
Annals of Clinical and Analytical Medicine | 899

Annals of Clinical and Analytical Medicine
Original Research

Musa Bakış1, Çağrı Safa Buyurgan1, Akif Yarkaç1, Seyran Bozkurt1, Ataman Köse1, Gülhan Orekici Temel2 

1 Department of Emergency Medicine, Faculty of Medicine, Mersin University, Mersin, Turkey
2 Department of Biostatistics and Medical Informatics, Faculty of Medicine, Mersin University, Mersin, Turkey

Shock indices in hypertensive pulmonary edema

Shock indices for predicting adverse clinical outcomes in hypertensive acute 
pulmonary edema

DOI: 10.4328/ACAM.22917   Received: 2025-09-26   Accepted: 2025-11-24   Published Online: 2025-11-27   Printed: 2025-12-01   Ann Clin Anal Med 2025;16(12):899-904	
Corresponding Author: Çağrı Safa Buyurgan, Department of Emergency Medicine, Faculty of Medicine, Mersin University, Mersin, Turkey.
E-mail: cagribuyurgan88@yahoo.com.tr   P: +90 324 241 00 98  
Corresponding Author ORCID ID: https://orcid.org/0000-0001-8662-0670
Other Authors ORCID ID: Musa Bakış, https://orcid.org/0000-0002-3747-9487 . Akif Yarkaç, https://orcid.org/0000-0002-2529-8064 
Seyran Bozkurt, https://orcid.org/0000-0001-9503-2862 . Ataman Köse, https://orcid.org/0000-0002-3856-6582 . Gülhan Orekici Temel, https://orcid.org/0000-0002-2835-6979
This study was approved by the Ethics Committee of Mersin University Rectorate (Date: 2024-11-27, No: 1166)

Abstract
Aim: Shock indices (SI, MSI, aSI) are established in trauma and sepsis. Because hemodynamic derangements drive hypertensive acute pulmonary edema 
(HAPE), these simple, bedside metrics may aid early risk assessment. We evaluated their association with adverse clinical outcomes (ACOs) in HAPE.
Materials and Methods: Adults with HAPE presenting to a tertiary emergency department between 1 May and 31 October 2024 (n = 129) were included. 
Predefined ACOs were hospital admission, prolonged hospitalization, and need for high-dose intravenous furosemide/nitroglycerin. Indices were calculated 
from triage vitals, and discrimination was assessed by ROC analysis with pairwise AUC comparisons (α = 0.05).
Results: For hospital admission, SI (cut-off > 0.49, AUC = 0.695, p < 0.0001) and MSI (cut-off > 0.73, AUC = 0.691, p < 0.0001) showed moderate discrimination; 
aSI was significant with lower accuracy (cut-off > 40.62, AUC = 0.600, p = 0.044). For high-dose furosemide, SI (cut-off > 0.72, AUC = 0.672, p = 0.003) and 
MSI (cut-off > 0.84, AUC = 0.648, p = 0.018) were significant. For high-dose nitroglycerin, only aSI was significant (cut-off > 42.06, AUC = 0.676, p = 0.003). 
For prolonged hospitalization, SI (cut-off > 0.55, AUC = 0.670, p = 0.002), MSI (cut-off > 0.70, AUC = 0.691, p = 0.0001), and aSI (cut-off > 39.0, AUC = 0.617, 
