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ORIGINAL STUDIES
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Abstract
Objectives: The purpose of this study was to describe the feasibility and early outcomes of transcaval access for delivery of emergency mechanical circulatory support
(MCS) in cardiogenic shock.
Background: Vascular access for implantation of MCS in patients with cardiogenic
shock is often challenging due to peripheral arterial disease and vasoconstriction.
Transcaval delivery of MCS may be an alternative. We describe a series of patients
we implanted an Impella 5.0 device, on-table without CT planning, through a percutaneous transcaval access route.
Methods: Ten patients with progressive or refractory cardiogenic shock underwent
Impella 5.0 implantation via transcaval access. Demographic, clinical and procedural
variables and in-hospital outcomes were collected.
Results: All ten underwent emergency implantation of the 7 mm diameter Impella 5.0
device via transcaval access. Six were women, with median age of 55.5 years (range,
29–69). Cardiogenic shock was attributed to idiopathic nonischemic cardiomyopathy
(n = 4), myocarditis (n = 2), ischemic cardiomyopathy (n = 2), heart transplant rejection
(n = 1), and unknown etiology (n = 1). Median duration of support was 92.1 hr (range,
21.2–165.4). Seven (70%) survived to device explant, with six (60%) surviving to
access port closure and discharge. Among survivors, five recovered heart function
and one received destination therapy left ventricular assist device.
Conclusions: Transcaval access is feasible for emergency nonsurgical implantation of
the Impella 5.0 device in cardiogenic shock with small or diseased iliofemoral arteries.
This allows early institution of higher-flow MCS than conventional femoral artery
implantation of the 3.5 L Impella CP device, and enables a bridge-to-recovery or
bridge-to-destination strategy.
KEYWORDS

cardiogenic shock, mechanical circulatory support, transcaval

Abbreviations: ACS, acute coronary syndrome; MCS, mechanical circulatory support; NICM, nonischemic cardiomyopathy; ICM, ischemic cardiomyopathy.
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I N T RO DU CT I O N

compared with conventional lower-flow alternatives, and would overcome institutional logistical obstacles to rapid surgical institution of

Cardiogenic shock confers high morbidity and mortality despite

Impella 5.0. We tested the feasibility of transcaval Impella 5.0 MCS in

aggressive revascularization and pharmacological support.1 Institution

10 patients with cardiogenic shock not associated with acute myocar-

of temporary mechanical circulatory support (MCS) treats resultant

dial infarction.

organ failure and provides time to determine likelihood of cardiac
recovery and candidacy for more definitive therapy.2 Current percutaneous options include intra-aortic balloon pump (IABP), Impella

2

METHODS

|

(Abiomed Inc, Danvers, MA), TandemHeart (CardiacAssist Inc, Pittsburgh, PA), and veno-arterial extracorporeal membrane oxygenation

2.1

|

Patient selection

(VA ECMO). Most of these require large bore arterial access, which
limits their use in patients with small or diseased iliofemoral arteries.

We retrospectively collected data on patients who underwent implan-

Typical arterial sheath sizes are 15–17 French (outer diameter [OD]:

tation of a transcaval Impella 5.0 at Henry Ford Hospital for the treat-

5–5.67 mm) for TandemHeart, 15–17 Fr cannula for VA ECMO (OD:

