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Clinical Experience 
with the TandemHeart 
Percutaneous Ventricular 
Assist Device
as a Bridge to Cardiac Transplantation

Cardiac support with a ventricular assist device is among the few treatments for heart-
failure patients who have profound cardiogenic shock unresponsive to vasopressors and 
intra-aortic balloon pumps. The TandemHeart® percutaneous ventricular assist device can 
provide temporary support until another device can be placed or a donor heart becomes 
available.

We examined the TandemHeart’s effect on cardiac index, central venous pressure, 
mixed venous oxygen saturation, creatinine, mean arterial pressure, urine output, and 
30-day mortality rate in 5 heart-failure patients (2 with nonischemic and 3 with ischemic 
cardiomyopathy; mean preoperative left ventricular ejection fraction, 0.17 ± 0.056). Two 
patients were undergoing cardiopulmonary resuscitation when the device was inserted. 
The average duration of TandemHeart support was 7.6 ± 3.2 days; all patients were suc-
cessfully bridged to transplantation.

The TandemHeart improved the cardiac index (1.9 ± 0.3 vs 3.5 ± 0.8 L/[min⋅m2], P= 
0.01), mean arterial pressure (69 ± 12.5 vs 91 ± 4.3 mmHg, P=0.009), mixed venous oxy-
gen saturation (45.4 ± 14.3 vs 71.4 ± 7.5, P=0.009), and urine output (1,861 ± 988 vs 4,314 
± 1,346 mL/hr, P=0.01). The device decreased central venous pressure (21.2 ± 7.4 vs 12.8 
± 5.9 mmHg, P=0.02) and pressor requirements (2.4 ± 1.1 vs 1.0 ± 0.7 agents, P=0.02). 
Average long-term follow-up after heart transplantation was 8.4 ± 9.9 months, with no 
deaths.

We conclude that the TandemHeart can provide hemodynamic support for patients 
with profound, refractory cardiogenic shock. Furthermore, the device can bridge patients 
to cardiac transplantation and can be placed percutaneously, without invasive surgery. 
(Tex Heart Inst J 2008;35(4):447-50)

espite improvements in the medical treatment of heart failure and the well-
established usefulness of the intra-aortic balloon pump (IABP),1-3 the mor-
tality rate of patients with cardiomyopathy and cardiogenic shock remains 

considerable.4 Treatment options for this high-risk group include ventricular assist de-
vices (VADs), but these are associated with substantial morbidity, especially in acute 
circumstances. In addition, the invasive procedure necessary to implant VADs re-
quires cardiopulmonary bypass (CPB), which significantly increases the risk of mor-
bidity and death.
	 A newly available option for these patients is the TandemHeart® percutaneous VAD 
(pVAD) (CardiacAssist, Inc.; Pittsburgh, Pa)—an extracorporeal, axial-flow pump 
connected to a catheter that crosses the atrial septum and aspirates blood from the left 
atrium. The blood is then returned to the body through an outflow cannula that is 
inserted into the femoral artery. This pump can be placed quickly in the cardiac cath-
eterization laboratory and requires only femoral access procedures. Unlike the IABP, 
the pVAD can generate ventricular unloading at flow rates of up to 4 L/min.
	 The 1st described use of the pVAD was in 18 patients who experienced cardiogenic 
shock after myocardial infarction.5 The device provided adequate support that resulted 
in improved blood pressure, cardiac index, pulmonary capillary wedge pressure, and 
central venous pressure. Although the pVAD restored systemic perfusion, the high-
risk group of patients experienced a 30-day mortality rate of 44%.
	 The pVAD has also been used in the catheterization laboratory for hemodynamic 
support during high-risk coronary interventions.6-11 In addition to its having provid-
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ed successful temporary support for patients with acute 
myocarditis,12,13 the TandemHeart has served as a bridge 
to cardiac transplantation in 1 patient.14

	 Long-term implantable VADs, including the pulsa-
tile pumps and the newer generation of axial-flow de-
vices, can provide adequate support for patients with 
end-stage cardiomyopathy and can serve as a bridge to 
transplantation.15 However, these pumps have a less clear 
role in patients who are experiencing acutely decom-
pensated heart failure. Available mechanical support op-
tions for these patients include extracorporeal pumps 
that require open surgical cardiac cannulation. In con-
trast, the TandemHeart can be placed percutaneously, 
and it affords immediate cardiac support.
	 We studied the TandemHeart’s use in 5 patients who 
were experiencing end-stage cardiomyopathy and car-
diogenic shock. Although this pVAD was intended to 
support these patients only until a longer-term device 
could be implanted, all experienced substantial im-
provement in cardiac function and were therefore listed 
for urgent cardiac transplantation.

