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 Case Report 

Direct Monitoring of Reconstructed Segmental 
Arterial Pressure during Deep Hypothermic 
Thoracoabdominal Aortic Aneurysm Surgery

Yuya Kise, MD, PhD, Yukio Kuniyoshi, MD, PhD, Mizuki Ando, MD, Tatuya Maeda, MD, 
Hitoshi Inafuku, MD, PhD, and Satoshi Yamashiro, MD, PhD

Deep hypothermia in thoracoabdominal aortic aneurysm 
operations is considered extremely useful for ensuring suf-
ficient time to reconstruct the segmental arteries feeding 
the spinal cord. However, because the amplitude of motor 
evoked potentials (MEPs) decrease or disappear during 
deep hypothermia, feasible methods for assessing spinal 
cord circulation have not yet been reported. Performing ad-
ditional segmental arterial reconstructions that rely on MEPs 
is also impractical. In the present case, to ascertain spinal 
cord circulation under deep hypothermia, we intraopera-
tively measured the reconstructed segmental arterial pres-
sure in real time and investigated whether sufficient spinal 
cord blood flow had been attained.
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Introduction
Methods for spinal cord protection during thoracoab-
dominal aortic aneurysm (TAAA) surgery remain under 
discussion, including methods for assessing spinal cord 
circulation during aortic cross-clamping. Motor evoked 
potentials (MEPs) are essential for ascertaining that cere-

brospinal nerve pathways remain intact; therefore, they 
are used to detect spinal cord ischemia.1) MEP amplitude 
decreases when the descending aorta is clamped, which 
decreases blood supply to the spinal cord through the seg-
mental arteries. However, under deep hypothermia below 
20°C, MEPs usually disappear.2) Therefore, evaluating 
circulation to the spinal cord during surgery is difficult 
under deep hypothermia, which is induced to avoid spinal 
cord ischemic injury (SCII). We recognize that assessing 
and maintaining spinal cord circulation before and during 
aortic cross-clamping are essential. In this report, we pres-
ent an effective method for protecting the spinal cord by 
displaying the reconstructed segmental arterial pressure 
(rSAP), such as that of the artery of Adamkiewicz (AKA) 
and/or major segmental arteries (SAs), in real time. With 
this rSAP monitoring, we are able to estimate the spinal 
cord blood flow (SCBF) needed during aortic clamping to 
maintain adequate spinal cord perfusion.

Case Report
The patient was a 65-year-old man scheduled to undergo 
surgery for Type V TAAA that had been diagnosed inci-
dentally. Although the AKA was not visualized on preop-
erative 3-dimensional computed tomography, four pairs 
of large SAs at Th9–Th12, branching from the aneurysm, 
were detected (Figs. 1A and 1B).

As a surgical strategy, in an attempt to extend the 
ischemic tolerance time during aortic clamping and re-
construction of the major SAs, we planned aneurysm 
resection and prosthetic graft replacement, with upper 
and lower body perfusion, under deep hypothermia. In 
addition, SA reconstruction of the right intercostal artery 
was planned at the Th10 level, the center of the aneurysm.

After anesthesia induction, monitoring MEPs was initi-
ated. Blood pressure (BP) was measured at the right radial 
artery and left femoral artery. The patient was placed in a 
right semi-lateral position. The aneurysm was approached 
through thoracotomy in the 8th intercostal space and 
retroperitoneal dissection. Taping around the aneurysm 
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was performed at Th8, just proximal to the superior mes-
enteric artery (SMA). After infusing 300 units/kg of hepa-
rin, two arterial cannulations were performed at the Th7 
descending thoracic aorta for perfusion of the upper body 
and right femoral artery (FA) (FEMII 16-Fr; Edwards 
Lifesciences, Irvine, CA, USA) for lower body perfusion. 
A long cannula for venous drainage was placed from the 
right femoral vein into the right atrium. Body tempera-
ture, as measured by tympanic temperature, was cooled to 
20°C. A left ventricle (LV) venting tube was set from the 
LV apex to avoid over-dilatation of the LV. The amplitude 
of MEPs decreased with decreasing the body temperature. 
At a body temperature below 23°C, all MEPs disappeared. 
At a body temperature of 20°C, which was reached after 
more than 30 min of core cooling, the aorta at the Th8 
level and the aneurysm just proximal to the SMA were 
clamped for proximal anastomosis, then opened (Fig. 2A). 
Backflow via collateral vessels was observed from the os-
tium of the four pairs of SAs at Th9–Th12. Among these, 
the right-sided Th10 intercostal artery was re-implanted 
because of the larger ostial size and the relatively high 
backflow volume. The remaining ostia were blocked to 
prevent a “vascular steal phenomenon” by the tourniquet 
technique, which consists of a purse string suture around 
the target ostium. The backflow of blood from the os-
tium of Th10 was blocked by a balloon catheter. With a 
26-mm, size 4 branch prosthetic graft for TAAA (J-Graft 
SHIELD NEO; Japan Lifeline, Tokyo, Japan), proximal 
anastomosis was performed at the Th8 level of the aorta. 
Re-implantation of the Th10 right SA was performed with 
a 10-mm graft prosthesis, anastomosed to a side branch 

