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Abstract

Background: Cardiac damage is common in patients with acute brain injury; however, little is known regarding
cardiac-induced neurological symptoms. In the International Classification of Headache, Third Edition (ICHD-III), car-
diac cephalalgia is classified as a headache caused by impaired homeostasis.

Methods: This report presents four patients with acute myocardial infarction (AMI) who presented with headache
that fulfilled the ICHD-III diagnostic criteria for cardiac cephalalgia. A systematic review of cardiac cephalalgia using
the Preferred Reporting Items for Systematic Reviews and Meta-analyses guidelines is also presented.

Results: Case 1: A 69-year-old man with a history of percutaneous coronary intervention (PCl) developed sudden
severe occipital pain, nausea, and cold sweating. Coronary angiography (CAG) revealed occlusion of the right coro-
nary artery (RCA). Case 2: A 66-year-old woman complained of increasing occipitalgia and chest discomfort while
riding a bicycle. CAG demonstrated 99% stenosis of the left anterior descending artery. Case 3: A 54-year-old man
presented with faintness, cold sweating, and occipitalgia after eating lunch. CAG detected occlusion of the RCA. Case
4: A 72-year-old man went into shock after complaining of a sudden severe headache and nausea. Vasopressors were
initiated and emergency CAG was performed, which detected three-vessel disease. In all four, electrocardiography
(ECG) showed ST segment elevation or depression and echocardiography revealed a left ventricular wall motion
abnormality. All patients underwent PCl, which resulted in headache resolution after successful coronary reperfusion.
A total of 59 cases of cardiac cephalalgia were reviewed, including the four reported here. Although the typical mani-
festation of cardiac cephalalgia is migraine-like pain on exertion, it may present with thunderclap headache without a
trigger or chest symptoms, mimicking subarachnoid hemorrhage. ECG may not always show an abnormality. Head-
aches resolve after successful coronary reperfusion.

Conclusions: Cardiac cephalalgia resulting from AMI can present with or without chest discomfort and even mimic
the classic thunderclap headache associated with SAH. It should be recognized as a neurological emergency and
treated without delay.

Keywords: Cardiac cephalalgia, Cardiac cephalgia, Acute myocardial ischemia, Thunderclap headache, Neurological
Emergency

Background

The interaction between the brain and the heart is an
emerging area of clinical interest. Cardiac damage is
common in patients with acute brain injury. Neuro-
genic stress cardiomyopathy (also known as neuro-

*Correspondence: hitoshi.kobata@ompu.acjp genic stunned myocardium) is widely recognized in
Osaka Mishima Emergency Critical Care Center, 11-1 Minamiakutagawa-cho patients with acute neurological disease [1]; however,
Takatsuki, Osaka 569-1124, Japan little is known regarding cardiac-induced neurological
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symptoms. In 1997, Lipton et al. reported two cases
of exertional headache associated with myocardial
ischemia; based on these and a review of five similar
previous ones, they coined the term “cardiac cephalgia”
(“cardiac cephalalgia” in the current classification) [2]. In
the International Classification of Headache, Third Edi-
tion (ICHD-III) [3], cardiac cephalalgia is classified as a
headache caused by impaired homeostasis (Table 1). Car-
diac cephalalgia is described as migraine-like headache
that occurs during an episode of myocardial ischemia
and is usually aggravated by exercise. The diagnosis can
be challenging because cardiac cephalalgia is uncommon
and the headache is not always associated with exertion;
headache may occur at rest without chest symptoms
[4—6]. Only a few reported cases of cardiac cephalalgia
presented with sudden severe headache (thunderclap
headache), which mimics subarachnoid hemorrhage
(SAH) [7-10]. Both myocardial ischemia and SAH are
potentially life-threatening; therefore, early recognition
with appropriate treatment is critically important. Con-
sequently, it is essential to understand the characteristics
of cardiac cephalalgia as a neurological emergency and
accurately diagnose it to enable appropriate intervention.
This report presents four patients diagnosed with cardiac
cephalalgia and reviews the relevant literature to sum-
marize the disease characteristics and current evidence
regarding the diagnosis and treatment of this uncommon
clinical entity.

Methods

Cases

Since 2009, Osaka Mishima Emergency Critical Care
Center has experienced four cases of headache that ful-
filled the ICHD-III diagnostic criteria for cardiac cephala-
lgia. Characteristics of the four patients are summarized

Table 1 Diagnostic criteria of cardiac cephalalgia
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in Table 2 and briefly described below. Coronary artery
lesions are described using the American Heart Associa-
tion classification (Fig. 1) [11].

Literature review

The PubMed (National Center for Biotechnology Infor-
mation, National Institutes of Health, Bethesda, MD,
USA) and Scopus (Elsevier, Amsterdam, Netherlands)
databases were searched in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
analyses guidelines [12]. The terms "cardiac cephalalgia”
OR "cardiac cephalgia" OR "headache and acute coronary
syndrome" OR "headache and myocardial infarction" OR
"anginal headache" were used without a publication year
limitation. The references of each publication were also
reviewed to find other potentially relevant reports. Only
full-text English language studies were included. Dupli-
cated patients were excluded.

