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Patients at each shock stage may behave and present differently with a spectrum of shock severity and adverse outcomes. Shock severity, shock aetiology, and several factors should be integrated in management decision-making. Although the contemporary shock stages classification provided a standardized shock severity assessment, individual agents or management strategy has not yet been studied in the context of each shock stage. The pre-shock state may comprise a wide range of presentations. Nitrate therapy has potential benefit in myocardial infarction and acute heart failure. Herein, this review aims to discuss the potential use of nitrate therapy in the context of the pre-shock state or stage B of the contemporary shock classification given its various presentations.
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Introduction

Patients presenting with cardiogenic shock (CS) are a heterogenous population (1) in terms of presentations, therapeutic benefit, outcomes, and prognosis based on existing comorbidities and CS aetiology, phenotypes, and severity (2–4). Furthermore, defining CS, independently from shock severity, maybe equally challenging (5). Thus, the Society for Cardiovascular Angiography and Interventions (SCAI) introduced a consensus-based risk stratification for CS in five stages (A to E) in 2019 (2) that was endorsed by various international societies (4), widely adopted by clinicians, and validated across the CS spectrum by field experts. The SCAI classification has then been updated after detailed revision of the validation studies to help refining the classification scheme and accommodating variabilities in clinical parameters of patient presentation. SCAI shock classification may allow a uniform shock severity assessment that is an important element of management and prognostication for CS patients. However, patient in each SCAI stage may behave distinctly and may present with a range of disease severity and risk of mortality. Although hemodynamic parameters are generally used for CS diagnosis, a formal definition for each hemodynamic shock phenotype that may precisely guide therapy is absent. Other elements to integrate in decision-making for CS patients include shock aetiology, congestion severity, ventricular involvement, presence of organ failure, other types of shock states, and additional risk factors and comorbidities (5).

Individual agents or management strategy has not yet been studied in the context of each SCAI shock stage. The pre-shock state or SCAI stage B as defined by the SCAI shock classification may comprise a wide range of presentations including those related to patients with acute heart failure and myocardial infarction. Nitrate therapy has potential benefit in myocardial infarction and acute heart failure. Collectively, available evidence from nitrates studies demonstrated favourable hemodynamic effects and symptomatic improvement (6, 7). Herein, an electronic PubMed literature search was conducted for this review that aims to discuss the potential use of nitrate therapy in the context of the pre-shock state or stage B of the contemporary SCAI shock classification given its various presentations such as patients with pulmonary edema, heart failure either de novo or acute-on-chronic, or myocardial infarction complicated with CS.



SCAI shock classification

The SCAI scheme for CS comprises the following stages: stage A or at-risk, stage B or beginning or pre-shock state, stage C or classic, stage D or deteriorating, and stage E or extremis. Each stage is described by physical bedside exam findings, hemodynamic parameters, and biochemical markers (Figure 1, Panel A) (5). Moreover, when the (A) modifier is integrated in each CS stage, it can provide a prognostic mean to identify patients at risk of cardiac arrest or poor outcomes (2). The re-assessment of SCAI stages at various intervals after patient presentation has been suggested to provide further guidance on prognosis and treatment options (e.g., escalating or deescalating therapy). As such, an improved SCAI stage by one category was a positive prognostic marker and vice versa (5). Pharmacological and non-pharmacological (i.e., mechanical) circulatory support are usually needed to combat hypotension and restore tissue hypoperfusion (8). In stage C there is hypoperfusion that usually requires vasoactive agents or mechanical circulatory support. In stage D, the initial supportive measures and interventions fail, which may progress to stage E. The latter represents refractory shock with impending or actual circulatory collapse regardless of the escalated level of supportive measures (5). The less severe stages A and B may not necessitate circulatory support since the tissue perfusion is preserved. In stage A patients are usually stable with an acute cardiac presentation that puts them at risk to develop CS. Stage B or pre-shock state includes patients with preserved systemic tissue perfusion but with signs of hemodynamic instability such as relative hypotension and compensatory tachycardia, or with abnormal hemodynamic parameters measured invasively such as low cardiac output (5). The characteristics of patients presenting with stage B from the SCAI classification validation studies are discussed below.
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FIGURE 1
Characteristics of SCAI shock stages (panel A) (5) and acute heart failure presentation phenotypes (panel B) (22). ADHF, acute decompensated heart failure; BNP, brain natriuretic peptide; CI, cardiac index; CO, cardiac output; CPR, cardiopulmonary resuscitation; CVP, central venous pressure; GFR, glomerular filtration rate; HD, hemodynamics; JVP, jugular venous pressure; LFTs, liver function tests; LV, left ventricular; LVEDP, left ventricular end-diastolic pressure; MCS, mechanical circulatory support; PCWP, pulmonary capillary wedge pressure; RFTs, renal function tests; RV, right ventricular; RVEDP, right ventricular end-diastolic pressure; SBP, blood pressure; SCAI, Society for Cardiovascular Angiography and Interventions; SCr, serum creatinine; U/O, urine output.




Pre-shock state in validation studies

Since the introduction of the SCAI stages in 2019, the SCAI classification has been validated by several studies. The studies, ranged from 166 to 10,004 participants, found an association between SCAI stages and mortality risk in various settings (9–17), i.e., higher SCAI stage was correlated with higher mortality rate, both at short- and long-term follow-up (9, 11, 14). Five studies focused on CS with or without myocardial infarction (9, 10, 15–17), three studies included patients in cardiac intensive care units (11–13), and one study recruited patients with out of hospital cardiac arrest (14). The prevalence, definition criteria, and outcomes of the SCAI classification stages have varied between the validation studies (5). For example two studies did not use specific criteria to assess the CS stage (9, 10), while five studies used study specific SCAI stage criteria (11, 13, 16). The prevalence, definition, and variables used for SCAI stage B in the validation studies are presented in Table 1. Overall, there was some variations with regards the use of vasopressors especially in SCAI stages B and C (5). The distinction between the pre-shock state and the classic CS as the unchanged and reduced perfusion states, is important because hypoperfusion places patients at increased risk of death in comparison with those with unchanged perfusion. Thus, this requires involving various clinical and laboratory information (18). Laboratory biomarkers alone may be insufficient. It has been suggested that lactate, as a marker of hypoperfusion, of a level above 2 mmol/L may reflect at least CS SCAI stage C. However, some patients with normal lactate level may have signs of tissue hypoperfusion or not related to hemodynamic such as in patients with chronic heart failure and reduced cardiac index. On the other hand, other causes than shock can lead to elevated serum lactate level such as compartment syndrome (5).


