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Spatial peak QRS and T vectors 

Spatial peak QRS and T vectors connect origin point with the furthest points away from the 

origin point in the QRS-loop and T-loop, respectively. Azimuth, elevation, and magnitude of 

spatial peak QRS and T vectors are calculated: 

Spatial QRS vector: 

𝑡𝑅 = arg max
𝑡 ∶ 𝑡 ∈ 𝑄𝑅𝑆

 ( 𝑉𝑀(𝑡));    𝑄𝑅𝑆𝑝𝑒𝑎𝑘⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  = 𝑉𝑀⃗⃗⃗⃗ ⃗⃗ (𝑡𝑅) 

𝑆𝑝𝑎𝑡𝑖𝑎𝑙 𝑃𝑒𝑎𝑘 𝑄𝑅𝑆 𝐴𝑧𝑖𝑚𝑢𝑡ℎ = arctan (
𝑄𝑅𝑆𝑉𝑧(𝑡𝑅)𝑑𝑡

𝑄𝑅𝑆𝑉𝑥(𝑡𝑅)𝑑𝑡
)         

𝑆𝑝𝑎𝑡𝑖𝑎𝑙 𝑃𝑒𝑎𝑘 𝑄𝑅𝑆 𝐸𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛 = arctan (
𝑄𝑅𝑆𝑉𝑥(𝑡𝑅)𝑑𝑡

𝑄𝑅𝑆𝑉𝑦(𝑡𝑅)𝑑𝑡
) 

𝑆𝑝𝑎𝑡𝑖𝑎𝑙 𝑃𝑒𝑎𝑘 𝑄𝑅𝑆 𝑀𝑎𝑔𝑛𝑖𝑡𝑢𝑑𝑒 = √𝑄𝑅𝑆𝑉𝑋
2 + 𝑄𝑅𝑆𝑉𝑌

2 + 𝑄𝑅𝑆𝑉𝑍
2 

Spatial T vector: 

𝑡𝑇 = arg max
𝑡 ∶ 𝑡 ∈ 𝑇−𝑤𝑎𝑣𝑒

 ( 𝑉𝑀(𝑡) ) ;   𝑇𝑝𝑒𝑎𝑘⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  = 𝑉𝑀⃗⃗⃗⃗ ⃗⃗ (𝑡𝑇) 

𝑆𝑝𝑎𝑡𝑖𝑎𝑙 𝑃𝑒𝑎𝑘 𝑇 𝐴𝑧𝑖𝑚𝑢𝑡ℎ = 𝑎𝑟𝑐𝑡𝑎𝑛 (
𝑇𝑉𝑧(𝑡𝑇)𝑑𝑡

𝑇𝑉𝑥(𝑡𝑇)𝑑𝑡
)         

𝑆𝑝𝑎𝑡𝑖𝑎𝑙 𝑃𝑒𝑎𝑘 𝑇 𝐸𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛 = 𝑎𝑟𝑐𝑡𝑎𝑛 (
𝑇𝑉𝑥(𝑡𝑇)𝑑𝑡

𝑇𝑉𝑦(𝑡𝑇)𝑑𝑡
) 

𝑆𝑝𝑎𝑡𝑖𝑎𝑙 𝑃𝑒𝑎𝑘 𝑇 𝑀𝑎𝑔𝑛𝑖𝑡𝑢𝑑𝑒 = √𝑇𝑉𝑋
2 + 𝑇𝑉𝑌

2 + 𝑇𝑉𝑍
2 

 



Spatial area QRS and T vectors 

Spatial area QRS and T vectors are calculated using equations, provided below. 

 

Spatial area QRS vectors: 

𝑆𝑝𝑎𝑡𝑖𝑎𝑙 𝐴𝑟𝑒𝑎 𝑄𝑅𝑆 𝐴𝑧𝑖𝑚𝑢𝑡ℎ = arctan(
∫ 𝑉𝑍

𝑄𝑅𝑆−𝑜𝑓𝑓𝑠𝑒𝑡

𝑄𝑅𝑆−𝑜𝑛𝑠𝑒𝑡
(𝑡)𝑑𝑡

∫ 𝑉𝑋
𝑄𝑅𝑆−𝑜𝑓𝑓𝑠𝑒𝑡

𝑄𝑅𝑆−𝑜𝑛𝑠𝑒𝑡
(𝑡)𝑑𝑡

)         

𝑆𝑝𝑎𝑡𝑖𝑎𝑙 𝐴𝑟𝑒𝑎 𝑄𝑅𝑆 𝐸𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛 = arctan(
∫ 𝑉𝑋

