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Abstract
Background

Acute aortic syndrome, mainly involving aortic dissection (AD) and intramural hematoma (IMH), is a life-
threatening emergency with high mortality. Shock index (SI) well predicts poor outcomes of severely ill patients, but
the ability of SI to prognose acute AD and IMH patients is not well known. This study aimed to investigate the
association of admission SI with the 30-day, all-cause in-hospital mortality in acute AD and IMH patients.

Methods

This is a retrospective and single-center cohort study. According to Stanford classi�cation, �rstly, we showed the
baseline characteristics in acute AD and IMH patients. Univariate and multivariate methods were used to evaluate
the association between SI and the in-hospital mortality of acute AD and IMH. Then, patients were divided into two
groups by their SIs (SI<0.7 vs SI≥0.7) based on previous studies and survival analysis was made by Kaplan-Meier
method and log-rank test.

Results

This study involved 1250 consecutively recruited Chinese patients diagnosed with acute AD or IMH (Stanford A:
553 (44.2%); Stanford B: 697 (55.8%)). The 30-day, all-cause in-hospital mortality of Stanford A AD and IMH
patients was 23.1% (128/553) but was 4.7% (33/697) for Stanford B AD and IMH patients. The SI signi�cantly
increased the risk of 30-day, all-cause in-hospital mortality in AD and IMH patients (Stanford A: HR 3.941, 95%CI
2.350-6.612, p<0.001; Stanford B: HR 42.213, 95%CI 8.172-218.052, p<0.001). After multivariate adjustments, the
signi�cances remained (Stanford A: HR 1.902, 95%CI 1.050-3.444, p=0.034; Stanford B: HR 21.581, 95%CI 3.818-
121.969, p=0.001). The cumulative survival was signi�cantly lower in the SI≥0.7 group than that in the SI<0.7
group (Stanford A: 61.3% vs 73.6%, p=0.0007; Stanford B: 80.5% vs 95.0%, p<0.0001). In the subgroup analysis, for
those patients without surgery or TEVAR, the in-hospital mortality in the SI≥0.7 group was signi�cantly higher than
that in the SI<0.7 group (Stanford A: 52.5% vs 32.1%, p=0.003; Stanford B: 19.6% vs 4.0%, p<0.001).

Conclusion

Increased admission SI can serve as a good predictor of the 30-day, all-cause in-hospital mortality in patients with
acute AD and IMH, especially for the patients without surgery or TEVAR.

Background
Acute aortic syndrome (AAS) poses a life-threatening emergency with high mortality, including aortic dissection
(AD), intramural hematoma (IMH), penetrating atherosclerotic ulcers and aortic rupture [1, 2]. Notably, the vast
majority of AAS patients are those with AD and IMH, accounting for 80% and 15%, respectively [1]. According to the
recommendations of the 2014 ESC guidelines on the diagnosis and treatment of aortic diseases [2], strictly
controlling heart rate and blood pressure is the fundamental principle for treating AD and IMH. Also, heart rate and
blood pressure are well established as important predictive factors for the prognosis of AD [3, 4], and they are
physiologically linked to each other [5]. Probably, a combination of heart rate and blood pressure can better predict
the outcomes of AD and IMH.
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Shock index (SI), de�ned as heart rate divided by systolic blood pressure (SBP) [6], is a good indicator for
evaluating the seriousness of patients with hemorrhage, and the increase of SI proportionally responds to
progressive loss of circulating blood volume [7, 8], but now, plenty of studies demonstrate that SI plays an
important role in evaluating the poor outcomes of severely ill patients, such as those with ruptured abdominal
aortic aneurysm [9], stroke [5, 10], acute myocardial infarction [11-14], pulmonary embolism [15, 16], and severe
sepsis [17, 18]. However, it is not well known whether SI is associated with the poor prognosis of acute AD and IMH
patients. This study aimed to explore the utility of admission SI for evaluating short-term in-hospital mortality in
patients with acute AD and IMH.

