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High Myocardial Oxygen Demand Index as a poor
predictor of prolonged length of stay in patient with
acute ischemic stroke in an Indonesian regional
referral hospital: A single center study
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ABSTRACT

Background. The double product (DP) acts as an index for myocardial oxygen demand, derived from the multiplication of
systolic blood pressure (SBP) and pulse rate (PR). This research aimed to explore the association between high myocardial
oxygen demand and extended hospital stays among acute ischemic stroke patients in Indonesia.

Methods. This study was a retrospective cohort study carried out from January 2022 to December 2022 at a regional
referral hospital located in Jakarta, Indonesia. Participants were chosen consecutively until the necessary sample size was
achieved. Information extracted from medical records encompassed baseline sociodemographic and clinical variables.
Univariate and bivariate analyses were performed, along with multivariate analysis utilizing Cox proportional hazards, to
determine the correlation between elevated myocardial oxygen demand index and length of hospital stay (LOS).

Results. A total of 366 patients were included, with a mean age of 60.05 + 10.41 years, and 60.4% were male. The mean
length of hospital stay was 3.4 + 3.55 days. Bivariate analysis revealed a significant association between high myocardial
oxygen demand index (RR 3.184, 95% ClI 1.097-9.258, p=0.028), sepsis (RR 1.942, 95% Cl 1.024-4.145, p=0.045), and
severe anemia (RR 2.610, 95% Cl 1.291-1.465, p=0.036) with prolonged length of stay. Multivariate analysis demonstrated
that the high myocardial oxygen demand group had a significantly higher association with prolonged length of stay
compared to the normal-to-low myocardial oxygen demand group (RR 2.116, 95% CI, p=0.035) after controlling for sepsis
and severe anemia variables.

Conclusions. The High Myocardial Oxygen Demand Index is significantly correlated with extended length of stay among
patients with acute ischemic stroke, both before and after adjusting for other potential covariates that could impact
treatment duration in such patients.
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INTRODUCTION

Prolonged length of stay (LOS) is frequently a sig-
nificant indicator of suboptimal healthcare quality
and inefficient utilization of hospital resources [1,2].
Extended hospital stays are linked to elevated mor-
tality rates, higher susceptibility to hospital-acquired

lar significance in Indonesia, given that stroke stands
as the foremost cause of mortality among the Indone-
sian population [4]. Comprehending the factors that
may contribute to prolonged hospital stays in Indo-
nesia can offer valuable insights for the clinical to
design inpatient care strategies aimed at lowering

infections, and unnecessary utilization of hospital
beds and other resources [3]. Anticipating the dura-
tion of hospital stay contributes to resource planning
and initiates efforts to improve healthcare quality.
Information regarding the duration of hospitaliza-
tion for patients with ischemic stroke holds particu-

mortality rates attributed to nosocomial infections. It
also aids in facilitating effective planning for suffi-
cient bed capacity in hospitals [5,6].

The double product (DP) functions as a gauge of
myocardial oxygen consumption, computed by mul-
tiplying systolic blood pressure (SBP) and pulse rate
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(PR) [7]. Increased systolic blood pressure and pulse
rate are predictive factors associated with a height-
ened risk of mortality and disability within the gen-
eral population [8-11]. A recent study indicates that
a high double product (DP) is associated with major
adverse cardiovascular events, including all-cause
mortality, recurrent myocardial infarction, and
stroke among patients diagnosed with acute coro-
nary syndrome (ACS) who underwent percutaneous
coronary intervention (PCI) [12]. Based on the Indo-
nesian Basic Health Research conducted in 2018, it
was found that 34.1% of the adult population in In-
donesia had hypertension [13,14].

There is limited information on factors associated
with the length of hospital stay among the Indonesian
population, particularly regarding the high myocardial
oxygen demand index. Insights into the impact of myo-
cardial oxygen demand index on hospital stay dura-
tion could improve patient care, inform the manage-
ment of acute ischemic stroke patients, and aid in the
development of interventions aimed at minimizing
hospital stays, such as community care programs and
patient follow-up initiatives [15]. We assessed the hos-
pitalization length of stay and the Myocardial Oxygen
Demand Index among acute stroke ischemic patients
admitted at the Indonesian tertiary regional hospital.

