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CASE REPORT

Bilateral multiple stroke, left upper 
extremity ischemia, and transient complete 
atrioventricular block in transcatheter aortic 
valve implantation: a case report
Yuki Mitsuta1, Shingo Nakamura2, Yumiko Uemura3, Koichiro Tashima2, Takafumi Oyoshi2 and 
Naoyuki Hirata2*   

Abstract 
Background Transcatheter aortic valve implantation (TAVI) is a minimally invasive surgery. However, there is a risk 
of surgical manipulation causing detachment of a lesion of the aortic valve, which can result in various embolisms.

Case presentation An 87-year-old woman with symptomatic severe aortic valve stenosis was scheduled for trans-
femoral TAVI under monitored anesthesia. Preoperative examination revealed severe calcification of the aortic valve, 
but there was no calcification in the ascending aorta. After a delivery catheter system passed the aortic valve, left 
radial arterial pressure dropped significantly, and complete atrioventricular block (CAVB) occurred. Catecholamine 
administration and ventricular pacing improved hemodynamics, and a self-expandable valve was implanted. CAVB 
resolved after surgery, but her state of consciousness was poor, and her left hand became ischemic. Imaging studies 
revealed multiple embolic infarcts in her bilateral cerebrum and cerebellum.

Conclusions It should be noted that there is a risk of detachment of a calcified lesion of the aortic valve during TAVI, 
which can cause embolisms not only in the brain but also in the extremities and coronary arteries.
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Background
Transcatheter aortic valve implantation (TAVI) is a 
minimally invasive surgery for patients with aortic valve 
stenosis (AS). However, one of the serious complica-
tions is stroke. The frequency of stroke after TAVI is 
0.6–5.5% [1–6], and most of the cases of stroke are due to 

embolism [7]. Patients undergoing TAVI often have cal-
cification in the aortic valve and aorta. Surgical manip-
ulation can cause detachment of calcified debris, which 
can result in cerebral embolism. Calcified debris can also 
cause embolism in organs other than the brain, but there 
are few such case reports.

In this report, we describe a case of postoperative bilat-
eral stroke, left upper extremity ischemia, and intraop-
erative complete atrioventricular block (CAVB), which 
might have been embolisms caused by the release of a 
calcified lesion of the aortic valve by surgical manipula-
tion in TAVI.
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背景

lTAVIは重症ASに対する低侵襲手術だが, 重大な合併症として脳梗塞がある.

lTAVI後脳梗塞の頻度は0.6-5.5 %[1-6]で, その多くは塞栓によるもの[7].

l手術操作により大動脈弁や大動脈の病変が剥離して脳塞栓が起こり得る.

l脳以外の臓器にも塞栓症は起こり得るが, その報告はほんとんどない.

l今回, 大動脈弁の石灰化病変が剥離して生じた塞栓症と考えられる両側多
発脳梗塞, 左上肢虚血, および完全房室ブロックを呈した症例を報告する.



症例 87歳女性, 141 cm, 44 kg 

【現病歴】心不全で入院となり, TTEで重症ASの診断. TF-TAVIの方針. 

【既往歴】HT, CKD, 小脳梗塞 (4年前), 冠動脈狭窄 (術前精査で発覚, PCI for LAD seg.6)

【ECG】HR 65 bpm, 洞調律, 房室ブロックなし, 脚ブロックなし

【TTE】EF 72 %, no asynergy, mild LVH, 
severe AS (AVA 0.49 cm2, V max 5.5 m/s, PG mean 81 mmHg), trivial AR 

【CT】大動脈弁に高度石灰化 (石灰化スコア 3140AU), 
弓部〜腹部大動脈に散在性の石灰化

【MRI】陳旧性小脳梗塞, 頭蓋内および頸部血管に有意狭窄なし

【血液検査】Hb 11.3 g/dL, Cre 1.17 mg/dL, eGFR 34

【身体所見】杖歩行, 意識清明
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Case presentation
An 87-year-old woman was admitted to our hospital with 
heart failure and was diagnosed with severe aortic valve 
stenosis (AS) shown by transthoracic echocardiogra-
phy (TTE). While her medical history included cerebel-
lar infarction 4  years ago and left anterior descending 
artery stenosis with percutaneous coronary intervention 

performed 1  month ago, she had no clinical symptoms 
on admission. An electrocardiogram (ECG) showed sinus 
rhythm and no conduction disturbance. TTE showed 
an ejection fraction of 72%, good left ventricular wall 
motion, mild left ventricular hypertrophy, very severe AS 
(aortic valve area: 0.49  cm2, maximum velocity: 5.5 m/s, 
and mean pressure gradient: 81 mmHg), and trivial aor-
tic valve regurgitation (AR). Computed tomography 
(CT) revealed a highly calcified aortic valve and scattered 
calcification in the aortic arch, descending aorta, and 
abdominal aorta (Fig. 1). We planned transfemoral TAVI 
with a self-expandable valve (Evolut PRO +) under moni-
tored anesthesia.

