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Management of Intra-
Aortic Balloon Pump
Entrapment

A Case Report and Review of the Literature

An intra-aortic balloon pump is one of the most valuable tools in the cardiac surgeon’s ar-
mament to assist in the management of the failing heart. Despite its widespread use,
there are associated risks and complications, one of which is balloon rupture with asso-
ciated entrapment. Numerous approaches for dealing with this complication have been
described; here we review the previous experience with intra-aortic balloon pump entrap-
ment and discuss potential management, with particular reference to a recent case of our
own. (Tex Heart Inst J 2012;39(5):621-6)

ardiac surgery offers myriad interventions for possible use in an aging popu-

lation that has a high prevalence of heart disease. This abundance of options

has led to more complex cardiac surgery and to higher public expectations
of successful outcomes.' Against this background, any mechanism that facilitates sur-
vival is welcome.

The intra-aortic balloon pump (IABP), first used by Kantrowitz in 1967 in a pa-
tient with cardiogenic shock, provides mechanical cardiac support via insertion of an
inflatable balloon into the descending aorta; it is the most commonly used support-
ive tool for temporary cardiac assistance."” The IABP works by reducing afterload and
actively increasing coronary perfusion.” The indications are varied but include ongo-
ing ischemia refractory to medical therapy, a need for prophylaxis in high-risk patients
before cardiac surgery, and postoperative ischemia and low cardiac output despite ino-
tropic support.’

Intra-aortic balloon pump use, although priceless in improving postoperative sur-
vival in high-risk cardiac surgical patients and those with ventricular dysfunction, is
not without risks."? Balloon rupture, aortic or iliac artery dissection, thromboembo-
lism, distal ischemia, and thrombocytopenia due to the mechanical action of the bal-
loon on platelets are all potential complications of IABP use."* Despite these risks,
there are over 70,000 insertions annually in the United States alone. Of all cardiac
surgical patients, 5% to 10% undergo IABP placement.’

Intra-aortic balloon pump rupture with associated entrapment of the balloon within
the arterial tree is very rare. Because numerous approaches to deal with this complica-
tion have been described, we review the previous experience and discuss the potential
management of IABP entrapment, with specific reference to a case of our own.

Case Report

In September 2009, a 78-year-old man underwent coronary artery bypass grafting
(CABG) after referral from a peripheral hospital, where he had presented with a non-
ST-elevation myocardial infarction. Preoperative angiography revealed triple-vessel
disease with severe stenosis of the left main stem but preserved left ventricular func-
tion. His medical history included previously stable angina, hypertension, chron-
ic obstructive pulmonary disease, and a left carotid endarterectomy 3 years earlier.
His medications included aspirin, clopidogrel, isosorbide mononitrate, Seretide® (Ad-
vair), simvastatin, lisinopril, nicorandil, and enoxaparin. Carotid Doppler sonograms
showed <50% stenosis in the right carotid artery and no disease in the left carotid.
Pulmonary function tests showed a forced expiratory volume in 1 sec (FEV)) of 78%
and a forced vital capacity (FVC) of 87%. His EuroSCORE was 13.
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He underwent standard CABG with a pedicled left
internal mammary artery graft to the distal left anteri-
or descending coronary artery (LAD) and long saphe-
nous vein grafts to the mid-LAD, first diagonal branch,
first obtuse marginal branch, acute marginal branch,
and right coronary artery—posterior descending artery.
Intraoperatively, the coronary arteries were noted to be
very small and calcified, and the patient was very dif-
ficult to wean from cardiopulmonary bypass (CPB).
This necessitated 6 grafts and substantial inotropic sup-
port. After the 2nd attempt to wean the patient from
CPB failed—due to left ventricular distention with a
falling blood pressure and heart rate, and a raised cen-
tral venous pressure and pulmonary artery pressure—
we inserted an IABP. The patient was unable to tolerate
chest closure, but he was weaned from CPB on the 3rd
attempt and then transferred (on significant inotropic
support and with the IABP set at 1:1) to the cardiac in-
tensive care unit with his chest splinted.

On postoperative day 1, he continued to require ino-
tropic support with the IABP still set at 1:1. He had
good urinary output with a falling serum lactate level,

Fig. 1 Computed tomograms of the abdomen and pelvis show
A) severely calcified aortic and iliac arteries and B) entrapment
of the intra-aortic balloon pump (IABP) at the proximal third of
the right common iliac artery (as indicated by the arrow at the
IABP tip).
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and transesophageal echocardiography (TEE) showed
good biventricular function. Over the course of the day,
the patient’s norepinephrine level was slowly reduced.
On postoperative day 2, his progress continued and he
underwent formal chest closure. Later that day, blood
in the inflation channel of the IABP indicated rupture
of the balloon; however, the leakage alarm did not acti-
vate, and the IABP appeared to be functioning properly
in automatic mode. There was no evidence of splanch-
nic or limb malperfusion. An attempt to remove the in-
tra-aortic balloon proved unsuccessful, which indicated
intra-aortic balloon entrapment.

