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Abstract

wave; treadmill testing

Nearly fifty percent of patients with isolated, uncomplicated prehypertension have impaired relaxation of the left
ventricle even in the absences of left ventricular hypertrophy. Such early impairment of the left ventricular relaxation
can be detected by exercise electrocardiography. Transient increase, in the area of the negative terminal deflection
of the P wave in lead V1 (>0.04mVaec) during and/or early recovery suggested transient increase in the left atrial
pressure due to unmasking of the early impairment of the left ventricular relaxation by exercise induced tachycardia.
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Introduction

Prehypertension is defined as systolic blood pressure of 120 to 139 mm Hg
and/or diastolic blood pressure of 80 to 89 mm Hg [1]. These individuals
have higher prevalence of target organ damage[2]. Prehypertension is
associated with increased left ventricular mass [3,4] increased left ventricular
remodelling and impaired left ventricular diastolic function [5]. However,
only about 12% of the cases of borderline hypertension (now termed
prehypertension) develop left ventricular hypertrophy [6]. In other individual
cardiac functions are affected by factors other than the magnitude of the
blood pressure and left ventricular hypertrophy [7,8]. These individuals may
not show echocardiographic evidence of left ventricular diastolic
dysfunction at rest. Hypertension results in progressive, reduction in the
compliance of the left ventricle [9].

Atria empty in the ventricles during diastolie. Long diastolic period at rest
allows better emptying of the atria. This allows adequate fall in the pressure
of the atria. Therefore the P wave can be normal in the resting
electrocardiogram during early stages of impaired relaxation of the left
ventricle. Tachycardia occurs at the cost of diastolic interval. Increasing
heart rate during exercise results in progressive reduction in the diastolic
interval. This is expected to hamper adequate emptying of the left atrium
with consequent transient increase in the left atrial pressure. Presence of
impaired relaxation of left ventricle is expected to result in more forceful
contraction of the left atrial to fill the relatively stiff left ventricle. This factor
is likely to add to the increase in the left atria pressure during exercise
induced tachycardia. It is the therefore expected that early diastolic
dysfunction in prehypertensive patients may be detectable only transiently
during the exercise testing.

Abnormalities of the P wave of the electrocardiogram can give a clue
regarding the volume and/or pressure of the atria thus indirectly about the
diastolic pressures of the respective ventricle. Left atrial enlargement

(Increase volume) produces wide P waves where as increases in the left atrial
pressure increases negative terminal deflection of the P wave in lead V1 [10].

Diastolic stress test can help in unmasking abnormalities of the diastolic
function appearing only during exercise [11]. This is possible only by
Doppler echocardiography performed during supine bicycle exercise
[12,13]. This is not possible during treadmill exercise test. Exercise induced
changes in the P wave are expected to detect abnormalities of the diastolic
function appearing only during exercise. Therefore we evaluated P wave
changes during treadmill stress electrocardiography to detect presence of
early diastolic dysfunction in prehypertensives without electrocardiographic
or echocardiographic evidence of left ventricular hypertrophy or diastolic
dysfunction.

Material and Methods
All individual reporting for treadmill test over last five years were analysed.
Inclusion criteria office,

(i)Age less than sixty years. With aging the heart become more fibrotic and
stiff due to increase in the collagen content, fibrosis, deposition of cardiac
amyloid and lipofuscin [14,15].Therefor aging perse producers left
ventricular diastolic dysfunction [16].Further the diastolic blood pressure
decreases after the age of sixty years due to increased stiffness and decreased
recoil of large vessels [17,18,19].Most of such cases actually fall into the
category of the early stage of isolated systolic hypertension rather then
prehypertension. Increased central arterial stiffness perse also affects cardiac
function independent of blood pressure reading [20].

(ii) Resting, supine, hospital, systolic blood pressure between 120 to 139 mm
Hg and/or resting supine, diastolic blood pressure between 80 to 89 mm Hg
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[2]. Individuals with diastolic blood pressure less then 70 mm Hg were not
included because increased. Pulse pressure perse is associated with
impairment of left ventricular relaxation [21,22]. Decreased diastolic
bloodpressure reduces coronary perfusion that also contribute to impaired
relaxtion [20].

