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fibrinogen concentrate achieved sufficient hemostasis and reduced the use of blood products even
in patients with SFL of 101-150 mg/dl. Hypoﬁbrinogcnenﬁa less than 150 mg/dl may be a useful
value as a cut-off criterion for when to administer fibrinogen concentrate.

The next concern is how much fibrinogen concentrate is required to achieve sufficient surgical
hemostasis. The average SFL at ICU admission were 250 mg/dl, which may be the optimal
target value for sufficient surgical hemostasis, because a sufficient SFL is necessary upon the
neutralization of heparin. When the SFL are restored effectively and promptly at this point, the
subsequent coagulation failure could be avoided. However, in cases without sufficient hemostasis,
the surgical bleeding is prolonged, and the consumption of coagulation factors continues. This
leads to a gradual decrease in the SFL, and leads to a vicious cycle of coagulopathy. Therefore,
sufficient SFLs are mandatory before protamine injection, especially after complex and difficult
surgeries. A dose of one gram of fibrinogen concentrate theoretically will increase the SFL by
20 mg/dl in a 65 kg patient with 5L of intravascular blood volume. When patients show a SFL
of 150 mg/dl at CPB termination, 5 g of fibrinogen concentrate is therefore theoretically required
to achieve the target SFL of 250 mg/dl.

The guidelines for blood transfusion also recommend that blood examinations, including
fibrinogen, PT and APTT, arc mandatory before the use of FFP. We have a quick measurement
system to examine the coagulation in our laboratory, and can obtain a prompt response within
30 minutes even at night. We propose that such a quick measurement of the coagulation is
mandatory for deciding whether to administer fibrinogen concentrate. The information obtained
by this quick measurement of the coagulation is important for the surgical team to understand
the patients’ coagulation condition. A lack of factors such as fibrinogen or platelets should be
noted and remedied before the neutralization of heparin and during surgical hemostasis. When the
bleeding tendency is predicted to continue in the surgical field, additional measurements should
be performed. Surgeons must understand the mechanisms underlying coagulopathy in order to
achieve sufficient surgical hemostasis.

As noted above, fibrinogen concentrate has not been approved for hypofibrinogenemia during
surgery in Japan. This situation is similar in many Western countries. Fibrinogen concentrate
will be approved in the near future for intraoperative coagulopathy. Prior to this, the safety of
the intraoperative use of fibrinogen concentrate should be confirmed. The present study was a
retrospective observational study; however, there were observed no complications related to the
fibrinogen concentrate. In addition, there is no evidence that fibrinogen concentrate increased the
risk of major complications or mortality.

In conclusion, hypofibrinogenemia frequently was observed at the termination of CPB during
thoracic aortic surgery. Hypofibrinogenemia is one of the major factors associated with intraopera-
tive coagulopathy. Quick measurement of the coagulation status is mandatory for deciding whether
to administer fibrinogen concentrate, and should provide important information to understand the
patients’ coagulation condition as well. Hypofibrinogenemia of < 150 mg/dl SFL may be a useful
criterion to decide whether to administer fibrinogen concentrate. The intraoperative administration
of fibrinogen concentrate appears to be an optimal strategy to increase the SFLs effectively and
promptly. It can treat coagulopathy and reduce the need for a large blood transfusion, and can
help to avoid massive bleeding during thoracic aortic surgery.
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Case Report

