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ABSTRACT

The intraaortic balloon pump (IABP) is a treatment for end-stage heart failure patients not responsive to pharmacological
therapy pre heart transplantation. An alternative approach–the percutaneously placed axillary-subclavian intraaortic balloon
pump (PAxIABP) developed by cardiologists in our hospital enable patients to be mobilized while awaiting transplant versus the
traditional bedrest in the femoral approach. Our objective is to determine if PAxIABP therapy enable pre-heart-transplant patients
to safely mobilize. A retrospective study of pre-heart-transplant PAxIABP patients in the Coronary Intensive Care Unit (CICU)
from 2007 to 2013 (n = 45; 35 men, 10 women) was conducted to determine mobility. Data are presented as mean (standard
deviation) for continuous variables and number (percentage) for categorical variables. Patients were mobilized at 1.39 (± 1.41)
days after PAxIABP insertion. The number of times mobilized per day was 1.79 (± 2). Transplant waiting time was 24.98 (±
25.03) days. Thirty-seven patients (82%) were transplanted. Two patients had a left ventricular assist device (LVAD) inserted
and later transplanted. Six patients died before receiving a heart transplant, patients were 100% mobile. Complication rates: 4%
bleeding; 7% ischemic complications; 2% IABP-related infection. Pre-heart-transplant patients receiving PAxIABP therapy
can be safely mobilized. Nursing care protocols were developed to safely take care of this patient population. PAxIABP can be
utilized for other procedures requiring long IABP therapy.
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1. INTRODUCTION

Heart failure is a clinical syndrome combination of shortness
of breath and poor exercise tolerance.[1] Heart failure is a
chronic, debilitating disease that often progresses quickly
to end-stage when severe left ventricular dysfunction leads
to alterations in organ perfusion even at rest. Heart failure
prevalence in Americans 20 years old and above had in-
creased to 6.5 million (2011-2014), compared to 5.7 million
from 2009-2012.[2] Heart transplantation is the definitive
treatment for patients with end-stage heart failure. While

awaiting heart transplant, patients are typically medically
managed with inotropic therapy which is aimed at increas-
ing cardiac contractility and forward flow of arterial blood,
thereby increasing oxygen delivery to the tissues. However,
as left ventricular function continues to deteriorate, patients
become more dependent upon intravenous inotropic ther-
apy.[3] Pre-heart transplant patients with congestive heart
failure (New York Heart Association [NYHA] class IV)[4]

have few treatment modalities available. When pharmaco-
logic therapies like diuretics, phosphodiesterase inhibitors
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(i.e., milrinone), and adrenergic agonists (i.e., dobutamine,
dopamine)[5] are ineffective, one mechanical supportive de-
vice option is an intra-aortic balloon pump (IABP).

The IABP is based on the counter pulsation principle. The
gas-filled balloon (helium) at the tip of the IABP catheter
located in the proximal descending thoracic aorta inflates
during diastole, thereby displacing blood and increasing per-
fusion to the coronary arteries. The balloon deflates during
systole, decreasing the afterload and increasing perfusion
to the renal arteries supplying the kidneys, mesenteric arter-
ies supplying the digestive organs, and distal arteries.[6, 10]

The IABP provides excellent hemodynamic support while
awaiting transplant.[7]

Arterial sites used for IABP insertion include the femoral
artery, subclavian artery, axillary artery,[8] ascending aorta
through suprainguinal bypass grafts, and common iliac
artery.[9] The axillary, ascending aorta, and common iliac
artery approaches require insertion in the operating room.
In contrast, a femoral artery IABP can be inserted percu-
taneously at the bedside, rendering this approach the most
commonly utilized.[10] However, the femoral artery approach
requires patients to remain in bed until a donor heart be-
comes available, which can take from 40 days or longer.[11]

The femoral artery approach is subsequently associated with
significant risks and complications related to the effects of
prolonged immobility.

Patients with a femoral artery IABP must remain relatively
immobile in bed with the head of the bed at ≤ 30◦ and no ac-
tive flexion at the hip of the affected side.[12] The detrimental
effects of prolonged immobility result in severe widespread
deconditioning, affecting multiple organs and systems. In
the critical care setting, patients lose up to 30% muscle mass
within 10 days of admission.[13]

Prolonged bedrest cause an overall decline in muscle mass,
strength and function.[1] Early physical therapy and mobil-
ity in the ICU setting should be safely implemented due
to all the above listed reasons.[14] Given that our pre heart
transplant IABP patient population median wait time for a
heart transplant is 25 days, the deleterious musculoskeletal
effects of prolonged immobility can be profound if they had
a femoral IABP.