(iii) No history of treatment for hypertension. This criterion was used to
avoid inclusion of patients of hypertension whose blood pressure readings
could be in the range of prehypertension at the time of evaluation. Inclusion
of such cases may give wrong impression of diastolic dysfunction in
prehypertensives. Further, antihypertensive therapy can reduce left
ventricular hypertrophy, [23,24] and it's impact on the left ventricular
diastolic dysfunction

(iv) No history of treatment for ischemic heart disease including any history
of coronary angioplasty or coronary artery bypass surgery. Myocardial
ischemia perse can produce diastolic dysfunction.

(v)No history of smoking or chronic respiratory symptoms. No clinical or
radiological evidence of chronic obstructive airway disease or emphysema.

(vi)Body mass index between 18.5 to 24.9. Overweight and obesity perse are
associated with left ventricular diastolic dysfunction [25]. Overweight and
obese individuals also have exaggerated increase in systolic blood pressure
during exercise [26]. Increased afterload of the left ventricle results in
increased left atrial pressure and consequent change In the P wave
morphology irrespective of the resting blood pressure.

(vii)Normal fasting and post-prandrial blood sugar without any history of
treatment for diabetes. Diabetes perse is associated with left ventricular,
diastolic dysfunction [27]. Diabetic hypertensive individual also have greater
left ventricular hypertrophy then individuals with isolated hypertension (28).

(vii) Normal fasting lipid profile.
(ix)Resting twelve lead electrocardiogram within normal limits.

(x) No abnormality on detailed echocardiographic examination including
Doppler and tissue Doppler imaging.

Treadmill test protocol

Mason-Likar lead system [29] was used. All leads were correctly placed by
qualified and experienced technician .The procedures was supervised by an
experienced cardiologist .Bruce protocol [30] was followed. All the twelve
leads were displayed on the monitor continuously and simultaneously.
Exhaustion rather than age predicted target heart rate was taken as the end
point [31]. Appearance of any arrhythmia, any intraventricular conduction
defect, preexcitation or significant ST segment depression were also taken
as end points. Patients were placed in supine position soon after completion
of the exercises. Recovery was recorded for nine minutes to avoid missing
any ‘only in recovery’ changes. Final report included print of raw
electrocardiogram recorded at the end of each stage and averaged beats of all
the twelve leads at the end of each stage. Recording was done at the standard
speed of 25 mm/sec and 10mm/mV All the twelve leads were recorded in
supine position, standing position and active hyperventilation before
exercise.

Exclusion criteria

Patients with appearance of any of the following findings during standing,
active hyperventilation, exercise or recovery were excluded from the final
analysis.

(i) Any ectopic supraventricular rhythm

(i) Any supraventricular tachyarrhythmia

(iii) Frequent ventricular ectopics

(iv) 11l sustained or sustained ventricular tachycardia
(v)Intraventricular conduction defect or preexcitation

(vi)Increase in systolic blood pressure to 210 mm Hg or more during
exercise. Such persons are likely to have hypertension during day to day
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activity(masked hypertension).Cumulative effect of such hypertensive
episodes could result in subclinical left ventricular diastolic dysfunction.

(vii) Excessive baseline shift or vibrations that prevented correct
interpretation of the electrocardiogram

viii) Any doubtful change.
Final analysis of data

(i) Due to strict adherence to inclusion and exclusion criteria only twenty
seven tests of isolated, uncomplicated prehypertensive patients qualified for
final analysis.

(ii) Averaged beats recorded in supine position, in standing position, during
active hyperventilation, at the start of exercise, at the end of each stage of
exercise, at the end of first, third fifth ,seventh and ninth minute of recovery
were analysed. In case of the any doubt respective raw electrocardiogram
was also reviewed before making final decision.

(iii)For evaluation of the amplitude of the P wave, point of beginning of the
P wave was taken as the zero reference level [33].

(iv)Demographic data of these twenty seven cases work compared with the

demographic data of forty strictly normal individuals. Normal individuals
were defined as individuals less than 60 years without any cardiorespiratory
illness on detailed clinical electrocardiographic and biochemical
investigations, body mass index between 18.5 to 24.9, resting supine office
blood pressure 120/80 mm Hg or less and no abnormality during treadmill
stress electrocardiography.