Thrombus in acute aortic dissection with atrial fibrillation:

a treatment dilemma

. CrossMark

Abstract

Type B acute aortic dissection (AAD) is often successfully managed
with medical therapy, with a lower mortality rate, compared with type
A AAD. Although the number of AAD patients complicated with atrial
fibrillation (AF) has increased, reflecting an aging society, there have
only been a few reports regarding the association of AAD and AF.
Furthermore, there is no consensus on anticoagulation therapy in ADD
patients complicated with AF, despite the importance of anticoagula-
tion therapy in AF treatment. Here, we discuss a 79-year-old man with
type B AAD and chronic AF complicated with the rapid left atrial
appendage (LAA) thrombus formation after discontinuation of antic-
oagulation therapy. Emergent contrast-enhanced computed tomog-
raphy revealed type B AAD with a partially thrombosed false lumen
from the bifurcation of the aorta and the left subclavian artery to above
the diaphragm. Ulcer-like projection was observed in the proximal
thrombosed false lumen. Ten days after discontinuation of antic-
oagulation therapy, LAA thrombus was detected on contrast-enhanced
computed tomography, which was not observed on admission. After
anticoagulation therapy was resumed, the LAA thrombus disappeared,
but the partially thrombosed false lumen was enlarged. The second
discontinuation of anticoagulation therapy stabilized the dissected
aorta and did not cause recurrence of LAA thrombus. In conclusion,
clinicians need to balance the prevention of LAA thrombus formation
with the complete thrombosis of a false lumen in patients with AAD
and AF.

Type B acute aortic dissection (AAD) is often successfully managed
with medical therapy, with a lower mortality rate, compared with
type A AAD, especially in cases of thrombosed type AAD [1]. Although
the number of AAD patients complicated with atrial fibrillation (AF)
has increased, reflecting an aging society, there have only been a few
reports regarding the association of AAD and AF [2,3]. Furthermore,
there is no consensus on anticoagulation therapy in AAD patients
complicated with AF, despite the importance of anticoagulation
therapy in AF treatment. Here, we discuss a 79-year-old man with
AAD and chronic AF complicated with the rapid left atrial appendage
(LAA) thrombus formation after discontinuation of anticoagulation
therapy, which was given for the prevention of thromboembolism
caused by AF.

A 79-year-old man with chronic AF was admitted to the hospital
for severe back pain. His blood pressure was 176/88 mm Hg and had
an irregular heart rate of 71 beats/min at presentation. Emergent
contrast-enhanced computed tomography (CECT) revealed type
B AAD with a partially thrombosed false lumen from the bifurcation
of the aorta and the left subclavian artery to above the diaphragm
(Figs. 1A and 2A, D). Ulcer-like projection was observed in the
proximal thrombosed false lumen. We discontinued administration

0735-6757/© 2014 Elsevier Inc. All rights reserved.

of warfarin and started administration of antihypertensive drugs,
which included a 3-blocker and intravenous morphine hydrochlo-
ride. The patient's pain and blood pressure was controllable.
Laboratory examination after admission showed that prolonged
prothrombin time was normalized after warfarin discontinuation,
but that the elevation of p-dimer levels was sustained. Follow-up
CECT performed 3 and 10 days after admission did not reveal any
extension or enlargement of the dissected aorta. However, LAA
thrombus was detected on CECT 10 days after admission, which was
not observed before (Fig. 1A, B). After concurrent administration of
heparin and warfarin, the LAA thrombus completely disappeared on
day 18 without any embolic events (Fig. 1C). However, the partially
thrombosed false lumen was enlarged and exerted pressure on the
true lumen (Fig. 2A-F), despite stabilization of blood pressure and
cautious rehabilitation. With respect to anticoagulation therapy, we
needed to take balance between the prevention of an LAA thrombus
and the complete thrombosis in the false lumen; therefore, we
decided to again discontinue anticoagulation therapy. Fortunately,
careful follow-up CECT and echocardiogram showed that discontin-
uation of anticoagulation therapy stabilized the dissected aorta
without enlargement of the false lumen or extension of the dissected
aorta and did not cause recurrence of an LAA thrombus. After
confirmation of false lumen stabilization, we restarted warfarin on
day 42 after AAD onset, and AAD remained stable without
enlargement of the false lumen.

