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This study aimed to explore the association between two major etiologies of paralysis and the 
in-hospital outcomes of patients with acute myocardial infarction (AMI) who had undergone 
percutaneous coronary intervention (PCI). We retrieved AMI patients undergoing PCI from the National 
Inpatient Sample (2003–2015) and divided them into without paralysis, spinal cord injury (SCI) 
paralysis, and stroke paralysis. Paralysis’ impact on hospital outcomes was explored using multivariate 
regression. Interaction analysis was used to investigate the sex differences. We observed the temporal 
trends of in-hospital outcomes from 2003 to 2015 by paralysis etiology. A total of 2,151,994 AMI cases 
were identified, with 6,711 SCI paralysis and 8,322 stroke paralysis. Compared to patients without 
paralysis, patients with SCI but not stroke paralysis had increased rates of in-hospital mortality (odds 
ratio [OR]: 2.8, 95% confidence interval [CI]: 1.9–3.9), cardiogenic shock (OR: 2.4, 95% CI: 1.8–3.3). 
Furthermore, this positive association between SCI and in-hospital adverse outcomes is more 
significant in females than males. In conclusion, SCI paralysis is associated with an increased risk of in-
hospital mortality, cardiogenic shock in patients with AMI undergoing PCI, especially in females. These 
disparities lasted from 2003 to 2015.

According to the 2013 U.S. Paralysis Prevalence & Health Disparities Survey, almost 5.4 million persons in the 
United States (US) have paralysis, representing a large segment of the U.S. population1. Stroke and spinal cord 
injury (SCI) are the two leading causes of paralysis1. Compared to healthy adults, paralyzed patients have a high 
prevalence of conventional cardiovascular risk factors. However, traditional cardiovascular risk factors greatly 
underestimate the risk of cardiovascular morbidity and mortality in paralyzed individuals2. Cardiovascular 
diseases constitute 26.7% of all-cause mortality and are responsible for the greatest proportion of morbidity 
and mortality in the paralyzed population3. Patients with paralysis now have a longer life expectancy due to 
advancements in medical care and rehabilitation4. Moreover, prompt percutaneous coronary intervention (PCI) 
is currently considered the recommended reperfusion therapy for acute myocardial infarction (AMI)5. Using 
the New York State Inpatient Database (NY-SID) from 2007 to 2013, Dai and colleagues reported that acute 
myocardial infarction patients with concomitant paraplegia were less likely to receive revascularization therapy 
and had higher in-hospital mortality6.

However, the literature on AMI clinical outcomes among paralyzed patients remains limited, and even 
previous observational studies did not divide patients with paralysis into those with and without cerebrovascular 
disease. Recommendations derived from published clinical studies of AMI may not apply directly to patients 
with paralysis. Despite the growing focus on risk modification and primary prevention of coronary heart disease 
in patients with paralysis, its association with the in-hospital outcomes and the temporal trends of patients with 
AMI undergoing PCI remain unknown.
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In the present study, using National Inpatient Sample (NIS) from 2003 to 2015, we examined the association 
between two major etiologies of paralysis and the in-hospital outcomes of patients with AMI who had undergone 
PCI.

Materials and methods
Study population and outcome measures
The NIS is the United States’ largest hospital inpatient stay database, which contains data from all payers. The 
NIS contains discharge data from a 20% stratified sample of community hospitals and is part of the Agency 
for Healthcare Cost and Utilization Project (HCUP)7. Based on the HCUP-NIS recommendations, survey 
methodologies were employed to generate national estimates using discharge weights (DISCWT, the discharge-
level weight on the HCUP nationwide databases), clusters (HOSP_NIS, NIS hospital number), and strata (NIS_
STRATUM, a four-digit stratum identifier used to post-stratify hospitals for the calculation of universe and 
frame weights) from the HCUP-NIS database. To account for the 2012 HCUP-NIS re-design, trend weights were 
utilized to re-balance samples from 2000 to 2011. The 2012 re-design of the HCUP-NIS involved sampling 20% 
of the national patient-level sample, in contrast to the previous years of 2000–2011, where 100% of discharges 
were sampled from 20% of hospitals8. The database includes information on patient demographics, primary 
payer, hospital features, principal diagnosis, secondary diagnoses (up to 24 h), and procedural diagnoses7. The 
HCUP-NIS doesn’t gather information on specific patients but does collect all admission-related data.