TABLE 1 Definition of SCAI stage B and variables used in validation studies.
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Description and presentation of patients in pre-shock state

Patients presenting with SCAI stage B are usually described to have signs and symptoms of hemodynamic instability such as relative hypotension or tachycardia in the absence of hypoperfusion. Bedside findings show warm and well-perfused patients with strong distal pulsation and normal mentation but typically with elevated jugular venous pressure and infrequent rales in the lung fields. Lactate levels are typically normal with possibly elevated B-type natriuretic peptide or minimal acute renal impairment. Hemodynamically, they usually have relative tachycardia and hypotension (5). Characteristics and clinical outcomes of patients in SCAI stage B reported in the validation studies are summarised in Table 2. When we pooled the variables from the validation studies, we found that patients in the pre-shock state had a mean age of 66 years, 67.6% of patients were males, and 22.4% were smokers. The most common background comorbidities were coronary artery disease (57.8%), hypertension (55.2%), heart failure (44.8%), diabetes (28.4%), myocardial infarction (21.5%), renal impairment (19.8%) and stroke (12.2%) (Table 2).


TABLE 2 Baseline characteristics and outcomes of patients in SCAI stage B reported in validation studies.
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Patients in pre-shock state may present with pulmonary edema, acute heart failure either as de novo or acute-on-chronic, or myocardial infarction complicated with CS, therefore, shock aetiology can impact initial presentation and outcomes (5). Acute coronary syndrome (ACS) may precipitate 32% of acute heart failure cases and more patients are likely to present with de novo acute heart failure, i.e., 61% of the cases. Patients presenting with acute heart failure and ACS are significantly more likely to experience CS and pulmonary edema in comparison with their counterparts presenting without ACS, although heart rate, blood pressure and biochemistry tests on admission did not differ between the comparison groups. Initial treatment differed significantly between the two groups, patients with ACS received more intravenous medications (opioids, diuretics, nitrates, vasopressors, and inotropes) and coronary revascularization procedures. Although long-term survival at five years did not differ between the groups, death at 30 days was significantly higher in patients presenting with ACS (adjusted odds ratio (OR) 2; 95% confidence interval (CI): 1.07–3.79, p = 0.03) (19). In comparison with acute heart failure but in the absence of ACS, patients with acute decompensation on top of chronic heart failure may have different symptoms and hemodynamic parameters upon presentation and they may be able to tolerate lower blood pressure and cardiac output (20), i.e., due to adaptations and compensatory mechanisms. Thus, chronic heart failure patients may acutely present with a lower SCAI stage which may give false reassurance despite their high-risk hemodynamic parameters (21). As a result, physical findings and hemodynamic parameters should be interpreted within the clinical context. The later SCAI C, D, and E stages may appear similar irrespective of the underlying chronicity, whereas in SCAI A and B stages the differences in physical and hemodynamic findings can be more evident (Figure 1, Panel A) (5). Our pooled variables from the validation studies showed that the cause of shock or diagnosis at admission was heart failure, ACS, or cardiac arrest in 58.2%, 40.5%, or 10.4% of patients, respectively. The mean systolic, diastolic, and mean blood pressure values were 114.6, 67.3, and 79.3 mmHg, respectively with a mean heart rate of 92.9 beats per minute (bpm). The mean cardiac index was 1.97 L/min/m2, cardiac output was 3.96 L/min, cardiac power output (CPO) was 0.63 W, pulmonary capillary wedge pressure (PCWP) was 17.7 mmHg, and ejection fraction was 41.9%. Lactate level and pH were 1.75 mmol/L and 7.35, respectively.



Pre-shock state in the context of acute heart failure guidelines

Acute heart failure is a heterogenous condition in which management is decided based on clinical presentation and starts with identifying the underlying cause. The 2021 European guidelines characterized acute heart failure by four main clinical presentations, based on congestion signs and/or peripheral hypoperfusion, with probable overlap between them. The clinical presentations comprise acute decompensated heart failure (ADHF), acute pulmonary edema, isolated right ventricular failure, and cardiogenic shock. Figure 1 (Panel B) summarizes the four clinical presentations of acute heart failure (22). ADHF is considered the most common among the four clinical presentation phenotypes of heart failure (50%–70%), and often occurs in patients with underlying heart failure and left ventricular dysfunction but may also include right ventricular dysfunction. Patients often present with fluid overload and signs of increased intraventricular pressure. Distinct from ADHF phenotype, acute pulmonary edema has more rapid onset (i.e., hours vs. days) and the main alteration is fluid redistribution to the lungs and the resultant acute respiratory failure (22). Patients with ADHF or acute pulmonary edema share various characteristics with patients presenting with SCAI stage B or pre-shock state such as the absence of tissue hypoperfusion, relative hypotension, possible rales, and being warm and well perfused, etc.



Nitrates therapy


Efficacy and safety of nitrate therapy

Organic nitrates (e.g., nitroglycerin, isosorbide dinitrate, and isosorbide mononitrate) release nitric oxide through an enzymatic process unlike sodium nitroprusside that releases nitric oxide spontaneously. Nitric oxide eventually causes smooth muscle relaxation and vasodilatation (23). Intravenous nitrates and nitroprusside reduce preload and afterload through dilating both venous and arterial vessels. Nitrates are more powerful on peripheral veins, whereas nitroprusside produces a balanced venous and arterial dilation (22). Organic nitrates at low doses cause venous dilatation, whereas arteries and coronary arteries dilate at higher doses. By provoking venous and arterial dilation, intravenous nitrates can reduce the increased left ventricular filling pressures and systemic vascular resistance without affecting tissue perfusion (23), and improve stroke volume and cardiac output (24). As a result, nitrates provide marked improvement in acute pulmonary edema in which there is rapid deterioration especially in patients who have an acute rise in systemic vascular resistance and left ventricular filling pressures due to decreased baseline diastolic and systolic reserve (23). In addition, nitrates are effective agents in relieving pulmonary congestion and chest pain in patients presenting with acute coronary syndrome and heart failure because they are powerful venous vasodilators and anti-ischemic drugs (25).