METHOD
Study design

This retrospective cohort study was conducted
between January 2022 and December 2022 at a regi-
onal referral hospital located in Jakarta, Indonesia.
Data were collected from e-medical records.
Approval for the study was obtained from the Pasar
Minggu Regional Public Hospital Ethics Committee,
permitting the extraction and use of data from the
hospital databases.

Study sample

We included data for all patients diagnosed with
acute ischemic stroke aged 18 or older who presented
to the emergency department (ED). Patient character-
istics, including gender, age, blood pressure (BP), heart
rate (HR), presence of severe anemia (Hemoglobin <8
g/dL), presence of sepsis, and medical history, includ-
ing information about hypertension, diabetes melli-
tus, and kidney failure, were gathered at baseline. The
double product was specifically defined as the prod-
uct of systolic blood pressure (SBP) in millimeters of
mercury (mmHg) and heart rate (HR) in beats per
minute. We also collected and analyzed data on the
length of stay, denoting the number of days admitted,
as a count variable. We excluded patients who re-
quired resuscitation (including intubation), GCS <8,
patient who suffered hypovolemic, cardiogenic, neu-
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rogenic and distributive shock, and had incomplete
documentation of the required variables.

The independent variable is the double product,
where high myocardial oxygen demand is catego-
rized into two groups: DP >20,000 and DP <20,000.
The dependent variable is the length of stay, which is
further divided into prolonged and normal LOS with
a cutoff of >3 days and <3 days, respectively. The pri-
mary data source for this study was the hospital elec-
tronic medical record database, supplemented by the
follow-up database containing doctors' performance
records.

Statistical analysis

Categorical variables were expressed as percent-
ages, and chi-square tests were conducted to analyze
the categorical variables. Continuous variables were
described using mean and standard deviation. Bivar-
iate models were employed to identify factors influ-
encing the length of stay. In the multivariate analysis,
Cox proportional hazards analysis was utilized to es-
timate the relative risk associated with the double
product. Fully adjusted models for the double prod-
uct included variables that demonstrated statistical
significance in the bivariate analysis. The sample size
was calculated with a predetermined a value of 5%,
and a p-value of 0.05 was considered statistically sig-
nificant. Statistical analyses were performed using
SPSS version 29.0.

RESULT

Baseline characteristics

This study was conducted from January 2022 to
December 2022 and included a total of 366 consecu-
tive patients diagnosed with acute ischemic stroke
admitted to the emergency department (ED). Table 1
displays the demographic and clinical characteristics
of the participants. The average age was 60.05+10.41
years, with males accounting for 60.4% of the cohort.
Among the study population, 64.2% presented with
systolic blood pressure >140 and/or diastolic blood
pressure >90, while 22.1% exhibited tachycardia
upon arrival at the ED. Laboratory findings indicated
that 1.9% of the total population experienced severe
anemia, and 6.8% had kidney failure. During the
treatment period, 14.5% of the total sample devel-
oped sepsis. Additionally, 48.9% of the participants
had hypertension, and 26.8% had a history of diabe-
tes mellitus. The mean length of stay for the entire
population was 3.4+3.55 days.

Double products

For the dependent variable, which is the length
of stay (LOS), subjects were grouped into a longer
length of stay if >3 days, and a normal LOS if the to-
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TABLE 1. Baseline characteristics of the sample

Characteristics N =366
Age (years old; meanzSD) 60.05+£10.41

<65 263 (71.5)

265 103 (28.5)
Gender (n; %)

Male 221 (60.4)

Female 145 (39.6)
Admission blood pressure (mean%SD) 155.5+32.03

Normotension 130 (35.5)
Hypertension 236 (64.2)

Admission heart rate (mean%SD) 92.5+15.90

Normal heart beat (60-100 bpm) 281 (76.8)

Bradicardia (<60bpm) 4(1.1)

Tachycardia (>100bpm) 81(22.1)
Presence of anemia gravis

Yes 7 (1.9)

