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Background: Hypertensive heart failure (HHF) is associated with a poor prognosis. There is
paucity of data in Nigeria on prognosis among HHF patients elucidating the role of 24-hour
Holter electrocardiogram (ECG) in concert with other risk factors.

Objective: The aim of this study was to determine the prognostic utility of 24-hour Holter
ECG, the 6-minute walk test (6-MWT), echocardiography, clinical and laboratory parameters
among HHF patients.

Methods: A total of 113 HHF patients were recruited and followed up for 6 months. Thirteen
of these patients were lost to follow-up, and as a result only 100 HHF patients were analyzed.
All the patients underwent baseline laboratory tests, echocardiography, 24-hour Holter ECG and
the 6-MWT. HHF patients were analyzed as “mortality vs alive” and as “events vs no-events”
based on the outcome at the end of 6 months. Events was defined as HHF patients who were
rehospitalized for heart failure (HF), had prolonged hospital stay or died. No-events group was
defined as HHF patients who did not meet the criteria for the events group.

Results: HHF patients in the mortality group (n = 7) had significantly higher serum urea (5.71
+2.07 mmol/L vs 3.93 + 1.45 mmol/L, p = 0.003) than that in those alive. After logistic regres-
sion, high serum urea conferred increased mortality risk (p = 0.035). Significant premature
ventricular complexes (PVCs) on 24-hour Holter ECG following logistic regression were also
significantly higher (p = 0.015) in the mortality group than in the “alive” group (n = 93) at the
end of the 6-month follow-up period. The 6-minute walk distance (6-MWD) was least among
the HHF patients who died (167.26 m + 85.24 m). However, following logistic regression, the
6-MWT was not significant (p = 0.777) for predicting adverse outcomes among HHF patients.
Patients in the events group (n = 41) had significantly higher New York Heart Association
(NYHA) class (p = 0.001), Holter-detected ventricular tachycardia (VT; p = 0.009), Holter-
detected atrial fibrillation (AF; p = 0.028) and PVCs (p = 0.017) following logistic regression
than those in the no-events group (n = 59).

Conclusion: High NYHA class, elevated serum urea, Holter ECG-detected AF and ventricular
arrhythmias are predictive of a poor outcome among HHF patients. The 6-MWT was not a use-
ful prognostic index in this study.

Keywords: hypertensive heart failure, ventricular tachycardia, Holter electrocardiography,
prognosis

Introduction

Heart failure (HF) is an increasingly costly and deadly manifestation of a series of
cardiac diseases and constitutes a major public health problem worldwide.!? Despite
current state-of-the-art treatment of HF, mortality rate remains high, and ~50-60% of
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HF patients will die within 5 years of diagnosis.! The prog-
nosis worsens with advancement of HF, and the mortality
rate is as high as 50% per year in severe cases.’ HF is also
associated with increased morbidity as it is characterized
by frequent hospital admissions and prolonged hospital
stay.* Hypertensive HF (HHF) patients have clinical charac-
teristics similar to those of other patients with HF with the
caveat that symptoms of diastolic dysfunction and elevated
left ventricular filling pressures may be present earlier on
as compared to other causes of HE.> HHF is the commonest
form of HF in Nigeria,’ and has been found to be laden with
several poor prognostic indices. As a result, overall 1-year
survival of HHF patients is ~71% contingent on the absence
of poor prognostic markers.®

Holter-based electrocardiogram (ECG) parameters with
special emphasis on risk markers such as heart rate variability
(HRV) and arrhythmias have been useful in predicting mortal-
ity.” It is widely accepted that structural changes in the myo-
cardium are better identified by means of imaging techniques.
Therefore, combining the electrocardiographic alterations
with echocardiographic parameters among patients with HF
may provide the complex insight into the interplay between
factors contributing to mortality.!