p = 0.036) were significant; MSI outperformed aSI.
Discussion: SI and MSI were significant predictors of hospital admission (cut-off > 0.49, AUC = 0.695; cut-off > 0.73, AUC = 0.691; respectively), high-dose 
furosemide use (cut-off > 0.72, AUC = 0.672; cut-off > 0.84, AUC = 0.648), and prolonged hospitalization (cut-off > 0.55, AUC = 0.670; cut-off > 0.70, AUC = 
0.691), whereas aSI was significant for high-dose nitroglycerin requirement (cut-off > 42.06, AUC = 0.676). However, given their generally moderate AUCs 
and variable sensitivity–specificity profiles, they should be interpreted alongside clinical, vital, and laboratory findings rather than used in isolation. Validation 
through larger, prospective, multicenter studies is warranted.
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Introduction
Acute cardiogenic pulmonary edema (ACPE) is a clinical condition 
that may occur following major cardiac events such as myocardial 
infarction, hypertensive crisis, or acute decompensation of 
heart failure. It is characterized by sudden fluid accumulation 
in the lungs due to impaired systolic or diastolic function of the 
left ventricle (LV), often leading to respiratory failure [1–3]. In 
the emergency department (ED), management of ACPE relies 
on rapid assessment of the patient’s hemodynamic status, as 
early recognition of hemodynamic compromise plays a critical 
role in treatment success [1]. Otherwise, multiorgan failure and 
a high risk of mortality may ensue [4].
The Shock Index (SI), calculated as the ratio of heart rate to 
systolic blood pressure (SBP), is a simple and rapid marker 
for assessing cardiac function. It is widely used to evaluate 
hemodynamic stability in patients with acute cardiovascular 
events [5]. The Modified Shock Index (MSI), which incorporates 
mean arterial pressure (MAP), provides a more refined 
assessment and is considered particularly sensitive in 
conditions where blood pressure fluctuations are frequent [6]. 
The Age Shock Index (aSI), by integrating age, offers greater 
reliability in evaluating the severity of shock, especially in older 
patients. Indeed, the literature reports that aSI outperforms 
traditional shock indices in predicting complications among 
trauma patients [7] and in determining long-term prognosis in 
acute myocardial infarction [8].
In this context, evaluating hemodynamic markers in ACPE 
patients requiring rapid management in the ED is crucial for 
preventing adverse clinical outcomes (ACO). The aim of our study 
was to assess the effectiveness of shock indices in predicting 
ACO among patients presenting with the hypertensive acute 
pulmonary edema (HAPE) phenotype of ACPE.