The patient underwent urgent computed tomograph-
ic (CT) aortography (Fig. 1) to define the position of
the balloon, the relevant anatomy, and the patency of
the mesenteric arterial tree, and to determine if there
was any aortic dissection. The CT scan showed the
balloon just below the aortic bifurcation, extending
through the right common iliac artery to the right ex-
ternal iliac artery, and to the right common femoral ar-
tery. Significant calcification was noted throughout the
arterial tree.

Because the usual means of IABP removal had failed,
the vascular surgical team attempted percutaneous re-
moval under imaging guidance. This revealed signifi-
cantly calcified vessels and was ultimately unsuccessful.
The patient then underwent open surgical removal from
the right common femoral artery, which yielded good
limb perfusion (Fig. 2). His subsequent postoperative
recovery proceeded uneventfully, and on postoperative
day 9 he was transferred to the referring hospital for
convalescence. At outpatient review 6 weeks after dis-
charge, he was symptom-free and was returned to the
care of his primary care physician.

Discussion

Due to the nature of the IABP, the chief adverse sequel-
ae involve vascular injury; studies suggest that vascular
ischemic sequelae occur at a rate of 8% to 18%, while
major limb ischemia occurs less than 1% of the time.*"?
Rupture of the intra-aortic balloon is rare but can cause
gas embolism and entrapment of the balloon within the
arterial tree.”" Balloon rupture was first reported by
Rajani and colleagues, followed by Aru and associates;
however, it is very rare, occurring at a rate of possibly
less than 0.5%."' The proposed mechanism involves
mechanical abrasion of the balloon by atherosclerotic
plaque or a heavily calcified aortic wall. After perfora-
tion, the negative pressure created during deflation traps
blood within the balloon. The blood rapidly reacts with
the helium, causing a hard clot to form. This clot, to-
gether with the tortuous atherosclerotic aortic environ-
ment, entraps the semi-deflated balloon.”

Entrapment can be avoided by early diagnosis and
prompt removal of the ruptured balloon. Balloon rup-
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ture can sometimes be recognized by the presence of
blood in the catheter between the balloon and the safety
chamber; if counterpulsation cannot be sustained, the
console will sound the alarm, which enables prompt di-
agnosis of rupture and appropriate removal of the IABP
(Fig. 3). However, care should be taken not to rely solely
on the alarm, because Nishida and colleagues” report-
ed that the alarm indicated gas leakage in only 29% of
IABP ruptures among patients in their case series. The
main indicator of rupture remains blood within the
catheter shaft, and this highlights the need for regular
review of the shaft during use; 6% of cases of IABP rup-
ture are detected only at the time of removal.”

Current management approaches recommend against
forceful extraction of the retained balloon, because the
probable result is severe vascular injury. When there is
early detection of entrapment, a conservative approach
would be the Lambert method. Lambert first reported
the use of intraluminal streptokinase with heparinized
saline flush for clot dissolution; in his 3 patients, he in-
jected streptokinase into the gas-driven lumen of the
intra-aortic balloon catheter and thereby avoided sur-
gery.”® This approach has since been successfully repli-
cated at other institutions, which shows that injection
of a thrombolytic agent (tissue plasminogen activator or

Fig. 2 A) Postoperative photograph of the ruptured intra-aortic
balloon pump with B) a close-up of the balloon, showing hard
clot at the distal end.
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Fig. 3 Algorithm for the management of an entrapped intra-
aortic balloon pump.

streptokinase) into the gas lumen of the balloon catheter
can dissolve the clot, enabling evacuation of the balloon
chamber and normal removal of the intra-aortic balloon
catheter.*?!

If the detection of the “entrapped clotted balloon” is
recognized late (>60 min), the thrombus is unlikely to
resolve with thrombolysis. We therefore recommend CT
imaging and open vascular exploration with femoral,
femoroiliac, or abdominal aortotomy (Table I'*">7%7).
In particular, to avoid massive bleeding at extraction, an
entrapped catheter should be removed tip-first (prefera-
bly) through a proximal arteriotomy.”