(v)Changes in the P wave were analysed in the averaged beats of all leads
throughout the treadmill test and compared with changes in the normal
individuals.

(vi)Terminal negative defection of the P wave in lead V1 equal to or more
then 0.04 mV second(one small square or more in width and depth) was
considerd suggestive of left atrial abnormality [34,35].

(vii)In fourteen cases, the terminal negative component of the P wave in lead
V1 increased to 0.04mVsec or more during exercise and/or recovery .In the
remaining thirteen cases the terminal negative part of the P Wave in lead V1
showed only downward slope with horizontal or downsloping PR segment
as in corresponding lead V2 but there was no clear abnormal increase in the
terminal negative component of the P wave in lead V1. Comparison with the
downslop of the P wave in lead V2 also helped differentiation.

(viii) Observations of the fourteen cases who showed increase in the terminal
negative component of the P wave in lead V1 suggestive of increased left
atrial pressure during the treadmill test (named as group A) were compared
with the observations in the thirteen cases who did not show any abnormal
increase in the terminal negative component of the P wave in lead V1(named
as group B)

(ix) Statistical analysis was performed using unpaired ‘T’ test

(x) Averaged beats of leads showing maximum change out of the following
group of leads were selected for reproduction in figures.

-leads (I) and aVL
-leads (I1,111) and aVF
-lead and aVR

-leads V1, V2

-leads V3, V4, V5, V6

Results

(3.1) Demographic data of total twenty seven prehypertensive patients were
compared with the data of forty normal individuals. Results are shown in
table 1. Prehypertensives had significantly higer resting supine systolic and
diastolic blood pressure as compared to the normal individuals (P< 0.001).
Difference between age was not significant (P>0.10). Prehypertensives had
mildly higer resting supine heart rate (P=0.05).
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Parameter Normal Prehypertensive P Value
Number (M : F) 40 (28:12) 27 (20:7)
Age(Years) 37.90 +2.93 39.20 +10.98 >0.10 (NS)
Resting supine heart rate (bpm) 72.32+11.34 78.82 +12.93 0.05 (BS)
Resting supine blood pressure (mmHg)
systolic 115.95+4.54 129.67 £7.84 <0.001 (HS)
Diastolic 75.02 +4.81 85.96+5.23 <0.001 (HS)

Abbreviations— SD -standard deviation, bpm- beats per minute, NS -Not significant BS -Borderline significance, HS — Highly significant.

Tablel: Differences (Meanz SD) between demographic parameters of normotensive individuals and prehypertensive patient.

Changes in the P wave in leads other then lead V1.

Changes in the P waves other then leads V1were similar to the normal
persons. With start of exercise and during stage one there was mild increase
in the amplitude of the P wave. With increasing heart rate during exercise,
the P wave gradually shifted towards the QRS complex. Amplitude and
duration of the P wave progressively decreased and downslope of the P wave
progressively merged into the rapidly downsloping PR segment (figurel-A)

Changes were most prominent at peak exercise or during the first minute of
recovery(marked) (figurel-B) During recovery, the P wave gradually came
out of the PR segment. By the end of the fifth minute of recovery, the P wave
become inentical to the preexercise P wave. At times P wave became normal
by the end of the seventh minute of recovery. There was no visually
detectable increase in the duration of the P wave in any lead in any case
throughout the treadmill test.

Supine
HR 70 bpm

Stage1
HR 137 bpm

Stage2
HR170 bpm

PeakEx
HR194 bpm

Figl- Showing changes in the P waves and the PR segment in the averaged beats of different leads during different stages of treadmill test
from a case of prehypertension.
(A)During stage 1, there is mild increase in amplitude of the P wave with mild decrease in its duration. With increasing exercise and heart
rate there is progressive reduction in the amplitude of the P wave and merging of it’s distal limb in the down sloping PR segment.

(B)

Recovery1

HR168 bpm

Recovery3
HR116 bpm

Recovery5
HR110 bpm

TFH B AT

(B)With reducing heart rate during recovery, the P wave comes out of the PR segment.The P wave became normal by the end of the fifth minute
of recovery.

