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Abstract

The spiked helmet sign (SHS) is a rare electrocardiographic marker associated with an increased risk of lethal ventricular tachyarrhythmias
and sudden cardiac death. To our knowledge, this is the first study aimed at reviewing recent research progress on this electrocardio-
gram (ECG) pattern to summarize its electrophysiological mechanisms, epidemiological features, clinical characteristics, and clinical
significance. SHS formation is attributed to sympathetic hyperactivity, which mediates increased dispersion of ventricular repolariza-
tion, leading to marked QT prolongation and macroscopic T-wave alternans. This pattern can be observed in critically ill patients with
cardiac or noncardiac conditions. In particular, immediate identification of this ECG abnormality is crucial in recognizing and treating

noncardiac conditions in older male patients.
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1. Introduction

The spiked helmet sign (SHS) a new electrocardio-
graphic entity, was first described in 2011 by Littmann et
al. [1]. This pattern is characterized by slurring or notching
J-point elevation, subsequent downsloping ST-segment ele-
vation, and wide T(U)-wave inversion in the inferior leads,
suggesting a combination of J-point, elevated ST segment,
and T-wave. The SHS width may correspond to the QT(U)
interval. When the heart rate is sufficiently fast and the
QT(U) is long enough, the inverted T(U)-wave reaches the
subsequent QRS complex, and the upward and downward
shifts of the electrocardiographic baseline reflect the as-
cending and descending limbs of the wide inverted T(U)-
wave, respectively [2]. The distinguishing characteristic
of this electrocardiogram (ECG) pattern is the late and gi-
ant T(U) waves of the preceding beat superimposed on the
QRS complex [3]. This distinctive ECG pattern was named
the Pickelhaube because it resembles the historical Ger-
man military helmet, as depicted in Fig. 1 [4]. SHS was
originally described in the inferior leads with subsequent
publications reporting its presence in the anterior or lateral
leads. Macroscopic T-wave alternans (TWA) refers to the
beat-to-beat alternation of the amplitude or polarity of the T-
waveform. Conventionally, TWA is considered an ominous
sign of electrical instability and precedes fatal ventricular
arrhythmias, especially imminent torsade de pointes (TdP).
It is frequently associated with prolonged QT intervals. Ad-
ditionally, macroscopic TWA and prolonged QT intervals
are two crucial features of SHS on the ECG (Fig. 2) [4].
SHS has been reported in patients with severe disorders and
major traumas of the brain, heart, lungs, or abdomen, as
well as in cases of sepsis or thoracoabdominal aortic dissec-

tion [5]. SHS is a rare electrocardiographic marker associ-
ated with impending death during critical illnesses, particu-
larly noncardiac illnesses [6]. This review presents the first
comprehensive summary of the electrophysiological mech-
anisms, epidemiological features, and clinical implications
of this ECG pattern.
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Fig. 1. Electrocardiographic representation of the spiked hel-
met sign (SHS) in QT prolongation (A) and its resemblance to
the Pickelhaube German military helmet (B). (With permission
from Crinion et al. [4]). The SHS QT motif, a rare electrocardio-
graphic marker, is depicted in this figure. The distinctive curve
observed in the electrocardiogram resembles the shape of the his-
torical German military spiked helmet, known as the Pickelhaube.
The SHS QT motif holds significance as it has been associated
with poor outcomes within patient populations, making its identi-
fication and understanding crucial in clinical practice.
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Fig. 2. A 12-lead electrocardiogram at the presentation showing inferior (II, II1, aVF) and anterolateral (V4-V6) spiked helmet

signs and macroscopic T-wave alternans. The heart rate is regular, at 100 beats/min. Asterisks indicate the alternating T-waves. (With

permission from Crinion et al. [4]).

2. Pathophysiology

In a typical ECG, the formation of the J point at the
beginning of the ST segment is caused by early repolar-
ization (Phase 1) in the major myocardial cells. The ST
segment, appearing as an isoelectric horizontal line at the
“baseline” in the ECG, represents the plateau phase (Phase
2) of the action potential (AP). T-wave duration ends when
repolarization (Phase 3) returns to the negatively charged
resting phase (Phase 4). During the plateau phase of AP,
the normal ST segment reflects no net voltage gradient in
the myocardium. The QT interval in the ECG includes
phases 0, 1, 2, and 3 of AP, indicating rapid depolariza-
tion and slow repolarization in myocardial cells [7]. SHS
mainly comprises a slurring or notching J-point elevation,
a downsloping ST-segment elevation, and a wide T-wave
inversion, which can affect QT prolongation. Elevated J
points in the form of slurring and notching are associated
with a higher risk of sudden cardiac death (SCD) (relative
risk 1.48-2.09). J-point elevations >0.2 mV in the inferior
leads with a descending ST-segment variant have the high-
est SCD risk among various ST-segment elevation patterns
(relative risk 3.14) [8]. Therefore, the presence of SHS is
highly arrhythmogenic and markedly increases the likeli-
hood of TdP [7].

