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Background: Patients presenting with hypertensive urgency / emergency (HUE) often have systolic heart failure
(SHF). Coronary angiography is routinely done for these patients to rule out obstructive coronary artery disease
(Obs-CAD). We performed a retrospective study to investigate predictors of ObsCAD in this population.
Methods: Patients who underwent angiography to investigate SHF and had hospital admission(s) for HUE in the
preceding 6 months were included in the study. Chart review was performed to obtain demographic, clinical and
imaging / angiographic data. A risk score was formulated based on multivariable logistic regression analysis.
Results: 205 patients [age 58.9 4 14.4 years; 62.4% male; 39.5% diabetic; median EF 25% (Inter Quartile Range:
11)] were included in the study. 33.1% patients (n = 68) had obs-CAD. Patients with obs-CAD were older, dia-
betic, more likely to have a history of stroke, echocardiographic regional wall motion abnormalities (RWMA)
while African Americans were less likely to have obs-CAD. On multivariable analysis, only non-African American
race (OR: 2.18; CI: 1.08-4.4) and RWMA (OR: 5.62; Cl: 2.47-12.81) remained significant predictors of obs-CAD. A
risk score (RANDS) from 0 to 9 was formulated which had a c-statistic of 0.75 with a sensitivity and specificity of
84% and 53% for predicting obsCAD respectively.

Conclusion: Our results suggest that only a minority of patients with HUE and SHF have obs-CAD. A simple risk
score may be used to stratify this population and lower risk individuals may be screened with non-invasive test-

ing instead of invasive catheterization. These results should be validated in large registry populations.

© 2018 Elsevier Inc. All rights reserved.

Introduction

Coronary angiography has been an integral component in the algo-
rithm used to investigate the cause of newly diagnosed systolic heart
failure (SHF) to identify whether new SHF is caused by ischemic cardio-
myopathy and, if so, whether intervention would be beneficial [1-3].
Previous studies have examined the use and appropriateness of coro-
nary angiography in SHF [4,5]. Current guidelines on coronary angiogra-
phy are clear for those presenting with SHF and angina pectoris or a
history of ventricular arrhythmias [3,6]. Uncontrolled hypertension
(HTN) is a common cause for systolic heart failure, especially amongst
African-Americans [7,8]. However, patients presenting with hyperten-
sive urgency/emergency (HUE) often have chest pain and positive bio-
markers mimicking coronary syndromes. Thus, it is hard to distinguish
patients with SHF related to uncontrolled HTN from ischemic heart
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disease. It remains unclear as to who may benefit from immediate cor-
onary angiography and who should undergo risk stratification with
non-invasive imaging, prior to cardiac catheterization.

Our study set out to investigate patients who presented to our insti-
tution with new onset systolic heart failure and either a recent history of
or current HUE to determine which factors were associated with an is-
chemic cause of the heart failure and thereby predict which patients
will benefit from coronary angiography and who can be stratified to
non-invasive imaging. Previous studies have suggested that African
American patients are less likely to have an ischemic cause of cardiomy-
opathy [8,9]. Instead, African Americans have been described to be at a
higher risk of non-ischemic and dilated cardiomyopathy. As part of
this study, we were interested in further examining this correlation also.

Materials and methods

All coronary angiographies performed between January 2007 and
May 2017 for the indication of “CHF”, “Acute CHF”, “Hypertensive
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Table 1
Demographic and clinical parameters of the study population.

Obstructive Non-obstructive CAD P value

CAD (n=137)

(n=68)
Median Age (years) 63 (17.5) 57 (19) 0.002
Male Sex 70.6% (48) 58.4% (80) 0.09
African American 48.5% (33)  68.6% (94) 0.005
Smoker 61.2% (41) 55.5% (76) 0.44
Diabetes mellitus 51.5% (35) 33.6% (46) 0.013
FH of CAD 34.3%(23) 31.4%(43) 0.67
h/o Stroke 16.2%[11] 6.6%[9] 0.029
Typical angina 33.3%(22) 30.4%(41) 0.67
Systolic BP (mm Hg): 185 (20) 181 (23) 0.07
Median (IQR)
Diastolic BP (mm Hg): 109.5(23) 110(19) 0.36
Median (IQR)
Ejection fraction 25% (15%)  25% (10%) 0.073
Regional wall motion abnormalities 39.7% (27) 8.2%[11] <0.001
Positive Troponin (I) 74.6% (41) 70.4% (81) 0.58