Change in the P wave in lead V1

In fourteen patients the terminal negative deflection of the P wave became
prominent enough to be defined as left atrial abnormality (termed as group
A for further discussion) (figure2). In thirteen patients the downslope of the
P wave merged into the downsloping PR segment but did not qualify to be
termed as left atrial abnormality (termed as group B for further
discussion)(figure3).
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Fig2- Showing Lead V1 and V2 with abnormal increase in the terminal negative deflection of the P wave (marked as |)in lead V1 at peak
exercise from a case of prehypertension suggestive of left atrial abnormality.

Fig-3
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Fig3-Showing leads V1 and V2 during peak exercise, first minute of recovery and third minute of recovery from another case of
prehypertension. Distal limb of the P wave (marked as |) merging in the down sloping PR segment. There is no evidence of left atrial
abnormality.
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Fig-4-Showing different leads from the averaged beats during treadmill test of a case of group A of prehypertension. There is abnormal
negative defection of the terminal part of the P wave in lead V1 at peak exercise (marked as |)
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Fig5- Showing averaged beats from different leads of different stages of treadmill test from a prehypertensive of group B.There is horizontal
depression of the PR segment in lead V1 (marked as =) without any evidence pf left atrial abnormality

Comparison of exercise and recovery parameters between group A and  Heart rate at peak exercise was also significantly more in group B (P=0.01).
group B Decrease in heart rate by the end of the third minute of recovery and by the
. . . d of the fifth minute of | ter i B(P value 0.02
Comparison of group A and group B are shown is tables 2,3 and 4. Resting encot 1he TITTh MInULe oT TECoVery were also greater in group (P value
. . o . and < 0.05 respectively).
supine systolic blood pressure was significantly more is group B (P < 0.02).

Parameter Group A Group B P-value
(Patients with increase in the (Patients without any increase in the
terminal negative component | terminal negative component of the P

of the P wave in lead wave of lead V1during the treadmill
Viduring thetreadmill test) test)
Number
(M F) 14(10:4) 13(9.4)
Age(Years) 39.85+11.97 34.8+411.13 >0.10 (NS)
Resting supine heart
rate (bpm) 76.6 +£13.30 76.08+14.02 >0.10 (NS)

Resting supine blood
pressure (mm Hg)

Systolic 120.86 + 6.59 129.58+8.6 <0.02 (S)

Diastolic 86 +5.07 86.66 +4.92 >0.10 (NS)
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| Pulse pressure | 44.66 +10.56 |

42.91 +10.96

>0.10 (NS)

Abbreviations — SD -standard deviation, bpm- beats per minute,NS-Not significant, BS -Borderline, significant,S — Significant.

Table2: Differences (Mean+ SD) in demographic parameters between the two groups of prehypertensive patients.

Group A Group B

(Patients with increase in the | (Patients without any increase in the
Parameter terminal negative component | terminal negative component of the | P-value

of the P wave in lead V1 P wave in lead V1during the

during the treadmill test) treadmill test)
Exercise duration
(minutes) 8.89+2.06 9.8+1.84 >0.10 (NS)
Peak
metabolicEquivalent(MET) | 10.13+1.55 10.99 +1.49 >0.10 (NS)
Peak systolic blood
pressure (mm Hg) 175.33+8.72 178.33 +12.09 >0.10 (NS)
Peak heart rate
(bpm) 163.13 £ 9.58 178 +17.17 0.01 (S)

Abbreviations — SD -standard deviation, bpm- beats per minute, NS -Not significant, BS -Borderline significant, S — Significant.

Table 3: Differences (Mean* SD) inexercise parameters between two groups of prehypertensive patients

Group A Group B
(Patients with increase in the (Patients without any increase in
Parameter terminal negative component of the | the terminal negative component P-value
P wave in lead V1during the of the P wave of lead V1during
treadmill test) the treadmill test)
Systolic blood pressure at the
end of the third minute of
recovery (mm Hg) 165.33£15.05 163.33£18.74 >0.10 (NS)
Heart rate (bpm) reduction
from the peak heart rate.
At the end of the
first minute of
recovery 32.73 +12.45 415182 >0.10 (NS)
At the end of the
third minute of 50.33 + 15.92 74.16 + 13.85 0.02 (S)
recovery
At the end of the
fifth minute of 63+17.05 76.08+12.65 <0.05 (S)
recovery

Abbreviations- SD -standard deviation, bpm- beats per minute, NS-Not significant, BS -Borderline significant, S -Significant.