Although there are no current recommendations regarding the
use of anticoagulants for patients with AAD, many physicians believe
it would have a negative effect on thrombosis formation and the
healing process in the dissected aorta's false lumen. On the other
hand, Song et al [4] have also reported favorable effects of early
anticoagulation on the AAD; therefore, the effect of anticoagulation
on AAD remains unknown. To the best of our knowledge, this is the
first description of the rapid formation of LAA thrombus in a patient
with AAD. This case emphasizes the careful managementrequired for
patients with AAD and AF. Clinicians need to balance the prevention
of LAA thrombus formation with the complete thrombosis of a false
lumen in patients with AAD and AF. In patients who have a partially
thrombosed false lumen with ulcer-like projections, discontinuing
anticoagulants may prevent enlargement of the false lumen of the
dissected aorta, at least during the acute phase. However, AAD is
associated with hypercoagulation reaction, as evidenced by a
significant elevation in coagulation marker. If rapid formation of
LAA thrombus is observed, anticoagulation therapy needs to be
started with careful follow-up of the dissected aorta. We also need to
keep in close communication with the cardiovascular surgery team to
prepare for emergent surgical intervention, including surgical or
thoracic endovascular aortic repair.
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Fig. 1. Contrast-enhanced computed tomography showing thrombus in the LAA (B, arrow) on day 10 after AAD, which was not observed on admission (A). C, After resumption of

anticoagulation therapy, LAA thrombus disappeared on day 18.

Day 10

Fig. 2. Comparison of thrombosed aortic dissection seen on CECT on days 1 (A and D), 10 (B and E), and 18 (C and F). C and F, A partially thrombosed false lumen was enlarged

(arrows) after resumption of anticoagulation therapy.
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Abstract

OBJECTIVES: We reviewed magnetic resonance {MR) findings of the spinal cord in patients who had a spinal cord injury after descending
and thoracoabdominal aortic repair, to speculate the specific cause of the injury.

METHODS: Between 2000 and 2012, 746 patients underwent descending or thoracoabdominal aortic surgery: 480 received an open
repair with adjuncts of spinal cord protection [distal perfusion, cerebrospinal fluid (CSF) drainage, reattachment of intercostal arteries and
hypothermia] and 266 received an endovascular repair. Twenty-six (3.5%) suffered a spinal cord injury. Of these, 18 (14 open repair and 4
endovascular repair) underwent postoperative spinal cord MRI. Preoperative identification of the Adamkiewicz artery (ARM) was obtained
in all patients except 1. Aortic pathology was dissection in 2 and non-dissection in 16 patients.

RESULTS: There were 3 types MRI finding: sporadic infarction involving a range of spinal cord (sporadic); focal and asymmetrical infarction
within a few segments of vertebra (focal); and diffuse and symmetrical infarction around the level of the ARM (diffuse). In endovascular repair,
sporadic infarction was observed in all patients (4 of 4). In open repair, sporadic infarction was observed in 3 (21%), focal infarction in 7 (50%)
and diffuse infarction in 4 (29%). In all patients who had sporadic or focal infarction, the aortic pathology was non-dissection.

CONCLUSIONS: From these findings, embolism is 1 of the major causes of spinal cord injury in the era of adjuncts to optimize spinal cord

haemodynamics during aortic repair.

Keywords: Spinal cord injury * Aortic repair » Embolism

INTRODUCTION

Spinal cord injury (SCI) remains a devastating problem in descend-
ing and thoracoabdominal aortic repair. In 1988, Crawford reported
that the use of distal aortic perfusion significantly reduced the inci-
dence of SCi [1]. Spinal fluid drainage has been proved to be effect-
ive for spinal cord protection [2]. With these adjuncts combined
with mild hypothermia, the incidence of SCI has been reduced to
3.5-5.0% in recent reports [3, 4]. Deep hypothermia, which is one of
the most promising methods for organ protection, also provides
excellent results with a low incidence of SCI [5, 6]. Preoperative
identification of the Adamkiewicz artery (ARM) and collateral arter-
ies to the anterior spinal artery by magnetic resonance (MR) angi-
ography or computed tomographic angiography has given a better
understanding of the circulation in the spinal cord [7, 8], which has