A novel percutaneous left axillary-subclavian artery IABP
insertion approach has been developed by cardiologists at
our hospital to allow patients to mobilize out of bed while
awaiting heart transplantation. The percutaneously placed
axillary-subclavian intraaortic balloon pump (PAxIABP) is
inserted in the cardiac catheterization laboratory under local
anesthesia. This procedure is done with a direct axillary

artery percutaneous stick using a J wire guide inserted into
the left brachial artery or femoral artery into the axillary-
subclavian artery as a roadmap.[15] A regular intraaortic
balloon pump catheter and console is used. The sheath and
IABP catheter are sutured in place, secured with stat lock
at the hub, and dressed with Tegaderm CHG (3M). The pa-
tient is then transferred to the Coronary Intensive Care Unit
(CICU) where they remain until a donor heart becomes avail-
able. The PAIABP allows for increased physical activity,
preventing the deleterious effects of prolonged immobility
seen with a femoral-artery-inserted IABP. Patients are mobi-
lized as soon as they are medically stable.

The specific aim of this retrospective study was to describe
the level of mobilization and progress of PAIABP patients
before heart transplantation. The preliminary hypothesis was
that the patients could be mobilized after PAIABP placement
while the patient’s failing heart was supported.

2. PATIENTS AND METHODS
Hospital Institutional Review Board (IRB) approval was
obtained prior to the start of this retrospective descriptive
study. The study sample included 45 adult PAxIABP therapy
patients awaiting heart transplantation in the CICU from Jan-
uary 2007 to May 2013. Inclusion criteria were as follows:
patients aged 18 to 85 years, diagnosis of end-stage heart
failure (NYHA class IIIb-IV), PAxIABP in place, and on the
heart transplant list. Patients with lower extremity paralysis
and those on mechanical ventilation were excluded from the
study owing to their reduced ability to mobilize out of bed.

Data collection was by chart review. Data collection sheets
were utilized by the co-investigators during chart review, af-
ter the investigators completed IRB training requirements.
All data collected were then coded and secured in a locked
cabinet in an office accessible only to the researchers to
protect patient confidentiality.

The data collected included patient demographics (age, sex,
body mass index, and race); comorbidities; daily review of
mobilization and ambulation activity (a Pittsburgh Measuring
Wheel and a nurse-developed chart assigning pre-measured
distances between known 10th floor landmarks were used to
measure distance walked by the patient); and physical ther-
apist (PT) documentation. We also reviewed documented
complications, inotropic drips, oxygen requirements, vital
signs, hemodynamic pressure measurements, and total PA-
IABP support duration.

2.1 Vital signs monitoring
Vital signs monitoring during ambulation was initially ob-
tained with portable transport monitors (GE Transport Pro)
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and the IABP console, but as the patient became more stable,
monitoring was done by use of the IABP console (Datascope
CS 300; Maquet) only. Patients’ relatives were enlisted to
help with mobilization and ambulation by pushing a standby
wheelchair or IV poles for weaker patients .

Insertion site dressings were maintained per hospital policy
with the use of chlorhexidine gluconate (CHG)-impregnated
Tegaderm (3M). Sutures, statlock anchors, and additional
Tegaderm clear dressings were used to further secure the
PAIABP.

Stable patients were allowed to sleep with minimal interrup-
tion at night. Laboratory tests and chest x-rays were done at
8 AM instead of the usual 4 to 5 AM. Therapeutic heparin
infusions were monitored with anti-factor Xa assay levels
per hospital protocol (every 6 hours until 2 therapeutic levels
were achieved, then daily). Laboratory tests, like the basic
metabolic panel and complete blood cell count, were done
every other day to minimize risk of infection, blood loss, and
the need for transfusion.[16]

Chest x-rays were done every day. If there was a need for
repositioning of the PAIABP, it was done by the cardiologists
at the bedside. Repeat chest x-rays were then done to con-
firm placement. Patients were taken to the cath lab if there
was a need to replace the catheter or for more complicated
repositioning.