Results
Case presentations
Case 1
A 69-year-old man with a 50-year history of smoking
presented with sudden onset severe pulsatile occipitalgia
during sleep. The headache was described as the worst in
his life and was accompanied by nausea, cold sweating,
and a five-minute episode of unconsciousness. He had a
history of hypothyroidism and percutaneous coronary
intervention (PCI) in the left anterior descending artery
(LAD) and the right coronary artery (RCA) for angina.
Electrocardiography (ECG) in the ambulance during
transport to the hospital showed ST elevation in leads II
and IIL

He was alert on arrival complaining of severe occipital-
gia but no chest pain. Blood pressure was 132/70 mm Hg

A. Any headache fulfilling criterion C
B. Acute myocardial ischemia has been demonstrated
C. Evidence of causation demonstrated by at least two of the following:

1. headache has developed in temporal relation to the onset of acute myocardial ischemia

2. either or both of the following:

a) headache has significantly worsened in parallel with worsening of the myocardial ischemia

b) headache has significantly improved or resolved in parallel with improvement in or resolution of the myocardial ischemia

3. headache has at least two of the following four characteristics:
a) moderate to severe intensity
b) accompanied by nausea
) not accompanied by phototophia or phonophobia
d) aggravated by exertion
4. headache is relieved by nitroglycerine or derivatives of it
D. Not better accounted for by another ICHD-3 diagnosis
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and heart rate was 57 beats per minute (bpm). Emergency
head computed tomography (CT) showed no abnormali-
ties. ECG showed ST segment elevation in leads II, III,
and aVF (Fig. 2). Echocardiography revealed akinesis of
the inferior wall of the left ventricle. Blood chemistry
studies showed no elevation of creatine kinase—myocar-
dial band (CKMB) concentration (0.6 ng/mL; reference
range, < 3.6 ng/mL). When repeatedly asked if he had any
chest symptoms, he admitted to having slight chest dis-
comfort. Emergency coronary angiography (CAG) was
subsequently performed and acute myocardial infarction
(AMI) was diagnosed. The angiogram revealed occlusion
of segment 2 in the RCA (Fig. 3) and 75% stenosis of seg-
ment 12 in the left circumflex artery (LCX). During PCI
for the occluded RCA, he went into ventricular fibrilla-
tion (VF), which recovered to sinus rhythm after electri-
cal defibrillation. His headache subsided after treatment

Fig. 1 Coronary artery segments according to the American and he was discharged uneventfully 11 days later.
Heart Association classification [11]. RCA, right coronary artery;

LCA, left coronary artery; LMT, left main trunk; LAD, left anterior

descending coronary artery; LCx, left circumflex coronary artery; Case2
AV, atrioventricular nodal artery; PD, posterior descending coronary A 66-year-old woman with a history of rheumatoid
artery arthritis presented with sudden occipitalgia while riding a

bicycle. The pain was moderate and gradually intensified
over time. While resting, she reported chest discomfort
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Fig. 2 Electrocardiogram of case 1 shows ST segment elevation in leads II, lll, and aVF
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coronary artery was recanalized

Fig. 3 Coronary angiogram of case 1 before A and after B percutaneous coronary intervention with stenting to segment 2. The occluded right

and cold sweating. ECG during emergency transporta-
tion to the hospital showed ST segment elevation in leads
V3-V5. On arrival, she was alert and profusely sweat-
ing. Blood pressure was 90/40 mm Hg and heart rate was
60 bpm. ECG showed ST segment elevation in leads II,
IIL, aVF, and V2-V4. CKMB was normal (1.4 ng/mL) and
troponin T was negative. Emergency head CT showed
no intracranial hemorrhage. CT angiography disclosed
a basilar-left superior cerebellar artery aneurysm 2 mm
in diameter; no bleb was visualized. Magnetic resonance
imaging of the brain confirmed no hemorrhage and no
arterial dissection. Therefore, the aneurysm was consid-
ered unruptured. Echocardiography revealed takotsubo-
like abnormal movement with an ejection fraction of
30%.

She was initially treated with intravenous heparin.
Although her headache subsided soon after admission,
CKMB concentration the next day was 501.1 ng/mL. She
underwent CAG 15 days later after cardiac function had
been restored. A 99% stenosis was found in LAD segment
7 and stents were placed. She was discharged home une-
ventfully. Magnetic resonance (MR) angiography of the
brain nine months later showed no change in aneurysmal
size or shape.