The exact mechanism driving this ECG pattern re-
mains unclear. It has been proposed that the SHS observed
in thoracic and abdominal diseases is caused by two distinct
mechanisms [9]. Reported cases have shown an association

between intrathoracic pressure overload and SHS changes
in the anterior leads and between intra-abdominal disten-
tion and SHS changes in the inferior leads. The manifes-
tation of this ECG pattern in different leads, corresponding
to the location of the affected cardiac tissue, is dependent
on the opening and closing of ion channels involved in the
rapid increase of intracavitary pressure. This mechanical
mechanism, a pulsatile epidermal stretch attributed to an
acute rise in intracavitary pressure, is responsible for the
downsloping ST-segment elevation observed in thoracic or
abdominal events [10]. In cardiac tissue, stretch-activated
ion channels modulate cardiomyocyte conductivity under
different stretch conditions, mainly intrathoracic and intra-
abdominal distention. Additionally, the aforementioned
mechanism can be related to electric alternans, a rarely ob-
served cardiac phenomenon that often triggers malignant
ventricular arrhythmias. Electric alternans refer to the alter-
nation of the QRS complex axis, amplitude, or morphology,
typically presenting as a 1-in-2 periodicity on the ECG.
The underlying electrophysiological mechanisms that
lead to SHS-induced ventricular tachyarrhythmias are not
fully understood. However, the currently leading hypothe-
ses involve alterations in automaticity triggered activity,
and phase 2 re-entry [11]. SHS, which mimics or sug-
gests myocardial ischemia, arises due to electrical hetero-
geneities in the ventricular endocardium, midmyocardial
cells, and epicardium during ventricular repolarization. The
loss-of-function of L-type calcium current (ICa-L) or gain-
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Table 1. Clinical characteristics of selected patients who died with spiked helmet signs in the electrocardiogram.

Case Sex  Age (year) Heart Rate Leads with SHS Long QT Ventricular Noncardiac causes Cardiac ~ SHS presentation In-hospital death ~ SHS resolution ~ SHS resolution
Number (bpm) waveform  interval  arrhythmia [nirathoracic Intra-abdominal Intracranial causes time (<1 week) (Time <1 week) time (<24 hours) way
cause cause cause Others

1 Male 46 NA 11, 1T No No Yes No No No No Yes Yes NA NA

2 Female 54 130 1L, II1, aVF No No No No No Yes No No Yes NA NA

3 Male 44 NA II No No No No No Yes No Yes No NA NA

4 Male 66 100 1L, 111, aVF No No No No Yes No No Yes No NA NA

5 Female 55 NA III, aVF No No Yes No No No No Yes Yes NA NA

6 Female 58 130 1L, III, aVF NA No No Yes No No No Yes Yes Yes Spontaneous
7 Female 34 140 aVL, V1-6 No No Yes No No No No Yes No Yes Spontaneous
8 Male 84 78 1L, III, aVF Yes No No No No No Yes Yes Yes Yes Intervention
9 Male 60 110 V14 No No Yes No No No No Yes Yes Yes Intervention
10 Male 77 100 V2-5 Yes Yes Yes No No No No Yes Yes Yes Intervention
11 Male 54 55 1L, V3-6 No No No Yes No No No Yes Yes Yes Spontaneous
12 Male 56 100 IL, aVL, NA No No No No Yes No Yes Yes NA NA

V1-3

13 Male 72 95 V4-5 Yes No Yes No No No No Yes Yes No Spontaneous
14 Male 73 110 NA Yes No Yes No No No No Yes Yes NA NA

15 Male 52 80 11, aVF NA No No Yes No No No Yes Yes Yes Intervention
16 Female 70 185 V34 No No Yes No No No No Yes Yes NA NA