Materials And Methods
Study population

This is a retrospective cohort study involving 1255 consecutively recruited Chinese patients diagnosed with
acute AD or IMH from January 2015 to December 2020 in the First A�liated Hospital of Shantou University
Medical College in Shantou, China. The diagnosises of AD and IMH were con�rmed with computed tomographic
angiography of the aorta. Then we applied the Stanford classi�cation standard to determine the types of AD and
IMH. According to the computed tomographic angiography of the aorta, the Stanford A AD or IMH was de�ned as
an intimal tear or hematoma involving the ascending aorta, whereas Stanford B AD or IMH lacked the tear or
hematoma. Demographic and clinical data included gender, age, �rst admission SBP, �rst admission diastolic
blood pressure (DBP), �rst admission heart rate, histories of hypertension and diabetes mellitus, presence of
ascending aorta or aortic arch replacement surgery (surgery) or thoracic endovascular aortic repair (TEVAR),
smoker status, serum creatinine (Cr), hemoglobin (HGB), uric acid (UA), low-density lipoprotein (LDL), all-cause
death and length of hospitalization. Five patients were excluded for missing the data for blood pressure (4) or type
of Stanford classi�cation (1). Finally, 1250 patients were used for statistical analysis (Figure 1). After admission to
hospital, the best medication therapies were administered to all patients based on their individual requirements.
This study was approved by the Research Ethics Committee of the First A�liated Hospital of Shantou University
Medical College (No. B-2020-195) and data collection and analysis were conducted anonymously. Informed
consent was waived due to the nature of the retrospective study. 

Statistical analysis

The baseline characteristics are represented by mean ± standard deviation or median (interquartile range) for
continuous variables and percentage for categorical variables. For quantitative data, the distributions were
assessed by the histograms. Patients were categorized into surviving or non-surviving groups according to the
outcomes within 30 days after hospitalization. The Mann-Whitney U test was used for the comparisons of two
groups of continuous variables without normality and the chi-square was used for the comparisons of categorical
variables.

SI was de�ned as the ratio of admission heart rate and SBP. Proportions of missing data about LDL, UA, serum
creatinine and smoker status in the non-surviving group were much higher. So, we did not delete this data to avoid
bias, and multiple imputation with 5-fold imputations was used to impute the missing data for covariates to
account for possible confounders. Univariate and multivariate Cox proportional hazards models were performed to
identify which variables were the independent risk factors or the protective factors associated with the 30-day all-
cause mortality in the hospital. Then, patients were divided into two groups according to their SIs (SI<0.7 vs
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SI≥0.7) based on previous studies [5, 11, 12, 19], and the cumulative survival was calculated by Kaplan-Meier
method, and the difference of groups (SI<0.7 vs SI≥0.7) was compared by log-rank test. Subgroup analysis was
conducted to de�ne the difference of in-hospital mortality between the SI<0.7 group and SI≥0.7 group for Stanford
A AD and IMH with surgery or not and for Stanford B AD and IMH with TEVAR or not.

All statistical tests were 2-tailed, and p-values <0.05 indicated statistical signi�cance. All statistical analysis were
carried out using SPSS statistical software (Version 26.0, SPSS Inc., Chicago, Illinois). And the survival curve, bar
chart and forest plot were constructed using GraphPad Prism version 9.2.0 for MacOS (GraphPad Software, San
Diego, California USA, www.graphpad.com).

Results
1. Baseline characteristics of the study population

This retrospective cohort study recruited 1255 consecutive Chinese patients diagnosed with acute AD or IMH, from
January 2015 to January 2020 in the First A�liated Hospital of Shantou University Medical College. Five patients
were excluded for missing data regarding blood pressure (4) and type of Stanford classi�cation (1). Finally, 1250
patients were used for statistical analysis, and were comprised of 553 (44.2%) Stanford A AD and IMH patients
and 697 (55.8%) Stanford B AD and IMH patients. In the Stanford A AD and IMH group, there were 159 females
(28.8%), the average age was 59.4 years old, and 23.1% (128/553) patients died in the hospital within the 30-day
follow-up time. In the Stanford B AD and IMH group, the female proportion, average age, and mortality were
respectively 18.2% (127/697), 61.8 years old, and 4.7% (33/697). Admission SI in the non-surviving group was
signi�cantly higher than that in the surviving group, regardless of the Stanford classi�cation (Stanford A: 0.66 vs
0.55, p=0.001; Stanford B: 0.61 vs 0.50, p=0.009). Furthermore, the average age, proportion of AD, SBP, DBP, Cr,
LDL, UA and receipt of surgery were different in Stanford A AD and IMH. But in Stanford B AD and IMH, the
differences were in proportion of AD, DBP, heart rate, Cr, HGB, and UA. In all acute AD and IMH patients, the time in
hospital was much shorter for the non-surviving group (Table 1).