Because there is a significant potential for morbidity
and death associated with IABP entrapment, it is use-
ful to evaluate risk factors. Ferguson and colleagues™
reported that independent predictors of major compli-
cations associated with IABP use included female sex,
peripheral artery disease, body surface area (<1.65 m?),
and age >75 yr. Kirksey and co-authors™ also found that
the risk of complications associated with IABP use was
highest among women and patients with diabetes mel-
litus, and that infectious sequelae were greatly reduced if
insertion of the IABP took place in the operating room.
Erdogan and associates* reported the additional mod-
ifiable risk factor of use of the introducer-sheath tech-
nique for IABP insertion and recommended sheathless
insertion in high-risk patients, particularly those with
peripheral artery disease and diabetes mellitus. It is dif-
ficult to know the specific risk factors for balloon en-
trapment due to the scarcity of cases; however, it is
reasonable to think along the lines of Ferguson and col-
leagues.

In the evaluation of balloon rupture, several risk fac-
tors have been identified. The balloon itself is susceptible
to damage if a guidewire is not used or if there is force-
ful insertion against resistance; insertion of the guide-
wire at an angle greater than 45° predisposes the balloon
to kinking at the posterior arterial wall; and inadequate
wrapping and insufficient aspiration of air from the bal-
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TABLE I. Summary of the Latest English-Language Literature Detailing the Management of Intra-Aortic Balloon Pump

Entrapment
Outcome
No. of (Successful,
Treatment Type Patients Time to Rupture Eventual Death) Reference

Femoral arteriotomy 9 11 hr—=28 d + unknown 8,1 Aru GM, et al.'®;
Milgalter E, et al.?2;
Alvarez JM, et al.%;
Silberman S, et al.%;
Shafei H, et al.%;
Olearchyk AS?;
Kolvekar S, et al.?;
Babatasi G, et al.?®; and
Hikosaka T, et al.?®

Femoral arteriotomy with traction— 3 Unknown-11d 1,2 Horowitz MD, et al.’;

emergency laparotomy Millham FH, et al.*; and
Luengtaviboon K, et al .

Intraluminal streptokinase/urokinase/ 6 Unknown-10 d 4,2 Lambert CJ'®;

tissue plasminogen activator Horowitz MD, et al.”;
Fukushima Y, et al.”°; and
Cipriani L, etal.”

Laparotomy 6 1-6 d + unknown 5,1 Kirksey L, et al.*;
Millham FH, et al.*®;
Nishizawa J, et al.®;
Grande AM, et al.?;
Uwabe K, et al.*; and
Warrillow SJ, et al.®®

Percutaneous removal 3 4.d + unknown 0,3 Alvarez JM, et al.; and
Brodell GK, et al.*’

Retrograde removal via left axillary 1 9d 1,0 FukushimaY, et al.

arteriotomy

Surgical removal/forceful traction i Unknown 11,0 Nishida H, et al.”

(unspecified)

Mechanism unknown 3 34 hr—unknown 3,0 Rajani R, et al."*; and

Alvarez JM, et al.?

loon can damage the membrane, while excessive infla-
tion can also predispose to rupture. Nevertheless, the
main risk remains an atheromatous arterial tree.”

From this perspective, several recommendations can
be made in an effort to reduce the risk of IABP rup-
ture. Routine arteriography of the aorta and iliac vessels
can be carried out at the time of cardiac angiography in
high-risk patients to accurately identify vessels distort-
ed by atherosclerotic disease and thereby enable preop-
erative planning of IABP insertion approaches.” Rastan
and co-authors* provided the most comprehensive ad-
vice regarding risk management. They advocated use of
the smallest possible balloon size, use of a sheathless
IABP insertion technique, and removal of the IABP at
the eartliest opportunity. They also showed the unreli-
ability of plain chest radiography in the determination
of IABP position and recommended a low threshold
for CT imaging (dependent upon clinical judgment)
in application to patients with an IABP and a rising
serum lactate level, regardless of IABP positioning on
the chest radiograph. They further advised considering
the use of CT imaging or TEE for the definitive evalua-
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tion of IABP placement in patients who exhibit clinical
signs suggestive of IABP malposition, and especially in
patients with significant underlying atherosclerotic dis-
ease who are at risk of visceral compromise independent
of TABP use.” Finally, Silberman and associates* advo-
cated using the lowest augmentation setting to achieve
the desired cardiac support, thus reducing the risk of
contact between the balloon and the arterial plaques at
higher settings.

Conclusion

In the case that we present here, there was evidence of
blood inside the IABP tubing, but it is probable that this
was initially overlooked because the IABP was func-
tioning normally in automatic mode and there was no
triggering of the leakage alarm. We believe that the clot
formation occurred after the balloon was punctured
and that the puncture was caused by prolonged contact
between the balloon and the atheromatous aortic wall.
Had an attempt been made at forceful extraction of the
clot and balloon, aortic laceration and uncontrollable
exsanguination most likely would have resulted.
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In conclusion, we suggest immediate removal of the

intra-aortic balloon when there is any evidence of blood,
even a few drops, in the tubing; delay can produce clot
and, possibly, balloon entrapment.
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