Using the NIS data from 2003 to 2015, we conducted a cohort study of patient admissions (≥ 18 years) with 
AMI in the primary diagnosis (International Classification of Diseases 9.0 Clinical Modification [ICD-9-CM] 
410.x) who underwent PCI in the primary procedure ([ICD-9-CM] 360.x). We excluded cases if critical variables 
for risk stratification or outcomes were lacking. For analysis, we split the patients into two primary groups, with 
and without paralysis, based on paralysis status. Additionally, patients with AMI with paralysis were further 
identified using the ICD-9-CM procedure and Clinical Classification Software (CCS) codes and categorized as 
spinal cord injury (SCI) paralysis (CCS diagnosis code 82) or stroke paralysis ([ICD-9-CM] 438.20–438.53). The 
ICD-9-CM CCS is a scheme for categorizing illnesses and procedures that can be utilized in various projects 
that analyze data on diagnoses and procedures. Figure 1 depicts a study population flow chart highlighting the 
inclusion and exclusion criteria, while the ICD-9 codes that were used are listed in Supplementary Table S1.

We described the temporal changes in in-hospital mortality over the study period according to paralysis 
status. The primary outcome of this study was the in-hospital mortality rate. The secondary outcomes included 
cardiogenic shock, urinary tract infection, acute kidney injury, length of hospital stay, and number of procedures 
during hospitalization. In addition, the NIS database captures short-term perioperative complications. Thus, 
these outcomes are perioperative outcomes. The HCUP reports baseline characteristics and clinical outcomes 
using the corresponding ICD-9-CM Revision codes and CCS.

Statistical analyses
In compliance with the HCUP requirements for using the NIS database, all analyses were conducted using 
weighted samples for national estimates. The survey-weighted chi-square test was used to compare categorical 
variables, which were presented as the survey-weighted percentage (95% confidence interval [CI]). The survey-
weighted mean (95% CI) was used to compare continuous variables using survey-weighted linear regression. 
The effect sizes are presented as odds ratios (ORs) and 95% CIs. Associations were considered significant if the 
p-value was < 0.05. We used the statistical software package R 3.4.3 (available at: http://www.R-project.org; R 
Foundation for Statistical Computing, Vienna, Austria) and Empower-Stats 4.1 (X&Y Solutions, Inc, Boston, 
Mass) for all statistical analyses.

We conducted multivariate regression analysis for in-hospital outcomes in three patient groups and included 
statistically significant variables in univariate analysis. To reduce bias from the observed covariates, we used a 
1:1 case-control matching (CCM) between the two major etiologies of paralysis groups to construct matched 
cohorts based on age, sex, race, median household income, primary expected payer, smoking status, AMI type, 
elective admissions, previous coronary artery bypass graft and Elixhauser classification system (in-hospital 
comorbidities were assessed using the Elixhauser classification system9). To further analyze the association of 
different paralysis types with in-hospital outcomes, a secondary model was performed for in-hospital outcomes, 
adjusting for baseline demographics such as age and sex, along with smoking, hypertension, hyperlipidemia, 
diabetes, and other comorbidities. These confounding factors were selected based on > 10% differences in 
association with or effect estimates on the outcomes of interest. Furthermore, the associations did not change 
markedly after adjusting for these confounding factors in the multivariable regression analyses. In addition, 
we used multiple imputation (MI) based on five replications and a chained equation approach in the R MI 
procedure to account for missing data for other covariates, such as age, race, and sex, to avoid the reduced power 
of statistical tests and the bias associated with direct exclusion of missing values. We also conducted sensitivity 
analyses among patients with paralysis, comparing males and females to evaluate the influence of sex on these 
associations within the outcome variables. The temporal trends of in-hospital outcomes were also studied among 
the three groups.

Results
Study population
From January 2003 to September 2015, 15,033 (0.70%) of the 2,151,994 patients with AMI who met all of the 
inclusion criteria and none of the exclusion criteria were included in the final analysis, as shown in Fig.  1. 
Table 1 displays the demographic characteristics of the weighted population. Among them, 6,711 (0.31%) were 
diagnosed with SCI paralysis, and 8,322 (0.39%) were diagnosed with stroke paralysis. Stroke patients with 
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paralysis were older than those with SCI and those without paralysis. Patients with SCI were more likely to 
be male and Caucasian than stroke patients with paralysis. Notably, patients with SCI were less likely to have 
traditional coronary risk factors, including smoking and chronic disease histories, but had a greater risk of 
diabetes than stroke patients with paralysis (all p < 0.001). In addition, we analyzed the crude association of 
paralysis with baseline demographic and clinical characteristics (Supplementary Table S2). Overall, the results 
in univariate analyses were consistent with those in Table 1 above.