Administration of dexmedetomidine was maintained at 
0.4 μg/kg/h, and propofol and fentanyl were administered 
as needed (Fig. 2). An arterial blood pressure (ABP) line 
was inserted into the left radial artery, and a temporary 
pacemaker was placed through the right internal jugular 
vein. We used bispectral index (BIS) for evaluation of the 
level of anesthesia depth and monitored cerebral regional 
oxygen saturation  (rSO2) for evaluation of cerebral blood 
flow and oxygenation. Heparin was administered, and 
activated clotting time was maintained at 250 s or more. 
Pre-dilatation was performed under rapid pacing at 
180 bpm. There were no ECG changes, pericardial effu-
sion, or exacerbation of AR. As the delivery catheter sys-
tem passed through the aortic valve and the position was 

Fig. 1 Preoperative computed tomography shows severe 
calcification of the aortic valve and scattered calcification in the aorta

Fig. 2 Anesthesia record. X, start and end of anesthesia; ◎, start and end of the operation; HR, heart rate; ABP(S), systolic arterial blood pressure; 
 rSO2(L), left regional oxygen saturation;  rSO2(R), right regional oxygen saturation



術前問題点

#1. 超重症AS #2. 冠動脈ステント留置後 #3. 陳旧性小脳梗塞 #4. HT #5. CKD

予定術式：TF-TAVI, pre-BAVあり, Evolut pro+ 26mm留置

麻酔計画

局麻＋鎮静（監視下麻酔管理）

鎮静鎮痛：デクスメデトミジン, プロポフォール, フェンタニル
ライン ：PV (左手), A line (左橈骨動脈), CV (右内頸静脈)
モニター：BIS, cerebral rSO2, TTE



施行術式：TF-TAVI
麻酔法 ：局麻, 鎮静

手術時間：1時間23分
麻酔時間：2時間27分

IN    ：輸液 750 ml
OUT：尿 100 ml, 出血 50 ml

①デリバリーカテーテルシステム
がA弁通過後にCAVB発症,血圧低
下, SpO2検出不可. しかし大腿動脈
は拍動触れる.
→カテコラミン・ペーシング開始

TTE: LV asynergyなし, 心嚢液なし
血管造影: 冠動脈閉塞なし, 基部破
裂・大動脈解離なし

②手術終了後, 正常洞調律に復帰し, 
バイタルは安定. しかし鎮静からの
覚醒不良で, さらに左手は蒼白で冷
感を認めた.
→CCU入室し経過をみる方針

① ②
CV, tPM



手術終了後

l CCU入室後も覚醒遅延し、右上下肢麻痺が明らかとなったため緊急画像検査へ.

l CTで多発梗塞の疑いあり. 脳血管造影検査でカテーテル治療介入可能な血管閉塞なし.

l MRIで両側の前頭葉, 頭頂葉, 後頭葉および小脳半球に梗塞を認めた.

l POD 1, 左手虚血は改善. ECGでII III aVFのST低下、血液検査でトロポニンT上昇 (0.021→0.348 
μg/mL)を認めた. 

l POD 42, 右上肢麻痺と構音障害が残存した状態で転院となった.
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being adjusted, complete atrioventricular block (CAVB) 
occurred, and ABP dropped significantly. The pulse wave 
of the pulse oximeter attached to the left hand became 
undetectable. However, femoral artery pulsations were 
palpable. Immediately, ventricular pacing was started; 
noradrenaline was administered as a bolus followed by a 
continuous infusion. Additionally, 50-μg adrenaline was 
administered. During CAVB, left ventricular wall motion 
was normal in TTE, but right ventricular wall motion 
could not be examined. Abnormal coronary artery flow 
during CAVB was also not detected by intraoperative 
coronary angiography. ABP was improved, but BIS and 
bilateral  rSO2 decreased (left: 85 to 50, right: 80 to 42). 
A self-expandable valve was implanted, and the surgery 
was completed. CAVB reverted to normal sinus rhythm. 
However, recovery of consciousness was delayed, and her 
extremity movements were inadequate. Furthermore, 
her left hand was pale and felt cold. Magnetic resonance 
imaging (MRI) revealed multiple embolic infarcts in the 
bilateral frontal, parietal and occipital lobes, and cerebel-
lar hemispheres (Fig.  3). However, angiography showed 
no treatable vessel occlusion.