'Presented at the Postgraduate Course of the 27th Annual Meeting of
the European Association for Cardio-Thoracic Surgery, Vienna, Austria, 6
October 2013.

contributed to lowering the incidence of SCI. In 1990, Mawad
et al. [9] reported the MRI findings of SCI after thoracoabdominal
aortic repair, which showed symmetrical high intensity of various
degrees according to the severity of ischaemia. Since then, various
adjuncts have evolved and the strategy for spinal cord protection
has changed over time. To investigate the cause of SCl in patients
who underwent aortic repair with a contemporary approach with
various adjuncts for spinal cord protection, we reviewed MRI find-
ings of SCl in these patients.

PATIENTS AND METHODS

Between 2000 and 2012, 746 patients underwent descending or
thoracoabdominal aortic repair. Four hundred and eighty had
open repair and 266 had endovascular repair. Of these, 233 (49%)
had aortic dissection. In open repair, the mean age was 63+ 10
years and 344 (71%) were men. In endovascular repair, their mean
age was 75 £ 9 years and 64 (24%) were men.

© The Author 2014. Published by Oxford University Press on behalf of the European Association for Cardio-Thoracic Surgery. All rights reserved.
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Operative procedures

In open repair, we used 2 methods for spinal cord protection
during the period: mild hypothermia (30-32°C) with distal perfu-
sion, spinal fluid drainage and reattachment of intercostal arteries
under the guidance of motor evoked potentials (MEPs); and deep
hypothermia (18-20°C). Since 2000, we have performed preopera-
tive identification of ARM [10] and 90% could be identified. In
patients with preoperatively identified ARM, reattachment of inter-
costal arteries, including the main source of the ARM, was per-
formed in both methods. We used mild hypothermia with adjuncts
in 307 (64%) patients and deep hypothermia in 173 (36%) patients.
In mild hypothermia, we used the segmental clamp technique to
reduce spinal cord ischaemic time and to close the patent intercos-
tals, which should not be reconstructed immediately after opening
the aorta. The target intercostals were decided according to a
preoperative ARM study, and we reconstructed 2 or 3 pairs of inter-
costals around the identified ARM. These were also closed immedi-
ately after opening the aorta with balloon-tipped catheters or
removable sutures. If ARM could not be identified in the preopera-
tive study, we blindly reattached 2 or 3 pairs of intercostals between
Th 8 and Th 12 levels. A spinal fluid drainage tube was inserted pre-
operatively and drained continuously to keep spinal fluid pressure
at 10 mmHg or less if MEPs significantly change.

In endovascular repair, descending aortic repair was performed
in 245 and thoracoabdominal aortic repair in 21 patients. Since
2008, we have performed spinal cord protection with spinal fluid
drainage, intentional hypertension at the time of deployment and
MEPs in high-risk patients who have a long segment of the aorta
covered, closing the ARM [11].

The extent of aortic repair, aortic pathology and method of
spinal cord protection are shown in Table 1. In all but 1 patient
who had SCI and underwent spinal MRI, the left subclavian artery
and the bilateral hypogastric arteries were patent. One patient
who had emergent surgery had only a plain CT, so their patency
was unknown.

Operative results and spinal cord injury

Operative mortality was 3.4% (26/746). 3.5% (18/480) in open
repair and 3% (8/266) in endovascular repair. Twenty-six patients
(3.5%) had SCI: 4% (19/480) in open repair and 2.6% (7/266) in
endovascular repair. Twenty patients had paraparesis, 4 had para-
plegia and 2 had monoparesis. Of them, 18 (14 open repair and 4
endovascular repair) had postoperative spinal cord MRI. The other

Table 1: The extent of aortic repéir and aortic pathology

n Dissection (%)  Deep hypothermia (%)

Open surgery 480  233(49) 173 (36)

Descending 232 100 (43) 101 (44)

TAAAL 29 15(51) 12 (41)

TAAA I 59 48 (81) 46 (78)

TAAA I 116 52(49) 14(12)

TAAA IV 44 8(18) 0(0)
Endovascular repair 266 10(4)

Descending 245 6(2) NA

TAAA 21 4(19) NA

TAAA: thoracoabdominal aortic aneurysm.