above the main graft. To assess reconstruction of the Th10 
right SA, some variety of measurements under the fol-
lowing conditions were performed on completion of the 
anastomosis, as described above. The BP measured in the 
implanted graft prosthesis (Figs. 2B and 3A) is the rSAP, 
indicating the BP driving spinal cord circulation.

We measured rSAP under the following conditions to 
evaluate intraoperative spinal cord circulation (Fig. 3C).

Condition 1
The perfusion flow rate of the upper and lower body 
by cardiopulmonary bypass (CPB) during aortic clamp-
ing was adjusted to 55 ml/m/kg. Noradrenaline (NOA) 
was continuously administered at 0.1 µg/kg/h, and mean 
BP was maintained at 70–80 mmHg for the upper body 
and 80–90 mmHg for the lower body. The rSAP was 
50–55 mmHg (approximately 60%–70% of pre-clamping 
systemic BP) and SCBF, via collateral flow, was similar to 
the pre-clamping value, indicating satisfactory spinal cord 
circulation.

Condition 2
The ostium of the SAs at Th9, left Th10, and Th11–12 
that were blocked by the tourniquet, were opened (Fig. 
3B). This led to decreased rSAP to 40 mmHg (approxi-
mately 50% of pre-clamping systemic BP), due to the 
“vascular steal phenomenon.” This verified the presence 
of a tight network between the reconstructed SA and the 
surrounding occluded SAs.

Fig. 1 (A) Preoperative 3-dimensional computed tomography ex-
amination shows two saccular aneurysms with a maximum 
diameter of 55 mm. (B) Four pairs of thick segmental arter-
ies are observed from the aortic aneurysm, but the artery 
of Adamkiewicz is not visualized.

Fig. 2 (A) Schema of the perfusion technique. The aorta is cross-
clamped under deep hypothermia, simultaneous upper 
and lower body perfusion is continued, and collateral flow 
to the spinal cord is maintained. (B) After proximal anas-
tomosis, the right segmental artery at the Th10 level is 
reconstructed under deep hypothermia, and reconstructed 
segmental arterial pressure via the collateral network is 
measured. LV: left ventricle
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Condition 3
Lower body perfusion from the right FA was stopped, 
and lower body pressure was decreased to 30 mmHg. This 
resulted in decreased rSAP to 30 mmHg (approximately 
40% of pre-clamping systemic BP).

Condition 4
When FA perfusion was restarted, rSAP recovered to the 
value in Condition 1. We identified distal perfusion as very 
important to the supply of collateral flow to the spinal 
cord.

Changes in rSAP under each condition revealed that col-
lateral flow from the upper and lower body to SAs within 
the clamped region was sufficient to avoid SCII, and a col-
lateral network existed between the reconstructed SA and 
surrounding SAs. These findings indicated that additional 
SA reconstruction was unnecessary.

After the essential SA was reconstructed, the graft pros-
thesis was anastomosed to the main graft and perfused by 
moving the clamp position distally. After securing a more 
stable blood supply to the spinal cord, rewarming was 
initiated and distal anastomosis was performed. When 
tympanic temperature exceeded 25°C, MEPs appeared, 
and their amplitude increased to 80% of the initial value 
by the end of surgery. The patient was extubated two 
days after surgery and was discharged without any neuro-
logical deficits on day 28 after surgery. Contrast-enhanced 
computed tomography performed before discharge 
showed a well-reconstructed Th10 right segmental artery, 

with markedly developed collaterals.