Case 3

A 54-year-old man with a 30-year history of smoking
presented with faintness, cold sweating, and nausea after
eating lunch, followed by strangulating occipitalgia. He
was taking medications for hyperlipidemia, hypertension,
and diabetes. ST segment elevation was seen in leads II

and III on ECG during transportation to the hospital.
Upon arrival, he complained of moderate occipitalgia
but no chest pain. Blood pressure was 66/38 mm Hg and
heart rate was 44 bpm. ECG showed ST segment eleva-
tion in leads II, III, and aVFE. Echocardiography showed
hypokinesis of the inferior wall. His headache subsided
while being evaluated in the emergency room. CKMB
concentration was elevated (22.8 ng/mL) and troponin
T was positive; therefore, AMI was diagnosed. After ini-
tiation of vasopressors and temporary pacing, emergency
CAG was performed, which showed occlusion of the
RCA segment 3 and LCX segment 13, as well as 90% ste-
nosis of the LAD segment 7. PCI was performed for the
RCA, which was thought to be the culprit lesion. After
hemodynamic stabilization, he underwent PCI for the
LAD stenosis 15 days later. The LCX was considered a
chronic occlusion and was not treated. He had no further
headaches after the initial PCI and he was discharged
21 days later uneventfully.

Case 4

A 72-year-old man experienced a sudden severe head-
ache with vomiting and called an ambulance. He was a
heavy smoker and had a history of hypertension and
Y-graft placement for an abdominal aortic aneurysm.
When the emergency team arrived 10 min later, he was
disoriented and incontinent of feces and urine. He did
not complain of any chest symptoms. No obvious ST
segment changes were noted on ECG during transpor-
tation to the hospital. On arrival, blood pressure was
106/82 mm Hg and heart rate was 64 bpm. He vomited
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and was intubated to secure the airway. ECG showed ST
segment depression in leads I-III, aVF, and V2-V5 and
ST elevation in aVR (Fig. 4). Echocardiography showed
mitral regurgitation, akinesis of the posterior wall of the
left ventricle, and hypokinesis in the anterior septum.
SAH associated with neurogenic stunned myocar-
dium was suspected and head CT was immediately
performed; no significant lesions were found. CT angiog-
raphy showed no cerebrovascular abnormalities. CKMB
concentration was normal (1.6 ng/mL) but troponin
T was positive. His blood pressure declined to 50 mm
Hg/unmeasurable after CT and heart rate declined to
30 bpm. After vasopressor support was initiated, emer-
gency CAG was performed and revealed 99% stenosis of
the RCA segment 3, 75% stenosis of the LAD segment
6, and 90% stenosis of the LCX segments 11 and 13. The
patient underwent PCI for segment 3, which was consid-
ered the culprit lesion (Fig. 5). Then, an intra-aortic bal-
loon pump (IABP) was placed and he was transferred to
the cardiovascular department as a potential candidate
for mitral valve replacement. He underwent veno-arterial
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extracorporeal membranous oxygenation and the IABP
was later replaced with a catheter-based miniaturized
ventricular assist device. He did not complain of head-
ache upon awakening but died 38 days later due to hem-
orrhagic complications.

Literature review

The literature search initially identified 721 potentially
relevant articles. Forty-eight articles including 55 cases of
cardiac cephalalgia met criteria (Supplementary File 1).
After including the four patients reported here, a total of
59 cardiac cephalalgia cases were finally reviewed. Indi-
vidual patient characteristics are shown in Table 3 [13-54]
and summarized in Table 4.

Cardiac cephalalgia generally occurs in middle-aged or
older individuals (median age, 64 years) with male pre-
dominance (62.7%). Forty-seven patients (79.7%) were
age 50 or older. Pain is typically triggered by varying
degrees of exertion, sexual activity, and motion fluctua-
tion (49.2%) but may develop at rest without any par-
ticular trigger (27.1%). Headache may occur suddenly or
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Fig. 4 Electrocardiogram of case 4 shows ST segment depression in leads I-ll, aVF, and V2-V5 and ST elevation in aVR
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Fig.5 A Right coronary angiography of case 4 shows 99% stenosis of the right coronary artery segment 3. B Left coronary angiography shows
75% stenosis of the LAD segment 6 and 90% stenosis of the LCX segments 11 and 13. C Right coronary angiography after percutaneous coronary
intervention with stenting to segment 3

gradually increase in intensity. The most common loca-
tion of the pain is the occipital region (39.0%), but it can
occur in a variety of sites, most often bilaterally (39.0%).

The nature of the headache varies, which has been
described as pulsating, throbbing, oppressive, burst-
ing, or explosive. Regardless, the intensity is usually
severe. Headaches are frequently associated with auto-
nomic signs such as nausea, vomiting, and sweating.
More than half of patients (55.9%) do not complain of
chest symptoms, which makes diagnosis challenging.
The reported duration of headache ranges from 30 s to
a few days and they may occur intermittently for several
years. Exertional headaches are almost always relieved
by rest. SAH is suspected in cases of sudden severe
headache and several patients underwent diagnostic
lumbar puncture [2, 7-9, 24, 33, 39, 44].