Materials and Methods
Study Design 
This study was conducted through a retrospective analysis of 
data from patients presenting to the adult ED of a university 
hospital.
Inclusion Criteria						    
Between May 1 and October 31, 2024, patients ≥18 years 
of age who presented to the adult ED of Mersin University 
Faculty of Medicine Hospital with acute (≤48 hours) respiratory 
distress, preserved LV function, SBP ≥140 mmHg at admission, 
physical examination and chest imaging findings consistent 
with pulmonary edema, and a diagnosis of HAPE [9], with 
complete data sets, were included in the study.
Exclusion Criteria
During the study period, patients presenting with other 
phenotypes of ACPE—namely those who were normotensive or 
hypotensive at admission (SBP <140 mmHg) or met criteria for 
cardiogenic shock (SBP <90 mmHg with signs of hypoperfusion 
and/or vasopressor requirement) [9]—were excluded. Additional 
exclusion criteria were respiratory distress attributed to 
causes other than ACPE, ongoing dialysis therapy, pregnancy, 
incomplete data sets, and age under 18 years.
Data Analysis
Demographic and clinical data of the patients were evaluated. 
SI was defined as the ratio of heart rate to SBP (mmHg); MSI as 

the ratio of heart rate to MAP (mmHg); and aSI as the product 
of SI and age. In this study, these indices were retrospectively 
calculated based on the vital signs recorded at ED admission. 
ED outcomes were defined as discharge from the ED or 
hospitalization (ward or intensive care unit). Treatments 
administered for HAPE included intravenous (IV) furosemide, 
nitroglycerin, noninvasive mechanical ventilation (NIMV), 
digoxin, morphine, hemodialysis, and intubation. IV furosemide 
and nitroglycerin doses were calculated on an ampoule basis 
(1 ampoule furosemide = 20 mg; 1 ampoule nitroglycerin = 10 
mg).
The total length of hospital stay (including ED and/or 
hospitalization) and the mean doses of IV furosemide and 
nitroglycerin administered during this period were recorded. A 
hospital stay longer than the mean duration was defined as 
prolonged hospitalization, while doses above the mean were 
considered as high-dose symptomatic treatment requirements. 
These thresholds were derived from the mean values of the 
study population and were considered clinically arbitrary.
ACO was defined as the need for hospitalization from the 
ED, prolonged hospital stay among admitted patients, or 
the requirement for high-dose IV furosemide or nitroglycerin 
therapy.
Statistical Analysis
The Shapiro–Wilk test was used to assess the normality of data 
distribution. Continuous variables with normal distribution were 
expressed as mean ± standard deviation, while non-normally 
distributed variables were presented as median [interquartile 
range]. Categorical variables were summarized as numbers 
and percentages (%). Comparisons of mean values between ED 
outcome groups were performed using the Student’s t-test for 
normally distributed data and the Mann–Whitney U test for non-
normally distributed data. Receiver operating characteristic 
(ROC) curve analysis was applied to evaluate the performance 
of shock indices in predicting ACO. Pairwise comparisons were 
performed to assess the discriminatory performance of indices 
for different clinical outcomes, and 95% confidence intervals 
were calculated for differences in the areas under the curve 
(AUC). For AUC, the following interpretation was used: 0.50–
0.59, poor; 0.60–0.69, moderate; 0.70–0.79, acceptable/good; 
0.80–0.89, very good; and ≥0.90, excellent. A p-value of <0.05 
was considered statistically significant.
Ethical Approval
This study was approved by the Ethics Committee of Mersin 
University Rectorate (Date: 2024-11-27, No: 1166).

Results
A total of 129 adult patients meeting the inclusion criteria 
were enrolled in the study. Of these, 55% were female, and 
the mean age of all patients was 73.62 ± 12.01 years. While 
42.6% of cases were discharged from the ED, 57.4% required 
hospitalization (17.8% ward, 39.5% intensive care unit). No 
mortality occurred in the ED; however, mortality was observed 
in 18.9% of hospitalized patients (10.9% of all cases) (p = 
0.001).
A history of at least one chronic disease was present in 91.5% 
of patients. The most common comorbidities were hypertension 
(84.5%), diabetes mellitus (51.9%), coronary artery disease 
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(51.9%), and congestive heart failure (32.6%). No statistically 
significant differences were found in the distribution of 
comorbidities between discharged and hospitalized groups.
The most commonly used medications were antihypertensives 
(76.7%), antiplatelets (50.4%), and diuretics (48.8%), followed 
by beta-blockers (28.7%) and novel oral anticoagulants (14.7%). 
Warfarin use was higher among discharged patients compared 
to those who were hospitalized (7.3% vs. 0%, p = 0.031).
When ED outcome groups were compared, hospitalized patients 
had significantly higher heart rate (p < 0.001) and respiratory 
rate (p = 0.027), while oxygen saturation was significantly 
lower (p = 0.006). In addition, leukocyte (p < 0.001), lymphocyte 
(p = 0.005), neutrophil (p = 0.002), glucose (p = 0.025), 
C-reactive protein (p = 0.013), and lactate (p = 0.009) levels 
were significantly higher in this group, whereas pH (p < 0.001), 
bicarbonate (p = 0.004), and base excess (p < 0.001) values 
were significantly lower. The mean SI (p < 0.001), MSI (p < 
0.001), and aSI (p = 0.024) were also significantly higher among 
hospitalized patients (Table 1).
Endotracheal intubation was required in 3.1% of cases and 
hemodialysis in 2.3%, despite treatment. All patients received IV 
furosemide, while 82.9% received IV nitroglycerin, 81.4% NIMV, 
6.2% sublingual nitrate, 2.3% digoxin, and 1.6% morphine. 

