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We describe the case of an 83-year-old patient requiring repair of a large symptomatic abdominal aortic aneurysm (AAA). The
patient was known to have coronary artery disease (CAD) with symptoms and signs of significant myocardial dysfunction, left-
heart failure, and severe aortic insufficiency. The procedure was performed with the help of both mechanical and pharmacological
circulatory support. Distal perfusion was provided by an axillofemoral bypass with a centrifugal pump, with dobutamine
and levosimendan administered as pharmacological inotropic support. The patient’s hemodynamic status was monitored with
continuous cardiac output monitoring and transesophageal echocardiography. No serious circulatory complications were recorded
during the perioperative and postoperative periods. This paper suggests a potential novel approach to combined circulatory
support in patients with heart failure, scheduled for open abdominal aortic aneurysm repair.

1. Introduction

Emergency major vascular surgical procedures carry a
relatively high mortality risk secondary to factors such
as patients’ age and associated medical conditions, for
example atherosclerosis, hypertension, coronary artery dis-
ease (CAD), renal insufficiency, obstructive pulmonary dis-
ease (COPD), and diabetes [1-3]. With urgent abdominal
aortic aneurysm (AAA) repair, additional factors affect
perioperative mortality and serious morbidity—(blood loss,
hemodynamic changes related to hypovolemia, aortic cross-
clamping and unclamping, and cardiac decompensation)
[3, 4]. A variety of strategies for pharmacological and
mechanical support of the circulation have been developed
for procedures on thoracic and abdominal aorta including
catecholamines, temporary axillofemoral bypass, and percu-
taneous left-heart support [5-7]. This paper describes the
use of pharmacological inotropic support utilising the Ca**

receptor sensitizer levosimendan with mechanical support
using an axillofemoral bypass and centrifugal pump, under
extensive hemodynamic monitoring, in an octogenarian
with a failing heart and symptomatic AAA.

2. Case Report

An 83-year-old woman was admitted to our department
(Type III University Hospital) presenting with abdominal
pain located in the umbilical and hypogastric areas. She was
conscious (Glasgow Coma Scale 15) and oriented in time,
place, and person. Physical examination of the abdomen
revealed a pulsatile expanding mass extending downward
from the level of the umbilicus. A computed tomogra-
phy (CT) scan showed a large AAA 10cm wide, located
subrenally.

The patient had a history of CAD, multiple myocar-
dial infarctions, left-heart insufficiency, recurrent attacks of
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pulmonary edema, and renal insufficiency. Surgical assess-
ment suggested that the aneurysm was not suitable for an
endovascular repair due to disturbed aortic anatomy. An
epidural catheter was inserted at T10-11 for continuous
analgesia. The patient was informed about all risks associated
with open procedure and gave written consent.

Echocardiography documented left ventricle dilation
with an ejection fraction of approximately 20-25%.

Further, the patient had severe aortic regurgitation,
tricuspid regurgitation, medium mitral regurgitation, and
pulmonary hypertension (PAP 51/26; mean 39 and PCWP
30 mmHg).

We decided to support distal perfusion and try to
attenuate the adverse hemodynamic effects of aortic cross-
clamping and its release using an axillofemoral bypass with
controlled flow rate using a centrifugal pump.

Cannulation of the right radial and femoral arteries was
performed in theatre, and general anesthesia was induced
using etomidate, sufentanil, and atracurium. After tracheal
intubation, a central venous catheter and pulmonary catheter
for continuous oxohemodynamic measurement (Vigilance,
Baxter Edwards Labs., Irvine, CA, USA) were inserted via
right internal jugular vein.

Baseline parameters documented a critically decreased
cardiac index (CI = 1.0L-min~!-m~2), with dobutamine
administered at a dose of 7pug-kg™!-min~!-30 mins later
the patient’s status continued to deteriorate; she became
oliguric, and her systolic blood pressure dropped below
80 mmHg while PCWP rose to 30 mmHg. As intra-aortic
balloon pump could not be used, inotropic support with
levosimendan (bolus 12 ug-kg™!) was initiated followed by
continuous infusion at a rate of 0.1 yg-kg™!-min~!. Right
ventricular ejection fraction (Vigilance) increased within
15 mins from 18% to 25%, while the kinetics of left ventricle
also improved (TEE) from 20% to 25-30%. CI rose to
1.8 L-min~'-m~2. A mild decrease in SVR was controlled by
the continuous administration of norepinephrine at a dose
0f0.02-0.1 pug-kg™!-min~!. The patient began to pass a small
amount of urine (30 mL/hour).

