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Abstract 

Background: Acute myocardial infarction (AMI) is the rarest and least studied cardiac complication of aneurysmal 
subarachnoid hemorrhage (aSAH). Precise estimates of the incidence of AMI after aSAH are unavailable. Our goal 
was to estimate the incidence of registry‑based AMI (rb‑AMI) after aSAH and determine its association with clinical 
outcomes.

Methods: Adult patients with aSAH in the National Inpatient Samples from 2002 to 2014 were included in the study. 
We evaluated risk factors for rb‑AMI using univariate and multivariate regression models. Clinical outcomes that were 
assessed included functional status at discharge, in‑patient mortality, length of stay, and total hospitalization cost, 
adjusting for patient demographics and cardiovascular risk factors through an inverse probability weighted analysis. 
Subgroup analyses were further performed stratified by rb‑AMI type (ST‑segment elevation myocardial infarction 
[STEMI] vs. non‑STEMI [NSTEMI]).

Results: A total of 139,734 patients with aSAH were identified, 3.6% of whom had rb‑AMI. NSTEMI was the most 
common type of rb‑AMI occurring after aSAH (71% vs. 29% for NSTEMI vs. STEMI, respectively). Patient characteristics 
associated with higher odds of rb‑AMI included age, female sex, poor aSAH grade, and various cardiovascular risk 
factors. Rb‑AMI was also associated with poor functional status at discharge, higher in‑hospital mortality, and a longer 
and more costly hospital stay.

Conclusions: Rb‑AMI occurs in 3.6% of patients with aSAH and is associated with poor functional status at discharge, 
higher in‑patient mortality, and a longer and more costly hospitalization. Differentiating between different types of 
rb‑AMI would be important in optimizing the management of patients with aSAH. Our definition of rb‑AMI likely 
includes patients with neurogenic stress cardiomyopathy, which may confound the results.
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Introduction
Myocardial injury (i.e., cardiac troponin concentra-
tion > 99th percentile) occurs in approximately 40% of 
all cases of subarachnoid hemorrhages (SAH) [1, 2]. The 
occurrence of myocardial injury after SAH correlates 

directly with hemorrhage severity and is strongly associ-
ated with poor discharge disposition and high mortality 
[2]. The management of patients with myocardial injury 
often conflicts with the management of aneurysmal SAH 
(aSAH), complicating the care of patients with aSAH [3]. 
Adequate management of myocardial injury after aSAH, 
however, is of paramount importance, as acute myo-
cardial infarction (AMI) after aSAH can lead to sudden 
death, cardiogenic shock, acute pulmonary edema, or 
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cardioembolic stroke and is associated with poor out-
comes after aSAH [4–7].

Myocardial injury following aSAH can be due to 
ischemic or nonischemic causes [8]. The management 
of nonischemic causes of myocardial injury is aimed at 
optimizing care of the underlying diagnosis [8]. In con-
trast, the management of ischemic causes of myocardial 
injury is aimed at the preservation of myocardial tissue 
through prompt reperfusion in AMI caused by a coro-
nary thrombus (type 1 AMI) or through physiologic 
parameter optimization in AMI caused by an imbalance 
of oxygen supply and demand (type 2 AMI) [8]. Estimates 
of the incidence of AMI after aSAH are scarce, and the 
association between AMI and outcomes after aSAH has 
not been studied. We used the National Inpatient Sam-
ple (NIS) in this study to estimate the incidence of AMI 
after aSAH and its association with outcomes. By provid-
ing data from 20% of all discharges from US hospitals, the 
NIS provides a uniquely large sample size for studying 
rare events, such as AMI after SAH, and can be used to 
produce national-level estimates by taking the NIS’s com-
plex survey design into account. Of note, given the inher-
ent design of the NIS, our definition of AMI based on the 
registry likely includes patients with neurogenic stress 
cardiomyopathy, which may confound the results.

Methods
Data Source
We used data from the NIS (Healthcare Cost and Utili-
zation Project [HCUP], Agency for Healthcare Research 
and Quality) [9]. Our institutional review board exempts 
studies using the NIS from individual review. Since 2012, 
the NIS provides a sample of discharges from all HCUP 
hospitals [10]. To provide national-level estimates, 
analyses of the NIS must be weighted accounting for its 
complex survey design [10]. Trend weights, provided 
by HCUP, can be used in place of the former discharge 
weights for years prior to 2012 to provide national esti-
mates [10]. We obtained trend weights for years 2002–
2011 from HCUP [11]. In October of 2015, the codes of 
the International Classification of Diseases (ICD) Version 
10 were implemented, leading to a shift in the reporting 
of diseases [12]. Therefore, we limited our analysis of the 
NIS to years 2002–2014.