In-hospital outcomes
The in-hospital outcomes among the three groups are outlined in Table 2. Patients with SCI paralysis had the 
highest in-hospital mortality (6.4%), followed by patients with stroke paralysis (3.2%) and then finally by patients 
without paralysis (2.1%, p < 0.001). Additionally, patients with SCI paralysis had the most significant risk of 
cardiogenic shock, urinary tract infections, and extended hospitalization among the three groups (all p < 0.001).

After 1:1 CCM, adjusting for demographics and Elixhauser Comorbidity Index (Fig. 2), AMI patients with SCI 
but not stroke paralysis had an increased risk of in-hospital mortality (OR: 2.8, 95% CI: 1.9–3.9) and cardiogenic 
shock (OR: 2.4, 95% CI: 1.8–3.3) compared to those without paralysis. Meanwhile, the risk of acute kidney 
injury and urinary tract infection were increased both in the SCI and stroke paralysis patients. In addition, we 
found an increased risk of acute kidney injury in SCI paralysis (OR: 2.1, 95% CI: 1.7–2.7) and stroke paralysis 
(OR: 2.3, 95% CI: 1.8–2.9). Notably, the adjusted odds of urinary tract infection were significantly higher in 
SCI paralysis patients (OR: 3.1, 95% CI: 2.3–4.0) and stroke patients with paralysis (OR: 2.5, 95% CI: 1.9–3.2). 
Patients with SCI paralysis (β: 3.1, 95% CI: 2.6–3.6) and stroke paralysis (β: 1.1, 95% CI: 0.6–1.6) had a longer 
length of hospital stay than patients without paralysis. Additionally, the number of procedures slightly decreased 
in patients with SCI paralysis (β: 0.9, 95% CI: 0.7–1.1) and stroke paralysis (β: 0.5, 95% CI: 0.4–0.7). Again, the 
results of the analyses were similar for mismatches and matches (Supplementary Fig. 1).

Fig. 1.  Flow diagram of study population selection. Weighted selection of 2,843,915 patients aged ≥ 18 years 
with acute myocardial infarction (AMI) undergoing percutaneous coronary intervention (PCI) from the 
National Inpatient Sample database. A total of 2,151,994 patients were selected after excluding missing data. 
The selected patients were separated into the AMI undergoing PCI procedure non-paralysis group (2,136,961 
patients) and the AMI undergoing PCI procedure paralysis group (15,033 patients). The paralysis group was 
further divided into the spinal cord injury (SCI) paralysis group (6,711 patients) and the stroke paralysis group 
(8,322 patients).
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Outcomes
AMI without paralysis
(n = 2,136,961)

AMI with spinal cord injury paralysis
(n = 6,711)

AMI with stroke paralysis
(n = 8,322) P-value*

Number of cases weighted (%) 99.3 (99.2, 99.4) 0.3 (0.3, 0.4) 0.4 (0.3, 0.5)

In-hospital mortality (%) 2.1 (1.8, 2.4) 6.4 (4.4, 9.2) 3.2 (2.2, 4.5) < 0.001

Complications (%)

 Cardiogenic shock 3.5 (3.1, 3.9) 7.3 (5.1, 10.4) 4.2 (3.1, 5.6) < 0.001

 Acute kidney injury 7.9 (7.1, 8.8) 12.8 (9.1, 17.8) 13.2 (10.6, 16.4) < 0.001

 Urinary tract infection 3.8 (3.4, 4.2) 10.3 (7.3, 14.2) 8.8 (6.9, 11.1) < 0.001

 Length of hospital stay (d) 3.7 (3.6, 3.8) 7.5 (6.4, 8.6) 5.8 (5.2, 6.4) < 0.001

 Number of ICD-9-CM procedures on this discharge 6.9 (6.6, 7.2) 7.3 (6.6, 7.9) 7.0 (6.8, 7.3) 0.127

Table 2.  Clinical outcomes of patients with AMI and paralysis undergoing PCI. *Survey-weighted linear 
regression was used for continuous variables and a survey-weighted chi-square test was used for categorical 
variables. Data are presented as the survey-weighted mean (95% CI) for continuous variables and the survey-
weighted percentage (95% CI) for categorical variables.