8 patients did not have spinal cord MRI because of their post-
operative conditions.

Analysis of spinal cord magnetic resonance
findings

Spinal MRI was performed in all patients except 1 with SCI 2-4
weeks postoperatively. A patient who had renal failure and para-
plegia had spinal MRI 2 months postoperatively. MRl abnormal-
ities in SCI are best demonstrated on T,-weighted images as
high-intensity areas. Two radiologists analysed the MRI findings
independently and classified them into 3 types:

Focal type: asymmetrical focal high intensity on axial
T,-weighted images within 2 segments of vertebra (Fig. 1).

Sporadic type: asymmetrical multiple high intensity on axial
To-weighted images involving more than 3 segments of vertebra
(Fig. 2).

Diffuse type: symmetrical high intensity on axial T,-weighted
images (Fig. 3).

The Review Ethics Board of the National Cerebral and
Cardiovascular Center approved this study and individual consent
for the study was waived.

RESULTS

Age, aortic pathology, the extent of operation, location of ARM,
the adjuncts for spinal protection, MRI findings and the location
of spinal infarction are shown in Table 2. In open repair, only 4 of
14 (29%) patients had diffuse-type spinal infarction, 7 (50%) had
focal infarction and 4 (21%) had sporadic infarction. In endovascu-
lar repair, all patients had sporadic infarction. In all patients who
had diffuse infarction, the location of the infarction was around
the ARM. Aortic pathology was non-dissection in 16 and dissec-
tion in 2 patients. With regard to symptoms, 3 patients had para-
plegia and the remaining 15 had paraparesis or monoparesis. Two
patients who underwent surgery with deep hypothermia had SCI;
in 1 who had undergone ascending aorta-to-iliac artery bypass
because of lower body malperfusion because of aortic dissection,
clamping the bypass graft at the time of thoracoabdominal repair
for arterial cannulation caused SCI. In this patient, spinal MRI
showed extensive diffuse infarction below the level of ARM. The
other had sporadic-type infarction. The incidence of SCI in open
surgery was 5.5% (17/307) in patients with mild hypothermia and
1.2% (2/176) in those with deep hypothermia.

DISCUSSION

SCI in aortic surgery has been regarded as provoked by intra-
operative and postoperative deterioration of spinal cord circula-
tion. Several authors have reported MRI findings of spinal cord
infarction in aortic surgery [12, 13], and we have focused exclusive-
ly here on perioperative spinal cord circulation as the cause of
ischaemia. However, because the causes of spontaneous spinal
cord infarction have been reported [13, 14], we assumed that
there would be 2 main causes of spinal cord infarction after aortic
repair: infarction developing from ischaemia caused by intra-
operative haemodynamic deterioration of the spinal cord, and
embolism. Only a few cases of SCI in aortic surgery caused by em-
bolism have been reported [15, 16]. Mawad reported MRI findings
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Figure 1: Sporadic type MRI findings: asymmetrical multiple high intensity on axial T,-weighted images involving more than 3 segments of vertebra. infarction is

shaded on the illustration.

Unilateral
Limited to 1-3 segments of vertebrae

Focal

Figure 2: Focal type MRI findings: asymmetrical focal high intensity on axial
T,-weighted images within 2 segments of vertebra. Infarction is shaded on the
illustration.

of SCI after thoracoabdominal aortic repair, all of which showed
symmetrical high intensity in cross section, classified into ‘diffuse
type’ in this study. These findings are different from those of this
study. In Mawad’s series, the currently available adjuncts for spinal
cord protection had not been used properly at that time; there-
fore, the main cause of spinal cord infarction would have been
haemodynamic deterioration of spinal cord circulation. Three
major adjuncts for spinal cord protection, including distal aortic
perfusion, mild hypothermia and cerebrospinal fluid drainage,
have enabled better outcomes and a lower incidence of SCl,
and these adjuncts alleviate intraoperative haemodynamic deteri-
oration of the spinal cord. Despite their evolution, there is a still
measurable incidence of SCI.