ment of nonmyocardial-infarction cardiogenic shock. Cardiogenic

5–5.67 mm), 12–14 Fr for Impella 2.5 or CP (OD: 4–4.67 mm), and

shock was defined as: (a) persistent hypotension (systolic blood pres-

22–24 Fr (OD: 7.33 - 8 mm) for Impella 5.0. The newest 5.5 L device

sure[SBP] <90 mmHg for ≥30 min or requirement of vasopressors to

requires sheath sizes of 19-20F (OD: 6 mm) and is designed only for

maintain SBP > 90), (b) signs of peripheral hypoperfusion and/or end-

surgical axillary, or direct aortic access. While IABP uses a smaller

organ failure, and (c) severely reduced cardiac index with or without

arterial sheath size, typically 8 French (OD: 2.67 mm), it provides only

elevated filling pressures on pulmonary artery catheterization. Cardio-

modest augmentation of cardiac output (approximately 0.5 L/min),

genic shock was further classified into two categories: progressive or

which limits its effectiveness in cardiogenic shock.3-5 Impella provides

refractory cardiogenic shock. Progressive cardiogenic shock was

more substantial augmentation of cardiac output (up to 2.5 L–3.5 L

defined as shock with evidence of end organ dysfunction, but not

for the percutaneous 2.5 and CP devices, and 5–6 L for the surgical

end-stage, and continued need for vasopressors and/or inotropes

models) compared to IABP.6,7 Initially approved for cardiogenic shock

with likely death if no intervention was performed. Refractory cardio-

in the setting of acute coronary syndrome (ACS) or post-cardiotomy,

genic shock was defined as persistent shock despite presence of a

the Impella has since been indicated for nonACS related cardiogenic

MCS device (IABP or Impella 2.5 or CP) and vasopressors and/or

shock as well. In cases of progressive or refractory cardiogenic shock,

inotropes. Patients already being supported with either an IABP,

additional support beyond the 2.5–3.5 L per minute typically provided

Impella 2.5 or Impella CP, but remained refractory to this level of sup-

by Impella 2.5 and CP, respectively, is often needed to maintain ade-

port and required additional MCS were included. While the presence

quate organ perfusion. By virtue of larger outer diameter pumps

of preexisting mechanical support has the potential to confound out-

requiring larger access sheaths, the Impella devices are associated

comes, it was felt that the refractory nature of shock in these patients

with vascular access complications, including limb ischemia, limb loss,

should not be an exclusion given the severity of their shock, and

and mortality,8 that may be exacerbated by emergency implantation

potential opportunity for improvement with higher level of support.

and by hypoperfusion itself. Impella 5.0 and 5.5 are micro-axial pumps

We retrospectively identified ten consecutive patients with either

capable of generating flows up to 6 L per minute and are traditionally

progressive or refractory cardiogenic shock. Patients underwent

implanted via an axillary or surgical access because they require even

implantation of an Impella 5.0 device via transcaval access in the car-

larger arterial sheaths (8–10 mm Dacron graft)9 with inherent delays

diac catheterization laboratory without preprocedural CT guidance

and potential adverse events related to the need for surgery to

and were subsequently managed in a cardiac intensive care unit.

implant them. A technique for nonsurgical implantation of the Impella

Patients or legally authorized representative's consented to aggressive

5.0 device would be attractive to enable more rapid institution of

management of cardiogenic shock with nonsurgical MCS. The institu-

MCS in critically ill patients with cardiogenic shock.

tional review board approved data collection and analysis of this

Transcaval aortic access is an innovative percutaneous technique

study.

to deliver large-bore catheter devices from a femoral vein into the
abdominal aorta in patients with inadequate ilio-femoral access for
transcatheter aortic valve replacement.10 In TAVR, the transcaval

2.2

|

Technique of transcaval access and closure

access port is closed during the same procedure setting using a permeable nitinol cardiac occluder device. While typically guided by prep-

The technique for transcaval access has been described previ-

rocedural

computed

ously.9-11 Typically a preprocedural CT is used to assist with guidance

transcaval access is feasi-

of transcaval access site crossing. However, in urgent cases where CT

ble even without preprocedure CT by aligning catheters in the cava

is unavailable, access can be obtained using anatomic and fluoroscopic

contrast-enhanced

abdomen
10-12

tomography (CT) scans prior to TAVR,

and

pelvis

12

and aorta using fluoroscopy and anatomic landmarks.

landmarks. In brief, both femoral venous and arterial access is

We hypothesized that transcaval access would enable rapid and

obtained. Contralateral arterial access is typically done with a six

fully percutaneous institution of high-flow MCS using the Impella 5.0

French sheath. After heparin anticoagulation, two pigtail catheters are

3
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placed in the infrarenal abdominal aorta and inferior vena cava. An