Inclusion and Exclusion Criteria
We included individuals who (1) had an ICD, 9th Revi-
sion, Clinical Modification (ICD-9-CM) diagnosis of 
SAH (430) or intracerebral hemorrhage (431, 432.9) and 
(2) underwent microsurgical clipping (ICD-9-CM proce-
dure code: 39.51), coil embolization (39.72, 39.75, 39.76, 
39.79), or another repair of aneurysm (39.52). Included 
patients fulfilling any of the following criteria were 

excluded: (1) age < 18 years old, (2) diagnosis of traumatic 
brain injury (800.0–801.9, 803.0–804.9, 850.0–854.1, 
873.0–873.9), (3) diagnosis (747.81) or management 
(39.53, 92.30) of an arteriovenous malformation and/or 
fistula, or (4) a length of stay < 1  day with an associated 
discharge to home.

SAH Grading
We estimated SAH severity using the NIS-SAH sever-
ity scale (NIS-SSS), a validated severity adjustment score 
for patients with aSAH in the NIS [13]. The NIS-SSS is 
obtained by assessing the presence of findings sugges-
tive of poor neurological status: coma (780.01, 780.03), 
hydrocephalus (331.3, 331.4), treatment of hydrocephalus 
(02.2, 02.31–02.39), paresis/plegia (438.2–438.53), cra-
nial nerve deficits (378.5–378.56, 379.4–379.43), apha-
sia (438.1–438.89), and mechanical ventilation (96.04, 
96.7–96.72). Each finding was then weighted by its con-
tribution to a poor functional outcome at discharge. We 
classified patients into poor grade on admission if they 
had an NIS-SSS value > 7, which is suggestive of a Hunt 
and Hess grade in the III–V range.

Demographics and Cardiovascular Risk Factors
We obtained data on patient age, sex, payment type and 
hospital location, and teaching status. We also obtained 
data on cardiovascular risk factors using codes described 
by Elixhauser et  al. [14]. Specifically, we obtained infor-
mation on history of congestive heart failure (398.91, 
402.01, 402.11, 402.91, 404.01, 404.03, 404.11, 404.13, 
404.91, 404.93, 425.4–425.9, 428.x), cardiac arrythmias 
(426.0, 426.13, 426.7, 426.9, 426.10, 426.12, 427.0–427.4, 
427.6–427.9, 785.0, 996.01, 996.04, V45.0, V53.3), val-
vular disease (093.2, 394.x–397.x, 424.x, 746.3–746.6, 
V42.2, V43.3), pulmonary circulation disorders (415.0, 
415.1, 416.x, 417.0, 417.8, 417.9), uncomplicated (401.x) 
and complicated (402.x–405.x) hypertension, chronic 
pulmonary disease (416.8, 416.9, 490.x–505.x, 506.4, 
508.1, 508.8), uncomplicated (250.0–250.3) and com-
plicated (250.4–250.9) diabetes mellitus, renal failure 
(403.01, 403.11, 403.91, 404.02, 404.03, 404.12, 404.13, 
404.92, 404.93, 585.x, 586.x, 588.0, V42.0, V45.1, V56.x), 
coagulopathy (286.x, 287.1, 287.3–287.5), alcohol abuse 
(265.2, 291.1–291.3, 291.5–291.9, 303.0, 303.9, 305.0, 
357.5, 425.5, 535.3, 571.0–571.3, 980.x, V11.3), and drug 
abuse (292.x, 304.x, 305.2–305.9, V65.42).