The left axillary artery was exposed via a subclavicular
incision. Heparin at the dose of 2mg-kg™' was adminis-
tered. Due to the cannula/artery diameter mismatch, the
appropriate 8 mm PTFE sleeve was end-to-side anastomosed
to the axillary artery to host the 28F inflow cannula.
Outflow cannula of the same size was driven into the left
femoral artery, and the axillofemoral bypass with controlled
rate using the centrifugal pump (Jostra, Germany) was
introduced (Figure 1). Prior to cross-clamping, the pump
flow-rate was set at 1.5 L-min~!.

Cross-clamping was associated with minimal hemody-
namic response. During the 60 mins of cross-clamping, the
pump flow rate was controlled depending on hemodynamic
measurements given by pulmonary catheter and TEE. Distal
pressure below the clamp was maintained within a range
of 45-60 mmHg. Having completed both central and distal
aortic anastomoses using 18 mm Dacron prosthesis (Vas-
cutec, Gelseal Co., UK), aortic clamp was gradually released
while the bypass flow was decreased and finally stopped.
Hemodynamic changes upon declamping were insignificant
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FIGURE 1: A construction of axillofemoral bypass with a centrifugal
pump in the circuit.

with an associated lactate level of 2.6 mmol-L~! (baseline
1.6) and no acidosis. Following the standard administration
of protamine sulphate and wound suture, the patient was
transferred to the vascular ICU. In the early postoperative
period, the patient’s CI was 2.4-2.7 L-min~!-m~2, PCWP <
20 mmHg, vital functions were stabilized including diuresis.
Inotropic support was progressively reduced (levosimendan
left for 48 hrs then replaced by dobutamine). On post-
operative day 3, the patient was extubated. The ensuing
period was complicated by agitation and chest infection. On
postoperative day 6, she was discharged from the ICU and on
day 30 dismissed to the nursing home.

3. Discussion

The independent predictors for perioperative cardiac events
in AAA repair are CAD, history of myocardial infarction,
congestive heart failure, and left ventricular dysfunction. The
options available to support a failing heart during aortic pro-
cedures are limited. Inotropic drugs acting via $-adrenergic
receptors and PDE-III inhibitors increase the levels of cal-
cium in cardiomyocytes contributing to enhanced arrhyth-
mogenicity and increased myocardial oxygen consumption.
Levosimendan acts via Ca?* receptor sensitization, increasing
myocardial contractility by improving intracellular calcium
utilization. Its proarrhythmogenic potential is minimal, and
evidence suggests limited increase in myocardial oxygen
consumption [8, 9]. Levosimendan has been extensively
studied in medical patients with failing heart and medical or
surgical cardiac procedures in patients largely in right-sided
heart failure. However, its use in high-risk vascular patients
has not been reported.

Mechanical support is another option which can reduce
the side effects of aortic cross-clamping and declamping.
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Clamping results in a decrease in CI, myocardial contractility,
and an increase in SVR. The changes are influenced by
the site of clamping, degree of collateral perfusion, and
preoperative myocardial function [4, 10].

Patients without CAD usually tolerate aortic clamping
without major complications. By contrast, a sudden increase
in SVR in patients with myocardial dysfunction may be
associated with myocardial ischemia [4, 11]. In patients with
CAD, autoregulation of coronary blood flow is impaired and
increase in intraventricular pressure is not followed by an
increase in the subendocardial flow rate. Afterload increase
results in acute left-heart insufficiency and a rise in PCWP
and LVEDP.

Aortic declamping leads to “declamping shock” which is
produced by metabolic and hemodynamic factors. Metabo-
lites from the ischemic tissues below the clamp are released
into the systemic circulation. The resultant acidosis further
deteriorates the contractility of the ischemic heart [12, 13].

Distal perfusion techniques, used routinely for descend-
ing aortic surgery, bring oxygenated blood to tissues below
the clamp thus reducing hemodynamic and metabolic
changes associated with clamping and declamping [6, 14].
There has been only one case report published describing the
use of these techniques in high-risk patients undergoing AAA
repair [5]. Lossing et al. performed support of distal perfu-
sion using a previously constructed axillofemoral bypass.

This support did not allow sophisticated regulation of
bypass flow. During a sudden drop in SVR or hypovolemia,
it is necessary to increase flow in the bypass. These situations
mostly occur during sudden blood loss and after declamping.

Placement of a centrifugal pump into the circuit allows
controlled support to tissues below the clamp, without the
need for full heparinization (ACT 150-500 sec). Construc-
tion of an axillofemoral bypass does not significantly prolong
the length of procedure (approx. 45 mins). It is appropriate
to regulate the pump flow depending on continuous CI
measurements, SVR, PCWP, enddiastolic area measurement
(TEE), and distal pressure values.