arteries to the aorto-iliac bifurcation (Figure 1). The pigtail catheters

anterior–posterior (AP) fluoroscopic image is taken to determine the

are rotated until they appear linear rather than curved, to orient in the

relationship between the two catheters (consistent or varying) and

sagittal plane. Next, the image intensifier is rotated to 90 lateral. If

therefore the two vessels throughout their course from the renal

the pigtail catheters appear superimposed, the en-face and perpendicular “crossing” angles are confirmed to be 90 left lateral and 0 AP,
respectively (Figure 2). Otherwise, the gantry is rotated during fluoroscopy until the two pigtail catheters are superimposed (Video 1).
This angle, as well as 90 orthogonal to it, are confirmed to be the enface and “crossing” angles, respectively. At the perpendicular “crossing” angle, cine-fluoroscopy is then repeated to identify a location in
the infrarenal aorta without calcium significantly below the lowest
renal artery and above the aorto-iliac bifurcation. Then, the catheter
in the aorta is replaced with a guiding catheter and loop snare to serve
as a target, with a coaxial insulated crossing system positioned into
the cava within a short guiding catheter aimed towards the aortic
snare. The crossing system is electrified using a monopolar electrosurgery pencil during brief guidewire advancement across vascular walls.
The wire is then snared and counter-traction applied to the wire with
advancement across the aortic wall of telescoping microcatheters and
ultimately exchange for a rigid guidewire to support advancement of a
22–24 Fr, ≥33 cm introducer sheath across the caval-aortic walls and
into the aorta. Representative fluoroscopic still images of crossing and
sheath placement are presented in Figure 3a–f.

F I G U R E 1 Anatomic relationship of abdominal aorta and inferior
vena cava anterior–posterior (left image) and left anterior oblique (left
image) fluoroscopic images are obtained (left) to determine the
relationship between the two pigtail catheters (consistent or varying)
and therefore the two vessels throughout their course from the renal
arteries to the aorto-iliac bifurcation. AP, anterior–posterior

F I G U R E 2 Method for
determination of projection angle
for transcaval crossing without
computed tomography In the
anteroposterior (AP) projection,
pigtail catheters are placed in the
IVC and the aorta, and rotated
until the pigtail curve is no longer
visible. Rotation of the
fluoroscopy gantry into the left
anterior oblique position is
performed until the two pigtail
catheters overlap to determined
proper transcaval crossing angle.
Dual contrast injection can be
performed to confirm appropriate
positions. Loss of pigtail overlap
may suggest over-rotation.
Figure adapted from: Lederman
RJ et al. Anatomic suitability for
transcaval access based on
computed tomography.1

Once caval-aortic access was achieved, the 5.0 L Impella was
placed in the LV across the aortic valve per standard methods.
Patients were then treated in the usual manner including anticoagulation with unfractionated heparin per protocol. Our institutional protocol for heparin administration has clearly defined

4
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F I G U R E 3 Fluoroscopic representation of steps in obtaining transcaval access and closure (a) Pigtail catheters situated in both the inferior
vena cava and abdominal aorta are aligned in the left anterior oblique projection. (b) The transvenous crossing catheter is aligned with the aortic
snare in the left lateral projection, (c) with confirmation in the anterior–posterior projection. (d) The guidewire is electrified during advancement
into the abdominal aorta, and (e) then snared with counter-traction and advancement across the aortic wall with ultimate exchange for a rigid
guidewire. (f) Finally, the 22–24 Fr, >33 cm long introducer sheath is advanced over the wire from the vena cava into the aorta. After removal of
impella device, (g) a nitinol ductal occluder device is advanced across the transcaval access sheath, (h) positioned appropriately against the aortic
wall and deployed. Finally, (i) aortic angiogram is performed to ensure complete occlusion of the aorto-caval fistula with no residual contrast
extravasation

standards for both systemic heparin and the Impella device purge

For BARC 3B and above (life-threatening bleeding), both systemic

solution. For the purge solution, our protocol is to infuse a heparin

heparin and purge solution heparin are discontinued and purge solu-

concentration of 25 units/ml in a 5% dextrose water base (D5%W),

tion is replaced with D5%W heparin-free solution as above.

typically made by mixing 12,500 units of heparin with 500 ml of D5%

Based on sheath thrombosis observed in patient #1 (described

W. In patients with any contraindications to heparin exposure, such as

below), we instituted a policy of continuous saline flush of the intro-

active bleeding, platelet count <50,000 μl, or history of heparin allergy

ducer sheath for the duration of transcaval MCS, using a pressurized

or heparin-induced thrombocytopenia, a 5% dextrose in water purge

saline bag connected to the side-arm of the caval-aortic sheath, to

solution

minimize thrombus accumulation within the sheath that could poten-

without

heparin

is

used.