In addition, the 6-minute walk test (6-MWT) has been
proposed to have prognostic utility in HF patients.®!! A
reduced 6-minute walk distance (6-MWD) of <300 m among
HF patients has also been proposed to be associated with
poor prognosis.'!

While there are studies on prognostic indices among
HHEF patients, there is scarcity of data evaluating the useful-
ness of 24-hour Holter ECG and the 6-MWT in conjunction
with other factors in Nigeria.* Therefore, we prospectively
recruited HHF patients with the aim of having a broader look
at various prognostic indices, including but not limited to the
following: echocardiographic parameters, 24-hour Holter
ECG, 6-MWT and laboratory parameters among others.

The information garnered from this study will be useful
in risk stratification of HHF patients and may also be pivotal
in formulating management strategies for high-risk patients
as some of these risk factors may be modifiable.

Methods

This is a prospective cohort study in which 113 HHF patients
were recruited consecutively over a 1-year period. Thirteen of
these patients were lost to follow-up. Approval of the Ethics
and Research Committee of Obafemi Awolowo University
Teaching Hospitals Complex, Nigeria, was obtained before

the commencement of the study, and written informed con-
sent was obtained from each of the study participants.

Inclusion criteria

1. Subjects aged 18 years and older.

2. Subjects with a clinical diagnosis of HF and who satis-
fied the recommendations of the European Society of
Cardiology'? for the diagnosis of heart failure.

3. Subjects with systemic hypertension defined as average
of three blood pressure measurements =2140/90 mmHg, or
if the subject was already on antihypertensive therapy."

Exclusion criteria

1. Subjects admitted with suspected heart failure who did
not meet the diagnostic clinical criteria for the diagnosis
of HF or systemic hypertension.

2. Subjects with heart failure from any other etiology other
than systemic hypertension.

3. Subjects who died within 48 hours of admission before
full clinical evaluation was performed.

4. Subjects unable to walk without assistance from another
person (not including mobility aids) or if unable to
walk because of noncardiac limitations, for example,
osteoarthritis.

The patients were interviewed and examined in detail.
HF was defined according to the recommendations of the
European Society of Cardiology.”>? HHF in this study was
used to describe patients with HF secondary to systemic
hypertension. The 12-lead resting ECG of the patients was
obtained with the aid of a 3-channel electrocardiograph
(Cardiofax YD-907D). All the 12-lead ECGs were read by
the cardiologist, and left ventricular hypertrophy (LVH)
was determined using the Sokolow—Lyon voltage criteria.'
Other abnormalities on the ECG were also defined based on
standard criteria.!!°

HHF patients also carried out the 6-MWT at admission
according to standard guidelines'® excluding those in New
York Heart Association (NYHA) class IV who had the test
deferred until their functional class had improved. The dis-
tance covered in a single test was recorded as the farthest
distance covered at the end of 6 minutes irrespective of fre-
quency of stops or inability to complete the 6-minute walk
time frame.!¢

Echocardiography was performed using a standard
Vivid 7 Dimension ultrasound imaging system with the
5S transthoracic-phased array sector probe for adults with
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a frequency of 2.2 to 5.0 MHz using the transducer manu-
factured by General Electric (GE) Medical Systems. All
the HHF patients underwent 2-dimensional [2D]-derived
M mode Doppler (pulsed wave, continuous wave, color
flow) and tissue Doppler transthoracic echocardiography
with simultaneous ECG recordings. Measurements were
in accordance with the recommendations of the American
Society of Echocardiography.'’

The left ventricular ejection fraction (LVEF) was cal-
culated from echocardiographic machine-derived volumes
computed based on the Teichholz equations. The average of
three consecutive measurements was recorded as the LVEF.
The formula is:

LVEF: 100(LVEDV - LVESV)/LVEDV
where LVEDV is the left ventricular end diastolic volume and
LVESV is the left ventricular end systolic volume.