Intravenous nitrates at higher doses dilates coronary arteries and enhances collateral blood flow which is desirable in ischemia but the subsequent tachyphylaxis usually necessitates dose escalation (7), due to the attenuation of the favorable hemodynamic effects (23). This pseudo- or early tolerance seems to be induced by counter-regulatory responses of neurohormone such as increased vasopressin, noradrenaline, and renin activity which lead to plasma volume increase due to sodium and water retention. A true tolerance can result from continued nitrate administration leading to changes in smooth muscle and endothelial functions (23). Other drawbacks of nitrates’ use include headache, hypotension, dizziness, and free radical production (7, 26). The rates of reported adverse events differed among studies and disease states. With nitrate use, headache was reported in 2%–26% of patients with acute myocardial infarction and in 12% of those with acute heart failure. Furthermore, the incidence of hypotension and dizziness was 1%–48% and 1% in acute myocardial infarction and 5%–10% and up to 29% in acute heart failure, respectively (25). Nitrates should not be used in patients with hypotension, chronic obstructive pulmonary disease (i.e., acute heart failure mimics), and left ventricular outflow tract obstruction because vasodilation does not provide benefit in these conditions. In conditions with vascular obstruction such as pulmonary embolism, nitrates can cause excessive hypotension and cautious use should be considered in preload-dependent patients. Nitrates should not be used concurrently with phosphodiesterase inhibitors (e.g., sildenafil, tadalafil) (27).



Nitrate therapy in myocardial infarction

In addition to the anti-anginal effect due to multiple mechanisms, nitrates decrease ventricular dilatation in acute myocardial infarction which help improving mitral regurgitation and pulmonary congestion (28). Nitrates have also reduced myocardial infarct size or its expansion and improved global or regional left ventricular function (6). Very early small reports that studied both oral and intravenous nitrates in acute myocardial infarction showed a trend towards reduced reinfarction and mortality (28), as was shown in a pooled analysis published in 1988. The analysis included 10 small randomised controlled trials (n = 2,000) using intravenous nitroglycerin (seven studies) or nitroprusside (three studies). Both vasodilators decreased mortality and the reduction was the greatest at short term follow-up especially in the first week, with non-significant reductions after the early period (29). A subsequent review analysed the seven intravenous nitrate studies (n = 850) then analysed them with additional studies that used oral nitrates. Intravenous nitrates reduced the odds of death by 48% (95% CI: 25–64, p < 0.001), a benefit that was not demonstrated with the oral nitrates, but combining all nitrates studies reduced the odds of death by 32% (95% CI: 12–47, p < 0.001). However, the conclusion was limited by small-scale studies (6). Then the two large, randomised trials, ISIS-4 (30) and GISSI-3 (31) which administered nitrates within 24 h of myocardial infarction onset, refuted the mortality benefit. The divergent results were justified by the possible lower nitrate doses used and the widespread use of nitrates in the control groups that could have diluted the beneficial effects (28).



Nitrate therapy in heart failure and pulmonary edema

In acute decompensated heart failure, there is reduced nitric oxide bioavailability hence exogenous nitrates are needed (26). Furthermore, patients with acute heart failure usually present with elevated left ventricular filling pressure and normal or high blood pressure. In this condition, vasodilators improve symptoms and hemodynamic parameters. They are frequently used with loop diuretics with much of their acute effect is suggested to be due to venodilation (7). Intravenous nitroglycerin, the most used vasodilator, has fast onset and offset of action with an expected dose-response effects on both peripheral circulation and overall hemodynamic parameters. It decreases left and right ventricular filling pressures and the afterload (26). Nitrates have been used in acute heart failure for many years (32), but the evidence is limited (33, 34) and mostly evaluated hemodynamic rather than clinical outcomes in small cohorts of patients (33). As a result, their administration substantially varied between patients (6%–70%) (23, 34) and nitrate use has been less standardised in clinical practice (23). Very early studies on nitrates use in heart failure were of small size and found improved exercise capacity without reliable mortality data (6). A Cochrane review included four randomised trials (n = 634) that compared nitrates with any non-nitrate comparator in patients with acute heart failure syndromes with or without myocardial infarction. There was not significant difference in symptomatic relief and hemodynamic parameters between the comparison groups. However, study designs and enrolled patients were heterogenous, and the trials were of low quality (32). The analysis of the 3COP randomised trial in patients with acute cardiogenic pulmonary edema demonstrated that intravenous nitrates did not reduce mortality rate (35).




Challenges with nitrate therapy


Underutilization of nitrate therapy

Several studies have suggested that despite its benefit, nitrate therapy is underutilized in the clinical practice (27). It has been reported that only 12% of patients who were suitable for intravenous nitrate therapy received it. Those patients were more likely to have hypertension or myocardial ischemia (24). Another study reported 42% of patients with acute heart failure received nitrates who often had pulmonary edema or hypertension (36). Semi-structured interviews with 40 hospital physicians in the United Kingdom found that intravenous nitrates were considered in 37% of clinical decisions in treating virtual acute heart failure patients with noticeable variability between the physicians. Physicians’ beliefs and perceptions were found to heavily influence their decisions (37). Hypotension is probably the most prominent property that limits the use of nitrates, due to the potential end-organ tissue perfusion. For example, in patients with acute heart failure and reduced cardiac reserve, nitrates may steeply lower the blood pressure leading to hemodynamic instability, renal failure, ischemia, and possible over shock, all of which are associated with increased risk of mortality. In acute heart failure, there is no consensus on the optimal dosing regimen for nitrate therapy and the published studies have based nitrate dose up-titration on pre-specified blood pressure limits and physician's clinical judgement (23). Hence, there is inconsistency between the international guidelines recommendations with regards the routine use of nitrates in acute heart failure, which was attributed to the absence of robust evidence (24). The general approach is to use nitrate therapy when blood pressure is 110 mmHg or above, and to be avoided in symptomatic hypotensive patients (23).