Patients and Methods

From June 2005 through May 2007, 5 heart-failure pa-
tients with existing cardiomyopathy underwent pVAD 
placement at our institution for immediate cardiac sup-
port in the presence of acute cardiogenic shock (Table 
I). These patients were unresponsive to multiple vaso
pressors and continued to experience cardiogenic shock 
despite maximal support. Criteria for pump place-
ment included evidence of end-organ failure, elevat-
ed left ventricular filling pressures, cardiac index <2.0 
L/(min⋅m2), the use of pressor agents, and IABP sup-
port. Before pVAD insertion, informed written consent 
was obtained from each patient’s surrogate decision-
maker.
	 Data that were collected before and after pVAD place-
ment included hemodynamic values (cardiac index, 
pulmonary capillary wedge pressure, central venous 

pressure, mean arterial pressure, and mixed venous ox-
ygen saturation) and laboratory data (blood urea nitro-
gen and creatinine levels, and urine output). Additional 
data included preoperative left ventricular ejection frac-
tion (LVEF), the number of inotropic drugs prescribed 
for each patient, the duration of pVAD support, 30-day 
mortality rates, and long-term follow-up data.
	 All 5 patients were men (mean age, 56 ± 9 yr; range, 
42–64 yr) and had an average LVEF of 0.17 ± .006 be-
fore pVAD implantation. The case of patient 1 (60 years 
of age) was described earlier.14 Immediately before the 
pVAD was implanted, 2 patients were undergoing car-
diopulmonary resuscitation, and 3 patients had IABPs 
inserted. The average time between the onset of cardi-
ac shock and pVAD placement was 52.3 hours (range, 
1.5–132 hr).
	 The TandemHeart’s implantation procedure has 
been described elsewhere.5 In our patients, these devic-
es were inserted by interventional cardiologists in the 
cardiac catheterization laboratory. A 21F cannula was 
positioned in the left atrium by means of a venous trans-
septal puncture, which enabled the aspiration of blood 
into the pVAD. The blood was then returned via anoth-
er cannula (15F–17F) that was positioned in the femoral 
artery. Flow rates for the pVAD were maintained at 3 to 
4 L/min, and anticoagulation was achieved with intra-
venous heparin, with a target activated partial throm-
boplastin time of 60 to 80 seconds.

Statistical Analysis
Data are expressed as mean ± SD or as median and 
range. Paired Student t tests were used to compare he-
modynamic values and laboratory results that were re-
corded before and after pVAD placement. All analyses 
were performed with use of SAS version 9.1 (SAS Insti-
tute; Cary, NC) on a Windows platform.

Results

After the TandemHeart devices were placed, all 5 pa-
tients showed signif icant increases in cardiac index, 
mean arterial pressure, mixed venous oxygen saturation, 
and urine output, and signif icant decreases in central 
venous pressure and pressor requirements (Table II). No 
significant differences were noted in pulmonary capil-
lary wedge pressures, blood urea nitrogen levels, or cre-
atinine levels.
	 The average duration of TandemHeart support was 
7.6 ± 3.2 days (range, 5–13 d). After 48 hours of pVAD 
support and progressive clinical improvement, all 5 pa-
tients were listed for urgent cardiac transplantation. 
Once organs became available, orthotopic heart trans-
plantation was performed (by use of CPB), with simul-
taneous removal of the pVAD cannulae.
	 No deaths or major medical sequelae occurred during 
the 30-day postoperative period. The average duration 

TABLE I. Clinical Experience with the TandemHeart 
pVAD as a Bridge to Transplantation

					     pVAD	 Long-Term 
	 Age				    Support	 Follow-Up 
Pt.	  (yr)	 Sex	 CPR	 IABP	 (d)	 (mo)

  1	 60	 M	 No	 Yes	 6	 26

  2	 64	 M	 Yes	 No	 8	 5

  3	 61	 M	 No	 Yes	 5	 4

  4	 42	 M	 No	 No	 13	 3

  5	 51	 M	 Yes	 Yes	 6	 4
 
CPR = cardiopulmonary resuscitation; IABP = intra-aortic bal-
loon pump; pVAD = percutaneous ventricular assist device
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of long-term follow-up after transplantation was 8.4 ± 
9.9 months (range, 3–26 mo), with no deaths during 
that time.

