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Introduction: shock index (heart rate (HR) divided by systolic blood pressure (SBP)) may play a 
substantial role in evaluation and prediction of cardiovascular events, especially in the patients with 
ischemic heart disease under cardiac procedures. The present study attempted to evaluate the pre-
dictive value of the shock index in early prediction of mortality in patients with acute myocardial 
infarction under primary PCI.  
Method: 200 patients with acute myocardial infarction who were candidates for primary PCI and 
were gone under which at Seyedoshohada Hospital in Urmia, participated in this study. At the time 
of admission, the indexes of heart rate and blood pressure were determined, the shock index (heart 
rate (HR) divided by systolic blood pressure (SBP)) was calculated, and hence, the patients were 
divided into two groups: one group with an index lower than or equal to 0.7 and the other one with 
an index of more than 0.7. SPSS 21 software was used to analyze the above study. 
Results: in this study, the frequency of hospital mortality in the group with a lower shock index was 
lower than the group with a higher shock index (p-value = 0.001). According to the evaluation of 
the area under ROC curve, the shock index was of a high capability to predict hospital mortality 
(the area under ROC curve = 0.895; p-value<0.001). At the cutpoint of 0.7, the shock index with 
the sensitivity of 70% and the specificity of 88.4% was the predictor of hospital mortality. Simi-
larly, according to the evaluation of the area under ROC curve, the shock index was of a high 
capability to predict mid-term mortality after hospital discharge (the area under ROC curve = 0.888; 
p-value<0.001). At the cutpoint of 0.7, the shock index with the sensitivity of 100% and the speci-
ficity of 86.9% was the predictor of mid-term mortality. 
Conclusion: the shock index was of a high value in predicting both hospital mortality and mid-term 
mortality in patients with acute myocardial infarction under primary PCI. 
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Introduction 
Coronary heart disease (CHD) is regarded as one the most important causes of death in the world which results in acute 
myocardial infarction as its important representation. Nearly, 1.2 million American people suffered from coronary heart dis-
ease in 2006 (1). About a quarter to one-third of these people caught myocardial infarction with increased ST (2-6). 25 to 35 
percent of the patients with myocardial infarction die before receiving necessary cares; this mostly happens due to ventricular 
fibrillation (7). Disease prognosis is better for patients who access medical and clinical cares; overall, hospital prognosis has 
been considerably improved in the recent years (2, 8, 9, 10, and 11). Reduction in the rate of mortality in the said patients was 
mostly due to developing fibrinolytic and angioplasty treatment methods through skin interventions or PCI. Analyzing the data 
of the American national association of myocardial infarction, the mortality in patients receiving reperfusion treatment was 
5.7%, compared to the 14.8%-mortality in other treatment methods (12). 
Pathogenesis of coronary atherosclerosis is completely multifactorial (13 & 14). Basically, endothelial cell injury and endo-
thelial dysfunction are resulted from the migration of leucocytes from the blood flow into intima-media layer and the migration 
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of smooth muscle cells from media layer to into intima; they pave the grounds for the formation of atheroma or atherosclerotic 
plaques (14). The atherosclerotic plaques narrow the coronary progressive lumen causing coronary artery occlusion. However, 
the myocardial infarction may cause a sudden coronary artery obstruction when ST increases; it sometimes results in a sudden 
death, too. When such an obstruction happens, the possibility for plaque surface injury and platelet adhesion and invasion is 
provided, as a result (15). This provides the conditions for thrombus which causes vessel obstruction. If a coronary vessel is 
obstructed, all the myocardia fed by the said vessel take ischemic changes. As such, it results in the chest pain and transmural 
changes on ECG. As a result, a few hours after the obstruction of the vessel and the emergence of initial fibrosis, the myocardial 
tissue necrosis takes place and can spread from the endocardial surface to the epicardium. If the ischemia remains for several 
hours, the transmural infarction happens, as well (16). On the contrary, in the same time interval, the size of the ischemic 
region decreases if the district blood flow to the ischemic region is maintained. Regarding the fact that the rate of mortality 
and morbidity has a close relationship with ischemic region level, the maintenance of the blood flow in the affected area can 
lead to decreased mortality and morbidity (17).  
Primary coronary intervention through the skin or Primary PCI, with and without stenting, is usually regarded as an emergency 
method to maintain the affected coronary blood flow followed by myocardial infarction along with the increased ST, even 
before fibrinolytic treatment or prescription of glycoprotein inhibitors IIb/IIIa. After the diagnosis of the area affected by 
coronary obstruction by using angiography, a metal wire is navigated to thrombosis area and the balloon catheter is passed 
through which; it is placed in the narrowed area, inflated, and hence maintains the retrograde flow. This method maintains the 
natural blood flow in the affected vessel up to 90% (18 & 19) while the fibrinolytic treatment has been effective only in 50 to 
60 percent of the cases. Compared to the typical treatment methods like medical treatment without reperfusion, the fibrinolytic 
treatment improves the function of the left ventricle and survives the patients with myocardial infarction and increases ST. A 
comprehensive evaluation was made in clinical trials and it was indicated that the rate of the 35-day deaths among the patients 
receiving fibrinolytic treatment was 9.6% whereas it was 11.5% for other patients (20). However, fibrinolytic treatment has 
several main limitations. First, when the ST of some of the patients with myocardial infarction increased, they were prohibited 
from using fibrinolytic medicine (21). Second, thrombolysis did not happen in about 15% of the patients receiving fibrinolytic 
treatment (22 & 23). Third, three months after treatment, about a quarter of these patients again face with the obstruction of 
the vessel under treatment with medicine (24). These limitations were minimized using the primary PCI method. In a meta-
analysis study conducted on 23 clinical studies comparing fibrinolytic treatment with primary PCI, the rate of death after 4 to 
6 weeks after treatment was respectively 7% and 9% (25). The recurrences of myocardial infarction and stroke were also 
decreased desirably (26).  
Reperfusion treatment (using mechanical or pharmaceutical method) for patients with chest pain occurs less than 12 hours of 
indication corresponding to the diagnosis of myocardial infarction. As such, treating with primary PCI is prioritized if the 
related doctor is highly skillful; it is better to be done during the first 90 minutes after calling the medical center (27). These 
patients include the ones who are prohibited from fibrinolytic treatment, those who are at high risk of bleeding, the ones with 
clinical symptoms such as tachycardia, hypotension, or pulmonary congestion, and the patients with cardiogenic shock (28-
30). Compared to the patients under angioplasty balloon, the patients under stenting are of less recurrence of stenosis and do 
not need much to go under revascularization (31). In general, stenting is always preferred. However, when the size of the artery 
related to infarction is not sufficient for stent planting, the angioplasty balloon is prioritized. Compared to the metal stents, the 
drug-eluting stents decrease the recurrence of stenosis 12 months after the procedure (32-34).  
Therefore, in spite of the major benefits of primary PCI, it has some limitations and even complications. The main local 
vascular complications of which are bleeding, hematoma, pseudoaneurysm, and arterial venous fistulas which happen in about 
2 to 3 percent of the patients and even two-thirds of whom need a transfusion (35-37). Major bleeding occurs in about 7% of 
the patients (25). The incidence of intracerebral hemorrhage is remarkably low (about 0.05%) (25). Severe nephropathy has 
been observed in about 2% of the patients after primary PCI (38); it is mostly observed in the cases with cardiogenic shock, 
renal failure, and in the elderly patients (38-40). The occurrence of anaphylaxis to contrast agent is very rare (41). Ventricular 
tachycardia or ventricular fibrillation is observed in 4.3% of the patients (42). The need to perform bypass surgery is reported 
for less than 1% of the patients  (43-45). The occurrence of thrombosis is recognizable in less than 1.5% of the pa-
tients (46-48). Besides, the occurrence of hospital mortality caused by primary PCI is reported in about 2.5% of the patients 
(49).  
Overall, although the efficiency of the primary PCI in the patients with myocardial infarction and increase ST is high, the 
prediction of the occurrence of the aforementioned complications is necessary so as to reduce their occurrence. Therefore, the 
most accurate indices need to be used for this prediction. The objective of the above study was to determine the predictive 
value of the shock index in early prediction of mortality in patients with acute myocardial infarction under primary PCI.  
 