Administration and dosing of nitrate therapy

There is still uncertainty about the optimal combination treatment for acute heart failure upon hospital admission. Evidence from randomised controlled trials suggested that early administration of intravenous nitrates when combined with loop diuretics may provide improved outcomes. Patients who were not managed effectively in the early phase, i.e., first 6–12 h within presentation, have experienced poor outcomes (24). However, administration of continuous intravenous nitrate for more than 48 h led to greater attenuation of response compared with two intermittent 12-h infusions. In one study nitroglycerin doses had to be increased to maintain wedge pressure reduction at 12 h with an attenuated effect seen at 24 h. It has been suggested that concurrent use of angiotensin converting enzyme inhibitors may prevent nitrate tolerance and improve response to nitrates, given the involvement of angiotensin II in nitrate tolerance. Studies found that the use of angiotensin converting enzyme inhibitors preserved hemodynamic response and improved exercise tolerance, endothelial and left ventricular functions (23). Appropriate nitrate dose is important to achieve favourable hemodynamic effect and overcome tolerance (33). The use of low-dose nitroglycerin in acute heart failure may offer no or minimal clinical benefit (27, 38, 39), whereas higher doses provided remarkable benefits compared with standard therapy (27). Compared with standard of care, high dose of non-invasive (transdermal and sublingual) isosorbide dinitrate in addition to standard therapy within the first 48 h, was safe and greatly reduced natriuretic peptides. However, the benefit did not translate into improved mortality or rehospitalization rates (40). The relatively recent GALACTIC study that randomised patients with acute heart failure to either early intensive and sustained vasodilation or usual care did not demonstrate difference in mortality or hospitalization between groups (41). Another study (ELIZABETH) tested the efficacy of an early guideline-recommended care bundle in 75-year patients or older patients presenting with acute heart failure in the Emergency Department. The care bundle included early intravenous nitrate boluses in the first four hours, intravenous diuretics (moderate dose), and management of precipitating conditions such as atrial fibrillation, acute coronary syndrome, or infection. However, in comparison with the usual care (i.e., control group), the intervention did not significantly reduce the primary outcome (i.e., number of days alive and out of hospital at 30 days) (42).




Clinical evidence


Randomised controlled trials

Tables 3, 4 present the baseline characteristics, interventions, and outcomes of six identified randomised control trials that investigated nitrate therapy and were published after 1990 (1999–2008) (38, 45–47). The key inclusion criteria comprised pulmonary edema and decompensated heart failure. The cut-off systolic blood pressure measurement for exclusion was below 90–110 mmHg. Three trials excluded patients with acute myocardial infarction (38, 43, 44). When we pooled the data from the randomised trials, the recruited patients had a mean age of 62.9 years, 57.8% of patients were males, and 31.0% were smokers. The history of most common relevant comorbidities was reported for hypertension (63.0%), coronary artery disease (49.9%), myocardial infarction (47.6%), diabetes (44.4%), and heart failure that was reported in 53.0% of patients in only one study (43). The mean systolic and mean blood pressure measurements were 130.7 and 121.8 mmHg, respectively with a mean heart rate of 118.1 bpm. The mean cardiac index was 2.0 L/min/m2, PCWP was 28.1 mmHg, and ejection fraction was 40.3%. The nitrate therapy used as interventions were high-dose isosorbide dinitrate intravenous boluses and nitroglycerin intravenous infusion. The comparator groups varied between low-dose isosorbide dinitrate, milrinone, nesiritide, and furosemide combined with morphine. High-dose isosorbide dinitrate boluses were safe and effective in treating patients presenting with severe pulmonary edema (38, 45). Although nitroglycerin infusion was as effective as combined furosemide and morphine in acute pulmonary edema (43), it was not less effective than milrinone (44) or nesiritide (46, 47).


TABLE 3 Baseline characteristics of patients in nitrates randomised trials (after 1990).
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TABLE 4 Interventions and outcomes reported in nitrates randomised trials (after 1990).
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Observational studies

Seven non-randomised studies that investigated nitrate therapy and were published after 1990 (2001–2014) are described in Tables 5, 6 (24, 34, 39, 50, 48, 51). Patients presented with acute heart failure or CS with pulmonary edema. One study excluded patients with acute myocardial infarction (48), and another if myocardial infarction required immediate intubation (39). Three studies specified systolic blood pressure above 110 mmHg (24, 34, 49), and one study specified a cut-off of 160 mmHg or above (39). Our pooled data yielded a mean age of the enrolled patients of 74.0 years, 45.6% of patients were males, and 49.1% were smokers. The frequently reported comorbidities were hypertension (83.1%), heart failure (67.3%), diabetes (42.3%), dyslipidemia (41.4%), coronary artery disease (39.0%), renal impairment (29.9%), stroke (15.0%), and myocardial infarction (24.1%) that was report in one study (39). The mean systolic and diastolic blood pressure measurements were 157.3 and 78.9 mmHg, respectively, with a mean heart rate of 92.5 bpm. The mean lactate level was 1.53 mmol/L. The nitrate therapy used were interventions isosorbide dinitrate and nitroglycerin. The comparator groups varied between different nitrate doses, diuretics, or control. The addition of nitrate bolus to nitrate infusion was not associated with increased hypotensive episodes. High-dose nitroglycerin was associated with more frequent intubation and intensive care unit admission than lower dose without excess in adverse events. Although early administration of nitrate along with diuretics reduced the length of stay, there was not benefit in reducing the risk of mortality.


TABLE 5 Baseline characteristics of patients in nitrates non- randomised trials (after 1990).
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TABLE 6 Interventions and outcomes reported in nitrates non- randomised trials (after 1990).
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Overall characteristics of three study types

Overall, the pooled variables of the three study types showed noticeable variations in patients’ characteristics (Tables 2, 3, 5).