Table 4: Differences (Meanzx SD) in the recovery parameters between the two groups of prehypertensive patients.

Discussion

Comparison of demographic with

normotensive individuals

data of prehypertensives

There was no significant difference in age and gender. Therefore changes
seen in prehypertensives were most likely related to the significant difference
in the systolic and the diastolic blood pressures. Prehypertensives had
relatively higher (P=0.05) resting supine heart rate. This could be because of
overactivity of the sympathetic nervous system. Increased sympathetic
activity can case transient hypertension [36]. Prehypertension is known to be
associated with increased resting heart rate [37].Increased sympathetic
activity could also be contributing to the higher blood pressure.

Differences between with

prehypertension.

group A and group B patients

Patients of group A had significant increase in the area of terminal negative
component of the P wave in lead V1 during treadmill test. This finding
suggests transient increase in the left atrial pressure of these patients during
treadmill test [10,38,39].

Why there was no visibly detected increase in the duration of the P wave
in any of the prehypertensive patients?

Firstly as the increase in the left atrial pressure occurred for a short period
during exercise and / or early recovery it did not result in dilatation of the
left atrium. Wide and notched P wave are seen only if there is enlargement
of the left atrium [10,40]. Secondly, sensitivity of the P wave in detecting
left atrial enlargement is only around 8% [41]. Thirdly ,it has been shown (in
the context of the diagnosis of exercise induced myocardial ischemia), that
any detection of any meaningful increase in the duration of the P wave is
possible only after magnifying the electrocardiogram serval times [42] and
development software for correct measurement of such a minimal change
(0.02 sec)[43].

why did the change in terminal negative component of the P wave occur
only transiently during the treadmill test?

Prehypertensives are prone to target organ damage[2].In the context of heart
the earliest abnormality is impairment of early diastolic active relaxation of
the left ventricle. At rest the heart rate is slow. Long diastolic period allows
adequate emptying of the left atrium inspite of impairment of early active
relaxation of the left ventricle. During exercise induced tachycardia, there is
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progressive shortening of the diastolic interval. It hampers adequate
emptying of the left atrium into the left ventricule. Consequently the left
atrial pressure increases with increasing heart rate during exercise. In
addition tachycardia also reduces reuptake of calcium by the sarcoplasmic
reticulum [14]. This adds to the impairment of left ventricule relaxation
during exercise induced tachycardia and adds to increase in the left atrial
pressure .This leads to increased prominence of the terminal negative
deflection of the P wave in lead VV1.During recovery, the heart rate rapidly
declines. It increases the diastolic interval and results in better emptying of
the left atrium. Left atrial pressure declines and the terminal negative
deflection of the P wave in lead V1 becomes normal. Grater is the
impairment of relaxation of the left ventricule earlier is the appearance of the
abnormality of the P wave in lead V1 during exercise and longer it lasts
during recovery .

How to explain impairment of relaxation of the left ventricle how in the
absence of electrocardiographic or echocardiographic evidence of left
ventricular hypertrophy?

There are several reasons. Firstly, all hypertensive do not develop left
ventricular hypertrophy [44] only 12% of borderline hypertensives (now
termed as prehypertension) have left ventricular hypertrophy [6].This is
because development of left ventricular hypertrophy in hypertensives is
dependent on several factors other then blood pressure [7]eg. genetic
predisposition, increase in blood pressure during day to day activity 24 hrs
control of the blood pressure and central aortic pressure. Secondly the
electrocardiographic and echocardiographic creteria for the diagnosis of left
ventricular hypertrophy have low sensitivity [45,46,47]. Thirdly
hypertension (greater than 180 mmHg) only during exercise can produce
impaired relaxation during exercise but may not cause detectable left
ventricular hypertrophy if patients do not develop hypertension during their
day to day activity. Hypertensive response during exercise has been shown
to be associated with new onet hypertension and future cardiovascular death
[47,48,49]. Similarly, in some individuls recovery, from peak systolic blood
pressure may be slow. Such a response is also releted to later risk of
cardiovascular events [50]. These studies show that some individuals have
adverse milieu that can cause impairment of cardiac function even in absence
of left ventricular hypertrophy Fourthly initial stages of left ventricular
pressure over load impairment of relaxation in due to electrophysiological
changes at the cellular level [35]. Myocardial relaxation is primarily due to
reuptake of the calcium ions by sarcoplasmic reticulum (s1). Therefore
electrocardiogram and echocardiographic evaluation may be within normal
limits during the early stages of impaired relaxation in case of systemic
hypertension. Fifthly intrinsic myocardial stiffness relaters to the amount of
collagen within the myocardiam 52.There could be increased deposition of
collagen in patients of group A.