Over the past 12 years, we have experienced 4 patients with SCI
after thoracoabdominal aortic repair who had an autopsy

including the spinal cord. In 3 of 4 patients, microscopic findings
showed scattered spinal cord infarction with atheroemboli in the
anterior spinal artery and its branches, which supports our
hypothesis (Fig. 4). The remaining patient showed symmetrical
infarction without atheroemboli. Sporadic and focal infarction in
MRI findings corresponding to scattered infarction microscopical-
ly is thought to be caused by atheroembolism.

in this study, we identified only 20% diffuse infarction, which
was caused by haemodynamic deterioration, and the remaining
80% had focal or sporadic infarction, which was mainly caused by
atheroemboli. Using the contemporary approach for spinal pro-
tection, embolism has become one of the major causes of SCI.

The source of atheroemboli is obviously aortic atheroma, so
which procedure causes the embolism? Intraoperative MEPs serve
as useful reference. In all patients who underwent open repair
with mild hypothermia, we used MEPs for spinal cord functional
monitoring. Of the patients whose MRI showed focal or sporadic
infarction, 1 patient showed loss of MEPs (<20% of control) at the
time of proximal double clamping outside the aneurysm, and 5
showed loss of MEPs during aortic clamping, including crucial
segmental arteries. The MEPs never returned in these patients.
Considering these findings, aortic manipulation is a major cause
of atheroembolism. Two patients showed no change of MEPs
intraoperatively, but they had hemiparesis because of a paralysed
thigh and decreased lower leg strength, and their MRI showed a
small focal infarction. The MEP device detects evoked potentials
only at specific muscles; therefore, it is not reliable if a small part
of the spinal cord is injured without segmental ischaemia. Most
intercostals in non-dissecting aneurysms are occluded because of
parietal thrombus formation; however, some intercostals are
patent outside the aneurysm in patients. They can serve as a
carrier for emboli at the time of clamping and reperfusion,
although this is highly speculative.

In the patients with diffuse-type infarction, infarction occurred
around the level of ARM in all patients and, in the patients with
focal-type infarction, 14% (1/7) had infarction involving the level




208 H. Tanaka et al. / Interactive CardioVascular and Thoracic Surgery

Figure 3: Diffuse type MRI findings: symmetrical high intensity on axial T,-weighted images. Infarction is shaded on the illustration.

of ARM, but in the sporadic type, the level of ARM was not
involved in spinal cord infarction.

There is a possibility that ARM is a crucial source of spinal cord
circulation; however, few published data show that ARM has a
crucial role in spinal cord protection in thoracoabdominal aortic
surgery. This study includes only a few patients with diffuse-type
infarction; therefore, data focusing on this subject are necessary.

In endovascular repair, 2 papers have demanstrated a low inci-
dence of SCI [17, 18]. All patients in this study showed sporadic
infarction. Atheroemboli might be a more significant factor in
endovascular repair, which does not aggravate the global circula-
tion during the procedure.

We have discussed that focal and sporadic types are caused by
atheroembolism, and the diffuse type is caused by haemodynam-
ic deterioration; however, the part of the artery that is occluded
might influence which type of infarction occurs. In fact, in an
autopsy case that showed atheroemboli in the sulcal artery
branching to the anterior part of the spinal cord from the anterior
spinal artery, infarction involved the anterior part of the grey
matter almost symmetrically in a microscopic section. Thus, even
the diffuse type on MR might be atheroemboli-driven infarction.
It might be too speculative that the type of MRI findings in SCI
reflects the aetiology, but atheroemboli cause spinal cord infarc-
tion as the autopsies showed, and accumulation of a number of
patients would be necessary.