On postoperative day 1, ST-T depression in II, III, 
and aVF was observed, and high-sensitivity troponin T 
(hsTnT) was increased compared to preoperative value 
(hsTnT: 0.0212 to 0.348 μg/mL).

The left-hand ischemia gradually improved, but the 
right upper extremity paralysis due to stroke persisted.

Discussion
During TAVI, as the delivery catheter system passed 
through the aortic valve and the position was being 
adjusted, CAVB occurred, left radial ABP dropped, 
the waveform of the pulse oximeter attached to the left 
hand disappeared, and BIS and bilateral cerebral  rSO2 
decreased. After TAVI, left upper extremity ischemia and 
bilateral multiple cerebral embolisms were revealed. We 
considered that these events may have occurred through 
a unitary mechanism.

TAVI has been widely performed and is becoming 
safer, but the incidence of postoperative stroke has not 
decreased. This may be related to characteristics specific 

to patients with severe AS. It has been reported that 
patients who experience TAVI-related stroke tend to be 
female, have a history of stroke, and have peripheral vas-
cular disease, ischemic heart disease, or renal failure [8]. 
Our case also had many of these characteristics.

TAVI involves manipulation of the calcified aortic 
valve and aortic wall by using a delivery catheter sys-
tem, pre-dilatation, positioning and implantation of the 
prosthetic valve, and post-dilatation. Therefore, detach-
ment of fragments of the calcified native valve and the 
aorta may occur, leading to cerebral embolism [9]. One 
study with transcranial Doppler in TAVI showed that 
cerebral embolism often occurs during prosthetic valve 
positioning and valve deployment [10]. Aortic valve cal-
cium score, measured by CT, has been reported to be 
an independent risk factor for TAVI-related stroke [11]. 
Our case had a high aortic valve calcium score of 3140 
Agatston units, suggesting that the patient was at a high 
risk of stroke. Calcification of the left ventricular outflow 
tract and calcification of the aortic arch have also been 
reported as predictive factors for TAVI-related stroke 
[12, 13]. Conversely, it has also been reported that calci-
fication of the aortic valve predicted an increase of white 
matter hyperintensity volume, while calcification of the 
aortic arch and calcification of the left ventricular out-
flow tract are not associated with an increase in white 
matter hyperintensity volume after TAVI [14].

In our case, calcified lesions were observed in the aor-
tic valve, aortic arch, and descending aorta, but cerebral 
emboli occurred bilaterally in the cerebrum and cerebel-
lum. Therefore, we believe that the source of the embo-
lism might have been located more proximally than the 
first branch of the aortic arch, that is, the emboli were 
calcified lesions of the aortic valve.

In TAVI, a calcified aortic valve can embolize organs 
other than the brain. Considering that calcified lesions 
disperse to the arch branch, it is quite conceivable that 
emboli disperse from the subclavian artery to the upper 
extremity arteries and cause embolism. However, there 
has been only one case report of a calcified lesion of the 
aortic valve causing limb arterial embolism [15]. In our 
case, left radial arterial pressure decreased, and the pulse 

Fig. 3 Diffusion-weighted magnetic resonance images 5 h after surgery. Multiple embolic infarcts in the bilateral frontal (a), parietal and occipital 
lobes (b and c), and the cerebellar hemispheres (d) were detected



考察 1 一連の合併症について

ØTAVI術中, デリバリーカテーテルシステムが自己弁を通過した後に
CAVB, 左橈骨動脈圧の低下, 左手のSpO2検出不可, BIS低下, 両側rSO2低下
が起こった.

ØTAVI終了後, CAVBは改善したが, 左手の虚血と両側多発脳梗塞を認めた.

→今回起こった脳梗塞, 上肢虚血, CAVB, 
この3つの合併症は, 単一の機序で発生したのではないか. 



考察 2 脳梗塞

ØTAVIは, 普及とともに安全性も高まっているが, 術後脳梗塞の発生率は低下していない.

Ø患者背景として, 女性, 脳梗塞の既往, 末梢血管疾患, 虚血性心疾患, 腎不全が多い[8].