ECG revealed ST segment elevation (39.0%), ST seg-
ment depression at rest (15.2%) or during stress test-
ing (23.7%), and other abnormal findings (8.5%). ECG
was normal or equivocal in four (6.8%). Among the 25
patients who underwent cardiac enzyme testing, the con-
centration was elevated in 21 patents (84%) and normal
in four (16%).

Coronary risk factors were common: hypertension,
smoking, hyperlipidemia, diabetes, and obesity were
reported in 35.6%, 33.9%, 32.2%, 23.7%, and 6.8% of
patients, respectively. Three patients, including one
reported above, had a history of myocardial infarction or
coronary intervention [28, 31]. These histories provide
invaluable diagnostic clues.

Underlying cardiac pathology was AMI (50.8%), angina
(47.5%), cardiomyopathy (1.7%), and not described
(1.7%). CAG results were described in 51 patients. Coro-
nary occlusion or severe stenosis was present in almost

all patients. The number of affected arteries was three in
19 patients, two in 11, and one in 17; spasm was reported
in two and findings were normal in two others.

PCI was performed in 26 patients and coronary artery
bypass graft (CABG) in 12. Nitrates were administered
in 15 patients, heparin in one, and warfarin in one.
Advanced life support was performed in one patient
because of cardiac arrest. Headaches resolved with
improvement in myocardial ischemia. Nitroderivatives
are effective and PCI or CABG leads to permanent res-
olution of the headache. Headache recurrence has been
reported with restenosis of coronary arteries [21, 43, 46].
Overall, reported outcomes were as follows: headache
resolution, 51; death, 6.; not reported, 2. Three patients
died of cardiac failure or its complications, including
one patient reported above [18, 52]. Two others died of
VF [18, 25]. One died suddenly 6 months after headache
onset [28]

Discussion

This report presents four cases of cardiac cephalalgia
that resulted from AMI. Two patients (cases 2 and 3)
reported chest discomfort with associated triggers. In
contrast, the other two (cases 1 and 4) presented with
sudden severe headache that met the diagnostic criteria
for a thunderclap headache without an identifiable trig-
ger. The latter two lost consciousness after the headache
and had no cardiac symptoms; therefore, SAH was ini-
tially suspected. After head CT confirmed no intracranial
hemorrhage, emergency CAG was performed, followed
by PCI. Notably, three patients presented with low blood
pressure and one developed VFE. Because all four exhib-
ited abnormal findings on ECG and echocardiography,
the diagnosis of cardiac cephalalgia was straightforward.



Page 8 of 15

(2022) 15:33

Kobata International Journal of Emergency Medicine

uon izd}
paA0SaY ogyD |9SSaA € RICTENES VN SUON BupIwon SINOH VN EIEIE]S YN |elodwang 4 8/ 100T opuswy
VN VN [9SSON € VN 159y SUON VN VN VN VN VN [eudddO W 0/ 0007 [€7]ezue]
P-CA ured
paAjOsaY 58vD [9sson ¢ Ul | paxesd 1594 lop|noys SUON VN VN VN VN eudidO W 89 000 [eg]ezue
(SSau3S) UOIS ENB)
paAjOsaY OgyD  ¥D4'Qvl  -saudep S -exapjiw  uted 1sayd SUON SAINUIN [enpeis VN VYN ewoyybly W 79 8661 [gg] edue
(s52435) UOIS s [eudino0
asde|ay OgyD  ¥DY'Qvl  -saudep S -19x3 PN 9UON SUON SpuUoseS usppns RS Bunsing XoUSA N 65 L66l  [lZ]ede1D
puissaid
(S52435) UOIS EHRIENC] sinoy ‘Aipeais
paAjosay Dd [9ssan ¢ -saidap IS SNoIOBIA SUON SUON  —SaAINUIN |enpein IS ‘Kzaanbsg puonlg W /9 /661 [c] uodin
A1AinDe
|enxas ured
(552435) UOIS '9SIDIDXD 19D 10 sinoy Bunooys
PoA|0S9Y Dgvd |9ssan ¢ -saidap S snoioblp  [eulwopqy BasNeN  —SaINUIN [enpein EIEVEIS Jo dieys X9U3A W /S /661 [¢] uoxdi
(559435) UOIS uled
PaA|0S9Y Dd |9ssan € -saidap S 159y 1ap|noys easneN yol usppns 21995 buiggolyl eudod>o W ¥9 9661 [07] eplys|
ured wile
uols 13| 'aIns
PaAj0SaY 12d NO VDY -saidap IS ¥N  -saudisayd SUON woe-0l usppns 2I9N3S VYN jeiodwang W 65 €661 [61] usmog
uon [8l]
psid S9N [9SS9A € “BA9IS 1S VN utedisayd YN VN VN VN VN VN 4 ¥9 0661 16euRAeye]
uoneuun
uon ‘Buidas|s aIns s9INuIW 811
pald Sa1RIIN VN RISTENES ‘YreqioH -saidisayd SUON M3} e VN 219A3G Bunesind euddd0 W /9 0661 1beuekede|
|[eaw  suie oy bul [eIUOUY
(sS2115) UOIS ‘aspiaxa  -jelpes uied |eyanied
paAjOsaY SSIRAIN VYN -saidap IS ‘uonuexg lap|noys SUON VN VN VN VN eudidO W L2 6861 [£L]ARUIRA
(ss2135) UOIS ENBIEXE]
paAjOsaY SSIRAIN VDY -saidap IS snoJobIA SUON SUON VN VN VN VYN |elodwaug W OF /861  [91]1Ameig
[eaw
uon.  'pjod ‘asd ssau [S1]
panjosay SOIBAIN VN BAIR IS -I9x3 PN -ybnIsaYD SUON VN VN VN VN [eyuoly 4 8/ S86l 10Id19914
ssauquinu
(559435) UOIS uon wie ‘ujed 1]
PaA|0S9Y ogvD [9SSoA € -sa1dap IS -J9X® ‘SSaIIS  |PUISISOIIRY VN VN VN 2I9A3S aAiso|dx3 onewbalg W 79 7861 ZAMOMN]
uon 9sDIaxa  uled wie-|
PoA|0s9Y 91N VN -eAJPR LS pliwsay  ‘utedisayd 9UON S O0v-0¢ VN 2ISNSS Buissaid Aowbry W /¥ 861 [EL]AdseD
uoisa| swoldwAs subis
dn-mojjo4 Adesay)  Aieuoso) Y| 1966111 Selpie) dlwouolny  uoneing 19suQ  Ausuaju| Ajenp 91S x9§ 9By Jeadp loyiny