Systemic

low-intensity

unfractionated heparin is administered, after adjustment for heparin

tially develop during protracted sheath dwell time.

administered in the purge solution, with a goal activated partial throm-

For patients surviving to device explant, the Impella devices were

boplastin time (aPTT) between 55–75 s every 6 hr. In face of bleeding,

first weaned and removed while leaving the transcaval sheath in place.

for BARC 3A and below (not life-threatening bleeding), systemic IV

Heparin anticoagulation was discontinued and patients were brought

heparin is discontinued but the purge solution heparin is maintained.

to the cardiac catheterization laboratory after normalization of

5
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F I G U R E 4 Sterile preparation and
clot removal from transcaval access
sheath patients are fully draped and
prepped in a sterile fashion. After sterile
preparation and prior to transcaval sheath
removal, extraction of potential clots from
the transcaval sheath is an integral step to
prevent embolic complications. Visualized
here is an example of clot extraction
system (catheter with attached syringe to
side arm), and example of potential clot
burden that may develop within the
transcaval sheath

activated clotting time. After sterile preparation (Figure 4), the trans-

cardiomyopathy (n = 2), post-heart transplant rejection (n = 1) and

caval access sheath was carefully aspirated to extract thrombus from

unknown (n = 1). Mean LVEF prior to implantation of transcaval

the sheath and hemostatic valve (Videos 2 and 3; Figure 4). The

Impella was 25.9 ± 9.8%. Mean cardiac power output prior to device

patients were then fully re-draped in a sterile manner and the caval-

implantation, available in seven patients, was 0.5 ± 0.2 W. Median

aortic access site was closed in the usual technique previously

duration of support was 92 hr (range, 21–165 hr). Approximate

described in detail.10,11 Because of the prolonged duration of support

duration of cardiogenic shock prior to transcaval Impella was

reducing aortic wall recoil, we close the tract with a larger sized device

6–12 hr in one patient, 12–24 hr in three patients, and great than

than employed after TAVR, specifically first-generation 12/10

24 hr in six patients. Complete demographic, clinical, and procedural

Amplatzer Duct Occluder (Figure 3g–i). Persistent extravasation was

variables for the overall population are shown in Table 1 with indi-

treated as usual with adjunctive balloon aortic tamponade or self-

vidual patient data in Table 2.

expanding covered stents at physicians' discretion.

3.2
2.3

|

|

Procedure success and survival

Analysis
Overall in-hospital outcomes are shown in Table 3 and specific patient

Data are presented using medians with minimum and maximum values

outcomes in Table 4. Transcaval Impella 5.0 was successfully

and means with standard deviations for continuous variables, and per-

implanted in all 10 patients with no intra-procedural deaths or major

centages for categorical variables.

life-threatening complications. Seven patients (70%) survived to
device explant, and six (60%) survived to hospital discharge. Three
patients were discharged home and three to a skilled nursing or inpa-

3

RESULTS

|

tient rehab facility. The six patients who survived to hospital discharge
all had their transcaval sheath removed and access site closed suc-

3.1

|

Baseline characteristics

cessfully. The remaining patient who survived to device explant, but
not to discharge, continued to be in refractory cardiogenic shock and

Ten patients with progressive or refractory cardiogenic shock, not

underwent family-directed terminal wean. As part of this wean, their

related to ACS, underwent implantation of an Impella 5.0 device via

caval-aortic sheath was left in place, for both hemodynamic monitor-

a transcaval access. Patients were predominately female (n = 6),

ing and because of the close proximity with the renal arteries. The

white (n = 7), and had a median age of 55.5 years (range, 29–69).

cause of death in the remaining three patients who did not survive to

The etiology of cardiogenic shock included idiopathic nonischemic

discharge was refractory cardiogenic shock despite mechanical and

cardiomyopathy

pharmacological support.

(n

=

4),

myocarditis

(n

=

2),

ischemic

6
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TABLE 1

Overall demographics and clinical characteristics

(addition of a pressurized saline bag to side arm of the transcaval
sheath, and thrombus extraction immediately prior to aorto-caval tract

Demographics
Age, yearsb

55.5
(29–69)

Female

60%

Caucasian

70%

closure) as described above. Major bleeding occurred in three patients
(patients #2, 5, and 6) with evidence of moderate-sized retroperitoneal (RP) hematomas on CT scan, but this was not the direct cause of
death in any of these patients. RP hematoma in patient #2 was incidentally detected on CT performed to rule out any complications from