Comparison between groups revealed significant differences in 
the use of NIMV and furosemide, both being more frequently 
administered in hospitalized patients (NIMV: 67.3% vs. 90.5%, p 
= 0.001; furosemide: 7 [7–11] ampoules vs. 12 [7–19] ampoules, 
p < 0.001).
Evaluation of the Performance of Indices for ED Outcomes
ROC analysis demonstrated that all indices were significant in 
predicting the need for hospitalization. SI (cut-off > 0.49, AUC 
= 0.695, p < 0.0001) and MSI (cut-off > 0.73, AUC = 0.691, 
p < 0.0001) showed moderate discriminatory power, whereas 
aSI (cut-off > 40.62, AUC = 0.600, p = 0.044) exhibited lower 
performance.
In pairwise comparisons, aSI was significantly inferior to both 
SI (AUCaSI–SI = 0.0950, p = 0.003) and MSI (AUCaSI–MSI = 
0.0908, p = 0.009), while no significant difference was observed 
between SI and MSI (AUCMSI–SI = 0.0041, p = 0.855) (Table 2, 
Figure 1A).
Evaluation of the Performance of Indices in Predicting the Need 
for High-Dose Furosemide Therapy
The mean total dose of furosemide administered was 16.61 ± 
22.49 ampoules. According to ROC analysis, SI (cut-off > 0.72, 
AUC = 0.672, p = 0.003) and MSI (cut-off > 0.84, AUC = 0.648, 
p = 0.018) demonstrated moderate discriminatory power in 

Table 1. Demographic and clinical characteristics of patients presenting with hypertensive acute pulmonary edema (HAPE)

Parameter Discharged  (n = 55) Mean ± SD/Median [IQR] Hospitalized  (n = 74) Mean ± SD/Median [IQR] p

Vital Signs

SBP (mmHg) 180.78±31.42 178.81±32.55 0.731

DBP (mmHg) 106.95±27.49 106.15±27.33 0.870

MAP (mmHg) 132.99±28.68 130.35±26.54 0.590

HR (beats/min) 94.38±21.89 110.22±26.73 <0.001

RR (breaths/min) 26.00±6.87 29.14±8.56 0.027

sPO2 (%) 88.24±7.78 83.11±11.90 0.006

Blood Parameters

WBC (×10³/µL) 10.26±3.40 14.15±6.04 <0.001

Lymphocyte (×10³/µL) 2.05±1.33 3.23±2.86 0.005

Neutrophil (×10³/µL) 7.27±2.73 9.16±3.83 0.002

Hemoglobin (g/dL) 11.69±2.34 12.11±2.43 0.327

Platelet (×10³/µL) 254.58±81.96 272.53±100.136 0.280

Glucose (mg/dL) 176.80±70.94 210.85±93.19 0.025

Urea (mg/dL) 42.0 [34.0-65.0] 44.50 [34.75-69.25] 0.289

Creatinine (mg/dL) 1.01 [0.83-1.36] 1.18 [0.95-1.53] 0.117

ALT (U/L) 19 [15.0-26.0] 21.0 [15.0-32.25] 0.191

AST (U/L) 26.0 [20.0-33.0] 28.50 [21.0-39.75] 0.125

Sodium (mEq/L) 4.45±0.60 137.53±5.60 0.107

Potassium (mEq/L) 4.46±0.63 4.52±0.63 0.588

CRP (mg/dL) 7.80 [4.20-19.80] 19.55 [5.85-41.93] 0.013

Troponin (ng/L) 194.15±1149.13 396.78±1489.60 0.403

pH 7.36±,0.10 7.29±0.12 <0.001

PaO2 (mmHg) 63.10±46.48 76.64±63.77 0.185

PCO2 (mmHg) 45.10±9.35 48.50±14.40 0.129

HCO₃⁻ (mmol/L) 24.80 [22.10-26.40] 22.30 [18.78-26.63] 0.004

Base Excess (mmol/L) 0.02±5.60 -3.65±5.62 <0.001

Lactate (mmol/L) 1.65 [1.03-2.55] 3.1 [1.9-5.68] 0.009

Indices

SI 0.52±0.11 0.62±0.17 <0.001

MSI 0.72±0.14 0.86±0.23 <0.001

aSI 39.84±9.25 45.26±15.72 0.024

EF (%) 43.91±10.26 40.72±10.94 0.095

SD: Standard deviaton; IQR: Interquartile Range [%25-%75]; SBP: Systolic Blood Pressure, DBP: Diastolic Blood Pressure, MAP: Mean Arterial Pressure, HR: Heart Rate, RR: Respiratory Rate, 
SpO₂ (%): Peripheral Oxygen Saturation, WBC: White Blood Cell Count, ALT: Alanine Aminotransferase, AST: Aspartate Aminotransferase, CRP: C-Reactive Protein, PaO₂: Partial Pressure of 
Oxygen, PaCO₂: Partial Pressure of Carbon Dioxide, HCO₃⁻: Bicarbonate, SI: Shock Index, MSI: Modified Shock Index, aSI: Age-Shock Index, EF: Ejection Fraction
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predicting the need for high-dose furosemide. In contrast, aSI 
(cut-off > 58.8, AUC = 0.580, p = 0.260) did not show significant 

