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Disclosures
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12-Lead EKG

´ Paramedics are accurate

´ Aufderheide et al, 1990

´ Alghamdi et al, 2018

´ Reduces door to balloon times

´ Squire et al

´ Prehosp Emerg Care, 2014



Right Bundle Branch Block

´ Rabbit ears

´ Terminal R wave in V1

´ Slurred terminal S wave in V6



Right Bundle Branch Block

´ Right ventricle is not activated

´ ST depression in precordial leads is 
normal

´ V1-V3

´ Any ST elevation is not

´ Right bundle pattern can confuse 
the machine



STEMI with RBBB



T-Waves

´ Repolarization of the ventricles

´ Beginning of the QRS to the apex 
of the T wave

´ Absolute refractory period



Hyperacute T-Waves



de Winter T Waves
Courtesy Mat Goebel



Case 1

Upsloping ST depression, 
tall symmetric Ts



20 min later
Courtesy Mat Goebel
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Figure 1. Unique Precordial ST-Segment and T-Wave Morphology.

These 12-lead ECG recordings of eight patients show precordial ST-segment depression at the J point followed by 
peaked, positive T waves. In addition, lead aVR shows slight ST-segment elevation in most cases. All eight of these 
patients underwent primary percutaneous coronary intervention because of an occlusion of the proximal LAD.
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From de Winter, NEJM 2008



As in the clinical protocol, all patients received aspirin
(500 mg) and unfractionated heparin (5000 IU) during trans-
port. As from 2005, clopidogrel (300 mg) was given during
transport. Glycoprotein IIb/IIIa inhibitor administration was at
the discretion of the interventional operator. Coronary angio-
graphy and, when feasible, angioplasty were performed using
standard techniques.

Data collection
Between January 1998 and March 2008, a total of 1890 patients
who underwent primary PCI for anterior myocardial infarction
at our institution were recorded in the database. Of these
patients, a set of ‘‘first medical contact’’ ECG (either ambulance
ECG or referring hospital ECG) and pre-procedural ECG was
recorded as part of standard care. In a retrospective manner, we
were able to collect both ECGs in a dedicated database in 625
patients, together with prospectively collected data on baseline
characteristics, risk factors, haemodynamic status on admission,
transfer time intervals and total ischaemic times.

ECG analyses
After qualitative selection, ECGs of included patients were
scanned into a computer environment and digitally analysed
with freely available Image J software (version 1.41, 2008,
http://rsb.info.nih.gov/ij/index.html). After digital calibration
and magnification, the isoelectric baseline, J-point and land-
marks for conduction analyses were identified by one investi-
gator (NV) blinded to the patient and procedural characteristics.
From this, J-point deviations and conduction durations were
calculated by the computer software. These distances were
noted on a form and manually entered into a digital database for
further analyses. The TP-segment was considered the preferred
isoelectric baseline.

Statistical analyses
Normally distributed, continuous variables are expressed as
means (SD) and were compared using a Student t test. Other
continuous data are presented as median with interquartile
range (IQR) and compared using the Mann-Whitney U test as a
non-parametric equivalent. All categorical variables are depicted
using absolute and relative frequency distributions and the x2

test was used to make a comparison. For all tests, differences
were considered significant if the two-sided p value was less
than 0.05. All analyses were performed using SPSS software
package.

RESULTS
Among the 1890 patients with an anterior myocardial infarc-
tion, a familiar ECG pattern with precordial ST-segment
elevation was present in 1855 patients (98%), while 35 patients
(2%) showed the new ECG pattern. In these 35 patients with
the new pattern, the ECG showed absence of ST-segment
elevation in leads V1 to V6. We observed overt ST-segment
depression at the J-point (.1 mm) with upsloping ST-segments
continuing into tall, symmetrical T-waves in the precordial
leads. The QRS complexes were usually not widened or only
slightly widened and in some but not all there was a loss of R-
wave progression from V1 to V6. The intrinsicoid deflection
was preserved in most patients. If present, reciprocal ST-
segment depression in the inferior leads was modest.
Remarkably, included patients showed a mean J-point elevation
of approximately 0.5 mm in lead aVR (fig 1). Examples of this

ECG pattern from other patients included in this cohort have
been published previously.10

