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INTRODUCTION

The differential diagnosis of electrocardiographic (ECG)
ST-segment elevation includes a multitude of cardiopul-
monary pathologies, including myocardial infarction, peri-
carditis, myocarditis, pulmonary embolism, takotsubo
syndrome, ventricular aneurysm, and Brugada syndrome,
among others (1). However, under the appropriate clinical
presentation, this ECG finding expands to include extra-
thoracic pathology as part of the differential. A lesser-
known manifestation of ST-segment elevation referred to
as the “spiked helmet” sign (SHS) may represent a key
diagnostic clue to the emergency provider of a critically
evolving intra-abdominal pathology. We present a case in
which the ECG findings of the SHS provided a diagnostic
clue and expedited the diagnosis and management of a pa-
tient with severe intra-abdominal pathology.

CASE REPORT
A 52-year-old Hispanic man with unknown medical his-

tory was brought to the emergency department (ED) by
emergency medical services (EMS) after bystanders

Reprints are not available from the authors.

discovered the patient unresponsive following a witnessed
collapse and presumed cardiac arrest. After an immediate
call to 911 and an EMS arrival time of approximately
4 min, EMS noted an initial rhythm of asystole with
advanced care life support initiated approximately 5 min
post-collapse. The patient was intubated in the field, resus-
citative compressions were performed throughout trans-
port to the ED, intraosseous access was obtained, and a
single intraosseous dose of 1 mg epinephrine was adminis-
tered during transit. In the ED, resuscitation efforts
continued with ongoing chest compressions. Femoral
vein central access was obtained, and 3 additional doses
of 1 mg epinephrine, 2 ampules of 10% calcium chloride,
and 2 ampules of 8.4% sodium bicarbonate were adminis-
tered. At approximately 30 min post-collapse the patient
obtained return of spontaneous circulation (ROSC)
without administration of electrical shock. The post-
ROSC ECG rhythm showed irregular, narrow QRS com-
plexes, T-wave inversions in leads 1 and aVL, ST-
segment elevations in leads V1 and aVR, and precordial
lead ST-segment depressions consistent with global
ischemia (Figure 1).

The patient’s initial vital signs after ROSC included a
blood pressure of 74/51 mm Hg, a heart rate of 117 beats/
min, a temperature of 36.1°C, and a respiratory rate of 14
breaths/min (intubated, oxygen saturation 95%, 100%
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FiO,). On initial physical examination, there was no evi-
dence of head trauma, his pupils were equal and reactive
bilaterally, the lungs were clear to auscultation bilaterally,
his abdomen was soft and mildly distended without evi-
dence of trauma or decreased bowel sounds, and his ex-
tremities were cold and pale with decreased capillary
refill. The initial ultrasonographic assessment (Rapid Ul-
trasound for Shock and Hypotension) showed no evi-
dence of free fluid in the abdomen nor pericardial
effusion (2). An emergency physician—conducted bedside
transthoracic echocardiogram demonstrated an estimated
left ventricular ejection fraction of 35% with hypokinetic
regional wall motion abnormalities along the anterior, an-
teroseptal, and lateral walls.

After the initiation of a vasopressor support (norepi-
nephrine infusion) and a balanced crystalloid (Plasma-
Lyte; Baxter International Inc., Deerfield, Illinois) intra-
venous fluid infusion, hemodynamic stability was main-
tained with a mean arterial pressure of 80-85 mm Hg
(systolic blood pressure maximum 90-100 mm Hg). A
repeat ECG conducted 1 h post-ROSC showed ST-
segment elevations with an upward shift preceding the
QRS complexes in the inferior leads II and aVF
(Figure 2). Urgent bedside examination was notable for
a diffusely distended, tympanic abdomen with dimin-
ished bowel sounds. Repeat bedside echocardiogram
showed a left ventricular ejection fraction 35-40% and
regional wall motion abnormalities consistent with the
initial evaluation. Intra-abdominal ultrasound showed a

small accumulation of free fluid in the hepatorenal recess.
The beside monitor displayed a lead II thythm consisting
of a continuous “spiked helmet” pattern that was also
noted on the repeat ECG (visual recreation in Figure 2,
bottom).