 

Variable
AMI without paralysis
(n = 2,136,961)

AMI with spinal cord injury paralysis
(n = 6,711)

AMI with stroke paralysis
(n = 8,322) P-value*

Number of cases weighted (%) 99.3 (99.2, 99.4) 0.3 (0.3, 0.4) 0.4 (0.3, 0.5)

Age
(survey-weighted mean (95% CI)) 63.7 (63.2, 64.1) 66.6 (64.1, 69.0) 69.6 (67.6, 71.6) < 0.001

Female (%) 33.2 (32.2, 34.3) 25.0 (18.0, 33.6) 42.4 (33.3, 52.2) 0.025

Race (%) < 0.001

Caucasian 79.1 (76.5, 81.5) 77.5 (68.6, 84.5) 68.4 (61.9, 74.4)

African American 7.0 (6.1, 7.9) 8.2 (5.7, 11.5) 16.2 (13.0, 20.1)

Hispanic 8.2 (6.1, 11.0) 10.2 (4.0, 23.5) 8.2 (6.1, 10.9)

Asian or Pacific Islander 1.7 (1.3, 2.1) 1.1 (0.6, 2.0) 3.4 (2.4, 4.7)

Native American 0.9 (0.5, 1.7) 0.5 (0.2, 1.2) 0.4 (0.2, 0.9)

Other 3.1 (2.6, 3.7) 2.5 (1.6, 3.9) 3.4 (2.3, 4.8)

Primary expected payer (%) < 0.001

Medicare 42.5 (39.7, 45.4) 55.4 (40.6, 69.3) 63.5 (53.2, 72.7)

Medicaid 7.3 (6.3, 8.6) 5.7 (3.9, 8.1) 7.3 (5.6, 9.3)

Private insurance 31.0 (29.4, 32.6) 12.3 (8.7, 17.2) 12.2 (6.2, 22.7)

Other 19.2 (16.2, 22.5) 26.6 (14.7, 43.2) 17.0 (10.0, 27.5)

Median household income (%) 0.542

1st quartile 29.0 (25.5, 32.8) 33.0 (19.1, 50.8) 31.4 (23.6, 40.5)

2nd quartile 26.2 (23.7, 28.9) 24.2 (14.5, 37.6) 28.9 (19.8, 39.9)

3rd quartile 22.1 (19.8, 24.6) 15.1 (10.8, 20.7) 23.5 (16.5, 32.4)

4th quartile 22.6 (19.5, 26.1) 27.6 (15.7, 43.8) 16.2 (12.7, 20.3)

Elective admissions (%) 5.8 (4.6, 7.2) 5.7 (3.7, 8.5) 6.7 (5.0, 9.0) 0.586

Smoking (%) 42.1 (39.6, 44.7) 22.5 (16.2, 30.5) 28.0 (22.8, 33.8) < 0.001

Previous coronary artery bypass graft (%) 4.6 (4.1, 5.1) 3.3 (2.1, 5.0) 14.7 (6.6, 29.6) < 0.001

Elixhauser Comorbidity Index (%) < 0.001

ECS I 13.8 (13.0, 14.6) 4.7 (3.1, 7.0) 2.7 (1.9, 3.9)

ECS II 34.1 (32.9, 35.3) 38.0 (25.8, 51.9) 23.2 (16.0, 32.4)

ECS III 26.3 (25.8, 26.9) 17.1 (12.2, 23.4) 32.3 (23.1, 43.0)

ECS IV 25.8 (24.3, 27.3) 40.2 (31.6, 49.6) 41.7 (33.3, 50.7)

AMI type (%) 0.006

ST-segment elevation myocardial infarction 42.7 (40.5, 44.9) 48.5 (37.9, 59.2) 28.8 (21.1, 37.9)

Non-ST-segment elevation myocardial infarction 57.3 (55.1, 59.5) 51.5 (40.8, 62.1) 71.2 (62.1, 78.9)

Table 1.  Characteristics of patients with AMI and paralysis undergoing PCI. *Survey-weighted linear 
regression was used for continuous variables and a survey-weighted chi-square test was used for categorical 
variables. Data are presented as the survey-weighted mean (95% CI) for continuous variables and the survey-
weighted percentage (95% CI) for categorical variables.
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Sensitivity analyses by sex and AMI type
We conducted a sex-stratified analysis of outcomes in patients with SCI paralysis undergoing PCI. Female SCI 
patients exhibited a markedly elevated risk of in-hospital mortality (OR: 3.8, 95% CI: 2.7–5.3), while the risk 
increase in male patients was not statistically significant (OR: 1.2, 95% CI: 0.9–1.7). Our findings revealed a 
significant sex interaction in in-hospital mortality (p < 0.001). This pronounced sex disparity suggests that SCI 
had a more substantial impact on in-hospital mortality for female patients (Table 3).