No 359 (98.1)
Presence of sepsis

Yes 53 (14.5)

No 313 (85.5)
Hipertension history

Yes 180 (48.9)

No 186 (50.5)
Diabetes mellitus history

Yes 98 (26.8)

No 266 (72.7)
Kidney failure

Yes 25 (6.8)

No 343 (93.2)
High myocardial oxygen demand

Yes 36 (9.8)

No 330(90.2)
Length of stay (LOS) (mean+SD) 3.4+ 3.55

tal treatment days were <3 days. In the univariate
analysis, 9.8% of patients were categorized as hav-
ing high myocardial oxygen demand (DP >20,000).
In the unadjusted model, the high oxygen require-
ment myocardial group showed a stronger associa-
tion with prolonged hospital stay compared to the
normal to low oxygen requirement myocardial
group, with an odds ratio of 3,184 (95% CI 1,097-
9,258), p=0.028 (Table 2).

We also conducted bivariate analysis on several
covariate factors that could potentially act as con-
founding variables in this study. Out of the 7 covari-
ates tested, two variables showed statistically signif-
icant effects, the presence of sepsis (RR 1.942, 95% CI
1.024-4.145, p=0.045) and severe anemia (RR 2.610,
95% CI 1.291-1.465, p=0.036). Based on these bivari-
ate results, we proceeded with multivariate analysis
using a constant Cox regression model. The findings
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revealed that the high myocardial oxygen demand
group had a significantly higher association with
prolonged length of stay compared to the normal-to-
low myocardial oxygen demand group (RR 2.116,
95% CI, p=0.035) (shows in Table 3) after controlling
for sepsis and severe anemia variables.

DISCUSSION

The High Myocardial Oxygen Demand Index and
the duration of hospitalization in acute ischemic
stroke patients. Findings from univariate, bivariate,
and multivariate analyses indicate a significant as-
sociation between elevated myocardial oxygen de-
mand index and prolonged hospital stays among
acute ischemic stroke patients. This association per-
sists even after adjusting for potential confounding
factors affecting treatment duration. The double
product (DP), derived from multiplying systolic
blood pressure by heart rate, serves as a index of
myocardial oxygen demand and cardiac workload.
Its application in medical practice is expanding, and
the double product exhibits a stronger correlation
with left ventricular mass compared to daily mean
blood pressure [16]. Research on the double prod-
uct as a myocardial oxygen demand index is com-
monly conducted in the field of cardiology to predict
outcomes in patients with cardiovascular diseases.
However, there is limited research indicating its ef-
fects on patients with neurological disorders, and
the clinical neuroscience literature on the double
product is very limited. As previously known, pre-
serving optimal cardiac function is essential for
maintaining adequate cardiac output, which is piv-
otal for ensuring sufficient cerebral blood flow fol-
lowing neurological injury such as acute ischemic
stroke. Increased myocardial workload has the po-
tential to impair cardiac function, reduce cerebral
blood flow, and result in unfavorable long-term
functional outcomes [17,18].

Research conducted on the Chinese population re-
veals that elevated myocardial oxygen demand signifi-
cantly impacts major adverse cardiovascular events in
patients with acute coronary syndrome (ACS) before
adjustment for heart rate (HR), with a relative risk of
1.41, 95% CI 1.08 to 1.83, p=0.012 [12]. Similarly, find-
ings from a study conducted in Europe utilizing data
from the Ludwigshafen Risk and Cardiovascular
Health (LURIC) study demonstrate that an increase in
the double product (DP) by 1 standard deviation is as-
sociated with a 26.1% higher risk of cardiovascular
mortality and a 25.7% higher risk of overall mortality
[19]. In general, the majority of research on the double
product suggests its association with unfavorable clini-
cal outcomes in patients with cardiovascular events.
However, these findings contrast with a prior study by
Rudolph Schutte et al., where results indicate that in
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TABLE 2. Bivariate analysis of length of stay (LOS)
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2007 to 2014. This research sug-