Current position and future direction

Currently, there is no recommendation that favors a therapeutic regimen according to nitrate therapy vs. usual care (22). In myocardial infarction, intravenous nitrates are usually used for 24–48 h in patients presenting with large anterior myocardial infarction, acute myocardial infarction with congestive heart failure, and ongoing ischemia or hypertension. The infusion can be continued beyond 48 h in the presence of ongoing pulmonary congestion or recurrent angina (52, 53). Nitrates should be avoided if systolic blood pressure is below 90 mmHg, in the presence of significant bradycardia (i.e., heart rate below 50 bpm) or tachycardia, or in patients with right ventricular infarction (52). In the absence of hypotension, intravenous nitrates may be given as an adjunctive to diuretic agents in patients with decompensated heart failure (54, 55). Intravenous nitrate is administered to relieve the symptoms of acute heart failure when systolic blood pressure is above 110 mmHg in the absence of severe aortic or mitral stenosis (22, 56). The infusion is usually set to start at low rate then can be up-titrated according to clinical status and blood pressure measurements (22). An initial nitrate bolus may precede the continuous infusion. Moreover, repeated boluses may be considered as well, for example, 1–2 mg nitroglycerin boluses in patients with severe hypertension and acute pulmonary edema (22). Although intravenous nitrates seem to be most effective in acute heart failure patients with hypertension or myocardial ischemia, it is unknown whether this translates to their use in daily practice as the real-world data is not yet clearly defined (24). Other vasodilators may be considered. When nitroglycerin was compared with milrinone (44) and nesiritide (46) in patients with acute decompensated heart failure (Table 4), both agents were more effective than nitroglycerin in improving hemodynamic parameters. Moreover, other potentially effective vasodilator agents in acute heart failure include intravenous enalaprilat, nicardipine, or nitroprusside due to the reduction of preload, afterload, or both, respectively. However, none of these agents were compared with intravenous nitrates. In the absence of hypotension, the authors commonly use intravenous nitrates as first-line therapy in daily clinical practice to relieve chest pain secondary to acute coronary syndrome, acute heart failure, and pulmonary edema. The use of intravenous nitrate therapy in the pre-shock state or SCAI stage B with its range of presentations (i.e., pulmonary edema, heart failure either de novo or acute-on-chronic, or myocardial infarction) can be considered an extrapolation from the available evidence that only demonstrated favourable hemodynamic effects without a confirmed mortality benefit. Although a novel therapy could address the limitations of nitrate therapy, more is anticipated and needed to re-establish the role of nitrates within the contemporary context given the anticipated burden of shock on healthcare sector. There is unmet need to reassess the benefit of intravenous nitrate therapy after the introduction of SCAI shock stage classification in well-designed prospective studies.



Conclusion

Patients in pre-shock state may present with pulmonary edema, acute heart failure, or myocardial infarction complicated with CS. Nitrate therapy is considered a traditional treatment that improves hemodynamic parameters and reduces dyspnea, congestion, and pain. However, there is no robust evidence to confirm benefit in terms of mortality outcomes and the uncertainty continues with the introduction of the contemporary shock stages classification.
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Heart rate (bpm) 1047257 93.1226.8 (n=2,980) - 969226 9012245 752128 92.9526.45
(n1=3,165)
Respiratory rate (bpm) - 19.1£60 (n=2,875) - - - - 19.1 %60 (n =2,875) One study
Urine output (liter) - 226142 (First 24 h) - - - - 226+ 1.42 (First 24 h) (n = 2,908) One
»n study
Cardiac index (L/min/m’) 23+0.9 (Fick) - - - - 19203 (n=45) 197 0.4 (n=55)
31816 (TD)
Cardiac output (L/min) 47224 (Fick) - - - - 38207 (n=45) 396098 (n=55)
65139 (TD)
CPO (W) 0.77=0.41 (Fick) - - - - 06=0.1 (n=45) 0.63=0.15 (n=55)
PCWP (mmHg) 233+65 - - - - 16.5+7.3 (n=45) 17.71 £7.16 (n =55)
PAP (mmHg) - - - - - 27+113 (n=44) 27+ 113 (n = 44) One study
Ejection fraction 3132234% - - 428=97% = 65% (n=1) 419121090 (n = 105)
Laboratory tests
Lactate (mmol/L) 25 (12-135)° 1304 (n=638) - 4625335 15205 1420 (n=1) 175079 (1=778)
PH - 736 0.1 (1= 968) - 725013 7.37 2007 7401 (n=2) 7.3520.10 (n = 1,099)
Anion gap (mEq/L) - 115+3.2 (n=2677) - - - - 115%32 (n=2,677) One study
Bicarbonate (mEq/L) - 239 %44 (n=2905) - - - 25723 (n=44) 23922437 (n1=2,949)
Hemoglobin (g/1) 10625 119+ 2.2 (n = 2,890) - - - - 1189220 (n
TaT (mg/dl) 03(023-058)" | 1732 (Peak) (n = 1,897) - - - - 169318 (n=
Tal (ng/L) - - - - 1,265 + 2,039 (hs) - 1,265 + 2,039 (n= 35)
One study
BNP - - - - - - -
ALT (UN) - 7622222 (n=1,897) = = = - 76222222 (n=1,897)
One study
AST (U/L) 24 (8-109) - - - 180 =307 322199 (n=37) 9629+ 1445 (n = 82)
BUN (mg/dl) - 27.0%189 (n=2878) - - - 28.6+166 27.00 % 18.89 (1 =2,924)
Serum creatinine (mg/dl) 28+41 13210 (n=2,887) = 107504 = 1304 129 +0.98 (n =3,037)
GFR (ml/min) 433+19.1 - - - 4852211 - 4734 20.68 (n=45)
Vasoactive agents use 7110 (70%) 113% (First 1 h) 0 - 0 0 -
Number of vasoactive agents Initial: 1 (0-1.25) 0.1+ 0.4 (First 1 h) 0 - - 0 0.10+0.39 (1 =3,008)
Mean: 0.81 = 041
24h: 05 (0-1.25) = = = - - -
Mean: 0.56 = 0.41
Agent(s) used E, D, M, NE, V - - - - - -
30% 121% 5% 28.7% - 0 -
20% 1% 3.6% 27.6% - 0 =
0 02% - 0 8.6% 0 -
ECMO 10% 0.9% - 11% 29% 0 -
Coronary angiogram - 49.1% - 81.9% - - -
PCI - 311% - 66.2% - - -
Intubation 30% - - - 257% - -
Mechanical ventilation - 14% 18.1% - - - -
Dialysis/RRT - 4.6% 0 14.9% - - -
RBC transfusion - 134% - - - - -
Invasive monitoring/PAC -~ 7.9% (12) 37% = = = =~
In-hospital mortality 0 ~6% 22% - - 0 -
Adjusted OR 153 (against
stage A)
CICU mortality 0 ~3% 1.5% - - - -
30-day mortality 0 ~3% (12) - o = %
OR 1.21 (95% CI 066~
12-month mortality - ~43% (12) - 35.1% - - -
Poor neurological outcome (CPC - - - 42.6% (at 12-month) - - -
3-5)
30-day survival 100% - - 66.1% (95% CI 50.2-87) - -
OR 043 (95% CI 0.19-0.92, P=0.36) (against
stage C)
One year survival 100% 816% (12) - - - - -
30-day hospital ~11% (12) - - - - - -