Myocardial Infarction and Outcomes
We defined registry-based AMI (rb-AMI) as a diagnosis 
of ST-segment elevation myocardial infarction (STEMI) 
(410.0–410.02 [acute myocardial infarction of anterolateral 
wall], 410.1–410.12 [acute myocardial infarction of other 
anterior wall], 410.2–410.22 [acute myocardial infarction 
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of inferolateral wall], 410.3–410.32 [acute myocardial 
infarction of inferoposterior wall], 410.4–410.42 [acute 
myocardial infarction of other inferior wall], 410.5–410.52 
[acute myocardial infarction of other lateral wall], 410.6–
410.62 [true posterior wall infarction], 410.8–410.82 [acute 
myocardial infarction of other specified sites], and 410.9–
410.92 [acute myocardial infarction of unspecified sites]) 
or a diagnosis of non-STEMI (NSTEMI) (410.7–410.72 
[subendocardial infarction]). To select for rb-AMI occur-
ring during the same hospital admission as the SAH, codes 
reflecting old myocardial infarction (412), other acute and 
subacute forms of ischemic heart disease (411.x), angina 
pectoris (413.x), or other forms of chronic ischemic heart 
disease (414.x) were not part of our definition of rb-AMI. 
Our primary outcome was poor functional status at dis-
charge, defined by using the NIS severity outcome measure 
(NIS-SOM) [13]. The NIS-SOM defines poor functional 
status at discharge as the presence of any of the following: 
in-hospital mortality; discharge to a skilled nursing facility, 
extended care facility, or hospice; placement of a tracheos-
tomy tube (31.1, 31.2.31.21, 31.29); and/or placement of a 
gastrostomy tube (43.1, 43.11, 43.19, 44.32, 44.38, 44.39). 
The NIS-SOM has been validated to have a strong correla-
tion with a modified Rankin scale > 3. Outcomes of second-
ary interest were in-hospital mortality, length of stay, and 
total monetary charges, adjusted for inflation to December 
of 2014, using Consumer Price Indexes obtained from the 

US Bureau of Labor Statistics [15]. Of note, total charges 
reported in the NIS that include all charges made to the 
primary payer generally do not include professional fees or 
noncovered charges, and may include emergency depart-
ment charges incurred prior to admission to the hospital.

Statistical Analysis
We used R version 3.6.1 (R Foundation for Statistical 
Computing, Vienna, Austria) [16]. We estimated sum-
mary statistics for demographics, cardiovascular risk 
factors, SAH characteristics, rb-AMI characteristics, 
and outcomes by performing univariate analyses. We 
screened for independent predictors of rb-AMI after 
aSAH by performing a multivariate logistic regression 
by using patient characteristics as predictors. To further 
explore the effect of continuous variables on rb-AMI 
after aSAH we fitted polynomial splines and incorporated 
them into a generalized additive model. Using the sum-
mary statistics of the entire population, we performed 
χ2 tests and Student’s t-tests to evaluate associations 
between patient characteristics and rb-AMI. We calcu-
lated stabilized inverse probability weights using inde-
pendent predictors of rb-AMI after aSAH for our inverse 
probability weighted analysis. We obtained the product 
of these stabilized inverse probability weights and the 
original trend weights and used these products as new 
weights to perform an adjusted survey analysis [17, 18]. 

Fig. 1 Flow chart of patient selection. AMI, registry‑based acute myocardial infarction, NSTEMI, non–ST‑elevation myocardial infarction, STEMI, ST 
elevation myocardial infarction
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Finally, as a sensitivity analysis, we tested if our inverse 
probability weighted approach was robust by performing 
a multivariate logistic regression adjusting for the same 
covariates that we used to estimate the inverse probabil-
ity weights.

Results
Incidence of rb‑AMI After aSAH
A total of 139,734 individuals were identified in this study 
with aSAH, of whom 4993 (3.6%) developed rb-AMI 
(Fig.  1, Table  1, Supplemental Table  1). Of the patients 
with rb-AMI, 29% had STEMI. The incidence of rb-AMI 

Table 1 Population characteristics

CHF congestive heart failure, CV cardiovascular, NSTEMI non–ST-segment elevation myocardial infarction, rb-AMI registry-based acute myocardial infarction, STEMI 
ST-segment elevation myocardial infarction, SAH subarachnoid hemorrhage, SD, standard deviation
a Unadjusted analyses

Total Registry‑based acute myocardial infarction p value

No Yes pa

Number of patients, n (%) 139,734 (100) 134,741 (96.4) 4993 (3.6)