To assess the robustness of our primary findings, we conducted a series of sensitivity analyses, including 
stratified analyses based on sex and type of myocardial infarction. The results demonstrated that both SCI 
and stroke paralysis were associated with higher risks of adverse outcomes across different subgroups. These 
stratified analysis results are consistent with our main analysis, further confirming the reliability of our findings 
across different subgroups. The observed associations in various strata suggest that the increased risks associated 

Outcomes N Adjusted OR (95% CI) * P-value P-value for interaction

In-hospital mortality < 0.001

Male 291,628 1.2 (0.9–1.7) 0.222

Female 145,583 3.8 (2.7–5.3) < 0.001

Cardiogenic shock 0.045

Male 291,628 1.3 (1.0–1.7) 0.083

Female 145,583 2.3 (1.7–3.3) < 0.001

Acute kidney injury 0.922

Male 291,628 1.2 (1.0–1.5) 0.067

Female 145,583 1.2 (0.9–1.7) 0.170

Urinary tract infection 0.620

Male 291,628 2.7 (2.1–3.5) < 0.001

Female 145,583 2.7 (2.1–3.5) < 0.001

Table 3.  Clinical outcomes of AMI admissions undergoing PCI with spinal cord injury (SCI) paralysis in 
different sex. *Survey-weighted linear regression was used for continuous variables and a survey-weighted chi-
square test was used for categorical variables.

 

Fig. 2.  In-hospital mortality and adverse outcomes in the multivariate regression analysis in 1:1 case-control 
matching model. (A) Adjusted odds ratios for in-hospital mortality and outcomes. (B) Adjusted β value for 
LOS and NPR; represented as odds ratio and β value (95% confidence interval), adjusted for age, sex, race, 
primary payer, socioeconomic status, smoking, previous CABG, and Elixhauser Comorbidity Index.
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with paralysis are robust across different patient characteristics (Supplementary Table S3). In sensitivity analyses, 
we found that females were older and had more comorbidities than males (Supplementary Table S4).

Temporal trends
The temporal trends of in-hospital mortality and outcomes are shown in Fig.  3. Over the 2003–2015 study 
period, the SCI paralysis group remained consistently higher than the without paralysis and stroke paralysis 
groups in terms of in-hospital mortality and outcomes, with a consistent uptrend during the study period, as 
shown in Fig. 4. The annual in-hospital mortality rates for non-paralyzed patients who had undergone PCI for 
AMI from 2003 to 2015 remained low, ranging from 1.53 to 3.01%. The rate of in-hospital mortality among the 
SCI paralysis group increased remarkably from 11.43% in 2003 to 9.49% in 2015. The cardiogenic shock rate 
increased over time, and this trend was consistent

Fig. 3.  Temporal trend of in-hospital mortality and outcomes. The SCI paralysis group showed a fluctuating 
trend in the risk of in-hospital mortality and urinary tract infection; however, this was still greater than that 
of the without paralysis and stroke paralysis groups. (A) The in-hospital mortality in the SCI paralysis group 
(11.43% in 2003, 13.95% in 2006, and 9.49% in 2015). (B) In the SCI paralysis group, the cardiogenic shock 
rate (2.86% and 16.79% in 2003 and 2015, respectively) increased over time and was greater than that in the 
group without paralysis and the group with stroke paralysis. (C) In the SCI paralysis group, the acute renal 
injury rate steadily increased (0% and 28.47% in 2003 and 2015, respectively) and was higher than the rates in 
the without-paralysis and stroke-paralysis groups. (D) In the SCI paralysis group, the urinary tract infection 
rate had a fluctuating trend (14.29% in 2003, 29.27% in 2008, and 11.68% in 2015).
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 across three groups. In the SCI paralysis group, the proportion of cardiogenic shock increased from 2.86% 
in 2003 to 16.79% in 2015. The acute kidney injury rate increased steadily in both the SCI paralysis and without 
paralysis groups (0% and 28.47% vs. 3.81% and 9.43% in 2003–2015). In terms of urinary tract infection, a 
similar trend was observed in patients with SCI paralysis who underwent PCI (14.29% in 2003 to 11.68% in 
2015), which showed an initial upward trend, reached a peak in 2008 (29.27%), and then showed a downward 
trend.