𝑄𝑅𝑆−𝑜𝑓𝑓𝑠𝑒𝑡

𝑄𝑅𝑆−𝑜𝑛𝑠𝑒𝑡
(𝑡)𝑑𝑡

∫ 𝑉𝑌
𝑄𝑅𝑆−𝑜𝑓𝑓𝑠𝑒𝑡

𝑄𝑅𝑆−𝑜𝑛𝑠𝑒𝑡
(𝑡)𝑑𝑡

) 

𝑆𝑝𝑎𝑡𝑖𝑎𝑙 𝑄𝑅𝑆 𝑎𝑟𝑒𝑎 =

= √(∫ 𝑉𝑥

𝑄𝑅𝑆−𝑜𝑓𝑓𝑠𝑒𝑡

𝑄𝑅𝑆−𝑜𝑛𝑠𝑒𝑡

(𝑡)𝑑𝑡)

2

+ (∫ 𝑉𝑦

𝑄𝑅𝑆−𝑜𝑓𝑓𝑠𝑒𝑡

𝑄𝑅𝑆−𝑜𝑛𝑠𝑒𝑡

(𝑡)𝑑𝑡)

2

+ (∫ 𝑉𝑍

𝑄𝑅𝑆−𝑜𝑓𝑓𝑠𝑒𝑡

𝑄𝑅𝑆−𝑜𝑛𝑠𝑒𝑡

(𝑡)𝑑𝑡)

2

 

 

Spatial area T vectors: 

Azimuth, elevation, and magnitude of spatial area T vector were calculated: 

Spatial 𝐴𝑟𝑒𝑎 𝑇 𝐴𝑧𝑖𝑚𝑢𝑡ℎ = arctan (
∫ 𝑉𝑍
𝑇−𝑜𝑓𝑓𝑠𝑒𝑡
𝑄𝑅𝑆−𝑜𝑓𝑓𝑠𝑒𝑡

(𝑡)𝑑𝑡

∫ 𝑉𝑋
𝑇−𝑜𝑓𝑓𝑠𝑒𝑡
𝑄𝑅𝑆−𝑜𝑓𝑓𝑠𝑒𝑡

(𝑡)𝑑𝑡
) 

𝑆𝑝𝑎𝑡𝑖𝑎𝑙 𝐴𝑟𝑒𝑎 𝑇 𝐸𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛 = arctan(
∫ 𝑉𝑋

𝑇−𝑜𝑓𝑓𝑠𝑒𝑡

𝑄𝑅𝑆−𝑜𝑓𝑓𝑠𝑒𝑡
(𝑡)𝑑𝑡

∫ 𝑉𝑌
𝑇−𝑜𝑓𝑓𝑠𝑒𝑡

𝑄𝑅𝑆−𝑜𝑓𝑓𝑠𝑒𝑡
(𝑡)𝑑𝑡

) 

𝑆𝑝𝑎𝑡𝑖𝑎𝑙  𝑇 𝑎𝑟𝑒𝑎 =

= √(∫ 𝑉𝑍

𝑇−𝑜𝑓𝑓𝑠𝑒𝑡

𝑄𝑅𝑆−𝑜𝑓𝑓𝑠𝑒𝑡

(𝑡)𝑑𝑡)

2

+ (∫ 𝑉𝑍

𝑇−𝑜𝑓𝑓𝑠𝑒𝑡

𝑄𝑅𝑆−𝑜𝑓𝑓𝑠𝑒𝑡

(𝑡)𝑑𝑡)

2

+ (∫ 𝑉𝑍

𝑇−𝑜𝑓𝑓𝑠𝑒𝑡

𝑄𝑅𝑆−𝑜𝑓𝑓𝑠𝑒𝑡

(𝑡)𝑑𝑡)

2

 

 



Spatial ventricular gradient (SVG) vectors: 

 

Peak SVG vector:  

𝑆𝑉𝐺⃗⃗⃗⃗⃗⃗ ⃗⃗ 𝑉 =  𝑄𝑅𝑆𝑝𝑒𝑎𝑘⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗ +  𝑇𝑝𝑒𝑎𝑘⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗ 

𝑆𝑝𝑎𝑡𝑖𝑎𝑙 𝑃𝑒𝑎𝑘 𝑆𝑉𝐺 𝐴𝑧𝑖𝑚𝑢𝑡ℎ = arctan (
𝑆𝑉𝐺𝑉𝑍 𝑑𝑡

𝑆𝑉𝐺𝑉𝑋 𝑑𝑡
)         