The LV end systolic and diastolic volumes were derived

using the Teichholz formula®®:

EDV: (7 x LVEDD?) + (2.4 + LVEDD)

ESV: (7 x LVESD?®) + (2.4 + LVESD)
where LVEDD is the left ventricular end diastolic diameter
and LVESD is the left ventricular end systolic diameter.

The Tei index was calculated using the following formula
based on echocardiographic-derived parameters:*

(IVCT + IVRT)/LVET
where IVCT is the isovolumic contraction time (interval
between mitral valve closure and aortic valve opening).
IVRT is the isovolumic relaxation time (interval between
aortic valve closure and mitral valve opening) and LVET is
the left ventricular ejection time (interval from opening to
closure of aortic valve).

The 24-hour Holter monitoring was also carried out
at admission using Schiller type (MT-101) Holter ECG
machine, and baseline recordings were recorded.?’ The
following 24-hour Holter ECG parameters were recorded
from all participants: heart rate, heart rate variability (HRV),
arrhythmias (premature atrial complexes, atrial fibrillation
[AF], premature ventricular complexes [PVCs] and ventricu-
lar tachycardia [VT]) and peak ectopy rate. The HRV was
recorded in four time domains, but only the SDNN (standard
deviation of all normal to normal sinus RR intervals over
24 hours) was analyzed as it is the best known, best vali-
dated and earliest HRV parameter utilized to prognosticate
HF patients.!

Baseline clinical and biochemical parameters such as
body mass index (BMI), packed cell volume, electrolytes,
urea and creatinine were estimated. The glomerular filtration

rate (GFR) was estimated using the Cockcroft-Gault equa-
tion.2! HHF patients had a chest X-ray posterior—anterior
view just before admission.

The length of hospital stay of patients was recorded, and
subjects were followed up for 6 months via monthly clinic
visits. Time from discharge to readmission was noted for
patients who were readmitted within the 6-month follow-up
period. The time from first seeing the patient to death for those
that died was also recorded within the 6-month follow-up
period. Phone calls were made to patients or their next of kin to
confirm default of clinic attendance or mortality, respectively.

The HHF patients were analyzed as “mortality vs alive”
and as “events vs no-events” based on the outcome at the
end of 6 months. Events was defined as HHF patients who
were rehospitalized for HF, had prolonged hospital stay or
died. No-events was defined as HHF patients who did not
meet the criteria for the events group. For the purpose of this
study, prolonged hospital stay was defined as hospital stay
>8 days based on findings by Wright et al,* who stated that
a median hospital length of stay >6 days among HF patients
was associated with multiple adverse features. As a result, to
account for peculiarities unique to our environment in terms
of social issues and patient characteristics, we chose >8 days
as the definition of prolonged hospital stay.

In this study, HHF patients were defined as having had
poor prognosis if they had an event based on the definitions
above during the 6-month follow-up period.

It is important to note that all the patients in this study
had guideline-directed medical therapy?? including but not
limited to the following medications: diuretics, angiotensin
converting enzyme (ACE) inhibitors, angiotensin receptor
blockers (ARBs), B-blockers as well as aldosterone receptor
antagonist. The effect of therapy was not analyzed, as the
focus of the study was to uncover nontherapy-related factors
that confer poor prognosis among HHF patients.

Statistics

The data analysis was carried out using IBM SPSS software
version 20.0 (IBM Corporation, Armonk, NY, USA). Descrip-
tive statistics were computed for continuous variables while
frequency tables were generated for categorical variables.
The continuous variables were expressed as mean + standard
deviation while categorical data were expressed as percent-
ages. Differences between two continuous variables were
determined using the independent Student’s #-test. The dif-
ferences between categorical data were determined using the
Chi-squared (y?) test. The Cox proportional-hazard regression
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model was used to evaluate the association of variables with
mortality or morbidity. Cox regression survival curves were
used to estimate the survival rates for HHF patients. The level
of significance was p < 0.05 and confidence interval of 95%.