Discussion
In surgery for TAAA and the descending aorta, the need 
for SA reconstruction remains controversial, with dis-
cussions differing among institutions.3) However, many 
reports have recommended reconstructing SAs within the 
clamped region to prevent SCII.1,4,5) Our strategic method 
for preventing SCII is to reconstruct SAs, even when the 
AKA is not identified, because a collateral network exists 
among SAs.6) The reconstruction of SAs is time-consuming 
when ensuring patency of the reconstructed graft prosthe-
sis. Another concern is the risk of SCII during SA recon-
struction, which may be resolved by SA perfusion. Under 
normothermic CPB, MEPs may disappear or decrease in 
amplitude, which is very stressful to surgeons. Deep hypo-
thermia could be essential to resolving these problems be-
cause perfusion would be unnecessary, providing sufficient 
time for SA reconstruction.7,8)

Application of MEPs is a useful method for intraopera-
tively evaluating spinal cord ischemia during normother-
mic or mildly hypothermic TAAA surgery.1) However, be-
cause the amplitude of MEPs decreases and disappears in 
surgeries performed under deep hypothermia, spinal cord 
function after ischemia during aortic clamping cannot be 
assessed under those circumstances.2) Consequently, the 
presence of SCII must be checked after rewarming fol-
lowing graft replacement, risking delays to appropriate 

Fig. 3 (A, B) Intraoperative photograph. (C) Monitoring of reconstructed segmental arterial 
pressure (rSAP).
(A) rSAP is measured (Condition 1). (B) The tourniquet of the surrounding segmental 
arteries is loosened, and rSAP is measured under a “vascular steal phenomenon” 
(Condition 2). (C) The change in rSAP under each condition is shown. Under Conditions 
2 and 3, marked decreases in rSAP are observed.



540 Annals of Vascular Diseases Vol. 12, No. 4 (2019)

Kise Y, et al.

treatments.
The present case used an rSAP monitoring method to 

evaluate spinal cord circulation to substitute for MEPs 
that disappear under deep hypothermia. This method 
estimates SCBF from the rSAP after opening the aortic 
aneurysm and is based on previously reported results 
from basic animal research.9) We clarified the correlations 
between mean systemic BP, segmental arterial pressure 
(SAP), and SCBF in the animal study. We found that, even 
under extensive SA clamping, the spinal cord blood sup-
ply via collateral networks remains functional, and SAP 
is highly and positively correlated with SCBF. Based on a 
single regression equation, maintaining SAP at 50%–60% 
of the pre-clamping systemic BP was estimated as neces-
sary to ensure the pre-clamping SCBF.

Etz et al. measured spinal cord perfusion pressure 
(SCPP) for 24 h postoperatively in clinical cases, using a 
pressure catheter placed in the SA of the aortic replace-
ment region, and reported that patients who developed 
postoperative neurological disorders showed significantly 
decreased SCPP (<40% of systemic BP).10)

In the present case, SAP was measured after reconstruc-
tion of major SA, and a pressure of 60%–70% of the pre-
clamping systemic BP was observed. We were, therefore, 
able to determine that SCBF via collateral flow was suf-
ficient. Furthermore, inducing a “vascular steal phenom-
enon” of the backflow from the SAs (Condition 2), and de-
creasing the rate of perfusion from the FA (Condition 3), 
led to a significant decrease in rSAP. This confirmed the 
presence of an abundance of collateral networks to the 
spinal cord SA within the aortic clamping region.

When rSAP is low, the following approaches are ef-
fective for increasing SCBF via collateral networks: 1) 
increasing systemic BP with increased doses of vasopres-
sors, such as NOA; or 2) increasing the flow through 
cardiopulmonary bypass. On the other hand, when rSAP 
is persistently ≤50% of systemic BP and does not increase 
with various approaches, other measures may be impor-
tant, such as 1) promptly initiating antegrade perfusion 
from the reconstructed SA; or 2) considering additional 
SA reconstruction.

Conclusion
Intraoperative rSAP measurement offers a means of esti-
mating the status of spinal cord circulation during aortic 
clamping under deep hypothermia, even when MEPs do 
not function.
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