2. Association of SI at admission with the risk of 30-day, all-cause mortality in acute AD and IMH patients.

Admission SI had a 3.9-fold increased risk of 30-day, all-cause in-hospital mortality for Stanford A AD and IMH
patients (HR 3.941, 95%CI 2.350-6.612, P<0.001), but a 42.2-fold increased risk for Stanford B AD and IMH
patients (HR 42.213, 95%CI 8.172-218.052, P<0.001), as determined by univariate Cox proportional hazards models
(Supplemental Table 1).  After multivariate adjustments, these signi�cant associations remained (Stanford A: HR
1.902, 95%CI 1.050-3.444, p=0.034; Stanford B: HR 21.581, 95%CI 3.818-121.969, p=0.001) (Table 2). 

Based on the previous studies, a relatively normal SI ranges from 0.5 to 0.7, and an SI≥0.7 is a good predictor for
the poor prognosis of seriously ill patients [12, 19]. So, we strati�ed SI into SI<0.7 and SI≥0.7 and found that the
cumulative survival was signi�cantly lower in the SI≥0.7 group than that in the SI<0.7 group (Stanford A: 61.3% vs
73.6%, p=0.0007; Stanford B: 80.5% vs 95.0%, p<0.0001) (Figure 2).

3. Subgroup analysis:  associations of admission SI with 30-day, all-cause in-hospital mortality in acute AD and
IMH patients with surgery/TEVAR or not.

In the subgroup analysis, the 30-day, all-cause in-hospital mortality in the SI≥0.7 group was higher than that in the
SI<0.7 group (Stanford A: 34.3% vs 20.5%, p=0.003; Stanford B: 15.2% vs 3.6%, p=0.001). And for the patients with
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surgery (Stanford A AD and IMH) or TEVAR (Stanford B AD and IMH), there was no signi�cant difference in the in-
hospital mortality, regardless of the SI strata (Stanford A AD and IMH with surgery: 10.9% vs 7.2%, P=0.595;
Stanford B AD and IMH with TEVAR: 5.0% vs 2.9%, P=0.484) (Figure 3 or Supplement Table 2). However, for the
patients without surgery or TEVAR, the in-hospital mortality in the SI≥0.7 group was signi�cantly higher than that
in the SI<0.7 group (Stanford A AD and IMH with non-surgery: 52.5% vs 32.1%, p=0.003; Stanford B AD and IMH
with non-TEVAR: 19.6% vs 4.0%, p<0.001).

Discussion
This study investigated the prognostic value of admission SI in patients with acute AD and IMH and obtained
several important �ndings. First, admission SI is associated with short-term, all-cause in-hospital mortality of acute
AD and IMH patients. Second, after multivariate adjustments, admission SI was still an independent risk factor for
predicting the 30-day, all-cause in-hospital mortality. Third, for patients with a high risk of mortality (SI≥0.7), timely
surgery or TEVAR will improve the unfavorable 30-day, in-hospital outcomes. 