Results

A total of 113 patients were recruited for this study, of whom
13 were lost to follow-up. Of the 100 HHF patients eventually
analyzed, the mortality group comprised of seven patients.
The events group was made up of 41 patients, and the no-
events group was composed of 59 patients. Five of the deaths
among the HHF patients were intrahospital deaths probably
secondary to pump failure from progressively worsening
disease with a median of 17 days from the date of admission.
The other two deaths occurred at ~4 months and 5 months,
following discharge.

Table 1 shows that the cardiothoracic ratio (CTR) measured
on chest X-ray was significantly higher among the patients in
the mortality group as compared to those alive (0.57 £ 0.05
vs 0.51 £0.03; p=0.04). Also, patients in the mortality group
had poorer renal function indices than those alive evidenced
by higher serum urea and lower estimated GFR (eGFR)
(5.71 £ 2.07 mmol/L vs 3.93 + 1.45 mmol/L; p = 0.003 and
39.81 £22.38 mL/min vs 60.69 + 20.73 mL/min; p =0.012),
respectively.

Table | Baseline variables for mortality vs alive patients

Parameters Mortality (mean Alive (mean p-value
+SD),n=7 +SD),n=93
Age (years) 69.86 +7.22 64.02+13.18  0.087
BMI (kg/m?) 21.77 £3.35 24.74 £ 4.52 0.092
SBPr (mmHg) 145.14 + 38.62 135.18+2575  0.34
DBPr (mmHg) 87.14 + 16.04 86.06 = 15.16 0.86
CTR 0.57 £ 0.05 0.51 £0.03 0.04°
PCV (%) 36.71 £ 4.86 3827 £4.73 0.40
Sodium (mmol/L) 136.29 + 6.90 13127 £1037 0.2l
Potassium (mmol/L)  4.30 +0.67 391 +£0.67 0.18
Urea (mmol/L) 5.71 £2.07 393+ 1.45 0.003"
Creatinine (umol/L)  151.57 +72.83 103.89+£2822 0.14
eGFR (mL/min) 39.81 £22.38 60692073 0012
6-MWDA (m) 167.26 + 85.24 301.92+49.05  0.006"
LVEF (%) 3471 £ 13.40 4005+ 1497 036
TEI 0.58 +0.14 0.52+0.19 0.44
SDNN (ms) 74.43 £ 43.66 109.32£5548 0.1l
PVC (per 24 hours)  16,282.9 +9712.5 26224 +5190.0 0.0I
VT (per 24 hours) 137.57 + 341.66 6.57 £51.10 0.001"

Note: *p < 0.05 for mortality vs alive.

Abbreviations: BMI, body mass index; SBPr, systolic blood pressure at rest; DBPr,
diastolic blood pressure at rest; CTR, cardiothoracic ratio; PCV, packed cell volume;
eGFR, estimated glomerular filtration rate; 6-MWDA, 6-minute walk distance on
admission; LVEF, left ventricular ejection fraction; TEIl, Tei index; VT, ventricular
tachycardia on Holter monitoring; SDNN, standard deviation of all normal to
normal sinus RR intervals over 24 hours; PVC, premature ventricular contraction.

Patients in the mortality group (n = 7) covered a lower
distance during the 6-MWT at admission as compared to
the 6-MWD on admission of those alive after 6 months of
follow-up (167.26 £85.24 m vs 301.92 £49.05 m; p=0.006).

Based on the results of 24-hour Holter ECG monitoring,
patients in the mortality group had more PVCs and counts of
nonsustained VT than those alive (16,282.9 + 9712.5 per day
vs 2622.4 + 5190.0 per day; p = 0.01 and 137.57 £ 341.66
per day vs 6.57 + 51.10 per day; p = 0.001), respectively.
The heart rate variability as measured by standard deviation
of all normal sinus RR intervals over 24 hours (SDNN) was
not different between the groups (p =0.11).