A nasogastric tube was placed and 600 mL of bilious
gastric content was suctioned from the stomach. An
emergent computed tomography scan of the abdomen
and pelvis demonstrated moderate to severe inflammation
of the gallbladder, appendix, and throughout the colon
concerning for diffuse hypoperfusion. Repeat laboratory
values were notable for a lactic acidosis and transaminitis
strongly suggestive of ischemic hepatitis and diffuse co-
litis caused by a prolonged period of post—cardiac arrest
hypoperfusion. A repeat ECG 2 h after nasogastric
decompression and vasopressor support demonstrated
resolution of the ST-segment elevations in the inferior
leads (SHS), ST-segment elevations in V1 and aVR,
and precordial ST-depressions as seen on the presenting
ECG (Figure 3). A repeat transthoracic echocardiogram
showed a mildly improved estimated left ventricular ejec-
tion fraction of 40-45% with visually estimated improve-
ments of the regional wall motion abnormalities initially
seen along the anterior, anteroseptal, and lateral walls.
Despite resuscitative efforts, the critical severity of the
patient’s presentation prevented immediate surgical inter-
vention and despite aggressive continued support
following transfer to the medical intensive care unit, the
patient died 24 h after presentation to the ED.
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Figure 1. Electrocardiogram after return of spontaneous circulation. The irregular, narrow QRS complexes, T-wave inversions in
leads 1 and aVL (single black arrow), ST-segment elevations in leads V1 and aVR (double black arrow), and precordial lead ST-
segment depressions (single red arrow) are consistent with global ischemia.
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Figure 2. “Spiked helmet” sign. Repeat electrocardiogram demonstrating upward shifting ST-segment elevations preceding the
start of a QRS complexes (black arrow) in leads Il and aVF, concerning for an intra-abdominal pathology (top image). The bedside
monitor displayed a lead Il rhythm consisting of continuous “upward shifting” ST-segment elevations preceding the start of each
QRS complexes (black arrow) (bottom image).
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Figure 3. Electrocardiogram after nasogastric decompression and vasopressor support. Full resolution of the T-wave inversions
in leads 1 and aVL (single black arrow), ST-segment elevations in leads V1 and aVR (double black arrow), and precordial lead ST-
segment depressions (red arrow) as seen on the presenting electrocardiogram (Figure 1).
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DISCUSSION

The SHS has classically been described as an upward
shifting ST-segment preceding the start of a QRS com-
plex, predominantly in the inferior leads II, III, and aVF
(3-5). The name of this electrocardiographic sign is
derived from its resemblance to the pickelhaube
(“pickaxe bonnet”), a military helmet popularized by
King Frederick William IV of Prussia and later adopted
by the German and Bavarian armies (Figure 4) (5). This
ECG manifestation has been noted among critically ill
patients in the intensive care setting with retrospective
correlation of intra-abdominal pathology and impending
death (3.5).

Gastric dilatation, intestinal obstruction, hepatobiliary
inflammation (cholecystitis, hepatitis), and pancreatitis
have each resulted in this key ECG finding mimicking
an inferior (or inferolateral) myocardial infarction (7-
12). Changes in heart position during gastric distension,
coronary vasospasm caused by an elevated vagal tone,
and an irritative effect on the heart by diaphragmatic
elevation have all been suggested as underlying causes
of the ST-elevations (13). Increased intracavitary pressure
resulting in a pulsatile epidermal stretch has also been
posited as a cause of the ECG changes (5,14). Though

A
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predominantly seen among the inferior ECG leads (II,
II, and aVF), presumably because of their proximity
(or abutment) to the diaphragm, which separates the
heart from the intra-abdominal pathology, similar ECG
findings isolated to the precordial leads have been associ-
ated with intrathoracic pathology (5,14).

Myocardial infarction should always be the first
consideration in the setting of ST-segment elevations.
However, prompt consideration and recognition of alter-
native diagnoses, as in our case report, is essential to
expediting patient care. The underlying pathologies asso-
ciated with these ECG changes carry a high risk of mor-
tality among presenting patients. Not considering
alternative diagnoses can result in diagnostic anchoring
on cardiovascular pathology and a delayed management
of the actual pathology (15).

As for our case, it was suspected that a prolonged
period of hypoperfusion during a presumed cardiac arrest
and post-ROSC hypotension attributed to significant
intra-abdominal ischemia. Of note, the possibility of an
underlying intra-abdominal pathology could not be ruled
out as the source of the critical presentation rather than a
sequela of a suspected cardiac arrest. Unlike many of the
reported cases of SHS correlated retrospectively in the
intensive care setting, our case represents real-time

Figure 4. “Spiked helmet” sign and the pickelhaube. The upward shift of the preceding the QRS complex (black arrow) followed
by the visualized ST-segment elevation (red arrow) associated with intra-abdominal pathology resembles the pickelhaube (“pick-
axe bonnet”) popularized by King Frederick William IV of Prussia and later adopted by the German and Bavarian Army as seen by
these posing Bavarian infantrymen (used with permission of the Brett Butterworth Collection) (6).
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ECG recognition of the SHS and an expedited workup
based on the high suspicion of intra-abdominal pathology
that had not previously been considered (16). Administra-
tion of pressor support and gastric decompression re-
sulted in a slow but steady resolution of the ECG
findings. This is consistent with previously reported cases
of the SHS showing similar resolution with nasogastric
decompression (9,13,14,17). To our knowledge, this is
the first reported case of the SHS aiding in the
expedited diagnosis and workup of an intra-abdominal
pathology seen in a patient being evaluated within the
emergency setting.
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