Materials and methods 
The above study was a case-control research in which 200 patients participated. First, the patients’ records were reviewed with 
the diagnosis of the acute coronary syndrome and under coronary artery angiography and the primary information of the 
patients were extracted. They included demographic information, height, weight, body mass index of patients, and history of 
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heart disease risk factors including family history of heart disease, hypertension, hyperlipidemia, diabetes mellitus and smok-
ing, patients’ history of drug use especially the use of cardiac medications, previous experience of cardiovascular interventions, 
previous experience of myocardial infarction, history of heart failure, previous history of cerebrovascular accidents, history of 
renal failure, history of peripheral vascular failure, and history of chronic obstructive pulmonary disease; they were recorded 
in the special questionnaire of the project. Furthermore, the information related to coronary angiography (including the number 
and extent of the affected coronary arteries) was recorded. At the time of admission, the indexes of heart rate and blood pressure 
were determined, the shock index (heart rate (HR) divided by systolic blood pressure (SBP)) was calculated, and hence, the 
patients were divided into two groups: one group with an index lower than or equal to 0.7 and the other one with an index of 
more than 0.7. Moreover, the hospital mortality, the 7-day mortality and the 30-day mortality of the patients were determined 
and recorded.  
The inclusion and exclusion criteria of the study were as follows: 
The inclusion criteria: 1) the existence of diagnostic criteria of acute myocardial infarction including clinical manifestations, 
ECG changes, and the increased cardiac enzymes 
The exclusion criteria: previous history of myocardial infarction or invasive cardiac treatment interventions, different contra-
indications for performing PCI such as different kinds of underlying comorbidities 
The data of the abovementioned study were collected, entered the software, and finally analyzed by SPSS 21.  
 