Demographics and CV risk factors

 Age, mean ± SD 54.6 ± 13.8 54.4 ± 13.8 60.9 ± 12.9  < 0.01

 Female sex, n (%) 95,595 (68.4) 91,921 (68.2) 3674 (73.6)  < 0.01

 CHF, n (%) 8631 (6.2) 7081 (5.3) 1550 (31.0)  < 0.01

 Arrhythmia, n (%) 22,435 (16.1) 21,096 (15.7) 1339 (26.8)  < 0.01

 Valvular disease, n (%) 3878 (2.8) 3589 (2.7) 289 (5.8)  < 0.01

 Pulmonary circulation disorders, n (%) 3180 (2.3) 2913 (2.2) 267 (5.3)  < 0.01

 Uncomplicated hypertension, n (%) 76,657 (54.9) 74,102 (55.0) 2554 (51.2) 0.03

 Complicated hypertension, n (%) 3884 (2.8) 3680 (2.7) 204 (4.1) 0.01

 Chronic pulmonary disease, n (%) 18,637 (13.3) 17,750 (13.2) 887 (17.8)  < 0.01

 Uncomplicated diabetes, n (%) 12,903 (9.2) 12,294 (9.1) 609 (12.2)  < 0.01

 Complicated diabetes, n (%) 1161 (0.8) 1106 (0.8) 55 (1.1) 0.34

 Renal failure, n (%) 3600 (2.6) 3364 (2.5) 236 (4.7)  < 0.01

 Coagulopathy, n (%) 6932 (5.0) 6456 (4.8) 476 (9.5)  < 0.01

 Alcohol abuse, n (%) 8310 (5.9) 8085 (6.0) 225 (4.5) 0.05

 Drug abuse, n (%) 7885 (5.6) 7669 (5.7) 216 (4.3) 0.07

SAH characteristics, n (%)

 Poor grade SAH 53,995 (38.6) 50,562 (37.5) 3433 (68.8)  < 0.01

 Clip 66,644 (47.7) 64,684 (48.0) 1959 (39.2)  < 0.01

 Coil 74,580 (53.4) 71,513 (53.1) 3067 (61.4)  < 0.01

Hospital location/teaching status 0.54

 Rural 2659 (1.9) 2561 (1.9) 99 (2)

 Urban nonteaching 17,238 (12.3) 16,600 (12.3) 638 (12.8)

 Urban teaching 119,837 (85.8) 115,580 (85.8) 4256 (85.2)

Primary payer  < 0.01

 Private insurance 63,228 (45.2) 61,312 (45.5) 1916 (38.4)

 Medicare/Medicaid 55,133 (39.5) 52,557 (39.0) 2576 (51.6)

 Self‑pay 14,058 (10.1) 13,727 (10.2) 331 (6.6)

 Other 7315 (5.2) 7145 (5.3) 170 (3.4)

Rb‑AMI Characteristics, n (%)

 STEMI 1468 (1.1) 0 (0) 1468 (29.4)

 NSTEMI 3525 (2.5) 0 (0) 3525 (70.6)

Outcomes

 Poor functional status at discharge, n (%) 77,481 (55.4) 73,344 (54.4) 4137 (82.9)  < 0.01

 Inpatient mortality, n (%) 18,086 (12.9) 16,729 (12.4) 1357 (27.2)  < 0.01

 Length of stay, mean ± SD 18.7 ± 14.7 18.5 ± 14.6 23 ± 17.4  < 0.01

 Total charges, mean ± SD $268,159 ± $223,406 $264,581 ± $218,800 $364,766 ± $308,734  < 0.01
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after aSAH was highest in 2008 (4.3%, 95% confidence 
interval [CI] 3.9–4.9%), but overall, the incidence of rb-
AMI after aSAH remained stable across years with no 
evident temporal trends observed over time (Fig. 2).   

Characteristics of Patients with rb‑AMI After aSAH
When compared with patients without AMI, patients 
who had rb-AMI after aSAH were older (60.9  years vs. 
54.4  years) and more likely to be women (74% vs. 68%) 
(Table  1). Patients with rb-AMI were also more likely 
to have a history of congestive heart failure, arryth-
mia, valvular disease, pulmonary circulation disorders, 
complicated hypertension, chronic pulmonary disease, 
uncomplicated diabetes, renal failure, or coagulopathy, 
but were less likely to have uncomplicated hypertension 
or alcohol abuse (Table  1). Patients with rb-AMI after 
aSAH were more likely to have a high grade aSAH (69% 
vs. 38%), were more commonly treated with endovascular 
coiling (61% vs. 53%), and were more commonly insured 
by Medicare or Medicaid (52% vs. 39%) (Table  1). Poor 
functional status (83% vs. 54%) and in-hospital mortality 
(27% vs. 12%) were more common in patients with rb-
AMI after aSAH (Table 1). Similarly, hospitalization was 
longer (23 days vs. 18.5 days) and more costly ($364,766 
vs. $264,581) (Table 1).