The classic watershed area in the spinal cord had been regarded
as the lower cervical and upper thoracic areas, but many articles
have reported a low incidence of SCl in these areas, regardless of
the cause of SCI. Anatomical variation, including the location of
radicular arteries, would cause individual differences in the loca-
tion of watershed areas. In watershed area infarction during aortic
repair, intraoperative occlusion of the artery that has a crucial role

in blood supply would cause deterioration of the circulation in
that area, spinal cord ischaemia and, finally, infarction followed
by ischaemia would occur and the end arteries would be
thrombosed. This mechanism was probably the main cause in
Mawad’s series in 1990, before the era of various adjuncts, which
showed diffuse-type infarction in all patients. No patients showed
sporadic-type infarction. Although watershed infarction still
occurs with the current approach for spinal cord protection, not
only haemodynamic stability, but also embolism should be the
focus. In horizontal plane of the cord, the radicular arteries form
2 distinct systems of intrinsic blood supply. The first system is a
posterolateral and peripheral plexus formed primarily by the
2 posterior spinal arteries that run longitudinally along the poster-
olateral sulcus of the cord and are richly interconnected by anas-
tomotic channels. This is a centripetal vascular territory with
penetrating branches that supply from one-third to one-half of
the outer rim of the spinal cord. The second arterial system is a
centrifugal system formed by numerous alternating central arter-
ies that arise from the anterior spinal artery, run horizontally in
the central sulcus and turn alternately to the right and left. This
centrifugal system supplies the central grey matter and an adjacent
white matter, which includes the corticospinal tract. Owing to
the higher metabolic rate in the grey matter than the white
matter and the anatomical arterial distribution, the grey matter,
particularly the anterior horn, is vulnerable to hypoperfusion,
which corresponds to the severity of ischaemia as Mawad's series
showed. In this study, the types of the infarction correlated with
the severity of the symptoms: patients with sporadic and the focal
types showed severe symptoms and patients with focal type
showed mild symptoms, but it might be difficult to speculate the
cause of ischaemia only by means of the MRI findings of the
spinal cord.
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Table 2:  Type of spinal magnetic resonance abnormality in patients with spinal cord injury

Age Gender Pathology Location of Preop ARM Location of MRl Type of MRI

(years) aneurysm abnormality abnormality
Patients who underwent TEVAR
1 85 M Non-dissection Descending LTh 12th Th4-7 Sporadic
2 89 M Non-dissection Descending NA Th4,8,10 Sporadic
3 68 M Non-dissection Descending NA Th4-10 Sporadic
4 81 M Non-dissection Descending LTh 11th Th-4,511-12 Sporadic

Age Gender Pathology Deep hypothermia  Preop ARM Repair involving  Location of MR Type of MR

ARM abnormality abnormality

Patients who underwent open descending aortic repair
1 59 M Dissection Yes Th11 No Th6-9 Sporadic
2 82 M Non-dissection No Th9 No Th3-12 Sporadic
3 81 M Non-dissection No Th11 No Th7,12 Focal
4 58 M Non-dissection No L1 No ThS Focal
5 85 M Infection No Th10 Yes Th6-10 Diffuse

Age Gender Pathology Extent Deep hypothermia  Preop ARM Repairinvolving  Location of MR Type of MR

ARM abnormality abnormality

Patients who underwent open thoracoabdominal repair
1 88 F Non-dissection I No Th11 Yes Th4-12 Sporadic
2 72 M Non-dissection | No Th8 Yes Th 5-8 Focal
3 61 F Non-dissection 1l No Th11 Yes Ths,6 Focal
4 71 M Non-dissection 1l No Tho No Conus Focal
5 79 M Non-dissection 1!l No Th8 No Conus Focal
6 68 M Non-dissection [l No Indefinite NA Conus Focal
7 69 M Non-dissection I No Th12 Yes Th12 Diffuse
8 34 M Dissection il Yes Th1 Yes Th10-Conus Diffuse
9 74 M Non-dissection 1l No Th10 Yes Th9,10 Diffuse

ARM: Adamkiewicz artery; M: male; F: female.