AD and IMH are life-threatening aortic diseases with high mortality due to potentially fatal complications. A
previous study indicates that the early mortality of acute AD is about 1-2% per hour once symptoms occur [20].
Some studies found that the hospitalization mortality is between 20% and 30% in patients with acute AD [20, 21].
Separately, the inpatient mortality for Stanford B AD, about 10% in a recent Japanese nationwide survey [22], is
much lower than that for Stanford A AD (up to 32.5%) [23]. According to the analysis from the International
Registry of Acute Aortic Dissection, the in-hospital mortalities of Stanford A AD and IMH patients are 26.5% and
26.6% separately, and that are 11.1% and 4.4% for Stanford B AD and IMH patients [24]. However, the difference of
mortality from AD and IMH did not reach statistical signi�cance [24]. And in the present study, the in-hospital
mortalities for Stanford A and Stanford B AD and IMH are 23.1% and 4.7% respectively, which are a little bit lower
than that publicized by previous studies [22-24]. These improved mortalities might be associated with the
increased ability of quick diagnose with AAS and obtaining more effective treatments both medication and surgery
or TEVAR. However, the long-term outcomes of Stanford B AD are not necessarily better than that of Stanford A
AD [25, 26]. Stanford B AD is also associated with a high mortality rate (~20% at 3 years [26] ) and a high
morbidity rate (~30% morbidity at 2 years) in the long term [27, 28]. Thus, quick patients screening is so important
for acute AD and IMH that we could provide the optimal interventions as early as possible, including not only
medical therapy but also surgery or TEVAR. 

In 1967, the concept of SI was �rst proposed as a simple and effective index to  evaluate the degree of
hypovolemia in hemorrhage and infectious shock states [6]. A previous study has shown that SI is inversely related
to blood loss, cardiac index, stroke volume, left ventricular stroke work and mean blood pressure [8], and it provides
a non-invasive means to monitor deterioration or recovery of left ventricular stroke work during acute hypovolemic
and normovolemic circulatory failure [8]. Elevated SI predicts hemodynamic instability and has been demonstrated
to be associated with many critical diseases, such as ruptured abdominal aortic aneurysm [9], stroke [5, 10], acute
myocardial infarction [11-14], pulmonary embolism [15, 16], severe sepsis [17, 18], trauma [29], and pneumonia [30,
31]. As a meaningful indicator of predicting pre-hospital or in-hospital risk [5, 9, 11, 13], SI plays an important role
in making decisions for treatment of these emergency conditions.

When acute AD or IMH occurs, effective circulating blood volume may decrease, which proportionally lead to
hemodynamic instability re�ected by a blood pressure decrease and heart rate increase. In the events of
accompanying stabbing pain, malperfusion or renal dysfunction, the situation of hemodynamic instability would
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further deteriorate, especially with cardiac tamponade and rupture of the aorta. So, as a simple index of
representing hemodynamic instability, SI should be associated with the risk of death in acute AD and IMH. And our
study con�rms this relationship, showing that admission SI predicts the 30-day, all-cause in-hospital mortality in
acute AD and IMH. Also, in the subgroup analysis, we found that, for the patients without surgery (Stanford A AD
and IMH) or TEVAR (Stanford B AD and IMH), the SI≥0.7 indicated the higher in-hospital mortality. This is a very
meaningful �nding for guiding clinical practice. According to the strata of SI (<0.7 vs ≥0.7), we can further identify
the high-risk patients. Then, to decrease the dying risk, it is necessary to monitor patients much closely and to
develop better treatment for them. 

Although the sample size of our study is large, some limitations need to be acknowledged. First, this is a
retrospective study, which poses a risk of patient selection bias. Second, as a single-center study, our participants
cannot represent all patients with acute AD and IMH. In addition, we only investigated the relationship between
admission SI and the short-time, in-hospital mortality in acute AD and IMH patients, but we do not know how it
arises. Strictly designed multi-center prospective studies are needed to further clarify the pathophysiologic
mechanisms.

Conclusion
In conclusion, increased admission SI can serve as a good predictor of the 30-day, all-cause in-hospital mortality in
patients with acute AD and IMH, especially for the patients without surgery or TEVAR.

Abbreviations
AAS, acute aortic syndrome; AD, aortic dissection; bpm, beat per minute; CI, con�dence interval; Cr, serum
creatinine; DBP, diastolic blood pressure; HGB, hemoglobin; HR, hazard ratio; IMH, intramural hematoma; LDL,
lower-density lipoprotein; M(IQR), median (interquartile range); SBP, systolic blood pressure; SD, standard deviation;
SI, shock index; TEVAR, thoracic endovascular aortic repair; UA, uric acid.
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Table 1. Baseline characteristics of the study participants.