Discussion
This analysis involved a larger nationwide sample of patients with AMI who had been hospitalized and underwent 
PCI. We documented three major findings. First, in the US, between 2003 and 2015, patients with paralysis and 
AMI who underwent PCI with SCI but not stroke paralysis had a higher risk of in-hospital mortality than the 
group without paralysis. The rates of cardiogenic shock, acute kidney injury, urinary tract infection, and length 
of hospital stay during hospitalization were all higher in the SCI paralysis group. Second, female patients with 
paralysis and AMI may be more vulnerable to adverse in-hospital outcomes, especially in-hospital mortality. 
Finally, regardless of etiology, we observed a temporal increase in in-hospital mortality in patients with paralysis 
and AMI who underwent PCI.

As far as we know, this is the first study to address the association between paralysis of different etiologies 
and the in-hospital outcomes of patients with AMI who underwent PCI. Our findings showed that patients with 
AMI with SCI but not stroke paralysis had a greater risk of in-hospital mortality during AMI hospitalization, 
even after PCI. Several studies have identified risk factors that are unique to individuals with paralysis, including 
obesity, insulin resistance, diabetes, deconditioning, and inflammation, compared to the general population10,11. 
Furthermore, traditional cardiovascular risk factors strongly underestimate the incidence of cardiovascular 
morbidity and mortality in paralyzed people2. As a result, patients with paralysis and AMI will experience 
more adverse clinical cardiovascular events. We extend these findings to suggest that the SCI paralysis group is 
associated with worse in-hospital outcomes with comorbid AMI, even if they received early PCI, than patients 
with AMI with stroke paralysis, which has not been previously documented. This is especially noteworthy 
because, while patients with stroke paralysis and AMI who underwent PCI had more severe traditional coronary 

Fig. 4.  Graph displaying the study findings. The patients with AMI and spinal cord injury (SCI) paralysis who 
underwent PCI showed increased in-hospital mortality, cardiogenic shock, acute kidney injury, and urinary 
tract infection compared to patients with AMI and stroke paralysis who underwent PCI and patients without 
paralysis.
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risk factors (Table 1), the SCI paralysis group had a worse prognosis and a longer hospital stay; this difference 
remained after adjusting for confounders using multiple regression analysis. This finding has the potential to 
greatly improve our capacity for assessing disease severity. These results may indicate a trend in which the 
disabling effects of cerebrovascular disease are reversible, whereas most SCIs are caused by irreversible trauma12. 
Additionally, a large percentage of patients with paralysis, mostly with SCI1, are admitted in an emergency 
setting, reflecting the clinical acuity and severity of their disease13.

Our results also indicated that the risk of urinary tract infection was higher in the SCI paralysis group, which 
has not been explored in most previous studies. Indeed, clinicians tend to pay little attention to urinary tract 
infections after PCI. However, lower-urinary tract dysfunction caused by SCI frequently results in recurring 
urinary tract infection and, eventually, renal failure, which is one of the leading causes of morbidity and mortality 
in patients with SCI14. Hence, severe infections can also lead to increased in-hospital mortality and burden 
of complications, as well as longer hospital stays. Currently, patients with SCI paralysis, as opposed to stroke 
patients with paralysis, lack effective pharmacological treatments. Taken together, all of these factors contribute 
to increased mortality in patients with SCI paralysis. In summary, we found that even after PCI, the in-hospital 
mortality rates remained significantly increased for patients with SCI paralysis with AMI.