17 NA 55 130 11, III, aVF, Yes Yes No No Yes No No Yes Yes NA Intervention

V3-6

18 Female 40 100 I, avVL Yes No No No Yes No No Yes Yes NA NA

19 Male 90 75 IL, III, aVF NA No No No No Yes No Yes Yes Yes Spontaneous
20 Female 73 98 VI1-5 No Yes No No No No Yes Yes Yes NA NA

Bpm, beats per minute; NA, not applicable; SHS, spiked helmet sign.
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of-function of adenosine triphosphate-dependent potassium
current (IK-ATP) create transmural gradients, resulting in
a descending ST-elevation pattern in the ECG. An imbal-
anced repolarization caused by a reduction in inward cur-
rents (late sodium current [INa-L] or ICa-L) or an increase
in outward currents (transient outward potassium current
[Ito], IK-ATP, or acetylcholine-dependent potassium cur-
rent [[K-ACh]) leads to SHS. This process, in turn, causes
integrated J-ST-T shifts, in which may involve the recruit-
ment of IK-ATP channels. Although the ionic transfer of
potassium from transmural myocardial injury is a fertile
substrate for arrhythmogenesis, it is secondary to the my-
ocardial oxygen supply-demand imbalance associated with
a critical underlying condition.

There is evidence that SHS has a hereditary basis in
the general population. Although the underlying mecha-
nisms and triggering factors for SHS are not well defined,
genetic mutations in cardiac ion channels or gap junctions
are regarded as significant predisposing factors for SHS in
critically ill patients. It is highly likely that electrical insta-
bility leading to life-threatening ventricular tachyarrhyth-
mias primarily stems from genetically determined defects in
the cardiac electrophysiological substrate. Previous studies
have revealed that SHS is associated with sodium channel
protein type 5 subunit o (SCN5A) and potassium inwardly-
rectifying channel, subfamily J, member 8 (KCNJ§) mis-
sense mutations and could have an arrhythmogenic sub-
strate in the inferior wall [12—15]. Most importantly, SHS
is mainly caused by a transmural voltage gradient result-
ing from an imbalanced ventricular repolarization between
the endocardium and epicardium, which is associated with
genetic susceptibility.

Increased sympathetic activity is believed to con-
tribute to ventricular arrhythmias and SCD. In addition to
increasing the heart rate, sympathetic hyperactivity can in-
fluence ventricular repolarization, leading to QT prolon-
gation during intracerebral and subarachnoid hemorrhage
(SAH) [16]. Sympathetic hyperactivity can cause hy-
pokalemia, which further enhances the proarrhythmic po-
tential of sympathetic hyperactivity [17]. For example, both
prolonged QT intervals and macroscopic TWA have re-
cently been reported in Takotsubo cardiomyopathy (TTC)
[18]. Large negative T-waves and markedly prolonged
QT intervals are frequent consequences of acute adrenergic
stress [19]. Therefore, a consistent explanation confirmed
that SHS was caused by adrenergically mediated QT pro-
longation due to sympathetic overstimulation in all serious
pathophysiological disorders [20].

The development of SHS may be attributed to of sym-
pathetic hyperactivity dysregulation. Changes in ion chan-
nels can be influenced by genetic predispositions and fac-
tors such as myocardial ischemia, hypoxia, acid-base im-
balance, and/or electrolyte disturbances. Collectively these
factors contribute to increased dispersion of ventricular re-
polarization. This leads to marked QT prolongation and

macroscopic TWA, which predispose individuals to the
manifestation of electrical instability and cause fatal ven-
tricular arrhythmias [21].

3. Epidemiology

Given the relatively recent identification, SHS find-
ings remain limited to case reports and small case series
studies. The true prevalence of SHS in critically ill patients
remains unknown, and its actual distribution under various
clinical conditions is less predictable. In the index case se-
ries, no significant difference was observed by sex, and the
mean age of death was 53.83 + 8.06 years in six selected
patients with SHS on ECG. To date, Mahmoudi ef al. [22]
have conducted a systematic review of 39 case reports con-
cerning the SHS, utilizing the preferred reporting items for
systematic reviews and meta-analyses statements. Based on
the same study flowchart, we conducted another systematic
review and added two case reports written in the Hungarian
language [23]. The study included a total 41 SHS patients,
among whom 20 patients (59%; with a mean age of 61 £ 15
years) died (clinical outcomes were not reported for seven
patients; Table 1). Among the included patients, there were
more male deaths than female deaths. Furthermore, males
with SHS on ECG had a higher likelihood of death due to
noncardiac conditions compared to females (Fig. 3). Addi-
tionally, the mean age of those who died was higher than in
previous reports. These findings suggest that age and sex
may be factors associated with an increased risk of death in
critically ill patients with SHS on ECG.