Independent Predictors of rb‑AMI After aSAH
Patient characteristics independently associated with 
rb-AMI after SAH in multivariate analysis included 
age, female sex, poor grade SAH, aneurysm clipping 
(vs. coiling), history of congestive heart failure, cardiac 
arrythmia, pulmonary circulation disorders, hyperten-
sion, and coagulopathy (Table 2). Through a polynomial 
spline incorporated into a generalized additive model, 
we were able to observe that the effect of age on the odds 

Fig. 2 Incidence trends of registry‑based acute myocardial infarction after aneurysmal subarachnoid hemorrhage (aSAH)

Table 2 Multivariate regression for  rb-AMI after  aneurys-
mal SAH

Coefficients were estimated through a multivariate regression analysis 
accounting for the complex survey design of the National Inpatient Sample

CI confidence interval, CHF congestive heart failure, OR odds ratio, rb-AMI 
registry-based acute myocardial infarction, SAH subarachnoid hemorrhage

OR 95% CI p value

Age 1.02 (1.02–1.03)  < 0.01

Female sex 1.18 (1.03–1.35) 0.02

Poor grade SAH 2.84 (2.49–3.25)  < 0.01

Aneurysm clipping (vs. coiling) 0.81 (0.69–0.94) 0.01

CHF 5.37 (4.58–6.31)  < 0.01

Arrhythmia 1.29 (1.1–1.51)  < 0.01

Valvular disease 1.19 (0.88–1.61) 0.25

Pulmonary circulation disorders 1.43 (1.03–1.98) 0.03

Uncomplicated hypertension 0.79 (0.68–0.92)  < 0.01

Complicated hypertension 0.44 (0.23–0.82) 0.01

Chronic pulmonary disease 0.94 (0.78–1.13) 0.50

Diabetes uncomplicated 1.07 (0.87–1.31) 0.51

Diabetes complicated 0.75 (0.4–1.43) 0.39

Renal failure 1.58 (0.87–2.89) 0.13

Coagulopathy 1.43 (1.08–1.9) 0.01

Alcohol abuse 0.79 (0.57–1.11) 0.17

Drug abuse 1.04 (0.75–1.43) 0.82
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of developing rb-AMI after aSAH increased sharply 
between the third and fifth decade of life and continued 
to increase gradually until plateauing after the eighth 
decade of life (Fig. 3).  

Association Between rb‑AMI and Outcomes
In unadjusted analyses, rb-AMI was associated with 
higher odds of poor functional status at discharge (odds 
ratio [OR] 4, 95% CI 3.4–4.8, p < 0.001), higher odds of 
in-hospital mortality (OR, 2.6, 95% CI, 2.3–3, p < 0.001), 
a longer length of stay (mean difference [MD] 4.5  days, 
95% CI 3.2–5.7, p < 0.001), and a more costly hospitaliza-
tion (MD $100,185, 95% CI $74,690–125,6789, p < 0.001) 
(Supplemental Table 2). STEMI and NSTEMI were also 
associated with higher odds of poor functional status at 
discharge, higher odds of in-hospital mortality, a longer 
length of stay, and a more costly hospitalization in unad-
justed analyses (Supplemental Table 2).