elbjejeydad deipied Jo sased paloday € a|qeL



Page 9 of 15

(2022) 15:33

Kobata International Journal of Emergency Medicine

[e1o1eliq
uon aAIssaiboud |exdindo
panjosaY 12d avi -eA9I9 1S VN VN VN VN Ajpidey 9I9NSS IIna O1XaleA W 9¢ 800¢ [S€] 1o
Jo||ed |es3e|1q
uon uon Bulwon puiggoiyy [eIUO1}
PaA|0SY ueday vy -BAJID |G -I9XD 159y SUON ‘83asneN SINOH usppns 219A9s  pue dieys [eudpoo 4 7/ /00T [8] Jauolg
pul
uon -1B9MS P|OD
pan|osay N avl  -endR s N SUON  ‘BumUwIo Pl lenpeio 2I19A3S  2A1s0|dX3 YN W SE /00T VAREN
Aunnoe
[eNxas ‘3512 puiq
paAjosay 1>d V4 Qv [BWION  -Joxo PIIN SUON SUON SIINUIN [enpei VYN -qoiyi-UoN [eyouedlg W GG 9007  [¥EldannD
uols pupiuwon [g€] sonod
P9A|0S9Y S91eIN avl  -saudap S 159y SUON ‘easneN yl usppns EIEVES dieys [eudidndQ 4 €/ S00C  -OZiueIOY
uolIN|0Sal ENRIENEY |esa1e|lq [z€] 21010
19e paig N VN YN Pl 153y SUON SUON yl usppns 2I9A9S  anIssalddO 10 -lun 4 ¥9 G007  -zoManno
uols ssau sinoy [z€] 21010
paAjosay s21eIN YN -saidap IS 159y -ybnasayd BaSNeN  —S2INUIN VN EIEVES bupesind  |ejodwang 4 ¥/ S007  -zouanno
(s52435) UOIS uon Buiq
PaA|0SDY SOIRNIN  VYDY'‘Qyl  -saudep IS -1ox@1say  uredisayd SUON w s YN 2I9A3S-PIIN -goJyl-uoN  [elodwislg W 9/ 00T [L€] uayD
uon ssau punooys e [0€] eAued
PaA|0SaY Dgvd |9SSaA € RISTENES uolaxy  -1ybnisayd SUON woz-S1 VN 219A35 Jjodieys -dpdoys1T W8S $00C -ellyies
UonISX
uon CHBIENE] |eluen [67]
PaA|0SY Dd |9SSANA € -eA9ID 1S PN SUON SUON yl |lenpeio 219A3G pupooys  -lway ya] 4 89 700C Zaule
elq [eJ=3eq
uols -oydoioyd anIssalbold 219A3s  Buiggoiyy [eudind0 [87] 21010
pan|0saYy RN VYN -sa1dap IS 159y uled1sayd ‘BasneN pl Apidey  -91e19pOIN pue [ng XA N 65 C00C  -Zaudnno
|es3e|1q
uon ured oin bunooys |eraned V|
PaA|0SY RN N -BA9ID |S YN -sebids piy SUON pe VN 2I19A3G 1o dieys -ouol4 W 0/ Z00Z oJejnule
uled
paAjosal (ss2115) UOIS [eSW  WJe 3| pue [97]
Ajenied 95gvD [9ssen ¢ -saudap IS ‘9512193 Isp|noys VN VN VN VN VN [endidd0 4 S9 100C  Jeyiquiey
uoddns ay| uon y z-san
paid  padueApy  YDY AV -eA9I° 1S VN VN VN -UIN VN VN VN [eudddO W /¥ 100T [T] Jeny
uors Klej|Ixew
-saipoud pue [eIUO0l} izd!
VN VN [PWION Y [eIpJodaid VN SUON SUON SINOH 21Ny EIEVENS VN 1oy 4 /[ 100C opuawy
uois3| swoldwiAs subis
dn-mojjo4 Adesay)]  Kieuoio) >RE| 196611 Selpie) dlwouolny  uoneing 1suQ  Ausuaz| Anjend 9US X3S 3By Jesp loyiny