All the patients who died had NYHA III or IV at admis-
sion as compared to 46.2% of those alive (p = 0.012). There
were also significantly higher proportions of right bundle
branch block (p = 0.024) on ECGs of patients in the mortal-
ity group as compared to those alive. However, there was no
significant difference in the proportions of LVH by voltage
criteria (p = 0.439) and left bundle branch block (p =0.361)
on the ECGs of HHF patients alive and those who died. A
significantly higher proportion of patients in the mortality
group (71.4%) had AF on 24-hour Holter ECG monitoring
as opposed to 21.5% of those alive (p = 0.01).

Table 2 shows that patients in the events group had signifi-
cantly lower BMI, systolic and diastolic blood pressures than
those in the no events group (23.20 = 4.14 kg/m? vs 25.46
4.55 kg/m?; p = 0.013, 127.46 £ 28.10 mmHg vs 141.73 £
24.24 mmHg; p = 0.008 and 81.22 £+ 15.68 mmHg vs 89.56
+ 13.88 mmHg; p = 0.006), respectively.

The packed cell volume (p = 0.715), serum sodium
(p = 0.289), urea (p = 0.61) and creatinine (p = 0.32) were
not significantly different between the events group and
the no-events group. HHF patients in the events group had
significantly lower ejection fraction and 6-MWD than those
in the no events group (32.98 £ 13.63% vs 44.34 + 13.97%;
p < 0.0001 and 260.59 £ 66.65 m vs 314.66 £ 48.17 m;
p <0.0001), respectively.

The myocardial performance index (Tei index) was more
impaired among HHF patients in the events group than those
in the no events group (p < 0.0001). They also had signifi-
cantly higher counts of PVCs and VT on 24-hour Holter ECG
monitoring than those in the no events group (» <0.0001 and
p =0.01), respectively.

Significant proportions of HHF patients in the events group
had significantly higher NYHA class (Il or IV) at admission
as compared to the no events group (p < 0.0001).

There were, however, no significant differences in the
proportions of LVH by voltage criteria (p = 0.494) and
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Table 2 Baseline variables for events vs no events

Parameters Events No-events p-value

(mean = SD), (mean £ SD),

n=41 n=>59
Age (years) 61.71 + 1346 6632+1229 0079
BMI (kg/m?) 23.20 £ 4.14 25.46 +4.55 0.01%*
SBPr (mmHg) 12746 +28.10  141.73+2424  0.008*
DBPr (mmHg) 81.22 £ 15.68 89.56 + 13.88 0.006*
CTR 0.54 £ 0.05 0.50 £ 0.02 <0.0001*
PCV (%) 37.95+5.58 3831 £4.07 0715
Sodium (mmol/L) 132.93 + 3.80 130.71 £1290  0.289
Potassium (mmol/L)  4.01 +0.49 3.89 £ 0.40 0.19
Urea (mmol/L) 4.15+2.07 4.00 + 1.09 0.6l
Creatinine (umol/L)  112.02 +49.18 10390+ 1230 032
eGFR (mL/min) 60.54 +26.12 5832+ 1761 0635
6-MWDA (m) 260.59 £ 66.65 31466 +£48.17  <0.0001*
LVEF (%) 3298 + 13.63 44.34 + 13.97 <0.0001*
TEI 0.63+0.17 0.46 £0.17 <0.0001*
SDNN (ms) 111.00 + 67.25 104.02 + 45.58  0.565
PVC (per 24 hours) 77740 £ 84146 6632+ 18728  <0.0001*
VT (per 24 hours) 37.98 £ 159.5 029+ 1.70 0.01*

Note: *p < 0.05 for events vs no-events.