4. Clinical Implications

The mean heart rate (HR) of the 17 patients who
died was 107 + 30 beats per minute (bpm) at the onset of
SHS (ECGs were unavailable in three patients who died).
Among the deceased patients, 11 (65%) had an elevated HR
(>100 bpm). The occurrence of SHS in the 20 patients
who died was predominantly observed in the inferior leads
(Fig. 4). These ECG features are commonly observed in
critically ill patients with SHS. The search for distinctive
ECG markers that indicate susceptibility to ventricular fib-
rillation (VF) and SCD is ongoing. SHS is associated with
VF, a severe clinical course, and high mortality [24]. In our
study, long QT intervals were present in six patients who
died (37.5%), and ventricular arrhythmias were triggered in
only three patients who died (15%). The occurrence of ma-
lignant arrhythmia following SHS was not commonly seen
among those who died. Although often overlooked, SHS is
associated with a high mortality rate in critically ill patients
with noncardiac conditions [25]. A previous study reported
that six (75%) of eight patients with SHS on ECG died of
noncardiac causes. Our study also revealed that 18 (90%) of
the 20 selected patients died of noncardiac causes (Fig. 5).
SHS can occur in patients with acute ST-segment eleva-
tion myocardial infarction (STEMI), coronary vasospasm,
or cardiac arrest [26,27]. It is often observed in acute coro-
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Fig. 3. Sex differences in selected patients with the spiked helmet sign in the electrocardiogram (A) and with noncardiac and

cardiac causes (B).

nary artery occlusion [28]. However, SHS can be present
in conditions other than primary cardiac diseases, such as
right tension pneumothorax [29], pheochromocytoma, sub-
arachnoid hemorrhage [30], or sepsis.

Identifying a correctable cause of the ECG can poten-
tially improve the prognosis of right-sided tension pneu-
mothorax. In a case study the presence of SHS with elec-
tric alternans was detected in a patient, this led to ventricular
tachycardia due to the presence of a right tension pneumoth-
orax, which was followed by cardiac arrest. In this case,
if the clinician had identified the SHS earlier, the patient
could have received a chest X-ray and echocardiography
examination, potentially resulting in a timely diagnosis and
prompt treatment [31].

Pheochromocytoma can present with various car-
diovascular emergencies, including TTC. Excess cate-
cholamine is central to the pathogenesis of pheochromo-
cytoma. An accurate diagnosis is essential to managing
pheochromocytoma, as it differs from acute coronary syn-
drome [32].

Acute central nervous system (CNS) events are most
commonly related to SAH or Takotsubo syndrome [33],
and are frequently associated with ECG abnormalities mim-
icking ST-segment elevation [34]. However, administer-
ing heparin and antiplatelet agents is detrimental to cere-
bral hemorrhage, and emergency coronary angiography can
result in unnecessary delays in implementing appropriate
therapeutic strategies. Therefore, recognizing SHS as an
indicator of a potential CNS event can rectify misdiagnosis
and potentially improve clinical outcomes [35].

Sepsis, a state of severe physical stress, can increase
catecholamine levels, which activate the CNS and cause
calcium overload in cardiomyocytes, leading to TTC [36].
Increasing evidence demonstrates that SHS is associated
with an increased risk of VF and cardiogenic shock [37].

The clinical significance of SHS lies in its associa-
tion with noncardiac conditions that carry a high risk of
in-hospital mortality. However, evidence of this particu-
lar ECG abnormality is scarce. Previous reports supported
the opinion that SHS was merely an optical illusion; there-
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fore, it was not considered real [38]. Nevertheless, most re-
searchers believe that SHS is not an artifact that can mimic
ST elevation. Notably, different noncardiac acute condi-
tions appear to be linked with the specific localization of
SHS on the 12-lead ECG. When present in the inferior
leads, it is usually the result of an acute abdominal event
[39], such as gastrointestinal perforation. On the other
hand, when present in the chest leads, it usually reflects an
acute thoracic event [23], as demonstrated in the case of se-
vere tension pneumothorax [40].

