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Purpose: The purpose of this study is to report a single center experience with portable digital radiographically
(DR) guided bedside IVC filters placed in intensive care unit (ICU) patients with high ICP and elevated head of bed
(HOB).
Materials and methods: A retrospective chart review was conducted on all bedside IVC filters placed from January
1, 2010 to September 16, 2020. Patients with high ICP and elevated head of bed requirements were included.
Charts were reviewed for filter type, common femoral vein (CFV) access, filter location, pre procedure imaging,
pre and post filter ICPs, glascow coma scale, number of radiographs taken, and filter removal. ICPs were obtained
1 h prior to procedure and 2 h post procedure and analyzed with a paired T test.
Filters were placed by reviewing prior CT scan for IVC size, caval variants, renal and iliac veins and vertebral body
landmarks. Then, CFV access was obtained and a Bentson wire was advanced 30–40 cm. A radiograph was used to
confirm adequate position of the of the wire. The filter sheath was advanced and serial radiographs were used to
position the filter sheath at the final predetermined position below the renal veins and above the iliac bifurcation.
The filter was deployed, and a radiograph was obtained to confirm filter positioning.
Results: A total of 9 DR guided bedside IVC filters were placed (4 Denali, 3 Option Elite, 2 Celect). Indications
included prophylactic placement (n ¼ 8) and acute DVT (n ¼ 1). The average patient age was 35.8 years (range:
18–56 years) CT abdomen and pelvis was used to assess for the level of renal veins in all patients (n ¼ 9). No caval
variants were encountered on pre-procedural planning. The average pre, intraprocedural, and post procedure
intracranial pressure was 16 mmHg, 13 mmHg, and 16 mmHg, respectively. Confirmation of placement after final
placement was available in 7 patients (4 DR, 2 CT and one fluoroscopic examination). Two non-procedural related
deaths occurred.
Technical success, defined as successful placement of IVC filter at the predetermined level, was achieved in 100%
of patients (n ¼ 9). The right CFV was used in most patients (n ¼ 7). The left CFV was used for access in two
patients due to right CFV thrombus (n ¼ 1) and existing right femoral venous central line (n ¼ 1). The average
number of radiographs taken was 5.8 (range 4–9). In all cases, filters were placed below the level of the lowest
renal vein (n ¼ 9). A comparison of pre, during and post intervention ICP pressures is shown in table, 2. No
differences between pre and post filter ICP was noted (p ¼ 0.77). Three filters were later removed. One minor
complication was reported, which was filter tilt (23%) in an Option filter.
Conclusion: Bedside IVC filters can be safely placed in patients with head trauma and high ICP who are unable to
lay supine using portable DR guidance with a high rate of technical success and minimal complications.
1. Introduction

Critically ill patients are at elevated risk of deep vein thrombosis
(DVT).1 Many patients are not candidates for anticoagulation and as a
result, inferior vena cava (IVC) filters are frequently requested to prevent
pulmonary embolus (PE). Head trauma presents an additional challenge
eph).
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as many of these patients are unable to lay supine for the procedure due
to high intracranial pressures (ICP) and ICP monitoring (ICPM). This
necessitates filters be placed at bedside, ideally with the head of the bed
elevated. Prior reports on bedside filter placement have been in supine
patients using either mobile fluoroscopy or intravascular ultrasound
(IVUS), which is not always feasible.2–16
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Fig. 1B. The Bentson wire was further advanced, and the filter sheath advanced
to the superior endplate of L2, the level of the renal veins on comparison CT
scan (arrow).

A.S. Joseph, J.E. Lopera Journal of Interventional Medicine 4 (2021) 208–211
The purpose of this study is to report a single center experience with
portable DR guided bedside IVC filters placed in intensive care unit (ICU)
patients with high ICP and elevated head of bed (HOB).