2.2 Functional independence measure
The FIM is a physical therapy tool used to measure disability
in acute care settings by applying scores based on level of
assistance with activity.[17] It provides a uniform system
of measurement based on the International Classification of
Impairment, Disabilities, and Handicaps.[18] It is used to
measure a patient’s progress and assess rehabilitation out-
comes. The complete scale includes 18 items that measure
physical and cognitive disability and is useful in clinical set-
tings of rehabilitation to assess outcomes, indicate the burden
of caring for a patient, and assist in determining appropriate
discharge destinations. Each item is scored from 1 to 7 based
on the level of independence (where 1 = total dependence
and 7 = complete independence).

FIM scores were obtained for the 1st, 2nd, 4th, and 6th PT
sessions after PAxIABP placement. FIM scoring by PT was
discontinued when the patient reached a score of 5 to 7.
Nurses took over managing patient mobilization when less
PT assistance was needed and the patients gained the ability
to mobilize more freely. However, PT still checked in with
the nurses and patients occationally to offer assistance when
new needs arose. Mobilization, for the purpose of our study,
included dangling on the side of the bed, sitting up on a chair,

and ambulating to the sink, bathroom, and throughout the
CICU hallways and adjacent buildings. Special trips to the
chapel, gardens, and the hospital lobby were allowed for
stable patients with doctors’ orders.

2.3 Statistical analysis
Data are presented as means (standard deviation) for contin-
uous variables and as numbers (percentage) for categorical
variables. All analyses were performed with STATA version
13 (StataCorp, College Station, TX).

3. RESULTS
Stratification was not done owing to the small number of
test subjects. The patients’ demographic characteristics and
comorbidities are shown in Table 1. Thirty-seven patients
(82.2%) continued on PAxIABP therapy until heart trans-
plantation. Two patients required LVAD implantation due to
worsening heart failure and eventually received heart trans-
plants. Six patients died while awaiting heart transplants,
unrelated to the PAxIABP therapy. Six patients (13%) had
confirmed systemic or cardiac amyloidosis and had been
denied heart transplantation in other institutions.

3.1 Inotrope and oxygen requirements
The most common inotropic medication used concurrently
with PAxIABP therapy was milrinone (35%), for which the
dose was adjusted according to the patient’s condition (range,
0.125-0.4 mcg/kg/min). Three patients (6%) were receiving
dopamine and one patient (2%) was on dobutamine intermit-
tently before transplant. Twenty-five patients (57%) were
not receiving any inotropes. Oxygen by nasal cannula (2-4
l/min) was used intermittently by 18 patients (40%), but 60%
(n = 27) were on room air or were weaned down to room air.

3.2 Mobilization and ambulation
Mobilization and ambulation included dangling on the side
of the bed, getting up to the chair, walking to the sink and the
bathroom. Ambulation included walking around the CICU
unit, hospital hallways and on rare occasions, down to the in-
door garden and fountain in the hospital lobby. The physical
therapist (PT) intially evaluates the patient for mobility. The
number of patients seen by PT decreased as patient mobility
increased and nurses took over complete mobilization there-
after. Patients were mobilized on average 1.79 (± 2.10) times
daily. The time to initial mobilization after PAIABP insertion
was 1.39 (± 1.41) days, with 8 patients mobilized on the day
of procedure. Average ambulation was every other day, with
a maximum of 3 times per day for some patients. Mean
distance travelled on ambulation was 1184.09 (± 1558.57)
feet.
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Table 1. Characteristics of the study population
 

 

 Variable N % 

Age 56.1 ± 10.2 

Gender Male 35 77.80 

Female 10 22.20 

BMI 27.9 ± 4.9 

Caucasian 28 62.2 

Black 10 22.2 

Race Hispanic 5 11.1 

Asian 1 2.2 

Other 1 2.2 

Mortality 
Alive 37 82 

Deceased 8 18 

BTT 45 100 

Amyloidosis 6 13 

CKD 16 35 

Cardiomyopathy 27 60 

Comorbidities 
D. Mellitus 20 44 

COPD, Pulm. HTN 17 38 

Heart Failure (NYHA Class 3b-4) 45 100 

Previous Heart  3 7 

Transplant 

Milrinone 16 35 

Inotropes Dopamine 3 6 

Dobutamine 1 2 

Oxygen 
Room air 27 60 

Nasal cannula 1-4 l/min 18 40 

Mean augmented diastolic 81.0 ± 12.8 

Systolic 95.5 ± 14.5 

Vital signs Diastolic 57.5 ± 12.5 

MAP 76.2 ± 11.24  

Heart Rate 80.1 ± 15.9 

Pulmonary artery 
pressures 

Systolic 57.9 ± 11.91 

Diastolic 26.97 ± 2.49 

Mean  38.55 ± 2.53 

Cardiac output 3.2 ± .75 

Cardiac index 1.58 ± .32 

Wedge 13.53 ± 2.33 

 Note. BMI: Body Mass Index; BTT: bridge to transplant; CKD: chronic kidney disease; COPD: chronic obstructive pulmonary disease; Pulm. HTN: pulmonary 
hypertension; NYHA: New York Heart Association classification for heart failure; MAP: mean arterial pressure: A total of 6 patients had a pulmonary artery 

catheter (swan ganz catheter) inserted. 