The width and height of the elevated ST segment in
SHS may be indicative of impending ventricular arrhyth-
mias and SCD. The SHS width is an extreme manifestation
of a prolonged QT(U) interval; however, whether the ele-
vated J point can reach the peak of the QRS complex show-
ing a shark-fin sign or lambda (\) waveform requires fur-
ther observation. As the disease progresses, the persistence
of the SHS pattern is transient, and the lambda-like () pat-
tern or shark-fin sign may be the ultimate presentation of
SHS in ECG (Fig. 6) [18]. A series of case reports indi-
cate that these features may serve as novel risk predictors
for life-threatening ventricular arrhythmias in ECG when
they resemble a triangular configuration (Supplementary
Fig. 1) [19,37,41]. A significant excess of adrenergic re-
ceptors is associated with long QT syndrome [42]. It is
possible that some patients with SHS also have genetic ab-
normalities predisposing them to malignant ventricular ar-
rhythmias, and critically ill patients with such conditions
have a particularly high risk of developing VF. Large-scale
studies, including multicenter and genetic assessments, are
needed to clarify the potential value of this ECG pattern in
identifying critically ill patients at high risk of sudden death.

ST-segment elevation in critically ill patients is a rel-
atively common but nonspecific phenomenon, as most pa-
tients do not have acute STEMI. SHS is a unique electro-
cardiographic marker associated with high mortality in crit-
ically ill patients. When an apparent ST elevation takes the
form of SHS, clinicians should actively search for a possible
acute noncardiac pathology and note the absence of patho-
logical Q-waves or symmetric T-wave inversion, which is
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Fig. 4. Distribution of spiked helmet signs in electrocardiogram leads presented in a selected cohort of deceased patients. This

graph illustrates the distribution of spiked helmet signs in various electrocardiogram leads among a carefully chosen cohort of deceased

patients. The leads are categorized into three groups: inferior leads, high lateral leads, and precordial leads. The presence and prevalence

of spiked helmet signs are visually depicted, providing insights into the distribution patterns within the selected patient population.

B Non-cardiac causes B Cardiac causes

Fig. 5. Distribution of different causes in deceased SHS pa-
tients. As illustrated above, non-cardiac causes are found most
often in deceased SHS patient cohorts. SHS, spiked helmet sign.

typical of the ECG evolution after acute STEMI. Cardiac
enzyme levels are not significantly elevated in patients with
noncardiac illnesses. Although SHS can suggest a noncar-
diac event, clinicians should strongly consider the presence
of STEMI if other clinical variables indicate this possibil-
ity. The presence of SHS has not been demonstrated to be
either sensitive or specific for STEMI or non-STEMI diag-
noses [43].

SHS is emerging as an underlying and frequently non-
cardiac condition that mimics a primary cardiac ECG ab-
normality characterized by a descending ST-segment eleva-
tion. In this study we found the SHS presentation time in 19
patients who died (95%) was less than 1 week after admis-
sion, and the in-hospital time in 17 patients who died (85%)
was also less than 1 week after SHS presentation. Addition-
ally, the SHS resolution time of eight deaths (89%) was less
than 24 h, with five deaths (50%) experiencing spontaneous
resolution. Therefore, the SHS presentation associated with
impending death was transient and unpredictable. The de-
velopment of this ominous ECG sign in critical illnesses
should prompt an urgent reassessment. Greater awareness
of SHS may prevent the unnecessary and potentially harm-
ful initiation of an acute coronary syndrome protocol [44].
Recognizing this ECG pattern will guide physicians to pri-
oritize comprehensive investigations, leading to an accurate
diagnosis and the development of an appropriate treatment
plan to resolve the underlying conditions, thereby normaliz-
ing the ST segments. Moreover, many antiarrhythmic drugs
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Fig. 6. Lambda-like (\) pattern or shark-fin sign in the inferior (1, III, and aVF) leads and spiked helmet sign in the inferolateral
(V4-6) leads in the electrocardiogram of an old man with Takotsubo cardiomyopathy. The triangle mark indicates the lambda-like

(A) waveform or shark-fin sign, and the circular mark indicates the spiked helmet sign. (With permission from Takasaki ez al. [18]).

could be ineffective or even highly proarrhythmic in criti-
cally ill patients with SHS. In such cases, 3-blockers may be
considered the most suitable therapy. Large-scale studies
are crucial to verifying the effectiveness of antiarrhythmic
drugs in these patients.

5. Conclusions

SHS, a distinct electrocardiographic entity associated
with imminent death, can manifest in critically ill patients
in cardiac or noncardiac situations. In particular, a quick
search for this ECG pattern plays a crucial role in recog-
nizing and treating noncardiac conditions in older male pa-
tients.
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adenosine triphosphate-dependent potassium current; INa-
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