Invariably, this ECG pattern was associated with an occlusion
of the proximal LAD artery on the emergency coronary
angiogram. Although the ECG has features of hyperacute
anterior transmural ischaemia (tall, symmetrical T-waves),
which has been recognised as a transient feature dynamically
changing into overt ST-segment elevation in the precordial

Figure 1 Examples of 12-lead electrocardiograms (ECGs) and left
anterior descending (LAD) artery occlusion. 12-lead ECG recordings of
five selected patients with precordial ST-segment depression at the
J-point followed by peaked, positive T-waves. Lead aVR displays slight
ST-segment elevation in the majority of cases. Emergency coronary
angiography showed a proximal LAD artery occlusion in all five patients.
DT denotes time between onset symptoms and depicted 12-lead ECG.

Acute coronary syndromes
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From Verouden, Heart 2009



63 Year Old Male with CP



Elderly M with CP



15 Minutes Later à
Anterior STEMI, LAD 
stenosis



Wellens’ Syndrome

´ Also called Wellens’ Warning

´ An evolving wave form

´ Biphasic t-wave inversions

´ Becoming symmetrical and deep

´ Indicate critical proximal Left 
Anterior Descending (LAD) artery 
stenosis



Wellens



68 Year Old Male with Chest Pain



Now Pain Free



The Forgotten Lead: aVR



Like aVR: No Respect!



The Forgotten Lead



Serial EKGs

´ Detected STEMI in 8% with initially 
normal EKGs

´ Tanquay et al
´ Prehosp Emerg Care, 2018

´ Single EKG missed over 15% of 
prehospital STEMIs

´ Verbeek et al
´ Prehosp Emerg Care, 2012

´ Reduces missed STEMIs

´ Aver et al
´ J Electrocardiol, 2014



In Conclusion

´ Look closely at the precordial 
leads in RBBB

´ Pay attention to T-waves

´ Hyperacute

´ Look for de Winter

´ Wellens’ warning

´ Keep an eye on aVR

´ Repeat EKGs if you can



Thank You!

´Concerns? Thoughts?

´Christopher.Colwell@UCSF.edu



Eagles 2019
Hyperkalemia

ECG Changes You Should Know
Corey M. Slovis, M.D.

Vanderbilt University Medical Center
Metro Nashville Fire Department
Nashville International Airport

Nashville, TN



Hyperkalemia is the 
Most Dangerous Acute 
Electrolyte Emergency



HyperK = ECG



ECG Changes Serum Level

Loss of P Wave 6.5 - 7.5

Widened QRS usually > 8

Tall Peaked T 5.5 - 6.5



What are the 5 ECG Changes Seen in 
Hyperkalemia

• Tall Peaked T-Waves

• Prolonged P-R Interval

• Loss of P Wave

• Widening of QRS

• Sine Wave































NEJM 2012;366:1824



NEJM 2012;366:1824



Calcium in Hyperkalemia
• Tricks Cell

• Recreates Electrical Gradient

• Temporary, lasts only 5-20 minutes

• Dose is 5-20 cc CaCl IV

• Potentially Dangerous

Be sure before using!



Only give calcium if . . . 

there is a wide QRS







• Wide QRS

• Sine Wave

Hyperkalemia
Indications for CaCl

• Bradycardia and/or Heart Block



Only give calcium if . . . 

there is a wide QRS



ECG Changes Serum Level

Loss of P Wave 6.5 - 7.5

Widened QRS usually > 8

Tall Peaked T 5.5 - 6.5



• Wide QRS

• Sine Wave

Hyperkalemia
Indications for CaCl

• Bradycardia and/or Heart Block





Teaching Brugada to 
paramedics

Marc Gautreau, MD, MBA, FACEP, FAEMS

Stanford University 

Medical Director – San Jose Fire Department



Why do they need to know?



Imagine a 20-year 
old healthy athlete 
has syncope during 
football practice…



The medics show 
up – he declines 

transport



2 weeks later, his Mom can’t wake him up



Alternatively, the paramedic obtains this ECG



What the heck is Brugada anyway?

• Genetic

• Channelopathy

• Causes ventricular arrhythmia

• Kills young people



SO, why I 
teach 

Brugada to 
paramedics…

Prevents ill informed refusals

Creates a culture of excellence 
and continued learning

Improves morale

Increases respect for EMS in 
healthcare community



And by the 
way, I teach 

this too



Thanks!