2. Materials and Methods

Local IRB approval was obtained. A retrospective chart review was
conducted on all bedside IVC filters placed using DR guidance from
January 1, 2010 to September 16, 2020. Only patients with ICPM and
elevated HOB requirements were included. Patient selection methodol-
ogy is depicted in chart 1. Filter type, common femoral vein (CFV) access
site, filter location, pre procedure imaging, pre- and post-filter ICPs,
Glascow coma scale (GCS), number of radiographs taken, filter position
and filter removal were recorded. ICPs were obtained 1 h prior to pro-
cedure and 2 h post procedure and analyzed with a paired T test.

Filters were placed after reviewing prior contrast enhanced CT scans
of the abdomen and pelvis for IVC size, caval variants, and renal and iliac
vein anatomy and determining appropriate vertebral body landmarks.
Then, CFV access was obtained under US guidance using amicropuncture
set and a Bentson wire was advanced approximately 30 cm into the IVC
(Fig. 1A). A DR was used to confirm the adequate position of the wire to
the right of the vertebral bodies. The filter sheath was advanced over the
wire and serial digital radiographs were used to position the filter sheath
at the final predetermined position at the level of the vertebral bodies,
below the renal veins and above the iliac bifurcation (Fig. 1B). The filter
was deployed blindly by keeping the filter pusher stationary while the
sheath was pulled back completely. A final DR was obtained to confirm
filter positioning (Fig. 1D). Manual compression was then applied at the
access site. The HOB elevation was maintained during the procedure and
ICPs were monitored in the ICU.

3. Results

The average patient age was 35.8 years (range: 18–56 years). Addi-
tional patient characteristics and procedural details are listed in Table 1.

A total of 9 DR guided bedside IVC filters were placed (4 Denali, 3
Option Elite, 2 Celect). Indications included prophylactic placement
(n¼ 8) and acute DVT (n¼ 1). CT abdomen and pelvis was used to assess
for the level of renal veins in all patients (n ¼ 9). No caval variants were
encountered on pre-procedural planning.
Fig. 1A. After obtaining right CFV access, a bentson wire is advanced approx-
imately 30 cm, shown here in the inferior vena cava (arrow).

Fig. 1C. The filter is advanced through the sheath and partially exposed to
confirm adequate placement prior to complete deployment. The hook of the
filter (Denali) is shown at the level of L2 (arrow).
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Intracranial pressure measurements are detailed in Table 2. The
average pre, intraprocedural, and post procedure intracranial pressure
was 16.1 mmHg, 13.2 mmHg, and 15.5 mmHg, respectively. There was
no statistically significant difference between pre and post intracranial
pressures (p ¼ 0.77).

Technical success, defined as successful placement of IVC filter at the
predetermined level, was achieved in 100% of patients (n¼ 9). The right
CFVwas used in most patients (n¼ 7). The left CFVwas used for access in
two patients due to right CFV thrombus (n¼ 1) and existing right femoral



Fig. 1D. Final deployment demonstrates appropriate IVC filter position, with
the hook of the filter at the level of L2 (arrow).

Table 2
Comparison of intracranial pressures.

Patient ICP Pre
(mmHg)

ICP During
(mmHg)

ICP Post
(mmHg)

Change in ICP
(mmHg)

1 13 11 11 �2
2 28 26 29 1
3 15 5 5 �10
4 19 20 17 �2
5 13 15 14 1
6 8 9 14 6
7 15 11 17 2
8 16 7 23 7
9 18 15 10 �8
Mean 16.1 13.2 15.6 �0.56
Median 15 11 14 1
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venous central line (n ¼ 1). The average number of radiographs taken
was 5.8 (range 4–9). In all cases, filters were placed below the level of the
lowest renal vein (n ¼ 9). A comparison of pre, during and post inter-
vention ICP pressures is shown in Table 2. No differences between pre
and post filter ICP was noted (p¼ 0.77). Three filters were later removed.
One minor complication was reported, which was filter tilt (23%) in an
Option filter.
Chart 1. Patient Selection. Total Filters represents the number of tot

Table 1
Summary of patients.