Clinical history

the access site and not due to hemodynamic instability, while the RP

Diabetes mellitus

40%

Known peripheral arterial disease

10%

Prior myocardial infarction

20%

Prior congestive heart failure

50%

no limb ischemia in any patient, nor any obstruction to venous return

Atrial fibrillation

60%

(lower extremity swelling, venous gangrene, or deep venous thrombo-

Cerebrovascular disease

20%

sis). There were no strokes. One patient (patient #5) had prolapse of

Chronic obstructive pulmonary disease

10%

the occluder device during the closure process with resultant hypo-

History of chronic kidney disease

20%

tension, which required 2 min of balloon occlusion, but ultimately had

Mechanically ventilated

70%

successful implantation of occluder device. No patients required

29.4 ± 6.0

placement of covered stents or peri-closure transfusions related to

25.9 ± 9.8

the closure procedure. There were no post-closure infections.

2a

Body mass index (kg/m )

Left ventricular ejection fraction (%) prior to devicea
# of vasopressors or inotropes

a

Cardiac power output (watts) prior to device (n = 7)

hematomas in patients #5 and 6 were discovered after recognition of
downtrending hemoglobin. One patient (patient #10) required 5 units
of packed red blood cells due to device-related hemolysis. There was

2.5 ± 1.1
a

0.5 ± 0.2

Stage of shock prior to Transcaval Impella
implantation
Compensated

0%

Progressive

40%

Refractory

60%

Duration of shock prior to transcaval Impella
implantation

3.4

Disposition after transcaval Impella

|

Of all ten patients included, four patients were evaluated for
advanced heart failure therapies, of which one went on to receive a
surgically placed durable left ventricular assist device (LVAD) during
the same admission and survived to discharge. The remaining three
patients who were evaluated for advanced heart failure therapies

6–12 hr

10%

12–24 hr

30%

>24 hr

60%

Etiology of heart failure

were determined inappropriate candidates due to either clinical
improvement and/or recovery of cardiac function (n = 1) with survival
to discharge and device explant, or progressive organ dysfunction
and/or clinical deterioration (n = 2). Of the latter group, one of these
patients survived to device explant and discharge (patient #7) and was

Idiopathic nonischemic

40%

discharged on palliative dobutamine, and the other died prior to

Myocarditis

20%

device explant (patent #6) due to refractory cardiogenic shock.

Ischemic

20%

Postheart transplant

10%

Unknown

10%

4
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a

Displayed as mean ± SD.
Displayed as a median (range).

b

In this case series we demonstrate the feasibility of caval-aortic access
for emergency implantation of MCS devices, specifically the Impella
5.0, in the setting of cardiogenic shock, along with the feasibility of

3.3

|

Complications

prolonged caval-aortic access as well as delayed sheath removal and
tract closure. Importantly, in this cohort of patients with cardiogenic

One patient (patient #6) did have an intra-procedural complication of

shock, no intra-procedure mortality directly related to the access

right external iliac arterial dissection during wire-guided removal of a

strategy was seen, with tolerable adverse events in this first clinical

previously placed Impella CP sheath, which was treated with balloon

experience.

angioplasty. Patient #1 had thrombus occluding the origin of the celiac

In this experience, transcaval access was achieved without the

axis and superior mesenteric artery with reconstitution from distal col-

availability of dedicated preprocedural CT guidance, and maintained

laterals on follow up CT after successful device explant and sheath

without life threatening complication with large bore (up to 24 Fr)

removal. This was attributed to embolization of intra-sheath thrombus

sheath sizes up to almost 7 days with delayed tract closure. While

during insertion of catheters through it for tract closure. This

there were nonlife threatening moderate-sized RP hematomas in

prompted a change in clinical care during indwelling sheath time

three patients, there was no limb ischemia in any patient, nor any

No
No
32.6

History of CKD

BMI in kg/m2

Progressive

Stage of shock

Refractory

35%

4

NA

12–24

IABP

Yes

19.8

No

Yes

No

No

No

No

No

No

Yes

Female

57

NICM
(idiopathic)

2

Refractory

21%

3

NA

>24

IABP

No

24.8

No

No

No

Yes

Yes

No

No

No

Yes

Male

69

ICM

3

Refractory

27%

2

0.51

>24

No

Yes

24.7

Yes

No

No

No

Yes

No

No

No

Yes

Male

54

NICM
(transplant
rejection)