(panunuod) € ajqey



Page 10 of 15

(2022) 15:33

Kobata International Journal of Emergency Medicine

pui [euddoo
-1BaMS pue PEIENN
w@cmsu uon mm@CHL@E ‘UmwswLOw (o)} GE
panj0say 1Dd X2J1'avl LIS PIN  -I19X9'ssalls  1s3yd PlIN 9UON we-c VN VN VYN ejnoune-aid LS SLoz  Ainypmoyd
SaNIANDR
[enxas
‘s109[go Bul oljeyd
(559415) UOIS Aneay -1LIDNIDXD -920|0y
paAj0SaY ogvd |9ssan ¢ -saidap IS Buyn SUON easneN w 09-01 usppns EIEVEL ‘9SUSIU| 01 JOLISOJ /9 510z [S¥]ysexeid
sanuIw X91I3A 01 [#4]
poAjosay 1Dd avi VN uoluexy SUON SUON Mo}y VN 2I9ASS VN /¥ S10C Mayiely
(559135) UOIS 1I0JUI0D
panjosay IDd avl -saidep ]S uomexy  -SIpIsayYD SUON VN N 919A3S  aAIssaiddO VN v 107 [eb] Jossem
uols [ev]
panjosay Dd  av1'xD1 -saudep IS N SUON SUON VN VN EIEVES N [endidd0 98 107 Se1sansy
[L¥]
paAj0say 1Dd avi 9ARM O VN QUON QUON yci< VN SIEUEN VN [e1uol S5 ¢loz  Aigeseybi3
5dgvD uols [ov] so|
PoA|0S9Y ‘s1enIN |9ssan ¢ -saidap S uolsx3 SUON VN VN VN VN VN 1endindo G5 |10z -hodoisod
(sSa11S) UOIS SSou
PoA|0S9Y s21eIN wseds  -saudap IS uomexy  -ybnisayd pasneN VN VN EIEVE]S VN |eluolyIg ¥ 0107 [65] BueA
IEET)]
-edoJjodwiay
[e491e)lq
eaudsAp ‘e|nqipuewl
PaA|0SDY Dd |9SSaA T [ewWION UOILaX]  [eUOISXT SUON wg usappns 2JansS  buigqolyl ‘mef /9 0l0z [8€] buayd
eIS9Y)
paAj0SaY s21edIN |eULION [pDOAINbI  -saue >0 ured1sayd SUON pe usppns 21an9S  buiggqolyl |e1a1e)1g 7S 0loz  [8€]buayd
uon |esodwang [£€]
panjosay IDd avl  -erdPR s VN SUON SUON SINOH usppns SIEIEN VN |e3uol4 Ty 0l0T  sisizizieyd
uols [o1]
PaA|0SY Dd |9ssan e -saudap IS uonJaxj JUON SUON VN VN EIEVEL VN peayalo4 19 6007  ISAOPUS
Bunesms
uon ‘Bupiwon
paAjosay 1Dd VDY -BASI9 | S VN 9UON ‘easneN VN usppns EIEACN VN [enddd0o ¥ 600C (6] 119ze@
pasneu
uon ‘sisaioydelp
paAjosey 1Dd Xod -eAQ|9 |S VN 4\ 'ssaulzzig SINOH VN BIEZES VN VN 18 8007  [9€] Buem
paAjosay So1eIN [BWION VN osipuexg  uledissyd VN VN VN VN VN 942 1yb1Y S8 800¢ [S€]1om
uois3| swoldwiAs subis
dn-mojjo4 Adesay)]  Kieuoio) >RE| 196611 Selpie) dlwouolny  uoneing 1suQ  Ausuaz| Anjend 9US X3S 3By Jesp loyiny