Urgency or Emergency”, “Systolic Heart Failure” at a single large aca-
demic center were reviewed by study investigators. A retrospective
chart review was conducted for each patient. Patients were included
in the analysis if records revealed presentation with new SHF (LVEF
<40%) and a presentation with HUE (SBP > 170 and/or diastolic blood
pressure > 110 mmHg) either during the HF admission or within the
prior 6 months. Patients with known coronary artery disease, defined
as prior surgical or percutaneous revascularization, were excluded. In
total, 205 patients were included in the study. The IRB of the University
of Alabama at Birmingham approved the study. Detailed chart reviews
were conducted for each patient meeting the inclusion criteria to ex-
tract demographic and clinical parameters. Imaging and angiographic
data, transthoracic echocardiograms, and coronary angiograms were in-
dividually reviewed by experienced cardiologists. Echocardiograms
were evaluated for left ventricular dysfunction defined as an ejection
fraction < 40% calculated using Simpson's Biplane method and presence
or absence of regional wall motion abnormalities (RWMA) noted. Echo-
cardiograms were evaluated by a cardiologist (SKM) blinded to results
of coronary angiograms and clinical data. Obstructive coronary artery
disease (obs-CAD) was defined as the presence of greater than or equal
to 50% stenosis of the left main coronary artery or greater than or equal
to 70% stenosis of any major epicardial artery determined by quantitative
coronary analysis (QCA) using CAAS system. Two experienced interven-
tional cardiologists (ML, AC) performed QCA in a blinded fashion.

Statistical analysis

Statistical analysis was carried out using SAS 9.4 software (SAS Insti-
tute, Cary, NC). Continuous variables are depicted as mean / median de-
pending upon whether their distribution was normal or not. Categorical
variables are depicted as percentages. Univariate logistic regression
analysis was used to ascertain relationships of the following variables:
age, sex, race, Diabetes Mellitus, tobacco use, chronic kidney disease,
family history of CAD, prior stroke, and RWMA. Multivariate logistic re-
gression was then used to further extrapolate significant associations
between these variables. A risk score was created using the multivari-
able beta regression coefficients to assign weights for each variable. A

Table 2
0dds ratios for multivariable analysis and assignment of points for risk score.

Receiver Operating Characteristic Curve was then computed for the
risk score.

Results

A total of 205 patients undergoing coronary angiography for acute
SHF and HUE were included in the study. 199 patients met our blood
pressure criteria for HUE at the time of presentation whereas 6 patients
had been admitted with HUE within the preceding six months. Median
systolic and diastolic blood pressure at presentation for the sample was
182 (IQR 23) and 110 (IQR 20) mm Hg respectively. 30.7% (n = 63) pa-
tients were deemed to have typical angina at presentation. 33.2% (n =
68) patients were found to have Obs-CAD. Demographic and clinical
characteristics of the patient population were broken down into two
groups depending on the presence or absence of Obs-CAD. This is
shown in Table 1. The median age for patients with Obs-CAD was higher
[63 (IQR 17.5) v 57 (IQR 19) years; p = 0.002]. Other statistically signif-
icant findings included African American race (protective for Obs-CAD),
diabetes, history of stroke, and regional wall motion abnormalities on
echocardiography. Using these variables, a multivariable analysis was
then run. Only African American race (protective) and RWMA still
remained significant predictors of Obs-CAD in our study population.
We used the multivariable regression coefficients for each factor as
weights to create a risk score between 0 and 9 (Acronym: RANDS;
Table 2). Using a cutoff of >2 identifies Obs-CAD with a sensitivity of
84% and a specificity of 53%. Distribution of the study population strati-
fied by the risk score is depicted in Table 3. Use of the RANDS score in
this study population would avoid an initial coronary angiogram in
41% (n = 84) patients with only 11 patients mis-classified as low risk.
Thus, a total of 35.6% patients (n = 73) may be spared an invasive cor-
onary angiogram. The receiver operating characteristic curve for this
risk score gives a c statistic of 0.75 suggesting a good fit. (Fig. 1).