Variables All patients

N=1250

Surviving

(n=1089)

Non-surviving

(n=161)

P-value

Stanford A AD and IMH, N (%) 553 (44.2) 425 (76.9) 128 (23.1)  

Female, n (%) 159 (28.8) 116 (27.3) 43 (33.6) 0.167 a

Age (years), mean ± SD 59.4 ± 12.1 58.7 ± 12.2 61.7 ± 11.5 0.014 b

AD, n (%) 440 (79.6) 323 (76.0) 117 (91.4) <0.001 a

Hypertension, n (%) 415 (75.0) 316 (74.4) 99 (77.3) 0.470 a

Diabetes, n (%) 35 (6.3) 30 (7.1) 5 (3.9) 0.199 a

Smoker, n (%) 318 (58.5) 244 (57.8) 74 (60.7) 0.576 a

Missing, n (%) 9 (1.6)      

SBP (mmHg), mean ± SD 147.1 ± 33.6 150.8 ± 31.9 135.0 ± 36.3 <0.001 b

DBP (mmHg), mean ± SD 83.4 ± 20.9 85.3 ± 19.9 77.4 ± 23.0 <0.001 b

Herat rate (bpm), mean ± SD 79.0 ± 18.4 78.8 ± 17.6 79.8 ± 20.8 0.577 b

Cr (μmol/L), mean ± SD 148.7 ± 107.6 138.7 ± 102.0 181.2 ± 118.7 0.001 b

Missing, n (%) 44 (8.0) 36 (8.5) 8 (6.3)  

LDL (mmol/L), mean ± SD 2.91 ± 0.76 2.96 ± 0.75 2.70 ± 0.77 0.004 b

Missing, n (%) 105 (19.0) 66 (15.5) 39 (30.5)  

UA (mmol/L), mean ± SD 433.5 ± 138.2 419.2 ± 132.2 492.7 ± 147.5 <0.001 b

Missing, n (%) 111 (20.1) 69 (16.2) 42 (32.8)  

HGB, mean ± SD 122.1 ± 16.9) 122.0 ± 16.7) 122.6 ± 17.5 0.735 b

Missing, n (%) 49 (8.9) 41 (9.6) 8 (6.3)  

Surgery, n (%) 254 (45.9) 234 (55.1) 20 (15.6) <0.001 a

SI, mean ± SD 0.57 ± 0.23 0.55 ± 0.18 0.66 ± 0.34 0.001 b

Follow-up time (days), M (IQR 12 (18) 15 (16) 1 (3) <0.001 c

Stanford B AD and IMH, N (%) 697 (55.8) 664 (95.3) 33 (4.7)  

Female, n (%) 127 (18.2) 122 (18.4) 5 (15.2) 0.640 a

Age (years), mean ± SD 61.8 ± 12.5 61.7 ± 12.4 63.9 ± 14.5 0.312

AD, n (%) 422 (60.5) 396 (59.6) 26 (78.8) 0.028 a
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Hypertension, n (%) 577 (82.8) 548 (82.5) 29 (87.9) 0.427 a

Diabetes, n (%) 70 (10.0) 67 (10.1) 3 (9.1) 0.850 a

Smoker, n (%) 461 (66.6) 440 (66.8) 21 (63.6) 0.710 a

Missing, n (%) 5 (0.7)      

SBP (mmHg), mean ± SD 163.5 ± 33.2 164.0 ± 32.8 152.9 ± 40.1 0.061 b

DBP (mmHg), mean ± SD 94.9 ± 19.7 95.3 ± 19.6 88.2 ± 21.2 0.045 b

Herat rate (bpm), mean ± SD 79.3 ± 14.7 79.0 ± 14.5 86.2 ± 17.5 0.006 b

Cr (μmol/L), mean ± SD 141.5 ± 147.3 138.1 ± 146.8 209.5 ± 142.6 0.007 b

Missing, n (%) 22 (3.2) 21 (3.2) 1 (3.0)  