(panunuod) € ajqey



Page 11 of 15

(2022) 15:33

Kobata International Journal of Emergency Medicine

uonuaAIdlUl A1eU0I0D snoaueindiad D4 ‘Yeib ssedAq Aiarie
K1euolod ngy) ‘A1arie [euobelp g ‘A1arie jeuibiew asniqo O ‘A191ie xaywnoar XD ‘A1aie A1euoiod 1ybu oy ‘A191ie Buipuadsap Joualue Ya| g7 ‘Aep p ‘siNoy Y ‘@Inuiw W ‘puodas s ‘d|qe|ieAe 10U i ‘S[ewdy 4 ‘dew p

palg uon puniwon
/PIN0SIY Dd |9SSIA € -BA9JD |S SUON SUON ENN VN usppns BIEVELS VN YN W 7/ 120C e1RqOY
uon 1I0jwod bul uon
PoA|0S9Y Dd |9SSA € -eA9ID 1S [BAN  -SIPISAYD  -1BAMS P|OD VN |enpelo  21eJ9poly  -e[nbueng eudp>o W ¥S 120C e1RCOY
uon 1I0JUWI0D pul
panjosay IDd avi -eA9Ie 1S UORIOX3  -SIP1SaYD  -1eaMms P|OD VN usppns 2IBNSS VN [endid>d0 4 99 lcoc e1eqoy
uon pupneams
panjosay 1>d VoY -eA9Ie 1S SUON SUON ‘easneN VN usppns SSUES s|ies|nd [eUA>O W 69 120C e1eqo)
uon Sl
panjosay 12d VoY -eA9le IS SuoN  uredisayd SUON SINOH VN YN -suteibipy VN 4 €8 1ot [PGluns
uon |esodwang [€q]
P9A|0S9Y Dd |9SSIA € -eA9ID IS uoniaxg SUON SUON N VYN 21ei9poly  aAIssaiddo RCIETN 41 ¥/ 0207 zZno ziny
paig OgvD |ossen ¢ [BWION SUON  uledisayd SUON WN WN WN Buiyoy [eluenojoH W 79 6107 [¢S] sowes
uols Jouisod [15]
PaA|0saY upepeAN @ 'XD1'vDY  -saudap S SuoN  uledisayd SUON W 06-0¢ AISsaIbold EIEVELS ng ‘lesdlellg W 98 6107 JeeS|DRI
uon aAIssaiboid pui
paAjosaY 12d VOd -eA9I9 1S VN SUON QUON wGl-g Alpidey 219A9S  -ssaidwio)  pazifessudd W ¥9 6L0C  [0G] Lezeq
uors l6v]
paAjosaYy 12d vod'‘ayl  -saidap IS uoiexy SUON SUON SINOH VN 2I9ASS VN VN i 8 £l0z  Jspwnleny
S3AINDR ‘suon
[enxas -eydjed
axol IINWINS PjOD>  “HOODSIP pul EIENEN ybn
paAjosaYy Dd  'VD4'Av1 L PpSueAy| ‘uonexy 194D -1eams plod woL-s YN -91eIopOon ‘dlnesind  [elodwalg W OF /10T [9] Buem
($52415) UOIS [8¥]
P9A|0S9Y og9vD |9ssaA € -saudap S uoexj SUON SUON wes VN VN INg pazielduD N €/ 9107 Ieyjueys
|eyonu
uon puizaanbs Jop1sod
paAjossy 1>d avi -eAdl9 1S SUON SUON ssaulzzid VN usppns VN IIna [eJoiellg 4 0/ 9l0C [/v]Bueny
uois3| swoldwAs subis
dn-mojjo4 Adesay)]  Kiseuoiod Dd3 19661 Jelpie) djwouoiny  uoneing 1suQ  AysuLiu| Ayjend 9)S Xxa5 aby Jeas loyny

(panunuod) € 9qel



Kobata International Journal of Emergency Medicine (2022) 15:33

Table 4 Clinical manifestations of cardiac cephalalgia

Characteristics Variable (N=59)

Age Years (median, quartile) 64 (54-72)
Sex Male 37 (62.7)
Triger Exertion 26 (44.1)
Other than exertion 3(5.1)
None 16 (27.1)
NA 14 (23.7)
Onset Sudden 15 (25.4)
Progressive or gradual 11(18.6)
NA 33(55.9)
Side Right 4(6.8)
Left 2(34)
Bilateral 23(39.0)
NA 30(50.8)
Regions Frontal 10 (16.9)
Temporal 7(11.9)
Parietal 3(5.1)
Occipital 23 (39.0)
Whole 6(10.2)
Eye 2(34)
NA 8(13.6)
Intensity Severe 37 (62.7)
Moderate-severe 2(34)
Moderate 2(34)
Mild -severe 101.7)
NA 17 (28.8)
Chest symptom Present 24 (40.7)
Absent 33 (55.9)
NA 2(34)
Associated symptoms Nausea 10 (16.9)
Sweating 7(11.9)
Vomiting 5(8.5)
Dizziness 2(34)
Miscellaneous 5(8.5)
None 1(2.0)
NA 8(13.5)
ECG ST elevation 23(39.0)
ST depression 9(15.2)
ST depression in stress 14 (23.7)
Other changes 5(8.5)
Normal 4(6.8)
NA 4(6.8)
Risk factors Hypertension 21(35.6)
Diabetes 14(23.7)
Hyperlipidemia 19 (32.2)
Smoking 20(33.9)
Obesity 4(6.8)

Characteristics are shown as number (%) except for age
NA, not available

The vertex in the original description was classified as parietal
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Early cooperation with cardiologists enabled prompt
cardiovascular examination and treatment. The head-
ache resolved after successful coronary reperfusion in all
cases.