𝑆𝑝𝑎𝑡𝑖𝑎𝑙 𝑃𝑒𝑎𝑘 𝑆𝑉𝐺 𝐸𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛 = arctan (
𝑆𝑉𝐺𝑉𝑋 𝑑𝑡

𝑆𝑉𝐺𝑉𝑌 𝑑𝑡
) 

𝑆𝑝𝑎𝑡𝑖𝑎𝑙 𝑃𝑒𝑎𝑘 𝑆𝑉𝐺 𝑀𝑎𝑔𝑛𝑖𝑡𝑢𝑑𝑒 = √𝑆𝑉𝐺𝑉𝑍
2 + 𝑆𝑉𝐺𝑉𝑍

2 + 𝑆𝑉𝐺𝑉𝑍
2
 

 

Wilson’s (area) Spatial ventricular gradient (SVG): 

𝑆𝑝𝑎𝑡𝑖𝑎𝑙 𝐴𝑟𝑒𝑎 𝑆𝑉𝐺 𝐴𝑧𝑖𝑚𝑢𝑡ℎ = arctan(
∫ 𝑉𝑍

𝑇−𝑜𝑓𝑓𝑠𝑒𝑡

𝑄𝑅𝑆−𝑜𝑛𝑠𝑒𝑡
(𝑡)𝑑𝑡

∫ 𝑉𝑋
𝑇−𝑜𝑓𝑓𝑠𝑒𝑡

𝑄𝑅𝑆−𝑜𝑛𝑠𝑒𝑡
(𝑡)𝑑𝑡

)         

𝑆𝑝𝑎𝑡𝑖𝑎𝑙 𝐴𝑟𝑒𝑎 𝑆𝑉𝐺 𝐸𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛 = arctan(
∫ 𝑉𝑋

𝑇−𝑜𝑓𝑓𝑠𝑒𝑡

𝑄𝑅𝑆−𝑜𝑛𝑠𝑒𝑡
(𝑡)𝑑𝑡

∫ 𝑉𝑌
𝑇−𝑜𝑓𝑓𝑠𝑒𝑡

𝑄𝑅𝑆−𝑜𝑛𝑠𝑒𝑡
(𝑡)𝑑𝑡

) 

|𝑆𝑉𝐺| =  √(∫ 𝑉𝑥(𝑡)
𝑇𝐸𝑛𝑑

𝑄𝐵𝑒𝑔

𝑑𝑡)

2

+ (∫ 𝑉𝑦(𝑡)
𝑇𝐸𝑛𝑑

𝑄𝐵𝑒𝑔

𝑑𝑡)

2

+ (∫ 𝑉𝑧(𝑡)𝑑𝑡
𝑇𝐸𝑛𝑑

𝑄𝐵𝑒𝑔

)

2

 

 

The scalar value of SVG  

- Can be calculated as a QT integral on Vector Magnitude signal (iVMQT), as an area 

under the Vector Magnitude signal curve from the QRS-onset to T-offset. 

- Can be calculated as a sum absolute QRST integral (SAI QRST) on X, Y, and Z leads.  



 

Spatial QRS-T angles: 

Spatial Peak QRS-T angle 

Spatial peak QRS-T angle is calculated as the 3-dimensional angle between the spatial peak 

QRS vector and the spatial peak T vector: 

𝑆𝑝𝑎𝑡𝑖𝑎𝑙 𝑝𝑒𝑎𝑘 𝑄𝑅𝑆 − 𝑇 𝑎𝑛𝑔𝑙𝑒 = arccos (
𝑄𝑅𝑆𝑝𝑒𝑎𝑘⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗ ∙ 𝑇𝑝𝑒𝑎𝑘⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗

|𝑄𝑅𝑆𝑝𝑒𝑎𝑘||𝑇𝑝𝑒𝑎𝑘|
) 

 

Spatial Area (or Mean) QRS-T angle: 

Spatial area QRS-T angle is calculated as the 3-dimensional angle between the spatial area 

QRS vector and the spatial area T vector: 

𝑆𝑝𝑎𝑡𝑖𝑎𝑙 𝑎𝑟𝑒𝑎 𝑄𝑅𝑆 − 𝑇 𝑎𝑛𝑔𝑙𝑒 = arccos (
𝑄𝑅𝑆𝑚⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  𝑒𝑎𝑛 ∙ 𝑇𝑚𝑒𝑎𝑛⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  

|𝑄𝑅𝑆𝑚𝑒𝑎𝑛||𝑇𝑚𝑒𝑎𝑛|
) 

 