Age Sex Initial GCS Indication Pre-procedure
Planning

Acces

1 37 M 7 Prophylaxis CT A/P R CFV
2 18 M 3T Prophylaxis CT A/P R CFV
3 47 M 3T Prophylaxis CT A/P R CFV
4 56 M 3T Prophylaxis CT A/P L CFV
5 51 M 3T Existing R CFV thrombus CT A/P L CFV
6 35 M 5 Prophylaxis CT A/P R CFV
7 35 F 6T Prophylaxis CT A/P R CFV
8 18 M 3T Prophylaxis CT A/P R CFV
9 26 F 4T Prophylaxis CT A/P R CFV

a Filter not removed due to patient death during hospitalization.
b Filter not removed due to loss to follow-up.
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4. Discussion

The use of IVC in high-risk patients for PE without DVT is highly
controversial. Although recent consensus guidelines recommend against
prophylactic filters in the trauma patient without documented lower
extremity DVT, prophylactic IVC filters are still requested in high-risk
patients.

The current standard method of bedside IVC filter placement utilizes
either mobile C arm, trans-abdominal ultrasound (US) or IVUS in supine
patients. Technical success has been reported up to 97% for trans-
abdominal US guided filter placement, however careful patient selection
needs to be implemented as patient body habitus, position, bowel gas, all
contribute to necessary visibility for proper filter deployment.18 One
study demonstrated nearly 12% of patients were not candidates for safe
transabdominal US guided filter placement, and in these patients IVUS is
frequently the next option if available.18 Technical success rates for IVUS
deployed filters depends on the operators experience and has been re-
ported at high as 99%.3 Data comparing these methods is limited,
al filters placed from January 1st 2010 to September 16th 2020.

s Site Level Filter type Radiographs
Taken

Post Filter Imaging Removal

L3-L4 Option Elite 6 None Nb

L1 Cook Celect 5 None Na

L2 Option Elite 7 CTA A/P Na

L2 Cook Celect 6 KUB Nb

L2 Denali 5 Removal Y
L2 Option Elite 5 KUB Nb

L2 Denali 4 CT A/P Y
L1 Denali 6 KUB Y
L2 Denali 9 KUB Nb
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however it has been suggested that filter malposition and filter tilt are
higher in IVUS guided placement compared to conventional
fluoroscopy.17

Patient positioning for filter deployment can present an additional
challenge. Both standard filter placement and transabdominal US guided
filter placements prefer the patient in a supine position. In this study,
patients were unable to lay supine due to ICP requirements and had the
head of bed elevated to a minimum of 30�. In these patients, DR bedside
guidance was successful in accurately deploying filters with minimal
complications.

When assessing for placement of bedside filters under DR guidance, as
a standard catheter venography is not performed, the interventionalist
needs to carefully review recent CT scans of the abdomenwith contrast to
identify the level of the renal veins and the caval bifurcation, rule out
DVT and identify potential anatomic caval variants. In contrast to
transabdominal US or IVUS, renal veins are not visualized at the time of
placement, and thus a vertebral body is selected to mark the level of the
lowest renal vein prior to the procedure.

Potential pitfalls of placing bedside filters with DR include IVC filter
tilt, malposition or IVC perforation. These complications can be pin-
pointed to a few key steps. Pulling the sheath back too low commonly
results in malposition. If the sheath is advanced with the filter in place, or
if the filter is simultaneously advanced while the sheath is pulled back,
the filter may be placed either too high, or may result in IVC perforation.

The main limitations of this study are the retrospective nature of the
study and limited sample size.

5. Conclusion

Bedside IVC filters can be safely placed in patients with head trauma
and high ICP who are unable to lay supine using portable DR guidance
with a high rate of technical success and minimal complications.

Ethical approval

The study was approved by the ethics committee of UT Health San
Antonio. All clinical practices and observations were conducted in
accordance with the Declaration of Helsinki. Informed consent was ob-
tained from each patient before the study was conducted.

Patient consent

Written informed consent was obtained from patients for publication
of these case reports and any accompanying images.
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