performance.
In pairwise comparisons, aSI was significantly inferior to SI 
(AUCaSI–SI = 0.0920, p = 0.033), while no significant differences 
were observed between aSI and MSI or between MSI and SI 
(AUCaSI–MSI = 0.0677, p = 0.132; AUCMSI–SI = 0.0243, p = 
0.278) (Table 2, Figure 1B).
Evaluation of the Performance of Indices in Predicting the Need 
for High-Dose Nitroglycerin Therapy
The mean total dose of nitroglycerin administered was 1.56 ± 
3.76 ampoules. According to ROC analysis, SI (cut-off > 0.62, 
AUC = 0.507, p = 0.908) and MSI (cut-off > 0.83, AUC = 0.536, 
p = 0.588) were not significant in predicting the need for high-
dose nitroglycerin therapy. In contrast, aSI (cut-off > 42.06, AUC 
= 0.676, p = 0.003) showed statistically significant performance 
with moderate discriminatory power (Table 2, Figure 1C).
Evaluation of the Performance of Indices in Predicting the Need 
for Prolonged Hospitalization
The mean length of stay was calculated as 73.12 ± 121.60 hours. 
According to ROC analysis, MSI (cut-off > 0.70, AUC = 0.691, p 
= 0.0001), SI (cut-off > 0.55, AUC = 0.670, p = 0.002), and aSI 
(cut-off > 39.0, AUC = 0.617, p = 0.036) were all significant in 
predicting the need for prolonged hospitalization. SI and MSI 
demonstrated moderate discriminatory power, whereas aSI 
showed lower performance.
In pairwise comparisons, a significant difference was observed 
only between aSI and MSI (AUCaSI–MSI = 0.0741, p = 0.037; 
AUCaSI–SI = 0.0528, p = 0.111; AUCMSI–SI = 0.0212, p = 

ACO Parameter AUC (95% CI) Cut-off   Value Sensitivity (95% CI) Specificity (95% CI) p

Emergency outcome (hospitalization)

SI
0.695

0.49
82.43 49.09

<0.0001
(0,608- 0,773) (71.8-90.3) (35.4-62.9)

MSI
0.691

0.73
68.92 61.82

<0.0001
(0.604-0.769) (57.1-79.2) (47.7-74.6)

aSI
0.600

40.62
60.81 60.0

0.044
(0.510-0.685) (48.8-72) (45.9-73)

High-dose furosemide     

SI
0.672

0.72
37.04 92.16

0.003
(0.584 -0.752) (19.4-57.6) (85.1-96.6)

MSI
0.648

0.84
59.26 69.61

0.018
(0.559-0.730) (38.8-77.6) (59.7-78.3)

aSI
0.580

58.8
33.33 96.08

0.260
(0.490-0.666) (16.5-54) (90.3-98.9)

High-dose nitroglycerin

aSI
0.676

42.06
76.19 53.70

0.003
(0.588-0.756) (52.8-91.8) (43.8-63.3)

MSI 0.536
0.83

57.14 65.74
0.588

(0.446-0.624) (34-78.2) (56-74.6)

SI 0.507
0.62

14.29 68.52
0.908

(0.418-0.596) (3-36.3) (58.9-77.1)

Prolonged hospitalization

MSI
0.691

0.70
87.18 44.44

0.0001
(0,603- 0,769) (72.6-95.7) (34-55.3)

SI
0.670

0.55
71.79 58.89

0.002
(0,581- 0,750) (55.1-85) (48-69.2)

aSI
0.617

39.0
79.49 46.67

0.036
(0,527 -0,701) (63.5-90.7) (36.1-57.6)