Abbreviations: BMI, body mass index; SBPr, systolic blood pressure at rest; DBPr,
diastolic blood pressure at rest; CTR, cardiothoracic ratio; PCV, packed cell volume;
eGFR, estimated glomerular filtration rate; 6-MWDA, 6-minute walk distance on
admission; LVEF, left ventricular ejection fraction; TEl, Tei index; VT, ventricular
tachycardia on Holter monitoring; SDNN, standard deviation of all normal to
normal sinus RR intervals over 24 hours; PVC, premature ventricular contraction.

right bundle branch block (p = 0.301) on the ECGs of the
events group in comparison to those in the no events group.
However, a significantly higher proportion of patients in
the events group (43.9%) had AF on 24-hour Holter ECG
monitoring as opposed to 11.9% in the no events group
(» £0.0001).

The parameters that were found to achieve statistical sig-
nificance were entered into the regression analysis. Elevated
serum urea (p = 0.035) was predictive of all-cause mortality
among HHF patients as displayed in Table 3. In addition,
low counts of PVCs on 24-hour Holter ECG monitoring had
lower risk of death (Exp [b] = 0.024, p = 0.015).

As depicted in Table 4, higher NYHA class III or IV
(p =0.001), presence of AF (p =0.028), VT (p = 0.009) and
PVCs (p=0.017) all recorded on 24-hour Holter ECG moni-
toring were predictive of adverse events among HHF patients.

Figure 1 depicts the Cox regression survival plot for
HHF patients based on the presence of significant PVCs
on 24-hour Holter ECG, which was defined as the presence
of PVCs >10% of the total QRS complexes recorded on
24-hour Holter ECG. Eighteen HHF patients had significant
PVCs on Holter ECG recording while the remaining 82 did
not meet the criterion for significant PVCs. The plot shows

Table 3 Regression analysis among HHF patients for all-cause
mortality

Parameters B Hazard ratio p-value 95% CI for Exp (J3)

for Exp (B)
Urea 1238 3.448 0.035 1.089-10.919
SigPVC -3.732 0.024 0.015 0.001-0.485
vT —0.003 0.997 0.671 0.985-1.01
Atrial —0.485 0.616 0.712 0.047-8.083
fibrillation
eGFR —0.052 0.949 0.058 0.899-1.002

Abbreviations: HHF, hypertensive heart failure; VT, ventricular tachycardia on Holter
monitoring; eGFR, estimated glomerular filtration rate; SigPVC, significant premature
ventricular complexes on 24-hour Holter monitoring; Cl, confidence interval.

Table 4 Regression analysis for all-cause adverse events

Parameters B Odds ratio p-value 95% CI for Exp ()

for Exp (B)
vT -2.195 O.111 0.009 0.022-0.576
NYHA -2.754 0.064 0.001 0.012-0.328
AF —1.942 0.143 0.028 0.025-0.809
SigPVC -3.600 0.027 0.017 0.001-0.525
BMI -0.113 0.893 0.174 0.759-1.051
EF —0.015 0.985 0.606 0.930-1.044
6-MWDA -0.200 0.819 0.777 0.206-3.257

Abbreviations: NYHA, New York Heart Association class; BMI, body mass index;
EF, ejection fraction; 6-MWDA, 6é-minute walk distance on admission; SigPVC,
significant premature ventricular complexes on 24-hour Holter monitoring; AF,
atrial fibrillation seen on 24-hour Holter monitoring; VT, ventricular tachycardia on
Holter monitoring; Cl, confidence interval.

that HHF patients with significant PVCs on 24-hour Holter
ECG had significantly lower cumulative survival rates than
those without significant PVCs (-2 log statistics, p <0.0001).

Figure 2 depicts the Cox regression survival plot for
HHEF patients based on the presence or absence of elevated
serum urea. Elevated serum urea was defined as serum urea
>7.1 mmol/L. The plot in Figure 2 shows that HHF patients
with elevated serum urea had significantly reduced cumula-
tive survival rates (-2 log statistics, p < 0.0001) than those
with relatively normal serum urea levels.