4

Progressive

20%

0

0.8

12–24

No

No

25.9

No

No

No

No

No

No

No

No

Yes

Female

Refractory

10%

3

0.49

>24

Impella 3.5 L

Yes

29.7

No

No

No

Yes

Yes

No

No

Yes

Yes

Female

66

NICM
(idiopathic)

Eosinophilic
myocarditis

29

6

5

Progressive

23%

2

0.6

>24

No

No

27.3

Yes

No

Yes

Yes

Yes

Yes

No

Yes

Yes

Male

67

ICM

7

Refractory

20%

3

0.53

>24

No

Yes

39.3

No

No

No

Yes

No

No

No

No

No

Female

45

NICM
(idiopathic)

8

Refractory

20%

3

0.53

>24

IABP

Yes

36.6

No

No

No

Yes

No

Yes

Yes

Yes

Yes

Male

57

NICM
(idiopathic)

9

Progressive

37%

3

0.2

6–12

No

Yes

33.3

No

No

No

Yes

Yes

No

No

Yes

No

Female

53

Unknown

10

Abbreviations: BMI, body mass index; CHF, congestive heart failure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; Fr, French; IABP, intra-aortic balloon pump; ICM, ischemic cardiomyopathy; LVEF, left ventricular ejection fraction; MI, myocardial infarction; NICM, nonischemic cardiomyopathy; PAD, peripheral arterial disease.

2

NA

Cardiac power output (Watts) prior to
Transcaval Impella 5.0

40%

12–24

Estimated duration of shock prior to
transcaval Impella (hours)

LVEF (%) prior to device

No

Presence of IABP or Impella

# of vasopressors or inotropes

Yes

Mechanically ventilated

Clinical factors

Yes

COPD

No

Prior MI

Cerebrovascular disease

No

Known PAD

No

No

Diabetes mellitus

No

No

Caucasian

Atrial fibrillation

Female

Sex

Prior CHF

45

Age

Demographics

Neutrophilic
myocarditis

1

Individual patient baseline demographic, clinical, and procedural characteristics

Etiology of shock

Patient

TABLE 2

AFANA ET AL.
7

8

AFANA ET AL.

TABLE 3

guide the proper angle of crossing.12 This method for determining

Overall in-hospital outcomes

proper angle of visualization for transcaval crossing is displayed in

Outcomes

N

Survival to discharge

6

Duration of support, hoursa

92.1 (21.2–165.4)

Stroke

0

Major bleeding

3

RBC transfusion after device insertion

4

ulation. Lima et al. demonstrated 75% survival to next therapy,

Left ventricular ejection fraction after device
removal (n = 5)b

45.8 ± 26.2%

defined as transplant, durable LVAD or recovery of native heart func-

Overall procedural survival

10

Survival to explant

7

ure.13 They further demonstrated high rates of survival to discharge

Evaluated for advanced heart failure
therapies

4

with 87% of those bridged to LVAD, and 93% bridged to transplant.

No AHF therapy due to recovery of function
and/or clinical stabilization

1 (25%)

No AHF therapy due to progressive organ
dysfunction and/or clinical deterioration

2 (50%)

Received durable left ventricular assist device

1 (25%)

Figure 2.
Previous investigations have shown high success rates of bridge
to recovery of function, durable LVAD implantation or heart transplantation with the use of Impella 5.0,13 suggesting the important
benefit that maximal circulatory support may provide this patient pop-

tion, among a single center population of 40 patients who underwent
surgical implantation of the Impella 5.0 device for end-stage heart fail-

Furthermore, the establishment of maximal support allows for potential reductions in use of inotropes, which have been shown to potentially be associated with worse prognosis in cardiac patients.14,15

a

Displayed as mean ± standard deviation.
b
Displayed as a median (range).
Abbreviations: AHF, advanced heart failure; RBC, red blood cell.