Results 
The results of this study indicated that the average age of the 200 participants in the study was 58.10 ± 13.21 years old; 156 
people (78%) of the participants were male and 44 people (22%) of whom were female. 
The mean of the patients’ body mass index was 26.46 ± 3.41Kg/M2. Regarding the previous factors, the frequency of hyper-
tension was 77 (38.5%), that of hyperlipidemia was 16 (8%), that of diabetes was 40 (20%), that of smoking was 113 (56.5%), 
that of opioid use was 17 (8.5%),  the frequency of previous MI was 21 (10.5%), that of heart failure was 3 (1.5%), that of 
family history of heart disease was 23 (11.5%), and the frequency of brain stroke was 2 (1%).  
With regard to the use of medications, the use of digitalis was observed in 14 cases (7%), that of beta blockers was observed 
in 25 cases (12.5%), that of calcium blocker was observed in 9 cases (4.5%), that of anti-hyperglycemic drugs was observed 
in 41 cases (20.5%), that of ACE inhibitors was observed in 46 cases (23%), the use of diuretic was observed in 17 cases 
(8.5%), that of statins was observed in 21 cases (10.5%), that of antithrombotics  was observed in 3 cases (1.5%), and the use 
of aspirin was observed in 25 cases (12.5%). 
Regarding the severity of coronary artery involvement, the involvement of one vessel was reported in 43 cases (21.5%), that 
of two vessels was reported in 79 cases (39.5%), and that of three vessels was reported in 78 cases (39%). 
With regard to heart function, the mean of the left ventricular ejection fraction was 35.91±9.29 percent. Regarding the valvular 
involvement, mitral failure was reported in 161 cases (80.5%), tricuspid insufficiency was reported in 140 cases (70%), aortic 
failure was reported in 24 cases (12%), and pulmonary failure was reported in 5 cases (2.5%). Wall motion involvement was 
also observed in 142 cases (71%).  
Overall, 172 patients of the 200 patients with acute coronary syndrome were of a shock index less than or equal to 0.7 and 28 
patients were of a shock index more than 0.7. The average shock index was 0.58±0.13 in the range of 0.30 to 0.93.  
In comparing the primary indices of the patients in the two groups with a shock index less than or equal to 0.7 and the shock 
index more than 0.7, the frequency of the male gender was respectively 134 (78.4%) and 22 (78.6%) which had no difference 
between the two groups (p-value=0.98).  
The average age of the patients was respectively 59.04±12.68 and 52.39±14.48 years old; it was lower in the first group (p-
value=0.028). Moreover, the mean of BMI was respectively 26.39±3.46 and 27.14±2.96 which had no difference between the 
two groups (p-value=0.581). 