After adjusting for its independent predictors, rb-
AMI after aSAH remained associated with higher odds 
of poor functional status at discharge (OR 2.9, 95% CI 
2.8–3.1, p < 0.001) and in-hospital mortality (OR 2.1, 
95% CI 2–2.2, p < 0.001) (Fig.  4). Rb-AMI after aSAH 
also remained associated with a longer (MD 4.3  days, 
95% CI 3.5–5.1, p < 0.001) and more costly hospitaliza-
tion (MD $102,797, 95% CI $91,014–114,580, p < 0.001) 
(Fig.  4). STEMI also remained associated with higher 
odds of poor functional status at discharge (OR 4.8, 95% 
CI 3.9–4.9, p < 0.001), in-hospital mortality (OR 2.9, 95% 
CI, 2.7–3.2, p < 0.001), and a longer (MD 4 days, 95% CI 
2.7–5.3, p < 0.001) and more costly hospitalization (MD 
$95,774, 95% CI $75,901–115,647, p < 0.001) (Fig. 4). Sim-
ilarly, the association between NSTEMI and higher odds 
of poor functional status at discharge (OR 2.5, 95% CI 
2.3–2.6, p < 0.001) and in-hospital mortality (OR 1.8, 95% 
CI 1.7–1.9, p < 0.001) and a longer (MD: 4.6 days, 95% CI: 
3.7–5.5, p < 0.001) and more costly hospitalization (MD 

Fig. 3 Adjusted association between age and rb‑AMI after aSAH. Polynomial spline for the relationship between age and rb‑AMI after aSAH, 
adjusted for female sex, poor aSAH grade, aneurysm clipping, congestive heart failure, arrhythmia, valvular disease, pulmonary circulation disorders, 
uncomplicated hypertension, complicated hypertension, renal failure, coagulopathy, and alcohol abuse. aSAH, aneurysmal subarachnoid hemor‑
rhage, rb‑AMI, registry‑based acute myocardial infarction
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$105,384, 95% CI $91,510–119,257, p < 0.001) remained 
after covariate adjustment (Fig.  4). The associations 
observed in our analysis were similar to the sensitivity 
analyses using multivariate logistic regressions, varying 
only in magnitude but not in direction or level of signifi-
cance (Supplemental Tables 3–6).

Discussion
In this study, we found that the incidence of rb-AMI after 
aSAH is 3.6%, with NSTEMI being the most common 
type of rb-AMI occurring after aSAH (71% vs. 29% for 
NSTEMI vs. STEMI, respectively). Patient characteristics 
that were independently associated with higher odds of 
rb-AMI after aSAH included age, female sex, poor aSAH 
grade, and a history of congestive heart failure, cardiac 
arrhythmias, pulmonary circulation disorders, and coag-
ulopathy. The patient characteristics that were associated 
with lower odds of rb-AMI after aSAH included clipping 

of aneurysm and arterial hypertension. Finally, patients 
with rb-AMI after aSAH had higher odds of poor func-
tional status at discharge and in-hospital mortality and a 
longer and more costly hospital stay, after adjusting for 
independent predictors of rb-AMI after aSAH.

Death or disability occur in approximately two thirds 
of aSAH cases [19]. Because of advances in management, 
aSAH mortality has dropped sizably in recent years [19, 
20]. These reductions in aSAH mortality, however, have 
come at the expense of increased rates of disability after 
SAH, with poor cognitive and functional outcomes being 
common after aSAH [21]. In addition to delayed ischemic 
neurological deficits, medical complications are impor-
tant drivers of disability beyond the initial effects of an 
aSAH [22]. The role of medical complications in patient 
disability makes their study essential for continued 
improvement of outcomes after aSAH.

Fig. 4 Adjusted association between rb‑AMI after aSAH and (a) poor functional outcome at hospital discharge, (b) in‑hospital mortality, (c) length 
of stay, and (d) hospitalization total charges. Stabilized inverse probability weights were used to adjust for age, female sex, poor aSAH grade, aneu‑
rysm coiling (vs. clipping), congestive heart failure, arrhythmia, pulmonary circulation disorders, uncomplicated hypertension, complicated hyper‑
tension, and coagulopathy. aSAH, aneurysmal subarachnoid hemorrhage, CI, confidence interval, NSTEMI, non–ST‑segment elevation myocardial 
infarction, OR, odds ratio, rb‑AMI registry‑based acute myocardial infarction, STEMI, ST‑segment elevation myocardial infarction
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Cardiac complications of aSAH include sudden death, 
transient left ventricular dysfunction, and AMI [23–25]. 
One in four patients with aSAH dies before reaching 
hospital admission [23]. The exact mechanisms of aSAH-
related sudden death are unknown, but risk factors for 
aSAH-related sudden death are similar to those of sud-
den cardiac death, suggesting that altered cardiovascular 
function is a likely culprit [23]. In patients with aSAH for 
whom serum samples are available, myocardial injury 
occurs in 40% of all patients and heralds AMI (types 1 or 
2) or transient left ventricular dysfunction [26]. In 30% of 
patients with myocardial injury after aSAH, transient left 
ventricular dysfunction occurs and is commonly known 
as neurogenic stress cardiomyopathy [24, 27, 28]. The 
presence of stress cardiomyopathy is suggested by wall 
motion abnormalities spanning across more than one 
coronary artery territory but requires coronary angiogra-
phy or ventriculography for definitive diagnosis [29].