Transcaval access for the purposes of additional MCS has not been
well studied. Review of the literature shows one case report utilizing
biventricular Impella placement via venous and caval-aortic access in a
patient with refractory cardiogenic shock by application of techniques
used for transcaval TAVR devices,16 resulting in survival to LVAD and
discharge home. By combining the benefits of a nonsurgical, fully percutaneous approach, allowing for earlier and greater support not limited by sheath size, and reduction of pharmacologic agents with

obstruction to venous return secondary to use of large bore transcaval

known adverse effects, the transcaval approach may become an

access sheaths. There were no infections related to the indwelling

attractive option. Furthermore, the demonstration of few major com-

sheath or delayed placement of a vascular occluder. Importantly,

plications secondary to the prolonged use of large bore access sheaths

seven of ten patients were able to survive to device explant, and over-

or delayed closure, along with leaving the chest “virgin” may be advan-

all in-hospital survival was 60% with one of these patients going on to

tageous when considering mechanical support as a bridge for patients

receive a surgically placed durable LVAD. We believe transcaval

to more permanent advanced heart failure options, such as more

access allows early institution of high flow MCS that may offer clinical

durable left ventricular support for those who do not significantly

benefit compared with delayed surgical institution of high flow MCS,

recover.

and compared with lower-flow percutaneous MCS achievable via conventional access methods.

There are important limitations to the technique of transcaval
access for use of MCS devices. First, patients must remain supine due

Planning of transcaval access and closure is best guided by

to the femoral percutaneous approach, as opposed to surgically

contrast-enhanced CT. Planning typically involves several steps,

placed axillary Impella 5.0 or 5.5. Second, application of this technique

including localizing calcium-free crossing targets, avoiding intra-

has limited generalization due to incomplete dissemination and train-

abdominal obstacles such as interposed bowel, identifying nearby

ing for this interventional skill set. Third, femoral access has the

vascular branches, and planning closure and the potential for covered-

potential for increased infection rates compared to axillary access;

stent bailout.12 Ideally the crossing point is at a calcium-free segment

however, no infections were noted in this series. Fourth, the intra-

in the aorta, however, in cases of cardiogenic shock when prep-

abdominal location of transcaval access makes it difficult to immedi-

rocedural CT images are unavailable, cine fluoroscopy of cardiorespi-

ately recognize slow bleeds around the access site or to achieve

ratory motion can often localize calcium heavy and calcium free areas.

urgent hemostasis without returning to the cardiac catheterization

Additionally, the use of a limited aortic contrast injection can help

laboratory for sheath upsizing. We used CT liberally but non-

visualize origins of renal and iliac arteries. It has been shown that in

systematically in this early clinical experience to survey for bleeding

most patients, the top of the superior iliac crest often corresponds to

and to investigate hemoglobin declines. Accordingly we found RP

the L4-L5 interspace in the AP projection, and that the average target

hematomas in three of our patients. Routine CT surveillance might

for transcaval crossing is the middle of the L3 lumbar vertebra, or mid-

help reduce bleeding and transfusion that might contribute to

way between the renal arteries and aortoiliac bifurcation. Full details

transfusion-related antibody sensitization. We believe transcaval

on the specifics of obtaining transcaval access have been previously

Impella afforded superior MCS and limb preservation in exchange for

10-12

Additionally, when CT is unavailable in emergency sit-

increased bleeding in this early experience. Anecdotally we believe

uations, the use of visually overlapping pigtail catheters in the in both

bleeding complications decline with experience. Moreover, the emer-

the inferior vena cava (IVC) and aorta in the lateral projection can help

gency nature of transcaval access without CT guidance creates the

described.
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No
No
No
Celiac/SMA occlusion
No

Duration of support (hours)

Stroke

Major bleeding

RBC transfusion after device implantation

Vascular or bleeding complications
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Abbreviations: AHF, advanced heart failure; LVAD, left ventricular assist device; LVEF, left ventricular ejection fraction; RBC, red blood cell; RP, retroperitoneal; SMA, superior mesenteric artery.
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Yes

Survival to discharge

1
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Individual patient in-hospital outcomes

Successful implantation of transcaval Impella 5.0

Outcomes
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NA

Yes

No

Hemolysis

5 units

No

No

NA

No

Yes
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possibility of crossing through unintended targets such as loops of
bowel or other intra-abdominal structures between the inferior vena
cava and abdominal aorta, and may potentially increase the risk of

4.

bleeding complications due to limitations in identifying intraluminal
aortic irregularities or calcified segments, not fully visualized with

5.

fluoroscopy alone. Finally, this was a small retrospective study.
6.

5

|

C O N CL U S I O N S

Implantation of emergency MCS devices via transcaval access is a fea-

7.

sible alternative for the treatment of patients in cardiogenic shock
who have inadequate peripheral arterial access, when performed by
experienced operators, and may allow for earlier and greater support
for longer duration, with less complication.

8.
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