LDL (mmol/L), mean ± SD 3.03 ± 0.77 3.04 ± 0.76 2.98 ± 0.88 0.704 b

Missing, n (%)

 

 

 

36 (5.2) 32 (4.8) 4 (12.1)  

UA (mmol/L), mean ± SD 408.6 ± 123.6 405.7 ± 122.4 473.1 ± 134.2 0.004 b

Missing, n (%) 34 (4.9) 30 (4.5) 4 (12.1)  

HGB, mean ± SD 123.1 ± 20.2 123.7 ± 19.9 111.4 ± 22.3 0.001 b

Missing, n (%) 56 (8.0) 54 (8.1) 2 (6.1)  

TEVAR, n (%) 225 (32.3) 218 (32.8) 7 (21.2) 0.164 a

SI, mean ± SD 0.51 ± 0.14 0.50 ± 0.14 0.61 ± 0.23 0.009 b

Follow-up time (days), M (IQR 12 (9) 12 (10) 2 (4) <0.001 c

Data are presented as mean ± SD, M (IQR) or number (percentage).

a Pearson chi-square test, b independent samples t-test, c Mann-Whitney U test.

Abbreviations: AD, aortic dissection; bpm, beat per minute; Cr, serum creatinine; DBP, diastolic blood pressure; HGB,
hemoglobin; IMH, intramural hematoma; LDL, lower-density lipoprotein; M(IQR), median (interquartile range); SBP,
systolic blood pressure; SD, standard deviation; SI, shock index; TEVAR, thoracic endovascular aortic repair; UA, uric
acid.
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Table 2. Associations of SI with the 30-day, all-cause in-hospital mortality in acute AD and IMH patients.

Independent
variable

Stanford A Stanford B

HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI)

SI 3.941 (2.350-
6.612) ***

1.902 (1.050-
3.444) *

42.213 (8.172-
218.052) ***

21.581 (3.818-
121.969) **

Age   1.013 (0.997-
1.028)

   

IMH (vs AD)   0.188 (0.099-
0.356) ***

  0.377 (0.159-0.892) *

Surgery   0.091 (0.054-
0.153) ***

   

TEVAR       0.397 (0.166-0.950) *

Cr   1.001 (0.999-
1.003)

  1.001 (0.999-1.002)

HGB       0.989 (0.975-1.004)

UA   1.002 (1.001-
1.004) **

  1.002 (1.000-1.004) *

LDL   0.815 (0.617-
1.078)

   

Values are based on univariate or multivariate Cox proportional hazards models (ENTER method). Results are
shown as the HR (95% CI). Statistical signi�cance is indicated when the 95% CI does not contain 1. *P<0.05,
**p<0.01, ***p<0.001.

Abbreviations: AD, aortic dissection; CI, con�dence interval; Cr, serum creatinine; HGB, hemoglobin; HR, hazard ratio;
IMH, intramural hematoma; LDL, lower-density lipoprotein; SI, shock index; TEVAR, thoracic endovascular aortic
repair; UA, uric acid.

Figures
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Figure 1

Diagram of screening acute AD and IMH patients. Abbreviations: AD, aortic dissection; IMH, intramural hematoma.

Figure 2
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Survival curve of SI vs 30-day, all-cause in-hospital mortality in acute AD and IMH patients. A. Difference of
cumulative survival probability between SI<0.7 and SI≥0.7 for Stanford A AD and IMH. B. Difference of cumulative
survival probability between SI<0.7 and SI≥0.7 for Stanford B AD and IMH. Abbreviations: AD, aortic dissection;
IMH, intramural hematoma; SI, shock index.

Figure 3

Subgroup analysis of SI associated with the in-hospital mortality in AD and IMH patients. Values are based on the
2-samples Chi-square test or univariate Cox proportional hazards model. a Pearson Chi-square test, b continuity
correction test; c Fisher’s exact test; d univariate Cox proportional hazards model. *P<0.05, **p<0.01, ***p<0.001.
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Abbreviations: AD, aortic dissection; IMH, intramural hematoma; CI, con�dence interval; HR, hazard ratio; SI, shock
index; TEVAR, thoracic endovascular aortic repair.
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