Discussion
This study aims to identify the factors that confer poor
prognosis among patients with HHF. At the end of the study,
renal dysfunction evidenced by elevated serum urea and the
presence of significant PVCs on 24-hour Holter ECG were
the most potent factors in predicting mortality among patients
with HHF. The predictors of adverse events as defined in this
study were high NYHA class on admission, 24-hour Holter
recorded VT, AF and significant PVCs.

Renal insufficiency is a common accompaniment of HF
and also confers increased mortality risk.?*?” Patients with
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Figure | Cox regression survival plot for HHF patients based on the presence or absence of significant premature ventricular complexes on 24-hour Holter ECG.
Abbreviations: HHF, hypertensive heart failure; ECG, electrocardiogram; PVC, significant premature ventricular complexes on 24-hour Holter monitoring.

heart failure and a low cardiac output usually have reduced
renal blood flow and associated elevated serum urea. Elevated
serum urea in this study seemed to be a better predictor of
all-cause mortality than eGFR as an index of renal dysfunc-
tion, which is similar to the findings of Heywood et al>* and
Gotsman et al.?® Following regression analysis, elevated
serum urea increased the risk of dying (Exp [B] = 3.448;
p = 0.035). Patients who died had a significantly lower
eGFR than survivors but eGFR was not found to be a useful
predictor of mortality following regression analysis. This
may indicate that even though eGFR is useful in assessing
the severity of renal dysfunction, its prognostic utility in HF
may be of little value.?>2

Serum urea may therefore have a different mechanism
in conferring increased mortality risk as compared to
eGFR. This may be in relation to the unique role of urea as
a neurohormonal biomarker in the setting of HF, which may
stem from the intricate physiology of urea reabsorption.?*’
Reabsorption of urea is “concentration dependent” and as
such, angiotensin II known to be elevated in HF can enhance
absorption of the sodium and water in the proximal tubules

and lead to an increase in the concentration of the filtered
urea in the proximal tubules.?”-?® This in turn can cause sig-
nificant passive reabsorption of the urea down a concentration
gradient. Second, increased reabsorption of the water in the
proximal nephron reduces fluid delivery distally, resulting
in slow tubular flow in the collecting duct, and increased
flow-dependent reabsorption of the urea in this segment.?’
Urea is also reabsorbed in the distal nephron dependent on
the level of antidiuresis. Therefore, higher levels of arginine
vasopressin (AVP) as seen in HF induce extensive absorption
of urea.?”?® The terminal part of the inner medullary col-
lecting duct possesses a high level of urea permeability that
is dramatically increased in the presence of AVP, a process
stated to be transporter mediated.?”*® AVP, glucocorticoids
and mineralocorticoids have also been shown to regulate the
urea transporters in the kidney.?”-?

Elevated serum urea parallels increase in the humoral
components of neurohormonal activation in HF such as
angiotensin, norepinephrine and AVP, which are not rou-
tinely measured clinically largely because of huge cost
considerations.?’-
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Figure 2 Cox regression survival plot for HHF patients based on the presence of elevated or normal serum urea level.

Abbreviation: HHF, hypertensive heart failure.

Therefore, serum urea may serve as an index of neurohu-
moral activation and may be useful in risk-stratifying patients
for more aggressive therapy to possibly reduce the risk of a
poor outcome among HHF patients.

Higher NYHA class (III or IV) was strongly predictive of
poor prognosis among HHF patients. Following regression
analysis, it remained a strong predictor for an adverse event
(»p=0.001) among HHF patients. This is in consonance with
several studies (Karaye and Sani,® Pocock et al,”? Ahmed
et al’® as well as Bouvy et al®!).

Ventricular arrhythmias are frequent findings in HF and
may serve as predictors of sudden death in these patients.>? The
presence of significant PVCs on 24-hour Holter ECG recording
was found to be significant for increased mortality as well as
an overall cause of adverse events in HHF patients following
regression analysis in this study (p = 0.015 and p = 0.017,
respectively). The survival plot in Figure 1 above, clearly dis-
plays the effect of significant PVCs on the chances of survival.