Why did the change in the P wave terminal negative component the P
wave of lead V1 occur only in fourteen case of group A and not in the
remaining thirteen case of group B.

None of the twenty seven patients had electrocardiographic or
electrocardiographic changes of left ventricular hypertrophy. Therefore
difference in diastolic dysfunction was due to some other factors. There are
some possibilities. firstly the individuals of group ‘B’ could be having white
coat hypertension i.e. ‘only in office hypertension” which resulted in their
clinic blood pressure reading to rise to the range of prehypertension. Such
individuals have much lower cardiovascular morbidity [53]. Secondly, there
could be some genetic factors that could have contributed to greater
impairment of relaxation in patients of group ‘A’[8] Thirdly some authors of
have observed increased levels of inflammatory markers in
prehypertensives. It is possible that our patients of group A had increased
levels of inflammatory factors. Fourthly, cardiac changes are more
dependent on central aortic pressure & stiffness of large arteries [20,55]
rather than on the brachial artery pressure. It is possible that our patients of
group A had higher central aortic pressure.

Differences in the demographic parameters between group A and group
B
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Patients who did not develop abnormality in the terminal negative defection
of the P wave in lead V1 (group B) had higher systolic blood pressure at rest
as compared to individuals of group A (P<0.02). Systolic blood pressure is
dependent on left ventricular systolic volume and distensibility clarticity of
the grate arteries [56].

Increased stiffness (decreased recoil)of the great arteries reduces the systolic
blood pressure in the presence of increased in systolic blood pressure [20].As
there was no significant difference in the other parameters, the difference
was most likely due to better left ventricular stroke volume in patients of
group B. Indirectly it suggests better diastolic filling and better systolic
emptying of the left ventricle i.e better diastolic and systolic function of the
left ventricle in group B patients.

Differences the in exercise parameters of group A and group B

Peak exercise heart rate was significantly higher in group B then in group A
(P=0.01).This could be because patients of group B could exercise for a
longer duration (9.8+-1.84 minutes)than the patients of group A (8.89+-
2.06minutes).Although the difference in duration of exercise did not reach
statistical significance, it does show that the patients of group B had better
exercise tolerance. Relatively less exercise tolerance in patient of group A
could be related to impaired relaxation of the left ventricle in these patients
as shown by increased prominence of the terminal negative deflection of the
P wave in lead V1 in these patients during exercise. Increased prominence
of the terminal negative deflection of the P wave in lead V1 suggests
increased pressure in the left atrium and indirectly to increased pulmonary
venous pressure. Increased pulmonary venous pressure results in
breathlessness and could be responsible for relatively early termination of
exercise in patients of Group A.

Difference between recovery parameters between group A and Group B

Reduction in the heart rate at the end of the third minute of recovery and at
the of end the fifth minute of recovery was significantly less (p=0.02 and
<0.05 respectively) in group A than in group B. Reduction in the heart rate
during recovery is due to reduction in exercise induced increase in the
sympathetic activity and enhancement of the parasympathetic tone [57].
Relatively less decline in heart rate in group A patients during recovery
suggests longer persistence of the exercise induced increase in sympathetic
activity. Indirectly it shows slower normalisation of left ventricular function
after exercise in group A patients.

Conclusion

Some patients of isolated uncomplicated prehypertension (as define by
resting, supine, office blood pressure reading) without any
electrocardiographic or echocardiographic evidence of left ventricular
hypertrophy can have subclinical impairment of relaxation of the left
ventricle. Such subclinical impairment of relaxation of the left ventricle can
be unmasked by exercise electrocardiography using treadmill test. Increase
in the area of the negative terminal deflection of the P wave of lead V1 to
0.04mVsec or more during exercise or early recovery suggest transient
increase in the left atrial pressure due to exercise induced tachycardia.
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