Figure 4: (A) Atheroemboli in the sulcal artery branching from the anterior spinal artery. (B) Magnification of the area indicated in (A). A: anterior spinal artery,
S: sulcal artery.

Given that it has been reported that cerebral atheroembolism
often occurs during extracorporeal circulation and aortic clamping,
even if the patient is asymptomatic postoperatively [19, 20}, spinal
atheroembolism can potentially occur, but whether it is symptomatic
depends on the extent and site of infarction. Reconstructed segmen-
tal arteries and vertebral and hypogastric arteries would reperfuse
the spinal cord or the collateral artery would restore blood flow if
the segmental arteries were occluded in the spinal cord [21], but
intraoperative bleeding that would result in systemic hypotension
and back-bleeding from the segmental arteries would reduce

pressure on the anterior spinal artery, and vasoconstrictor in open
surgery would impair blood flow from the arteries. Both atheroem-
bolism and haemodynamic deterioration would adversely affect
spinal cord circulation in open surgery. The association with ather-
oembolism but with less haemodynamic deterioration would be a
major reason for the low incidence of SCI in endovascular repair.
Therefore, avoiding multiple segmental aortic clamping to prevent
atheroembolism seemed to be one of the major reasons for the low
incidence of SCI in deep hypothermia, which provides longer is-
chaemic tolerance of organs and prevents reperfusion injury [22].
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In conclusion, the incidence of SCI was lowered with a contem-
porary approach using various adjuncts to maintain intraoperative
spinal cord circulation; however, embolism became a focal issue
regarding SCl in descending and thoracoabdominal aortic repair.

STUDY LIMITATIONS

This is a study based only on the analysis of 18 MRI and 4 autopsies.
The number of patients is small, and only 3 cases showed direct evi-
dence of spinal cord infarction caused by embolism, proved by aut-
opsies. The others are speculations from circumstantial evidence.
Although there might be other reasons for SCI in these cases, some
patients must have had embolism-driven infarctions, as shown in
the autopsies. We need to accumulate more patients to investigate
the specific causes of SCl and hope that this paper will help to lower
the incidence of SCI, even if only slightly.

Conflict of interest: none declared.
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Contribution of Central Hospital Laboratory to Critical Bleeding

Yoshie KAWAHARA *Y, Yumi WATANABE*2,
Yutaka TOMODA*3 and Shuichi KINO, MD, PhD*4

It has been reported that fibrinogen products, such as fibrinogen concentrates, cryoprecipitate (CRYO), and
fresh frozen plasma, are beneficial for treating coagulopathy due to massive blood transfusion. For the ap-
propriate use of these products, it is necessary to evaluate the status of coagulopathy and determine the trig-
ger level of the fibrinogen concentration for the administration of fibrinogen products.

In our institution, we established a treatment procedure for coagulopathy due to massive transfusion in
2011. ‘This procedure includes determination of the trigger level for administration of CRYO (150 mg/dL),
timing of sample collection for the evaluation of coagulation parameters (prothrombin time, activated partial
thromboplastin time, and fibrinogen) and concentration status during the operation, and a method for rapid
coagulation testing (turnaround time within 15 minutes) in critical bleeding.

Since 2011, we have performed 56 rapid coagulation tests for patients suffering from critical bleeding.
The average turnover time was 13 minutes. According to the rapid coagulation test results, CRYO was ad-
ministered to 27 patients. These results are satisfactory for treating critical bleeding patients.

We stress the need for the establishment of a rapid coagulation test system in the central hospital laborato-
ry. [Review]

[Rinsho Byori 62 : 1286~1294, 2014]
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