95% CI, confidence interval; ACS, acute coronary syndrome; AF, atrial fibrillation; AKI, acute kidney injury; ALT, alanine transaminase; APACHE, Acute Physiology and Chronic Health Evaluation; AST, aspartate-aminotransferase; BP, blood
pressure; bpm, beats or breaths per minute; BNP, brain natriuretic peptide; BUN, blood urea nitrogen; CICU, cardiac intensive care unit; CPC, Cerebral Performance Category: CPO, cardiac power output; CPR, cardiopulmonary
E ECMO,

membrane

r cs, shock; CVA,

M, milrinone; MAP, mean arterial pressure; MCS, mechanical circulatory support; MD, mean difference; SD, standard deviation; min, minute(s); NE, nor

accident; D,

GFR, glomerular filtration rate; hs, high sensitivity; IABP, intra-aortic balloon pump;
repinephrine; OR, odds ratio; PAC, pulmonary artery catheter; PCI, percutaneous

coronary intervention; PAP, pulmonary artery pressure; PCI, percutaneous coronary intervention; PCWP, pulmonary capillary wedge pressure; RBC, red blood cell; RRT, renal replacement therapy; SD, standard deviation; SOFA,

Sequential Organ Failure Assessment; STE, ST-segment elevation; SVT,

tachycardia.

*Converted to mean + standard deviation.

TIA, transient ischemic attack; Tnl/TnT, cardiac troponin; V, vasopressin; VF, ventricular fibrillation; VT, ventricular





OPS/images/fcvm-10-1173168-t001.jpg
Author recruitment
period study design
Baran et al. (9) 2019-2020

Prevalence of stage B
population
107166 (6%) CS patients

Definition of stage B

As per SCAI clinical expert consensus statement on the classification of CS (2)

Variable used in
SCAI stages
As per SCAI clinical expert

Prospective consensus statement (2)
Single center

Hanson et al. (10) 0/300 Physical exam: elevated JVP; rales; strong distal pulses; normal mentation Vital signs

2016-2019 Patients with CS from acute | Biochemical markers: normal lactate; minimal renal function impairment; Lactate

Prospective MI elevated BNP CPR

Multicenter Hemodynamics: SBP <90 or MAP <60 or >30 mmHg drop; pulse 2100; CI 22.2; | Vasoactive drugs MCS

PA saturation >65%

Jentzer et al. (11)
Retrospective
Single centre
2007-2015

2,998/10,004 (30%)
CICU patients

Patients meeting all the following:

1. One or more criterion for hypotension and/or tachycardia during first 1 h
afier admission:
a. Minimum SBP <90 mmHg

Minimum MBP <60 mmHg

Maximum HR >100 bpm

Admission HR > admission SBP

Mean HR > mean SBP

2. No criteria for hypoperfusion: a. admission lactate <2 mmol/L; b. 24-hour
urine output 2720 ml; c. 24-hour creatinine increase <03 mg/dl

san s

Vital signs
Lactate

Renal function Vasoactive
drugs

MCs

Jentzer et al. (12)

2,786/9,096 (30.6%)
CICU survivors

Definition as per Jentzer et al. 2019 (above) (11)

As per Jentzer et al. (1)

Lawler et al. (13)
Retrospective
Multicenter
2017-2019

138/1,991 (7%)
CICU or CS patients

ACS or HF meeting all the following:
1. Either of the following criteria for hypotension:

a. SBP <90 mmHg for 230 min

b, Need for vasopressors/inotropes to maintain SBP >90 mmHg
2. GER 260 m/min

Diagnosis of CS
Lactate

PH

LFTs

Renal fanction

3. 3. Normal lactate <2 mmol/L Vasoactive drugs
MCS
Pareck et al. (14) 94/393 (23.9%) OHCA patient meeting all the following: (Without hypoperfusion) Vital signs

20122017 Patients with OHCA 1. Either of the following criteria for hypotension and/or tachycardia: a. SBP 90 | Vasoactive drugs

Retrospective mmHg and HR >100 bpm; b. Low-dose bolus vasopressor to maintain SBP

Single centre >90 mmHg

2. GER >60 m/min

Schrage et al. (15) 2009- | 35/1,007 (3.5%)’ Patients having clinical evidence of relative hypotension or tachycardia, but Diagnosis of CS

2017 Patients with CS or large MI | without hypoperfusion. Signs/symptoms of CS or large MI with HF > SBP (ratio | Vital signs

Retrospective >1) plusall the following: a. No vasoactive drugs use; b. Arterial lactate <2 mmol/L | CPR

Single centre (or venous lactate <2.5 mmol/L) i.e. no hypoperfusion Lactate
Vasoactive drugs

Thayer et al. (16) 46/1,414 (3.3%) CS patients are those exhibiting early symptoms: Lactate

2016-2017 CS Patients If lactate NOT available: CS patients NOT receiving any vasoactive drugs or | Vasoactive drugs

Prospective MCS devices. MCs

Multicenter Iflactate available: CS patient meeting all the following: a. No vasoactive drugs or