It has been noted that a higher frequency of PVCs is
associated with a decrease in LVEF, an increase in incidence
of heart failure and in turn increased mortality.*

Therefore, therapies that can reduce or prevent multiple
PVCs may improve outcomes among HF patients.

The presence of VT on subsequent Holter monitoring was
predictive of a poor outcome in this study (p = 0.009 following
logistic regression). All the patients who died in this study had
short runs VT on Holter monitoring. Six of the seven patients
had nonsustained VT and one of the patients who died had
sustained VT. This is similar to the findings of Doval et al,**
where the presence of nonsustained VT and couplets of PVCs on
Holter monitoring had predictive value for sudden cardiac death.
Casaleggio et al* also had comparable findings as the presence
of nonsustained VT and high peak ectopy rates were validated
as predictors of increased risk of sudden death even after Cox
proportional hazards regression analysis was carried out.

AF on 24-hour Holter ECG conferred increased risk
of mortality and/or morbidity in this study. The prognostic
significance of AF may stem from worsening diastolic dys-
function due to a shorter diastolic filling time, secondary
to rapid ventricular heart rates.’® The loss of effective atrial
contraction also impacts negatively especially in patients with
underlying diastolic dysfunction, such as HHF patients.*’
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A close examination of the findings in this study would
reveal that most of the electrocardiographic abnormalities
that conferred poor prognosis among the study population
were 24-hour Holter ECG-derived parameters rather than
the 12-lead ECG parameters. Although, ECG abnormalities
were prevalent among HHF patients, most of them were
nonspecific and added little to the risk stratification of these
patients. This may stem from the ability of the 24-hour Holter
ECG monitor to detect underlying arrhythmias that may be
easily missed with the 12-lead ECG as it is just like a snap
shot of the electrical activities of the heart over a few seconds.

The results are similar to the findings of the study on the
prognostic significance of ECG abnormalities for mortality
risk in acute heart failure: insight from the Sub-Saharan
Africa survey of Heart Failure (THESUS-HF) where ECG
abnormalities were not too useful in prognosticating heart
failure patients.*’

Therefore, even though continuous ambulatory Holter
monitoring is not considered as a basic diagnostic tool in
diagnosis of HEF, it may still have a role in risk stratification
of patients. This is useful, because the abnormalities in the
electrocardiographic parameters may add more information
in full prognostic assessment of HF patients' as has been
demonstrated in this study.

A reduced 6-MWD has been proposed to be predictive
of adverse events in HF patients.!®*® Most of these studies on
further analysis have not been able to substantiate this claim.
However, Ingle et al® suggested that reduced 6-MWD in
conjunction with left ventricular dysfunction was predictive
of mortality. However, the 6-MWD was of poor prognostic
utility in patients with mild left ventricular dysfunction.

The findings in this study are in tandem with most stud-
ies indicating that there is poor association between reduced
6-MWD and poor prognosis in HF. In spite of the finding
that HHF patients who died had significantly lower mean
6-MWD of 167.26 m (p < 0.0001) than those alive, it was
still not predictive of mortality. Therefore, 6-MWD is not
predictive of a poor outcome in HHF patients and may only
serve the purpose of assessing exercise tolerance and the
patient’s adaptability to coping with functional impairment
associated with HHF.

Conclusion

The 24-hour Holter ECG is a very important adjunctive tool in
assessing HHF patients as it can detect poor prognostic indica-
tors such as VT, significant counts of PVCs and AF. Elevated
serum urea and high functional NYHA class were indices for
poor prognosis among patients with HHF. Therefore, early

detection and treatment of these abnormalities may be useful
in reducing morbidity and mortality among HHF patients.

Limitations

A longer period of follow-up of the HHF patients might
have uncovered some more prognostic utility of some of the
parameters in this study. In addition, the use of cardiopulmo-
nary exercise testing might have provided more information on
the role of exercise as a prognostic tool among HHF patients.
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