 

3.3 PAIABP days

The mean number of total PAxIABP days was 27 (± 29). To-
tal PAIABP days included post-transplant days when the PAx-
IABP was left in place for support. The PAxIABP was usu-
ally discontinued 2 days after heart transplant. Pre-transplant

PAxIABP days varied widely depending on the availabil-
ity of donor organs[7] (4 [9%] patients were transplanted
with >1 organs, i.e., heart-lung, heart-kidney), severity of
comorbidities (6 [13%] patients had cardiac and/or systemic
amyloidosis), blood type compatibility, and patient size.
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3.4 Complications
Documented complications associated with this procedure
and subsequent mobilization included limb ischemia com-
plications (left arm numbness/pain, loss of left radial pulse;
7%, n = 4), which were treated by repositioning or replacing
the PAxIABP and giving pain medications. Line infection
was noted in 2% (n = 1) of the patients and was treated with
antibiotics. Bleeding at the insertion site was observed in
4% (n = 2) of the patients and was treated by stopping and
or decreasing the heparin infusion dose (see Table 2). No

data were gathered on malposition/exchange of the PAxIABP
catheter owing to incomplete charting, although increased in-
cidence of IABP catheter malposition was reported by Estep,
2013.[15] Notable problems encountered during ambulation
were 1 episode of IABP console shutdown (the console was
plugged in at the nearest wall outlet) and 1 episode of ventric-
ular tachycardia without loss of conciousness that resolved
spontaneously. These complications were resolved without
harm to the patient.

Table 2. Percutaneously inserted axillary subclavian IABP Mobilization Days, comparison of complications between
PAxIABP vs. long term Femoral IABP support

 

 

 Mean Range 

Pre-transplant PAIABP days 24.98 2-147 (± 25.03 days) 

Total PAIABP days 27 4-182 (± 29 days) 

Days to mobilization 1.3 0*-7 

Times mobilized/day 2 1-4  

Times ambulated/day 1 every other day 1-3/day  

Distance ambulated                1,205 feet 2-9,980 feet 

Comparison of Complications    

 PA × IABP Long Term Femoral IABP 

Bleeding                           4% 4.6% (Cochran et al. 2002) 

Ischemic complications 7% 8%-18% (Parissis, 2011)    

Immobility/bedrest               0 100% (bedrest restrictions) 

Infection                            2% 30% (Gjesdal et al. 2009) 

*Day 0 is the day of insertion 

 

4. DISCUSSION

Pre-heart-transplant PAxIABP patients in this study were
100% mobilized as soon as their medical condition permit-
ted, in contrast with the total bedrest associated with femoral
IABP. This result was similar to a study by Tanaka et al.
(95.5% mobility),[8] although their insertion technique dif-
fered and their goal was not exclusive to bridge to trans-
plant. The PAxIABP complication rates were comparable to
femoral IABP complications published in a literature review
by Parissis.[19] New nursing care protocols, staff educa-
tion on IABP console management, and intensive interdisci-
plinary collaboration between PT, nursing, and the patients’
families were instituted in caring for these patients. More
research is needed on the preoperative psychological effect
on patients (anecdotal accounts from multiple patients have
been very positive) and postoperative implications of this
alternative therapy. Other applications for this include pro-
cedures requiring long IABP therapy support like high risk
percutaneous coronary intervention/ coronary artery bypass
after a massive myocardial infarction, as a bridge to deci-

sion making , and bridge to LVAD. Study limitations were
the small sample size, results from a single hospital, and
incomplete documentation on some patients.

5. SIGNIFICANCE OF THE STUDY
This study shows that pre heart transplant patient with a per-
cutaneously placed axillary subclavian intraaortic balloon
pump can be safely mobilized thereby avoiding the complica-
tions of prolonged bedrest, as compared to complete bedrest
for patients who have a traditional femoral intraaortic balloon
pump.
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