MCS devices; b. Lactate <2 mmol/L

ACS, acute coronary syndrome; BNP, B-type natriuretic peptide; bpm, beat per minute; Cl, cardiac index; CICU, cardiac intensive care unit; CPR, cardiopulmonary
resuscitation; CS, cardiogenic shock; GFR, glomerular filtration rate; HF, heart failure; HR, heart rate; JVP, jugular venous pressure; LFTs, liver function tests; MAP,
mean arterial pressure; MCS, mechanical circulatory support; MI, myocardial infarction; OHCA, out-of-hospital cardiac arrest; PA, pulmonary artery; SBP, systolic blood

oressure: SCAI, Society for

and
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Variable Freund et al. Lemachatti et al. () Costanzo et al. () Levy etal. () Azizetal () Herrero-Puente Mohan etal. ()

150/ etal. ()
Nitrate group size | 25/136 (ISDN bolus) | 2014: 232/368 1,590 (monotherapy)3.947 | 29/74 46/430 796/3,187 40/81
(with diuretic)
N=99963

Intervention(s)

Intervention ISDN bolus ISDN use 2014 vs 2007: NTG High dose NTG NTG infusion and diuretics NTG infusion Nitrates as per Guidelines

group (38+1.9mg) 971232 (42%) vs 25/136 (18%) NTG and diuretic Mean bolus dose: 6.5 mg 5-200 mg/min for | recommendations
ISDN infusion: (P<001) Initial rate: 23.6 6-48h
16/25 (71%) ISDN bolus dose: 5 mg vs 3 mg Final rate: 50.2 pg/min

(P<0.01)
0dds ratio to receive nitrate in
2014: 3.94 (222-7.01)

Comparator 1| No bolus ISDN Before and after design Diuretic Non-intervention Furosemide Control -
ISDN infusion: 18/ Initial NTG rate: 31.7 ug/min
111 (16%) Final NTG rate: not available

Comparator 2 - - - - Neither diuretics nor NTG - -

Both received - - - Initially, all patients began - - -

with NTG 0.3-0.5 ug/kg/min
Titration: 20 ug/min q1-

3 min

Max: fixed at 400 ug/min

Outcomes

Surrogates

Reduction in BP | Post treatment - - A MAP -50.0 mmHg - - -
116£19 vs 11618
(P=0.99)

Others - - - A Pulse rate -18 bpm - - -

ARR -8.0 bpm
A5p0, 3.0%

Clinical

Intubation - - - 13.8% vs 26.7% - - -

Death 1/25 (4%) vs 11/111 | 19/232 (8%) vs 15/136 (11%) NTG with diuretic vs diuretic - 4/46 (8%) vs 11/127 (9%) vs 42/257 (16%) | 3-day: 24/796 (3%) vs -
(10%) (P=0.3) (P=05) 2.8% vs 3.2% (P=0.19) (P=0.039) 66/2,382 (2.8%)

(P=072)

7-day: 41/796 (5.2%)
vs 107/2,382 (4.5%)
(P=0.45)

14-day: 60/796 (7.5%)
Vs 164/2,382 (6.9%)
(P=0.53)

Death and ICU - 44/232 (19%) vs 36/136 (27%) - - - - -

admission (P=01)

Hospital - - - 22/46 (48%) vs 68/127 (53%) vs 143/257 - -

readmission (56%) (NS)

Survival - - - Survival probability - -

87% vs 82% vs 79% (P=0.0001)

Cardiovascular - - 20.7% vs 289% - - -

complications

30-day mortality - - - - - 84/796 (10.6%) vs -

224/2,382 (9.4%)
(P=034)

LOS (hospital) | 14 vs 11 days (P= | 10 (5-16) vs 10 (5-15) (P=0.9) - 4.1 vs 62 days 6+4vs9+12vs 828 (P=001) - -
02) days

Hospital - From ED to admission 213/232 - - At 30-day From ED to admission -

readmission (929%) vs 122/136 (90%) (P=0.5) 5/46 (13%) vs 18/127 (14%) vs 33257 | 657/796 (82.5%) vs

(13%) (NS) 1,829/2,382 (76.8%)
(P=0.001)

ICU admission | 7/25 (28%) vs 12/111 | 30/232 (13%) vs 23/136 (17%) - 37.9% vs 80.0% - - -
(11%) (P=0.04) (P=03)

New ED visit at - - - DHE: 27.6% vs 222% - At 30-day -

30-day 117/796 (17.3%) vs

348/2,382 (16.9%)
(P=081)

Conclusion ISDN did not cause | In elderly patients with acute heart | Vasodilators did not increase | Intubation, BiPAP, and ICU | In patients with acute DHF admitted to | In patients with acute | Only 12% of patients who
more hypotension | failure and treated with ISDN inpatient mortality when | admission occurred less ED, early NTG as add-on to diuretics, | heart failure, IV are suitable candidate for IV
with bolus use. boluses, there was no significant | compared with alternative | frequently than anticipated | reduced LOS with a trend towards lower | nitrates did not reduce | nitrates received it

benefit in outcomes. regimens. with high-dose NTG. composite of mortality and acute DHE | mortality.
readmission.

A, change; BIPAP, bilevel positive airway ventilation; bpm, beats or breaths per minute; DHF, decompensated heart failure; ED, emergency department; h, hour(s); ICU, intensive care unit; ISDN, isosorbide dinitrate; IV, intravenous(ly); LOS,
length of stay: MAP, mean arterial pressure: min, minute(s): NTG, nitroglycerin: NS, not significant: RR, respiratory rate: SpO», oxygen saturation.
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Variable Freund et al. Lemachatti et al. ( ) Costanzo Levy etal. ( ) i Herrero- Mohan et al. () Pooled
etal () I Puente et al. variable

Mean +SD or
% (95% Cl)
Recruitment years Jan-December | 2007 (before) 2001-2004 Jan-August 2013 2001-2014
2007 (case series) | 2014 (after)