Another important finding is that paralyzed female patients with AMI who underwent PCI may be more 
vulnerable to adverse in-hospital outcomes, including higher mortality and a longer length of hospital stay, 
regardless of the causes of paralysis. Previous research has found that female sex is an independent predictor 
of post-PCI adverse events, which are associated with increased mortality and a longer hospital stay15,16. This 
difference was considerably more obvious in patients with AMI who were paralyzed. Moreover, females are 
more likely than males to be wounded at an older age, and paralyzed females may reach menopause earlier 
than their able-bodied counterparts17,18. The reasons behind this observation may be multifactorial, including 
cardiovascular disease risk factors, autonomous dysfunction, dyslipidemia, blood pressure dysregulation, 
physical inactivity, and long-term inflammatory stress19,20. Studies focused solely on females are rare; thus, 
females have been underrepresented in cardiovascular clinical studies21.

Consequently, unexpected outcomes related to sex differences may occur when females receive treatment 
based on data from clinical studies mostly involving males22,23. Compounding this, socioeconomic disadvantages 
often observed in this population also contribute to increased mortality in females24. Therefore, female patients 
with paralysis with AMI are more likely to endure adverse in-hospital outcomes.

Lastly, we also found that the in-hospital mortality rates for patients with paralysis with AMI, regardless of 
etiology, have increased, and the overall trend is higher than for those without paralysis between 2003 and 2015. 
In a large study25 from the NIS database, with advances in medical treatment, the annual PCI volume decreased 
in the US between 2003 and 2016. However, the percentage of PCI for AMI has increased and remained relatively 
stable in terms of in-hospital mortality. Additionally, it is worth noting that the prevalence of myocardial 
infarction in paralyzed individuals is increasing annually26. The trend of in-hospital mortality is consistent with 
the results of our study. Although PCI has been shown to decrease mortality in patients with AMI, the increase 
in the incidence of paralysis over time might continue after population density increases, population aging, and 
increased use of vehicles, while the total number of cases also increased, which is consistent with our findings. 
Moreover, autonomic dysreflexia, which is highly prevalent in patients with paralysis, causes blood pressure 
disorders, leading to perioperative hemodynamic instability and unpredictability following cardiac surgery27–30. 
These paralysis-related anomalies complicate the risk of PCI, and in-hospital mortality increases over time after 
PCI. This trend may also be related to the increased frequency of paralysis diagnoses owing to the Paralysis Act, 
which was authorized by the U.S. Congress in 200931.

In the current study, we first explored the association between the two major etiologies of paralysis and the 
in-hospital outcomes of patients with AMI who underwent PCI. Our results suggest that more attention should 
be paid to SCI paralysis but not stroke patients with paralysis when referring to AMI. Furthermore, female 
patients with paralysis are more vulnerable in this clinical setting. This in-hospital outcome disparity in paralysis 
lasted from 2003 to 2015.

Strengths and limitations
This study has several notable strengths. First, we divided patients into SCI and stroke paralysis according to 
their etiologies, which is novel compared to the approach taken in previous studies. Second, we explored urinary 
tract infection as an in-hospital outcome in this AMI patient cohort. Finally, we conducted this study using data 
from a national representative database with a large sample size.

However, our research still has a few limitations that warrant discussion. First, the NIS data are derived from 
national health databases and may not accurately reflect the severity or duration of the paralysis. Moreover, 
the NIS database is the all-payer inpatient database of hospital discharge records. We can’t precisely define the 
timing of events such as urinary tract infection, which may occur before or after the admission day. Third, 
this study only adds data during the index event (in-hospital data). Hence, it is possible that a given patient, if 
admitted and readmitted multiple times during this study period, may be counted more than once. Additionally, 
the observational nature of this study and the lack of randomization raise the possibility of selection bias.

Conclusion
SCI paralysis is associated with an increased risk of in-hospital mortality, cardiogenic shock, acute kidney injury, 
and urinary tract infection in patients with AMI undergoing PCI, and prolongs the length of hospital stay, 
especially in females. These disparities lasted from 2003 to 2015 (Fig.  4). More attention should be paid to 
patients with SCI paralysis when comorbid with AMI to conduct PCI promptly.
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Data availability
The data supporting this study’s findings are available from the NIS databases. Specifically, the researchers pur-
chased the NIS databases. Furthermore, the data sources are publicly accessible online (URL: ​h​t​t​p​s​:​/​/​w​w​w​.​h​c​u​
p​-​u​s​.​a​h​r​q​.​g​o​v​/​n​i​s​o​v​e​r​v​i​e​w​.​j​s​p​​​​​)​. The raw data supporting the conclusions of this article will be made available 
by the authors without undue reservation. All other supporting data in this study are available on request from 
Haohong Qi, MD, and Guangzhi Cong, Ph.D.
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