Presence of  Pharmacologic DVT/PE Pharmacologic
(years) control of catheter model target (°C) vena cava prophylaxis DVT treatment
indication (days) thrombosis
33 F TBI ICP 8 Icy 34 Yes No No
75 M ICH Fever 8§+ 4 Cool 36.5 Yes No No
Line
27 M TBI ICP 745 Icy 35 Yes Enoxaparin 40 mg QD Continued
started on day 8 enoxaparin
40 mg QD
21 M TBI ICP 6 Icy 35 Yes No Enoxaparin 40 mg
QD
28 M TBI Fever 3 Cool 36.5 Yes No No
Line
52 M ICH ICP 6 Icy 35 Yes No Enoxaparin 40 mg
QD 7 days after
diagnosis
27 M Cardiac  Cardiac 3 Icy 34 Yes Enoxaparin 40 mg QD Continued
arrest arrest started on day 1 enoxaparin
40 mg QD
65 M ICH ICP 6 Icy 36.5 Yes No No
19 F TBI ICp 6 Icy 34 Yes Enoxaparin 40 mg QD Continued
started on day 3 enoxaparin
40 mg QD
18 M Cardiac  Cardiac 4 Icy 34 Yes Enoxaparin 40 mg QD Continued
arrest arrest started on day 1 enoxaparin
40 mg QD
47 F  Cardiac  Cardiac 3 Icy 34 Yes Enoxaparin 40 mg QD Enoxaparin 60 mg
arrest arrest started on day 1 BID
24 M Cardiac  Cardiac 4 Icy 34 Yes No Enoxaparin 60 mg
arrest arrest BID
24 M TBI ICP 4 Icy 34 Yes No Enoxaparin 20 mg
QD
57 M TBI ICP 4 Icy 35 Yes Enoxaparin 40 mg QD Enoxaparin 40 mg
started on day 2 QD
43 F IS ICP 7 Icy 34 Yes Enoxaparin 40 mg QD Continued
started one day prior enoxaparin
catheter insertion 40 mg QD
61 F SAH Fever 4 Cool 36.5 Yes Enoxaparin 40 mg QD Enoxaparin 60 mg
Line started seven days prior BID
catheter insertion
32 M TBI ICP 4 Icy 34 Yes Enoxaparin 40 mg QD Enoxaparin 80 mg
started on day 2 BID
68 M Cardiac  Cardiac 2 Icy 34 No Enoxaparin 40 mg QD Continued
arrest arrest started on day 1 enoxaparin
40 mg QD
35 M ICH ICP 5 Icy 34 Yes Enoxaparin 40 mg QD Continued
started on day 4 enoxaparin
40 mg QD
72 M Cardiac  Cardiac 2 Icy 34 No Enoxaparin 40 mg QD Enoxaparin 40 mg
arrest arrest started on day 1 QD started on

day 1

TBI Traumatic brain injury, /CH Intracerebral hemorrhage, IS Ischemic stroke /CP Intracranial pressure, /PC Intermittent pneumatic com-
pression, ES Elastic stockings, QD once a day, BID twice a day

Cavography showed thrombosis related to the tempera-
ture control catheter in 18 of 20 patients (90 %) (Table 3;
Fig. 1). The thrombus originated in the femoral vein in four
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patients; in the other patients, the thrombus started in the
common iliac vein. The thrombus proximal extension was
up to the initial segment of the inferior vena cava in 13
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Table 2 Patient characteristics

Mean Age 41.2 (18-75)
Sex
Male 15 (75 %)
Female 5125 %)
Diagnosis
TBI 8 (40 %)
Cardiac Arrest 6 (30 %)
ICH 4 (20 %)
Ischemic Stroke 15 %)
SAH 1(5 %)

TBI Traumatic injury, ICH Intracerebral hemorrhage, SAH Sub-
arachnoid hemorrhage

Table 3 Vena cava thrombosis characteristics

Vena cava thrombosis

Present 18 (90 %)

Absent 2 (10 %)
Thrombus distal extension

Femoral 4 (22 %)

Common iliac 14 (78 %)
Thrombus proximal extension

Initial caval 13 (72 %)

Infrarenal vena cava 5 (28 %)
Thrombus attachment

Vessel wall 14 (78 %)

Catheter 4 (22 %)

patients, and in five patients, the thrombus proximal
extension was up to the infrarenal segment. In 14 of the 18
patients, the thrombus was attached to the wall vessel; in
the other four patients, the thrombus was attached only to
the catheter; after the catheter was removed, the thrombus
floated free in the vena cava. None of the thrombi produced
stenosis with significant hemodynamic effect.

Only 3 of the 20 patients (15 %) presented a positive
ultrasonography for venous thrombosis. None of the patients
had clinical signs of DVT.

In accordance with our protocol, after the diagnosis of
venous thrombosis, a VCF was inserted into the 18 patients
who had been diagnosed with vena cava thrombosis. In five
patients, the VCF was inserted in an infrarenal position because
of the extension of the cava thrombus just below that point.

