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Original Article

Ventricular premature contractions and heart rate changes coincident
with +Gz induced loss of consciousness

Wg Cdr A Krishnamurthy® Gp Capt GS Nayar?

High-G training has become a necessity in the air forces with the introduction of Alr Superiority
Fighters. Practice in procedures to combat High-G forces can be sufely done in a human centrifuge.
During the truining, it is equally important to monitor physiological parameters. ECG monitoring is
a must as High-G training is known to provoke dysrrhythmias in many subjects. Of these
dysrrhythmias, ventricular premature contractions (VPCs) are common, Also during the High-G
runy, the subject may go into +Gz-induced loss of consiciousness (G-LOC) inadvertently. Reports of
dyshythmias occurring coincident with G-LOC are infrequent. A case of VPUs and Heart Rate (HR)
changes coincident with G-LOC, occurring during a Simulated Aerial Combat Maneuver (SACM} is

reported.
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igh-G training for aircrew has come 10
Hstay in Air Forces with the introducton

of Air Superiority Fighters. The thrust of
the lraining is to impart awarensss and waining
in procedures to combat High-G forces, Practice
of such procedures can be safely done on the
ground  using & simulator, de the Human
Centrifuge. The High-G training programme at
the Department of Acceleration Physiology, TAM
IAFE, follows a prescribed format already described
by Malik et al in 1991 [1], During the 4G/BG
Simulated Aerial Combat Mancuver (SACM) run,
consisting of alternating levels of +4G-15 scconds
and +8G-10 seconds, the aircrew is protected
against G-forces by the Anti-G Suit (AGS) as well
a5 the Anti-G Straining Mancuver (AGEM). On
line video, audio-communication, peripheral light
loss (PLL) of 56-60" blood flow measurement
through the superficial temporal arery using a
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Doppler and Elecrrocardiographic (ECG) muoni-
toring and recording are done. The rum is
terminated 1f the aircrew complain of fatugue, if
PLL (peripheral light loss) oceurs, if significant
dysrhythmias occur or if inadvertent G-L.OC (+Gz
- Induced Loss of Consclousness) occurs.

ECG changes during acceleration stress have
been reported by many investigators and several
authors [2, 3, 4] have reported the occurrence of
dysrhylhmias during centrifuge traning. Reports
af dysrhythmias coincident with G-LOC are
infrequently reported [3.6]. A case of ventricular
premalure contractions and heart rate changes
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coincident with G-LOC, vccurning duning o 40-
BG SACM run is described.

Cnse Keport

A 27 year old fighter pilot reponted for High-G
trazmung after a medical exwnination. The day
prive i the SACM run he successfully completed
the ROK (1G/s) High-G runs of +703-15s, 8G-
10s and 9G-55. On the day of his 40-80 SACM
run, his basal cardiovascular parameters ware
found to be normal. He was weaning & standard
5-bladder, cutaway type AGS (FPK-1) und ECG
recurding  was  done  using a4 CMS  lead
configuration and the [pnal Acquisition and
Retrieval Lguipment (DARL), a portable system
which the pilot straps on before entenng the
Human centrifuge gondola, Following & warm-
up run, done to fest the adequate inflation of the
AGS, he bepan the 408G SACM run, 8.5s after
reaching the 5th 8G peak, the subject suddenly
went e G-LOC. The run was  zhorted
mmediatzly and the arcrew brought down to 140
The Absclute Incapacitation Time [7] was 8s.
When asked "what happencd?” he said he had
gone into “G-LOC". He was sxamined clinically
and on completion of the training was routed back
tc hizs Unit without a change in his Medical
Category.

The medical observer watching the on-ling
ECG had noticed four isolated VPCs occurning
at the 4G and BG levels just prior to the G-LOC
episode. As VPCs are known o oceur in High-
G runs there was no requitement to terminate the
SACM run becavse of the VPCs

Observations
The DARE allows lor repluy of the whole episode
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one a computer for off-lineg analysis. The values
for the Heart Kate (HE) and Gostress are shown
beat 1o beat, Soltware allows lor zoom and o more
detailed analysis, a8 required, On the replay it
was [ound that:

ia) There were four isolated VPUs occurring
[s, 26s, 36s and 455 prior we G-LOC.

(b} Heart rate changes wl compurable 4G el
BO levels woere seen and wee shown in Thkle
| and lMigure-1,

(o) 5s prior o G-LOC the HR had staried
oo drop from |51 beats per minute (bpm)
to 132 bpm and at or close to G-LOC
reached a value of 96 bpm as in Figure 2.

td) AL G-LOC, there was one VPC lollowed
by four sinus beals. The st sinus beat
clearly shows a p owave and a normal
conduction into the veniricles, In the second
beat the powave 15 not clear and an abnormal
g wave has appearcd. The third and fourth
beuts show normal conduction  into  the
ventricles even though the p wave is not
discernable; However, in all these beats the
T wave 15 tall and peaked compared to the
earlier 1" waves. Following these sinus beats
another VPC  occurred and  was  Uwen
followed by a gradual pick up of the sinus
rhythm as the +Cz forces reduced (Fig-2).

ig)4ls after G-LOC a sinus bradycardia
suddenly developed (Fig 3L

f. The delta (JTc for the two beats; 1.5 s
prior o G-LOC showed 2 nepative value,
the values were calculated manually.