ACO: Adverse Clinical Outcome, AUC: Area Under the Curve, CI: Confidence Interval, SI: Shock Index, MSI: Modified Shock Index, aSI: Age Shock Index

Table 2. The performance of shock indices in predicting adverse clinical outcomes in patients presenting with hypertensive acute 
pulmonary edema (HAPE)

Figure 1. Figure A illustrates the ROC curves of the indices 
in predicting hospitalization, figure B presents the ROC curves 
for predicting the need for high-dose furosemide, figure C 
shows the ROC curves for predicting the need for high-dose 
nitroglycerin, figure D displays the ROC curves for identifying 
patients requiring prolonged hospitalization
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0.341) (Table 2, Figure 1D).

Discussion
Early recognition of patients with HAPE and rapid identification 
of those at high risk are of critical importance for ED clinicians. 
Shock indices have long been used in conditions with high 
mortality risk, such as sepsis, trauma, and myocardial infarction, 
due to their prognostic value. However, to the best of our 
knowledge, no previous study has evaluated the effectiveness 
of shock indices in predicting ACO among patients presenting 
to the ED with HAPE within the same analysis. Our findings 
suggest that integrating shock indices into the initial 
assessment process may be clinically beneficial, particularly 
in EDs with limited resources or high patient volumes. This 
approach can help clinicians rapidly stratify patients according 
to hemodynamic risk, facilitate early recognition and triage 
of high-risk cases, and identify those likely to require acute 
or prolonged hospitalization in advance. Consequently, it may 
enable more efficient utilization of critical care resources and 
improve overall preparedness. Furthermore, shock indices may 
serve as supportive tools in clinical management by assisting 
in confirming patients who may require high-dose furosemide 
or nitroglycerin therapy, guiding early treatment decisions, and 
distinguishing cases that may need therapeutic escalation.
In our study, more than half of the patients presenting to 
the ED required hospitalization, and the in-hospital mortality 
rate among hospitalized patients was 18.9%. Similarly, the 
literature reports an in-hospital mortality rate of 15–20% in 
patients with cardiogenic pulmonary edema, with long-term (6-
year) mortality rates reaching up to 85% [10,11]. In light of 
these data, the use of easily calculable shock indices in patients 
presenting with HAPE may serve as a complementary tool for 
clinical assessment, facilitating early triage, timely initiation of 
appropriate treatment strategies, and prediction of ACO.
Our analysis revealed that all shock indices were statistically 
significant predictors of hospitalization and prolonged hospital 
stay. For hospitalization decisions, SI showed moderate 
discriminatory power with particularly high sensitivity, whereas 
MSI was more prominent in predicting prolonged hospitalization. 
There is a substantial body of literature investigating the 
prognostic value of shock indices for predicting ACOs across 
different clinical settings and diverse patient populations. Rady 
et al. [12] reported that SI was superior to conventional vital signs 
in identifying critical illness and intensive care unit admission, 
while Kocaoğlu et al. [13] noted that SI was stronger than MSI/
aSI in predicting hospitalization and mortality among patients 
with chronic obstructive pulmonary disease exacerbations. 
Prasad et al. [14] emphasized that in septic patients admitted 
from the ED, SI demonstrated superior predictive ability for 
mechanical ventilation requirements compared with MSI and 
aSI. Furthermore, a 2023 study by Hamade et al. [15] showed 
that in an unselected adult ED population, MSI > 1.7 predicted 
both hospital admission and in-hospital mortality, supporting its 
potential use in early triage and disposition decisions. Similarly, 
Liao et al. [16] reported that in trauma patients, SI and MSI 
predicted mortality and transfusion needs and facilitated ED 
to intensive care unit transfer decisions, further confirming—
consistent with our findings—the prognostic utility of these 