AMI is the rarest and least studied cardiac complica-
tion of aSAH. In a previous study of the NIS, the inci-
dence of AMI after aSAH was estimated at 0.28% [30]. 
The incidence of AMI after acute ischemic stroke, how-
ever, is higher (1.6%) [30, 31]. Given that the incidence of 
myocardial injury is higher in patients with SAH than in 
patients with ischemic stroke, we expected the incidence 
of AMI after aSAH to be higher [2]. In our analysis, we 
found that the incidence of rb-AMI after aSAH is 3.6% 
[30]. Moreover, we found that STEMI comprises 29% of 
all rb-AMI after aSAH, making its incidence 1.0% in our 
study, which closely matches the one previously reported 
in the International Cooperative Study on the Timing of 
Aneurysm Surgery [22].

Patient characteristics that were associated with rb-
AMI after aSAH included increased age, female sex, 
poor SAH grade, and diverse cardiovascular risk factors. 
Female sex has been consistently reported as a risk factor 
for neurogenic stress cardiomyopathy [32]. Differences 
in sensitivity to the effect of adrenergic agonists across 
genders have been reported and may explain the higher 
incidence of cardiac complications of aSAH observed 
in women [33]. A poor aSAH grade was also associ-
ated with rb-AMI after aSAH. Indeed, troponin levels 
after aSAH directly correlate with aSAH grade and have 
been proposed as an objective biomarker of SAH sever-
ity for outcome prediction [34]. Interestingly, hyperten-
sion appeared to be protective of rb-AMI after aSAH. 
Hypertension is commonly managed with adrenergic 
receptor blockers or antagonists of the renin angiotensin 
aldosterone pathway, and pretreatment with either one 
of these drug classes has been associated with improved 
functional outcomes after stroke [35, 36]. In line with 
our current findings, we previously reported an inverse 

association between hypertension and myocardial injury 
after aSAH [37].

Limitations
As previously mentioned, cardiac complications after 
aSAH include sudden death, transient left ventricu-
lar dysfunction or stress cardiomyopathy, and AMI 
[23–25]. Although a standardized definition of rb-AMI 
existed in the NIS before the start of our study’s sam-
ple, this definition did not distinguish between AMI 
and stress cardiomyopathy [38]. It was not until 2018 
that the universal definition of myocardial infarction 
included a distinction between AMI and stress car-
diomyopathy [29]. The distinction between rb-AMI 
and stress cardiomyopathy, particularly NSTEMI, is 
therefore limited in our study population, and overlap 
between these two clinical entities is highly likely in our 
sample. The definitive diagnosis of stress cardiomyo-
pathy requires coronary angiography or ventriculog-
raphy [29]. However, the role these invasive tests play 
in the management of patients with aSAH has yet to be 
determined and requires further study, as patients with 
stress cardiomyopathy appear to have unique complica-
tions for which directed interventions may be benefi-
cial [3]. In addition, our assessment of poor functional 
outcome was limited to the time of discharge and does 
not reflect long-term functional outcome, as follow-up 
data are not available in the NIS. Additional limitations 
to our study inherent to the NIS’s design include the 
potential for additional coding inaccuracies, retrospec-
tive data analysis, a lack of data to further classify the 
severity of aSAH, such as the Hunt-Hess grade, and a 
lack of imaging data.

Conclusions
The incidence of rb-AMI after aSAH is 3.6%, with 
NSTEMI being the most common type of rb-AMI occur-
ring after aSAH. Patients developing rb-AMI after aSAH 
were older, were more commonly women, had a distinct 
profile of cardiovascular risk factors, and were more 
likely to have a poor SAH grade. Patients with rb-AMI 
after aSAH had higher odds of poor functional status 
at discharge and in-hospital mortality and a longer and 
more costly hospital stay, after adjusting for baseline 
characteristics.
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