In total, 12 patients received enoxaparin as a DVT
prophylaxis before the removal of the catheter (Table 1).
Moreover, after vena cava thrombosis was diagnosed, 16 of
these 18 patients received pharmacologic treatment. As
previously mentioned, 12 patients received enoxaparin as
DVT prophylactic doses (20 or 40 mg per day); and 4
patients received enoxaparin as anticoagulation doses (60

| CAVOCRAFTA

Fig. 1 Example of a patient with a cava vein thrombosis, visualized
as a contrast fluid filling defect

or 80 mg twice a day). No patients developed symptomatic
pulmonary embolism until hospital discharge (mean,
49 days). There were no complications related to the
insertion of the VCF.

Discussion

To the best of our knowledge, this is the first report that
prospectively and systematically examines the rate of
thrombotic complications related to an endovascular
temperature  control  system, using angiographic
cavography.

Our results demonstrate a significantly higher rate of
catheter-related thrombosis compared to the previously
published studies on temperature control catheters. Taylor
et al. [20], using the CoolGard® system for rewarming
trauma patients, found that 1 of 11 patients had a femoral
vein thrombosis related to the catheter. Simosa et al. [19],
studying patients with traumatic brain injury using ultra-
sound after the removal of the Icy® catheter, found that
50 % had catheter-related thrombus. In the study by Si-
mosa et al., the rate was time dependent, ranging from a
34 % rate if the catheter was used for 4 days or less, to a
rate of 75 % if the catheter was used for more than 4 days.

Our higher rate of catheter-related thrombosis could be
explained by the following reasons:

@ Springer



76

Neurocrit Care (2015) 23:72-77

First, the diagnostic method we use for vena cava throm-
bosis is the gold standard. Compared to ultrasound,
angiographic cavography has a higher positive predictive
value [21]. Nonetheless, there could be false positives, espe-
cially in relation to the flow of non-opacified blood at the
confluence of renal and hepatic veins [22, 23]. Because of this
likelihood, we defined vena cava thrombosis as an intra-
luminal filling defect within the vascular lumen of the vena
cava far from the renal or hepatic venous confluence, so that
the likelihood of having false positives in our series was small.

We left the catheter in for a longer period of time because
several patients had severe brain injuries and required
hypothermia for intracranial pressure control. As mentioned,
Simosa et al. demonstrated that the longer the catheter is left
in, the higher is the likelihood of thrombosis. However, in our
patients, we found catheter-related thrombosis even in
patients who had catheters for only 2 days.

Another likely reason for having this high occurrence of
catheter-related thrombosis is that we started pharmaco-
logical DVT prophylaxis late. Many of our patients had
hemorrhagic strokes or traumatic brain injuries, which
would have contraindicated an early pharmacological DVT
prophylaxis. Nevertheless, even in patients in whom we
started enoxaparin early, we still found vena cava throm-
bosis. Notably, all of our patients had intermittent
pneumatic compression and elastic stockings from the time
of their admission to the ICU.

Hypothermia catheters may have more thrombotic
complications than “traditional” central venous catheters.
Merrer et al. [15] studied in a general critical care popu-
lation the use of “traditional” central venous catheters
using ultrasound and found that the occurrence of throm-
bosis at femoral access was 21.5 %. As previously
mentioned, Simosa et al. [19], using the same diagnostic
tool as Merrer et al., reported a 50 % catheter-related
thrombosis in patients with endovascular temperature
control catheters; we found a 90 % thrombosis related to
the temperature control catheter using cavography. It is
likely that the shape of the catheter (with two or three
balloons) and the timing of pharmacological DVT pro-
phylaxis could explain this higher incidence in our study.
Moreover, it has been reported that neurocritical patients
may exhibit more likelihood of DVT [24, 25].

Our study has several limitations. First, it shows the
experience of one single center, and we do not know
whether we can extrapolate these results to a different
patient population. Additionally, the DVT prophylaxis was
indicated according to the discretion of the attending
physician, and therapy was not guided by a predetermined
protocol. Finally, to better understand our results, it would
have been interesting to have performed pulmonary artery
imaging to note if these patients would have developed
asymptomatic pulmonary embolism.

@ Springer

What do our findings mean? They are, at least, a
warning sign. Other temperature control systems could
most likely be a better option for patients who need tem-
perature control for long periods of time or in whom the
pharmacological DVT prophylaxis is contraindicated. This
is especially true after the publication of the TTM trial,
which showed that there is no difference in outcome if the
patients were actively treated with the temperature targeted
at 33 or 36 °C.

Finally, because ultrasound has a low positive predictive
value, we suggest that an angiographic cavography should be
performed before removing the hypothermia catheter; if there
are signs of thrombosis, a VCF should be inserted. Additional
studies are warranted to confirm these recommendations.
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