indices for ACOs. Furthermore, Lee et al. [17] emphasized the 
potential clinical utility of aSI in high-risk patients, highlighting 
its superior performance in predicting post-intubation 
hypotension. Our findings suggest that these indices, which 
reflect hemodynamic instability and can be rapidly calculated, 
may serve as decision-support tools in patients presenting 
with HAPE, both for identifying severe clinical presentations 
requiring hospitalization and for early prediction of prolonged 
hospital stay.
It was observed that SI and MSI showed statistically significant 
performance in predicting the need for high-dose furosemide. 
While SI showed low sensitivity but high specificity, this 
suggests that a positive SI may help confirm the requirement 
for high-dose furosemide, though it may not be sufficient as 
a standalone tool for exclusion. Felker et al. [18] reported that 
the use of high-dose diuretics in acute decompensated heart 
failure was associated with worsening renal function; in this 
context, SI may provide clinical utility in identifying the high-risk 
subgroup likely to require treatment escalation. On the other 
hand, Pourafkari et al. [19] emphasized that SI and MSI alone 
were insufficient as prognostic factors for in-hospital outcomes 
in acute heart failure, while aSI could enhance predictive 
accuracy. Therefore, the indices evaluated in our study should 
be validated in future research.
We found that only aSI demonstrated statistically significant 
performance in predicting the need for high-dose nitroglycerin. 
Although studies directly linking shock indices with nitroglycerin 
dosing are limited, our findings are consistent with reports 
emphasizing the importance of nitrates as vasodilator therapy 
in the management of cardiogenic pulmonary edema [20] 
and with studies reporting the prognostic value of SI, MSI, 
and aSI in acute heart failure [21]. The inclusion of age in aSI 
likely enables better reflection of hemodynamic compromise, 
particularly in elderly or frail patients. However, its relatively 
low specificity and only moderate discriminatory power suggest 
that aSI should be regarded as a supportive measure in clinical 
decision-making for high-dose nitroglycerin, rather than as a 
sole determinant.
Finally, the thresholds defining high-dose treatment and 
prolonged hospitalization in our study were derived from the 
mean values of the study population. Variations in clinical 
workload, prolonged ED boarding times due to hospital 
capacity, and differences in physician decision-making that 
may influence treatment intensity or hospitalization duration 
contributed to the study-specific nature of these thresholds. 
Therefore, these cut-off values should not be interpreted as 
universal clinical criteria across different patient populations or 
healthcare settings.
Limitations
This study was retrospective and single-center, with a limited 
sample size. The operational definition of the HAPE phenotype 
and the single-time recording of variables (e.g., initial vital 
signs) may have introduced measurement bias and potential 
phenotype misclassification. The non-standardized use of 
treatment approaches (furosemide/nitrate/NIMV) and chronic 
rate-controlling medications may also have influenced vital 
signs and, consequently, SI/MSI/aSI calculations. Additionally, 
ED-specific doses were not analyzed separately because 
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variable ED stay durations — often prolonged due to cardiology 
ward or intensive care unit bed unavailability — could have 
biased dose comparisons. Our findings should therefore be 
validated in larger, prospective, multicenter studies.
Conclusion
Rapid assessment of hemodynamic parameters and 
related shock indices in the ED is important for preventing 
ACO in patients with HAPE. In our study, when comparing 
the performance of the indices, SI provided moderate 
discriminatory power with higher sensitivity for hospitalization 
decisions, whereas MSI demonstrated greater sensitivity in 
predicting prolonged hospital stay. For high-dose furosemide, 
the low sensitivity but higher specificity profile of SI suggests 
that it may support clinical evaluation in identifying patients 
with an increased likelihood of requiring high doses, though it 
is not sufficient as a sole determinant of dosing decisions. In 
predicting the need for high-dose nitroglycerin, only aSI was 
significant; however, its relatively low specificity and moderate 
discriminatory power indicate that aSI should be considered an 
adjunctive measure in clinical assessment.
Overall, shock indices demonstrated moderate predictive power 
in patients presenting with HAPE and emerged as practical 
markers contributing to clinical decision-making during the 
initial assessment. However, these measures should not be 
used in isolation; they must be interpreted alongside clinical, 
vital, and laboratory findings, and our results require validation 
through larger, prospective, multicenter studies.
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