 
Figure1. The frequency of risk factors in the patients with SI ≤ 0.7 and SI > 0.7 

In comparing the frequency of heart disease risk factors in the two groups with a shock index less than or equal to 0.7 and the 
shock index more than 0.7, the hypertension frequency was respectively 73 (42.4%) and 4 (14.3%); the difference was signif-
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icant (p-value=0.005). The frequency of hyperlipidemia was respectively 15 (8.7%) and 1 (3.6%) (p-value=0.705). The fre-
quency of diabetes was respectively 36 (20.9%) and 4 (14.3%) (p-value=0.415). The frequency of smoking was respectively 
95 (55.2%) and 18 (64.3%) (p-value=0.37). The frequency of previous use of opium was respectively 14 (8.1%) and 3 (10.7%) 
(p-value=0.713). The frequency of previous MI was respectively 20 (11.6%) and 1 (3.6%) (p-value=0.32). The frequency of 
previous CHF was respectively 3 (1.7%) and 0 (0%) (p-value=0.999). The frequency of family history of heart disease was 
respectively 19 (11%) and 4 (14.3%) (p-value=0.538). Finally, the frequency of the previous stroke was respectively 2 (1.2%) 
and 0 (0%) (p-value=0.999); there was no difference between the two groups (Figure 1).  
 

 
Figure2. The frequency of the use of medications in patients with SI ≤ 0.7 and SI > 0.7 

 
The frequency of the use of antithrombotic medications in patients with SI ≤ 0.7 and SI > 0.7 was respectively 3 (1.7%) and 0 
(0%) (p-value=0.99), that of statins was respectively 20 (11.6%) and 1 (3.6%) (p-value=0.32), that of diuretics was respectively 
17 (9.9%) and 0 (0%) (p-value=0.137), that of ACE inhibitors was respectively 46 (26.7%) and 0 (0%) (p-value=0.002), the 
frequency of the use of antidiabetic medicine was respectively 37 (21.5%) and 4 (14.3%) (p-value=0.38), that of calcium 
blocker was respectively 9 (5.2%) and 0 (0%) (p-value=0.365), that of beta blocker was respectively 24 (14%) and 1 (3.6%) 
(p-value=0.213), and the frequency of the use of digitalis was respectively 13 (7.6%) and 1 (3.6%) (p-value=0.697) which 
indicated the only difference in the use of ACE inhibitors between the two groups (Figure 2).  
 

 
Figure3. The frequency of the coronary involvement severity in patients with SI ≤ 0.7 and SI > 0.7 

 
Regarding the coronary artery involvement in the two groups with a shock index less than or equal to 0.7 and the shock index 
more than 0.7, the frequency of one vessel was respectively 34 (19.8%) and 9 (32.1%), that of two vessels was respectively 
70 (40.7%) and 9 (32.1%), and that of three vessels was respectively 68 (39.5%) and 10 (35.7%) which was not different 
between the two groups (p-value=0.324) (Figure 3).  
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Figure4. The frequency of valvular involvement in patients with SI ≤ 0.7 and SI > 0.7 

 
In terms of the valvular involvement in the two groups with a shock index less than or equal to 0.7 and the shock index more 
than 0.7, mitral failure was respectively observed in 143 (83.1%) and 18 (64.3%) cases (p-value=0.02), tricuspid insufficiency 
was respectively observed in 127 (73.8%) and 13 (46.4%) cases (p-value=0.003), aortic failure was respectively observed in 
21 (12.2%) and 3 (10.7%) cases (p-value=0.999), and pulmonary failure was respectively observed in 5 (2.9%) and 0 (0%) 
cases (p-value=0.999). It indicated the higher frequency of mitral failure and tricuspid insufficiency in the first group (Figure 
4). In the two groups with a shock index less than or equal to 0.7 and the shock index more than 0.7, the mean of LVEF was 
respectively 35.99 ±9.13 and 35.24±10.66 which had no difference between the two groups (p-value=0.727).  
The mean of LVEDD was respectively 4.59±0.59 and 4.55±0.47 (p-value=0.826) and the mean of LVESD was respectively 
3.35±0.69 and 3.41±0.58 (p-value=0.782) which there was no difference between the two groups.  
Furthermore, the frequency of wall motion disorder was respectively 129 (75%) and 13 (46.4%) which was higher in the first 
group (p-value=0.002).  
Overall, the frequency of hospital mortality in the two groups with a shock index less than or equal to 0.7 and the shock index 
more than 0.7 was respectively 2 (1.2%) and 8 (28.6%) which was higher in the first group (p-value=0.001). Moreover, the 
frequency of the 30-day mortality was observed in one case and the frequency of the 60-day mortality was observed in one 
case, both of which happened in the patients with a shock index more than 0.7. Overall, the frequency of mortality after hospital 
discharge was respectively 0% and 7.1% which there was no difference between the two groups (p-value=0.019).  