Characteristics Length of Stay | Length of Stay |RR p-value gests that adults with severe
>3daysn (%) |<3daysn(%) |(95%Cl) traumatic brain injury (TBI) ex-
Age hibit varied myocardial work-
>60 70 (21.9) 23 (6.3) 1.388 0.240 load (DP>20,000) profiles with
51-60 188 (51.4) 75 (20.5) (0.812-2.37) a "U-shaped" relationship with
Gender (n: %) mortality, even in the presence
Male 156 (42.6) 65 (17.8) 1.414 0.185 of no?mal b,IOOd pressure.
Analysis of their data revealed
Female 112 (30.6) 33(9) (0.871-2.295) that the highest DP group was
Present of anemia gravis associated with a 25% in-
Yes 6 (1.63) 1(0.27) 2.610 0.036* creased risk of mortality com-
No 261 (71.3) 98 (26.8) (1.291-1.465) pared to the normal RPP group
Present of sepsis (aRR 125, 95% CI: 118—192,
Yes 44 (12.5) 9(2.5) 1.942 0.045* p<0.0001) [21]. .
No 244 (61.2) 89(24.3) (1.024-4.145) In our study, we did not ob-
- —— serve a significant association
Hipertension history .
between a history of hyperten-
Yes 133 (36.3) 47(12.8) 1.069 0.814 sion or diabetes mellitus and
No 135 (36.9) 51(13.9) (0.673-1.699) the length of stay in patients
Diabetes mellitus history with acute ischemic stroke.
Yes 68 (18.7) 30(8.2) 1.078 0.349 This finding contrasts with pre-
No 199 (54.7) 67 (70.9) (0.929-1.251) vious research, which reported
Kidney failure a significant rela.tionsl}ip I?e-
Vos 19 (18.3) 6 (L6) 1170 1000 tween these medical histories
and length of stay [22-25].
No 249(93.2) 92(25.1) (0.453-3.021)
High myocardial oxygen Study limitation
demand
Yes 32(8.7) 4(1.1) 3.186 0.028* The first limitation is that
No 236 (64) 94 (25.7) (1.097-9.258) this study was exclusively con-

TABLE 3. Full adjusted multivariate analysis examining the relationship between High
Myocardial Oxygen Demand and Length of Stay using Cox Proportional Hazards

ducted within only one hospi-
tal. As there are variations in
the characteristics of care of-
fered between the stroke unit

Variable Adjusted RR -value .
: " prvalu and the ward in each hospotal,
High myocardial oxygen demand 2.166 0.035 the length of patient hospital
Sepsis 1.890 0126 stay (LOS) may be_ mﬂuenged.
: : The second limitation pertains
Anemia Gravis 0999 0391 to the exclusion of several vari-

the general population, the double product does not
provide additional risk stratification beyond systolic
blood pressure (SBP) and pulse rate (PR). In their anal-
ysis, incorporating both SBP and PR, the predictive sig-
nificance of the double product diminished for fatal
endpoints (p>0.07), coronary events (p=0.06), and
stroke (p=0.12). Interestingly, the double product even
showed an inverse association with the risk of all car-
diovascular and cardiac events [20].

In our study, we observed a significant associa-
tion between high myocardial oxygen demand (DP
>20,000) and prolonged length of stay in patients
with acute ischemic stroke. This finding aligns with
research conducted on the American population us-
ing data from the National Trauma Databank
(NTDB), a multicenter trauma registry operated by
the American College of Surgeons, spanning from

ables from the analyses, in-
cluding genetic factors, body temperature upon ad-
mission, hypertension upon admission, treatment
administered upon admission, rehabilitation con-
ducted during hospitalization, and cerebral hemor-
rhage. However, it's important to acknowledge that
these variables could potentially influence both the
length of stay (LOS) and functional outcomes. Third-
ly, as this study is a retrospective observational
analysis, it inherently carries limitations in study
design, despite the prospective collection and stor-
age of data.

CONCLUSION

In conclusion, our data suggest that the double
product (DP) is associated with prolonged length of
stay in acute ischemic patients, both before and af-
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ter controlling for confounding variables. These
findings are novel and indicate the importance of
cardiac performance following acute ischemic
stroke. Future studies should closely evaluate the bi-
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