2011
Key relevant criteria
Inclusion CHF; Age 275 | CS acute pulmonary edema; Age | Acute DHF Severe DHF Acute DHF | Acute heart failure | Acute heart failure per guidelines (SBP > | -
275 failure HTN (SBP 2160 mmHg or MAP SBP >110 mmHg | 110 mmHg, pulmonary congestion, no
(SBP >110 mmHg, signs of 2120 mmHg, refractory to initial severe aortic/pulmonary stenosis)
‘pulmonary oedema, 1o shock and therapy
110 hypoperfusion)
Exclusion Inconsistent Incomplete records Acute myocardial | STEMI - - - -
medical charts infarction Need for immediate intubation
D
Age (years) 86.6+58 85:6 702141 614148 72£13 7862102 77511 7405+ 1216
(n=2,758)
Male gender - - 1,791/3,947 19129 (65.5%) 20/46 340/796 (427%) | 22/40 (55%) 45.65 (41.87-49.45)
(45.4%) (43%) (2,192/4,858)
Smoking (active) 9/25 (36%) 771232 (33%) - 14129 (48.3%) 36/46 - - 49.13 (27.19-7125)
(80%) (136/332)
@
Hypertension 18125 (72%) 201/232 (87%) - 26/29 (89.7%) 37146 686/796 (86.2%) | 29/40 (73%) 83.11 (78.47-87.28)
(82%) (997/1,168)
Diabetes - 811232 (35%) - - 24146 3781796 (475%) | 14/40 (35%) 42.39 (33.83-51.19)
(53%) (497/1,114)
Dyslipidemia - - - - 15/46 3711796 (466%) | - 41.45 (28.84-54.64)
(32%) (386/842)
CVAITIA - 30/232 (13%) = = = 122/796 (15.3%) | 8/40 (20%) 15.05 (12.96-17.33)
(160/1,068)
Coronary artery - 881232 (38%) - 11129 (37.9%) 14/46 315/796 (396%) | 18/40 (45%) 39.05 (36.22-4194)
disease/THD (31%) (446/1,143)
Myocardial infarction | - - - 7129 (24.1%) - - - 7129 (24.1%)
Heart failure 7125 (28%) 1601232 (69%) = 26/29 (89.7%) 33146 550/796 (69.1%) | — 67.37 (57.33-76.66)
(73%) (776/1,128)
Renal impairment - - - 6/29 (20.7%) dialysis - 1901796 (23.9%) | 19/40 (47%) 29.99 (16.84-45.09)
(215/865)
Vital signs/t
Systolic BP (mmHg) | 160 =25 13826 16237 - 150221 | 1555+318 131227 157.38 % 34.03
(n=2,729)
Diastolic BP (mmHg) | 9022 77217 - - 87:11 - 74218 78.93+ 1667
(n=343)
MAP (mmHg) - - - 15722257 - - - 15722257
(n=29)
Heart rate (bpm) 96+23 8419 93223 1163255 = 93+253 95+28 92.53+23.43
(n=2,712)
Respiratory rate (bpm) | 30+7 26+56 - 311267 - 41+74 - 24831778
(n=1,082)
Pulse oximetry (%) 92 (87-95)" 95 (90-97)" - 927+54 - - - 93.85+ 167
(n=286)
Ejection fraction (%) | - = - 357 (287-42.7) 32:16 - = 33431141
Mean: 35.7 £ 4.04 (n=75)
Laboratory tests
Lactate (mmol/L) 18 (13-26)" 15208 - - - - - 1532076
(n=257)
pH 74007 = = = B = =
Bicarbonate (mmol/L) | - 24 (22-27)° - = = - =
Hemaoglobin (g/dl) - 118+18 125£22 - - - - 12412214
(n=1,822)
‘Troponin (ng/ml) - - - - 0242046 | - - 024046 (n=46)
BNP (pg/ml) - - 1,389 £2,179 17816 £ 2,683.0 1494 % - - 1,398.7 22,1567
1043 (1=1,665)
BUN (mg/dl) = - 27516 = - - = 27516
(n=1,590)
Serum creatinine 94 (74-116)" 99 (75-127)" 1414429724 | 3094 £167.96 15028+ |- - 138,57+ 85.88
(mmol/L) 1326 (n=1,922)
GFR (ml/min) - - - - 42:17 - -
BP, blood pressure; bpm, beats or breaths per minute; BNP, brain natriuretic peptide; BUN, blood urea nitrogen; CHF, congesti failure; CS, cardi hock; CVA, accident; DHF, heart failure; GFR,

glomerular filtration rate; HTN, hypertension; IHD, ischemic heart disease; MAP, mean arterial blood pressure; MD, mean difference; SD, standard deviation; STEMI, ST-segment elevation myocardial infarction; SBP, systolic blood pressure;
TIA, transient ischemic attack.
*Converted to mean + standard deviation
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stages Typical

« No hypoperfusion

* Relative
hypotension or
tachycardia

* JVP, warm & well
perfused (strong
distal pulses &
normal mentation)

* Normal lactate

Possible

* Rales

* BNP/ & mild renal
impairment

Panel B. Acute heart
failure presentation
* LV dysfunction
* Sodium and water
renal retention
* Fluid accumulation
* LVEDP, PCWP
* Normal or low CO
* Normal or low SBP
* Wet and warm OR
dry and cold

« Hypoperfusion

* Volume overload

« Lactate=2 mmol/L

 Invasive HD: CI<2.2
L/min/m?
PCWP>15 mmHg

Possible

« Unwell, altered
mentation,
extensive rales,
cold, U/0<30 mi/h

« BNPD, LFTs T,
SCr to 1.5x
baseline OR >50%
drop in GFR

Pulmonary

edema

* Afterload ! and/or
LV diastolic
dysfunction

* Fluid redistribution
to lungs

* LVEDP, PCWP T

* Normal CO

« Normal or high SBP

* Wet and warm

Typical

« Similar to Stage C
but getting worse

* Rising lactate &
persistently >2
mmol/L

« Escalating doses or
increasing numbers
of pressors OR
adding MCS device
to maintain
perfusion

Possible

* Worsening RFTs &
FTs

« Rising BNP

Isolated RV
failure

* RV dysfunction
and/or PH

« CVP/ and often
hypoperfusion

* RVEDPT

* Low CO

* Low SBP

« Dry and cold OR
wet and cold

Typical

« Circulatory collapse

* Unconscious

* Lactate=8 mmol/L

 Profound
hypotension
despite support

Possible

« Near pulselessness,
cardiac collapse,
multiple
defibrillations

« CPR (A-modifier)

« Severe acidosis

* Need for bolus
doses of pressors

Cardiogenic

shock

* Severe cardiac
dysfunction

« Hypoperfusion

* LVEDP, PCWP

* Low CO

* Low SBP

* Wet and cold
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