Ø石灰化した弁や大動脈に, 前拡張, 人工弁位置決め, 弁留置, 後拡張の影響が及ぶことで, 病変組
織が剥離し塞栓症が起こりうるが[9], 特に人工弁位置決めおよび展開時に脳塞栓が多い[10].

Ø大動脈弁石灰化スコアがTAVI関連脳梗塞の独立危険因子であるとの報告があり[11], 本症例で
は石灰化スコア 3140 AUと非常に高値であった.

Ø大動脈弓部や左室流出路の石灰化はTAVI関連脳梗塞の予測因子であるという報告とそれに否
定的な報告もある[12-14].

Ø本症例では, 大動脈弁と大動脈弓部の第2分枝（左総頚動脈）レベル以遠に石灰化を認めるが, 
左右の脳塞栓を発症していることから, 塞栓源は弓部の第一分枝（腕頭動脈）よりも近位に存
在するもの, すなわち大動脈弁の高度石灰化病変であると考える.

Øデリバリーカテーテルシステムの接触によってその大動脈弁病変が剥離して両側脳塞栓が起
こったと考えられる（BIS, rSO2が低下したタイミングおよび改善しなかったことも考慮）.



考察 3 上肢虚血

Ø大動脈弁の石灰化病変が剥離して頸動脈を経て脳へ飛散したことを考えると, 同じく大動
脈弓部から鎖骨下動脈を経て上肢に塞栓が起こることも十分考えられる.

Øしかし, TAVIにおいて大動脈弁病変によって上腕動脈塞栓を起こした症例報告は1例のみ
であった[15].

Ø本症例では, 弁の位置決め時に左橈骨動脈圧の低下とパルスオキシメーターの波形消失が
起こり, 術後に左手の虚血を認めた.

Ø大動脈弁病変の剥離による脳塞栓が起こった機序とタイミングを
考慮すると, 同様にして左上肢の塞栓も発生したと考えられる.

Ø橈骨動脈圧減弱と左手虚血所見が改善傾向であったため
血管造影検査を行わなかったが, 確実な診断と治療のために
造影検査は必要であったかもしれない.
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Case presentation
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was inserted into the left radial artery, and a temporary 
pacemaker was placed through the right internal jugular 
vein. We used bispectral index (BIS) for evaluation of the 
level of anesthesia depth and monitored cerebral regional 
oxygen saturation  (rSO2) for evaluation of cerebral blood 
flow and oxygenation. Heparin was administered, and 
activated clotting time was maintained at 250 s or more. 
Pre-dilatation was performed under rapid pacing at 
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Fig. 2 Anesthesia record. X, start and end of anesthesia; ◎, start and end of the operation; HR, heart rate; ABP(S), systolic arterial blood pressure; 
 rSO2(L), left regional oxygen saturation;  rSO2(R), right regional oxygen saturation

再掲：術前CT画像



考察 4 CAVB
ØTAVIにおけるCAVBは, 主に人工弁が刺激伝導系を物理的に障害するために起こるが,左室
ワイヤーが大動脈弁を通過した際に一時的にCAVBが起こることも報告されている[16].

ØTAVI後のペースメーカー植え込み術の頻度は3.8-25.9%で[1-6], その危険因子として, 術前
の伝導障害, 自己拡張型人工弁, 弁留置の深さなどがあげられる[17].

Øしかし本症例は, 術前の伝導障害はなく, CAVBは弁留置後ではなく弁の位置決め時に起
こった.

Ø大動脈弁の石灰化病変が脳および上肢に塞栓を起こしたことを考慮すると, 今回のCAVB
は大動脈弁病変による右冠動脈房室結節枝への塞栓症という可能性がある.

Ø術中に右冠動脈の虚血を示唆するST-T変化や壁運動異常, 血管造影所見は認めなかったが, 
術後にII III aVFのST低下やトロポニンT上昇を認めており, 術中に石灰化病変の飛散によ
り右冠動脈虚血が生じたことを示唆しているかもしれない.

Ø大動脈弁病変からの塞栓によるCAVBの報告は見つからなかったが, その可能性も念頭に
置くことが重要である.



結語

üTAVIにおいて, 大動脈弁の石灰化病変による塞栓症と考えられ
る両側多発脳塞栓, 左上肢虚血, およびCAVBを発症した.

ü大動脈弁の石灰化病変が様々な塞栓症を起こし得ることに十分
注意を払うべきである.
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