Discussion

The development of cardiogenic shock in patients with 
existing heart failure is a challenging problem with few 
potential solutions. Because donor hearts are scarce and 
not always immediately available, options for stabiliz-
ing these patients are limited. Although the IABP and 
pharmacologic therapy can stabilize some patients, oth-
ers will require mechanical circulatory support. Options 
in the past have included the insertion of extracorpore-
al assist devices, which require invasive surgical proce-
dures and result in high mortality rates.16 These devices 
have been used to bridge heart-failure patients to an im-
plantable left ventricular assist device (LVAD) (“bridge 
to bridge”) or to heart transplantation. Pagani and asso-
ciates,17 who used extracorporeal devices in several such 
patients, reported in-hospital mortality rates of great-
er than 50%. This is not surprising, considering the  
already-poor prognosis of this select patient group. Now, 
with the availability of the pVAD, the additional stress-
es of surgery and CPB can be avoided.
	 According to prior reports, the TandemHeart has 
been used to treat cardiogenic shock and acute myo-
carditis and, in 1 patient, has served as a bridge to trans
plantation.9,12,14 In addition, Thiele and colleagues18 
compared this device with the IABP in the treatment 
of 41 patients who were in shock after acute myocardi-
al infarction and who required interventional cardiac 
catheterization. The investigators found that, although 
the pVAD normalized hemodynamic values more ef-
fectively than did the IABP, the choice of device did 

not affect 30-day mortality rates. However, unlike our 
patients, Thiele’s patients underwent coronary inter-
ventions that certainly affected long-term survival and 
led to the eventual removal of the device. In contrast, 
in our heart-failure patients, the pVAD had to serve as 
a bridge to other treatment for a terminal condition, 
with no long-term treatment options other than heart 
transplantation or long-term VAD support.
	 Our use of the TandemHeart device in these 5 pa-
tients was initially planned as a bridge to another, 
longer-term implantable device. However, all of the 
patients showed remarkable improvements in clini-
cal status and hemodynamic indices within the f irst 
48 hours of pVAD implantation (Table II). Because 
clinicians at our institution have documented cases in 
which patients were supported for up to 2 weeks by the 
pVAD with minimal complications,9 we listed our pa-
tients for urgent cardiac transplantation. By chance, a 
donor heart became available for each patient within a 
relatively short time (7.6 ± 3.2 d).
	 At our institution, not all pVAD-supported heart-fail-
ure patients with cardiogenic shock have been bridged 
to cardiac transplantation. During the period of this 
study, 9 other patients were successfully bridged to long-
term axial-flow LVAD support.19 Supporting a patient 
with a long-term LVAD until heart transplantation 
confers advantages over using the much shorter-term 
pVAD. Longer ventricular support times lead to cardi-
ac improvement and—more important—to sustained 
improvement in end-organ function, which is likely to 
reduce morbidity and death after eventual heart trans-
plantation.
	 Another percutaneously inserted device, the Impella 
(abiomed, Inc.; Danvers, Mass), has been used as a 
bridge to transplantation in 6 patients.20 However, 2 of 

TABLE II. Hemodynamic Values Before and After TandemHeart Placement

	 Before	 After	 P Value

Cardiac index, L/(min⋅m2)	 1.9 ± 0.3	 3.5 ± 0.8	 0.01

Pressors used (n)	 2.4 ± 1.1	 1.0 ± 0.7	 0.02

Mean arterial pressure (mmHg)	 69 ± 12.5	 91 ± 4.3	 0.009

Pulmonary capillary wedge	 30.4 ± 8.6	 21.8 ± 4.3	 0.07 (NS) 
   pressure (mmHg)

Mixed venous oxygen saturation (%)	 45.4 ± 14.3	 71.4 ± 7.5	 0.009

Central venous pressure (mmHg)	 21.2 ± 7.4	 12.8 ± 5.9	 0.02

Urine output (mL/24 hr)	 1,861 ± 988	 4,314 ± 1,346	 0.01

Blood urea nitrogen (mg/dL)	 46.2 ± 44.2	 44.6 ± 33.1	 0.8 (NS)

Creatinine (mg/dL)	 1.8 ± 0.7	 1.6 ± 0.5	 0.3 (NS)
 
NS = not significant 
 

Values are expressed as mean ± SD.
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these patients required additional LVAD support, and 
they died. The authors concluded that once the patient 
has regained suitable end-organ function and better 
clinical status, the Impella should serve as a “double 
bridge”—first as a bridge to the long-term device and 
then as a bridge to transplantation.
	 For this reason, most heart-failure patients at our in-
stitution who require urgent pVAD support are support-
ed until clinical improvement enables the placement of 
a long-term implantable device. As a rule, such patients 
are not listed for cardiac transplantation. However, those 
few patients whose hemodynamic and end-organ func-
tions dramatically improve with pVAD support—as was 
the case with our 5 patients—may be listed for urgent 
transplantation, with the plan of using an implantable 
LVAD if a donor heart does not immediately become 
available.
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