 
Figure5. The area under ROC curve in the evaluation of SI capability in predicting hospital mortality 

 
According to the evaluation of the area under ROC curve, the shock index was of a high capability to predict hospital mortality 
(the area under ROC curve=0.895; p-value=0.001). At the cutpoint of 0.7, the shock index with the sensitivity of 90% and 
specificity of 88.4% was the predictor of hospital mortality (Figure 5).  
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Figure6. The area under ROC curve in the evaluation of SI capability in predicting mid-term mortality 

 
Besides, according to a similar analysis and based on the evaluation of the area under ROC curve, the shock index was of a 
high capability to predict mid-term mortality after hospital discharge (the area under ROC curve= 888/0; p-value=0.001). At 
the cutpoint of 0.7, the shock index with the sensitivity of 100% and the specificity of 86.9% was the predictor of mid-term 
mortality.  
 
Discussion and conclusion 
The diagnostic value of shock index or the heart rate (HR) divided by systolic blood pressure (SBP) in predicting the severity 
of cardiac disorder and failure has been mentioned in various studies. As already pointed out, the shock index has an inverse 
relationship with left ventricular activity and since the left ventricular activity depends on the cardiac outflow and intravascular 
volume status, the shock index is directly influenced by the reduction of the left ventricular activity and hypovolemia. There-
fore, it is logically expected that an increase in the above index may be effective in predicting the undesirable consequences 
in patients with coronary artery disease, especially in predicting mortality and morbidity. Regarding the above assumption, the 
present study sought to evaluate the shock index value in predicting mortality and morbidity. Moreover, in the second phase, 
the study looked for a suitable cutpoint for the above index with the highest sensitivity and specificity in predicting hospital 
mortality and mid-term mortality in the patients with acute coronary syndrome. In the first phase, the study indicated that both 
hospital mortality and mid-term mortality was higher for the patients with SI > 0.7 compared to the patients with lower SI; the 
hospital mortality and mid-term mortality in the patients with SI > 0.7 were respectively 24 times and 7 times higher. Further-
more, the evaluation of the area under ROC curve strongly confirmed the above finding. This issue was interesting where 
many of the comorbidities such as hypertension, aging, the use of ACE inhibitor, and the involvement of valvular failure in 
the population of the study were mainly prevalent among the patients whose SI was lower than 0.7. 
In fact, the capability of the high SI prediction was completely independent of the patients’ basic indices and cardiovascular 
disease risk factors. Moreover, the evaluation with ROC curve showed that the best cutpoint for SI in predicting hospital 
mortality and mid-term mortality was 0.7; it was of high sensitivity and specificity.  
A few studies were evaluated in accordance with this study. Abe et al. (2016) conducted a study and indicated that, in general, 
the MACE cases were higher in patients with increased shock index. In the evaluation with Cox model, the shock index more 
than 0.66 was a risk factor for the 5-year MACE (50). Although the presented cutpoint was slightly different from that of the 
present study, the capability of high SI in predicting mortality was the scaling capability of the present study. In the study done 
by Spyridopoulos et al., the positive shock index was regarded as the predictive factor of long-term mortality in the elderly 
people having more than 70 years old (51). Bilkova et al. (2011) conducted a study and showed that the shock index along 
with age and diabetes are the predictive factors of mortality in the patients. The mortality cases were 20% in the patients with 
the shock index more than 0.8 whereas mortality was observed in 4% of the patients in the cases with a shock index less than 
0.8 (52); again, the cutpoint above 0.8 was the best one for predicting mortality. Wilson et al. conducted a study and indicated 
that the shock index is the predictor of mortality (53). In the study done by Shangguan et al., the shock index was able to 
predict the seven-day MACE (54). The study of Spyridopoulos et al. showed that the high shock index increases the rate of 
mortality by 3.5 times. In the case of long-term consequences, the high shock index was the predictive factor of long-term 
mortality only in the elderly people (55). In the study done by Huang et al., the patients with a shock index above 0.7 had a 
higher 7- and 30-day mortality and MACE, compared to the patients with a shock index lower than 0.7. Overall, the patients 
with a shock index above 0.7 had 2.2 times of 7-day mortality and 1.9 times of 30-day mortality (56) which was totally in line 
with the present study. 
The present study desirably proved that the shock index is of a high value in predicting both hospital mortality and mid-term 
mortality in patients with acute myocardial infarction under primary PCI. This capability was also resulted from ROC curve 
such that owing to its high sensitivity and specificity, the cutpoint of 0.7 was able to predict hospital mortality and mid-term 
mortality in the aforementioned patients. 
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