This report is the first case of successful AAA repair
in a patient with failing heart and using combined cir-
culatory support with the Ca?" sensitizer levosimendan
and controlled distal perfusion with a centrifugal pump. It
remains questionable whether levosimendan alone would
have provided sufficient hemodynamic support for this
patient, but we feel that distal perfusion helped to decrease
significantly the sequelae of declamping shock. We are
aware that the preferred technique for any high-risk patients
presenting with aortic aneurysm would be an endovascular
repair (EVAR). However, many aortic aneurysms are not
suitable for this endovascular approach because of disturbed
aortic anatomy. We suggest that our technique may be
beneficial in patients at high cardiac risk contraindicated for
EVAR.

References

[1] P. W. M. Cuypers, M. Gardien, J. Buth et al., “Cardiac
response and complications during endovascular repair of
abdominal aortic aneurysms: a concurrent comparison with

(11]

open surgery,” Journal of Vascular Surgery, vol. 33, no. 2, pp.
353-360, 2001.

E Nesi, E. Leo, F. Biancari et al., “Preoperative risk stratifica-
tion in patients undergoing elective infrarenal aortic aneurysm
surgery: evaluation of five risk scoring methods,” European
Journal of Vascular and Endovascular Surgery, vol. 28, no. 1,
pp. 5258, 2004.

W. C. Krupski, E. L. Layug, L. M. Reilly, J. H. Rapp, and D. T.
Mangano, “Comparison of cardiac morbidity between aortic
and infrainguinal operations,” Journal of Vascular Surgery, vol.
15, no. 2, pp. 354-365, 1992.

M. Posner and S. Gelman, “Pathophysiology of aortic cross-
clamping and unclamping,” Bailliere’s Best Practice and
Research in Clinical Anaesthesiology, vol. 14, no. 1, pp. 143—
160, 2000.

A. G. Lossing and E. M. Hatswell, “Temporary axillofemoral
bypass: its use in high risk cardiac patients requiring urgent
abdominal aneurysm repair,” Canadian Journal of Cardiology,
vol. 12, no. 5, pp. 467—-468, 1996.

P. Biglioli, R. Spirito, M. Agrifoglio et al, “Surgery of
descending thoracic aortic aneurysms with centrifugal pump
support,” Cardiovascular Surgery, vol. 5, no. 1, pp. 99-103,
1997.

M. E Conrad, E. A. Ergul, V. L. Patel et al., “Evolution
of operative strategies in open thoracoabdominal aneurysm
repair,” Journal of Vascular Surgery, vol. 53, pp. 1195-1201,
2011.

J. T. Parissis, P. Rafouli-Stergiou, I. Paraskevaidis, and A.
Mebazaa, “Levosimendan: from basic science to clinical
practice,” Heart Failure Reviews, vol. 14, no. 4, pp. 265-275,
2009.

E Follath, J. G. E. Cleland, H. Just et al., “Efficacy and safety
of intravenous levosimendan compared with dobutamine
in severe low-output heart failure (the LIDO study): a
randomised double-blind trial,” Lancet, vol. 360, no. 9328, pp.
196-202, 2002.

S. Gelman, M. B. Khazaeli, R. Orr, and T. Henderson,
“Blood volume redistribution during cross-clamping of the
descending aorta,” Anesthesia and Analgesia, vol. 78, no. 2, pp.
219-224, 1994.

K. Yamaura, S. Hoka, H. Okamoto, and S. Takahashi,
“Quantitative analysis of left ventricular regional wall motion
with color kinesis during abdominal aortic cross-clamping,”
Journal of Cardiothoracic and Vascular Anesthesia, vol. 17, no.
6, pp. 703-708, 2003.

J. D. Tobias, J. O. Johnson, K. Lemoine, and N. W. Lawson,
“Acidosis following aortic cross-clamping: is it the acid
or carbon dioxide?” Journal of Cardiothoracic and Vascular
Anesthesia, vol. 16, no. 1, pp. 73-74, 2002.

L. Willoughby, P. Dark, and G. Warhurst, “Investigation of
systemic and mesenteric inflammatory signaling and gut-
derived endothelial toxicity in patients undergoing high-risk
abdominal aortic surgery,” Shock, vol. 36, no. 2, pp. 121-127,
2011.

A.J. Comerota and J. V. White, “Reducing morbidity of tho-
racoabdominal aneurysm repair by preliminary axillofemoral
bypass,” American Journal of Surgery, vol. 170, no. 2, pp. 218—
222,1995.



	Introduction
	Case Report
	Discussion
	References