Discussion

Many patients presenting with acute SHF have accompanying HUE.
Over the last decade, studies have examined the acute heart failure pop-
ulation but have been unable to reach a firm conclusion on the exact
role and timing of coronary angiography [10]. Therefore, whether a pa-
tient undergoes coronary angiography has been largely physician de-
pendent and many patients with non-ischemic cardiomyopathy
undergo cardiac catheterization without gaining measurable benefit.
We hypothesized that only a minority of patients presenting with
acute SHF and HUE have significant obstructive coronary artery disease
at time of presentation. Because African American patients have been
suggested to have a lower incidence of obs-CAD, we expected to find a
similar association in this patient population. It is important to under-
stand which patients are at higher risk of obstructive coronary artery
disease from both a procedural risk stand-point and from a viewpoint
of providing cost-effective care. By accurately predicting which patients
with acute SHF and HUE have obstructive coronary artery disease, we
can provide higher value care to our patients. The majority of patients
included had severe SHF indicated by the median LVEF of 25%. Although
the sample size in our study is small, the population is similar to those in
landmark HF trials such as VMAC trial OPTIME trials in age and LVEF
[11,12]. However, majority of patients in our study were African-

Factor OR (95%CI) 3 Regression coefficient Points for risk score
Regional wall motion abnormalities (R) 5.62 (2.47-12.81) 1.73 3
Age > 60 years (A) 1.66 (0.84-3.30) 0.51 1
Non African-American race (N) 2.18 (1.08-4.4) 0.78 2
Diabetes mellitus (D) 1.71 (0.86-3.39) 0.54 1
H/o stroke (S) 2.40 (0.85-6.8) 0.88 2
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Table 3
Distribution of study population based on RANDS score.

RANDS score Patients with obstructive CAD Total patients
0 4 45
1 7 39
2 14 29
3 10 40
4 7 17
5 9 15
6 9 11
7 5 6

8 3 3

9 0 0
Total 68 205

American which is in stark contrast to most HF trials [11,12-14]. This is
likely due to our focus on hypertension in combination with acute heart
failure. As described earlier, African-Americans are more likely to have
hypertension induced heart failure [9,14,15]. In our study population,
the traditional risk factors of age, Diabetes mellitus and prior history
of stroke predicted Obs-CAD. RWMA on echocardiography was a strong
predictor of Obs-CAD also. Our data is also in line with studies
supporting less incidence of Obs-CAD in African Americans [8,9,15].
The RANDS risk score we provide is simple to use and may be of help
in deciding who needs to undergo coronary angiography after present-
ing with HF and uncontrolled HTN. It can be hypothesized that patients
at low risk of Obs-CAD can be screened with computed tomography
(CT), which is considered to be much more cost effective [16]. One
could argue that a CT coronary angiogram would likely avoid the diag-
nosis of Obs-CAD being missed in even the small number of patients
who would be mis-classified by use of the RANDS score.

Limitations.

Our study carries all the limitations expected of a retrospective anal-
ysis and the inherent biases. We attempted to correct for these biases
through careful data acquisition, exclusion of potential confounders,
and accurate statistical analysis. Our study was conducted at a single
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Fig. 1. ROC curve for RANDS risk score in prediction of obstructive CAD in patients
presenting with systolic heart failure and hypertensive urgency / emergency.

large center and after exclusions contains a relative small sample size.
Although our study size is small, as outlined above, characteristically it
correlates well with large multicenter trials and therefore its results
may generalize well. Although classically, hypertensive urgency/emer-
gency has been characterized by a higher blood pressure cutoff, we
used >170/110 mmHg as our cutoff since patients with systolic heart
failure are more sensitive to elevated afterload and carry a higher mor-
bidity and mortality from this when compared to non-heart failure pop-
ulations [17-20]. However, the median systolic and diastolic blood
pressure values for our study population is similar to the standard defi-
nition of 180 and 110 mmHg. Only variables which reach statistical sig-
nificance on multivariable analysis should be included in the risk score.
However, since our sample size is small, and the univariate predictors
are historically well-established risk factors for Obs-CAD, hence they
were incorporated in the risk score. Also, presence of Obs-CAD does
not imply an ischemic etiology of SHF in every patient.

Conclusion

Our study shows that patients presenting with acute systolic heart
failure and hypertensive urgency / emergency are less likely to have
Obs-CAD. Patient risk for Obs-CAD can be stratified using a simple risk
score and those at low risk may be screened with non-invasive modal-
ities instead. Validation of the risk score is needed in large populations.
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