Discussion

Yentricular prematlure contractions are extremely
common, even in asymptomaiic healthy individu-
als and have also been found to be more readily
provoked by isometric exercise than by dynamic
eaercise  [8]. VPCs are  alse probably  the
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commaonest dysrhythmin during High G stress [3,
4], Higher grades of VPCs as per Lown's Grading
[9], if seen, are u cause for lermination of the
Gestrens, However isolated VIPCr are seen even
in & treadmill test and are considered benign in
nature unless they wigger o higher grsde of
ventricular dysrhythmin, Similarly, VPCs seen in
u sethng of centnfupe truming should alse be
considered  benign as they resolve rapully on
return o MG Acconking o Mekensie, the
presence of solated ectopics could therefore be
considercd 1o be o physiologicd] response W the
High-G stress und the overwhelming sympathetic
response and not due woa pmhological process
of the heart (4], However, duning the SACM run,
fatigue, accumulation of metabolites, increased
duration of the G-stress and other factors may
play o role in the failure of the compensatory
mechanisms ic sympathetic response. ‘Therefore,
could the occurrence of the four VPCs, afler the
aircrew  had  completed  three-B8G peaks, he
interpreted as g panl of the sympathetic response

Ventricular premanire conteactions - A Keishamurthy of al

or could il be inlerpreted as a result of metabolic
and  electrolyte changes or alteration in the
anatomic  boundaries of the heart?  What,
therefore, is the reason for the appearance of two
VPCs w G-1.OC?

Eqgually important were the HKE changes which
occurred as the SACM run progressed. Tuble |
and Figure | show thut wt esch similar level of
40 umd RGO the HKE picked up until the fourth

Table 1 Differcnce of Heart Rate between
compurable levels of 4G and BG

Levels nfferences in Heart mate in hearsiminnte
(R change) a1 comparable levels

Par e 2nd 20l & 30d  3rd & dth dih & Sth

40 KA R A 13 (8.4) T{-4.6) 0400
B N(24.1)  B(51A9)y  -25(-1.5) L5-59

Fig 1. Difference in heart rates at comparable levels of 40 and 5G
( average heart rate for a particolar level is given in brackets )
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40 and 8G levels, where o slowing down hus
occurred - could this be due to decompensation?
The question js whether the tun should have beey
termunated at this stage? The FCG racing during
on-line. monitoring s continuously moving wund
previous tiucimgs  with HR values cunnat  be
recalled on the same  monitor, Therefore
terminution of the run based an companison of
HR values while doing on-line monloring 15
currently not possible, but may become relevant.
However, what may be relevant for the SACM
nin may not be so for the ROR (1G/5) High-G;
runs of 7G, BG and 90,

The beat w beat variation, Just prioe w G.
LOC has been shown in Figure 2. Thix clearly
shows a reduction in the HR seconds before (G-

LOC occurred. At G-LOC, a drop of alinesst 47
ol the HR occurred, 1e. 96 bpm a G.LC
compared to 135164 bpm at other BG leve)
Following this drop, the heart has recovered ar
the dysthythma as already described occurre

Table 2: R-R, Q-T, QTe and DQTe Intervals (i
seconds) at different stages during the 4G-8G

SACM run

Stuge of reconling RR QT OTe LT
108 before start 75 15 e .
150 d level A4ay 28 A2d +14
4h 86 peak 40 26 415 40
3.52 before G-L0K A2 Af A2 20
1,55 before G-LOC 4TS 275 i -7
L4 after GaLowe 512 275 A8d -22

Fig 2. Continous CM, Recording for 275 alongwith HR (upper values) and ‘G’ values (lower
figures) 10.5 seconds before G-LOC and during G-LOC. The arrow mark indicates when G-LOC
oceured (see text for explanation) Inset shows the *z00m’ of the carly G-LOC period
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The sinus bradycarcha  that developed 40 5 after
G-LOC has been described earhier by athers
[2,3.4], and is therefore not dealt with, Another
Factor worll noting was the changes that occurred
in the €1t ve., the DOTe difference between the
beginning of the ron and the OTe as the run
progeessed. As shown in Table 2 the DOTe
renched o nepative value 1.5 5 prior 1o G-LOC,
These changes may indicate o reversal  from
sympathetic 10 a parasympathelic response,

Conclusion

We have repored one eprsode of G-LOC during
which there were coincident VPCs and  HE
chunpes.. Though VPCs we considered benign,
when oceurning in lower grsdes and  isclated,
could they have contributed 1o ithe HR changes
preceding G-LOC? Are the VPCs which necurred
coincident with G-LOC, a sign of the
decompensated heart or the recovering heart! Did
the HE changes which occurred ab least 20-25
§ prier to G-LOC mean a falore of the heart 1o
compensate or a  beginning  of the cardio-
inhihition of 2 Vaso-Wapal attack? Is the Heart
‘Rate Variability (HRV) in +Gz stress important?
The answers 1o these guestions, on G-LOC, can
pnly he addressed by (urther research into the
changes «accurring  in the ECG  and  other
physiclogical parameters,
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