In a study of 1546 AMI patients, headache was present
(along with other symptoms) in 5.2% and was the primary
complaint in 3.4% [55]. Differentiation of cardiac cepha-
lalgia from migraine without aura has been emphasized
in patients without chest symptoms. Vasoconstrictor
medications (e.g., triptans, ergots) are contraindicated in
patients with ischemic heart disease, while migraine-like
headache may be triggered by angina treatments such as
nitroglycerine [3].

The typical manifestation of cardiac cephalalgia is
migraine-like pain on exertion. However, it may present
as a thunderclap headache without a trigger, although
this is not common. In a systemic review of thunderclap
headache, more than 100 different causes were reported;
cardiac cephalalgia was highlighted as an important caus-
ative systemic condition [56]. Above all, SAH is the most
common cause of secondary thunderclap headache and
should be the focus of initial assessment given its signifi-
cant morbidity and mortality [57].

Early differentiation of SAH and AMI is crucial because
both are potentially life-threatening. Rapid diagnosis and
appropriate treatment are therefore critical. Because
cardiac cephalalgia is not always associated with chest
symptoms or ECG abnormalities, the diagnosis should be
considered in middle-aged or older patients with coro-
nary risk factors presenting with a first-episode headache.

Confusingly, SAH patients can also present with car-
diac symptoms. ECG abnormalities are common in these
patients and left ventricular wall motion abnormalities may
develop in the absence of organic coronary artery stenosis.
Echocardiography may show takotsubo-like or other types
of abnormal wall motion. This manifestation is transient
and has been called neurogenic stunned myocardium [58],
which is often associated with hypotension and elevated
myocardial enzyme concentration [59]. Accordingly, hypo-
tension, ECG abnormalities, abnormal cardiac wall motion,
and mildly elevated cardiac enzyme concentration do not
preclude SAH. For patients with thunderclap headache,
emergency head CT is indispensable; if no significant find-
ings are detected, a cardiac workup should be initiated.
ECG, echocardiography, measurement of cardiac enzyme
concentrations, and coronary artery evaluation should be
performed when cardiac cephalalgia is suspected.

Several mechanisms to explain the headache induced
by myocardial ischemia have been hypothesized: 1)
referred pain through the convergence of vagal affer-
ents from the heart with trigeminal neurons in the spi-
nal trigeminal nucleus or somatic afferents from C1-C3
in the upper spinothalamic tract [2, 4, 60]; 2) elevated
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intracranial pressure because of venous stasis resulting
from ischemia-induced ventricular hypofunction and
reduced cardiac output [2, 4]; 3) vasodilation within the
brain secondary to myocardial ischemia-induced release
of serotonin, bradykinin, histamine, and substance P
[2, 4]; 4) presence of vasospasm in both coronary and
cerebral arteries [4]; and 5) reversible contraction of
microvessels or cortical spreading depolarization induced
by cerebral hypoperfusion [6]. The last hypothesis is
based on confirmation of cerebral hypoperfusion dur-
ing a headache attack in the presence of normal cerebral
arteries on MR angiography [6]. CT angiography and MR
angiography in the patients reported here did not reveal
constriction of visible cerebral arteries either.

Headache in cardiac cephalalgia does not present
with uniform clinical characteristics. Some patients
visit the outpatient clinic complaining of recurrent
exertional headaches, while others are brought to the
emergency room in shock or a comatose state. Car-
diac symptoms may be absent and ECG may be normal,
even with standard stress testing [34]. To diagnose car-
diac cephalalgia, clinicians must be aware of it and also
suspect its presence. Interestingly, among the 48 arti-
cles reporting cardiac cephalalgia, 28 were published
in neurology journals and 17 in cardiovascular jour-
nals. This may reflect the fact that patients are usually
initially seen by neurologists. Overlooked or delayed
diagnosis can lead to serious consequences. First-line
health care professionals should be aware of cardiac
cephalalgia. When it is suspected, early collaboration
with cardiologists is warranted.

Conclusion

Cardiac cephalalgia resulting from AMI can present with
or without chest discomfort and even mimic the classic
thunderclap headache associated with SAH. It should be
recognized as an emergency and treated without delay.
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