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Abstract

Background: Bleeding complications and acute limb ischemia (ALI) are devastating vascular
complications in patients with STEMI. Cardiogenic shock (CS) can further increase this risk due
to multi-organ failure. In the contemporary era, percutaneous mechanical circulatory support
(pMCS) is commonly used for management of CS. We hypothesized that vascular complications
may be an important determinant of clinical outcomes for CS due to STEMI (CS-STEMI).

Objective: We evaluated 10-year national trends, resource utilization and outcomes of bleeding
complications, and ALI in CS-STEMI.

Methods: We performed a retrospective cohort study of CS-STEMI patients from a large US
national database (National Inpatient Sample) between 2005-2014. Events were then divided into
4 different groups: No MCS, with IABP, PVAD (percutaneous ventricular assist device includes
Impella or Tandem Heart) or extracorporeal membrane oxygenation (ECMO).
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Results: Bleeding complications and ALI were observed in 31,389 (18.2%) and 1,628 (0.9%) out
of 172,491 admissions with CS-STEMI respectively. Between 2005-2014 overall trends increased
for ALI, however, the number of bleeding events decreased. ALI was associated with increased in-
hospital mortality in comparison to those without any ALI. However, bleeding complications were
not associated with increased in-hospital mortality. Compared to patients without complications,
both bleeding and ALI were associated with increased length of stay and hospitalization costs.

Conclusion—Bleeding and ALI are common complications associated with CS-STEMI in the
contemporary era. Both complications are associated with increased hospital costs and length of
stay. These findings highlight the need to develop algorithms focused on vascular safety in CS-
STEML.

Keywords

Cardiogenic Shock; STEMI; Bleeding Complications; Acute Limb Ischemia; Mechanical
Circulatory Support Devices

Introduction:

Cardiogenic shock (CS) occurs in approximately 8-10% of all ST-segment elevation
myocardial infarction (STEMI) patients, with reported mortality rates of around 40-50% (1—
3). CS-STEMI remains a leading cause of death despite increased adoption of early
revascularization strategies (2,4-6). STEMI patients are at higher risk of vascular events
such as acute limb ischemia (ALI) and bleeding complications due to aggressive use of
anticoagulation and antiplatelets for management of coronary thrombosis. Unlike STEMI
alone, where radial access may be sufficient for coronary revascularization, femoral access is
more common in CS-STEMI because of the potential need for percutaneous mechanical
circulatory support (pMCS).

In the contemporary era, pMCS devices include intra-aortic balloon counterpulsation
(IABP), percutaneous ventricular assist devices (PVAD: Impella or Tandem Heart) and
veno-arterial extracorporeal membrane oxygenation (ECMO). These devices provide
temporary support during high risk coronary intervention or for more prolonged support as a
bridge to decision, recovery, durable ventricular assist device, or orthotopic heart transplant
strategy. Since many of the temporary MCS especially Impella, Tandem Heart and ECMO
require the use of large bore catheters delivered via the femoral route, vascular
complications are common and may be a major determinant of outcomes in patients with
CS-STEMI(7-9).

Limited data exploring the incidence and clinical outcomes of such vascular complications
in patients with CS-STEMI exist. We hypothesized that both ALI and bleeding
complications are common among patients with CS-STEMI. To explore this hypothesis, we
employed the National Inpatient Sample (NIS) database to determine trends over time,
incidence, and clinical outcomes associated with both bleeding complications and ALI in
patients with CS-STEMI.
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Data source and study population

Data was obtained from the Nationwide Inpatient Sample (NIS) database which is
maintained by the Agency for Healthcare Research and Quality Healthcare Cost and
Utilization Project. This nationally representative database is the largest all-payer inpatient
care database in the United States containing discharge data from a 20% stratified sample of
different hospitals in various regions. It includes weights to allow researchers to generate
national estimates from raw counts. Encounter-level information of hospital stays compiled
in a uniform format with privacy protection of individual patients are included. Each year,
over 7 million hospital stays are sampled nationwide, which, when weighted, generalizes to
more than 35 million hospitalizations annually (10). Our study population includes all
patients =18 years of age from 2005 to 2014 using International Classification of Diseases,
oth Edition (ICD-9) diagnosis codes for STEMI and CS (Supplementary table 1). Validation
studies for CS for the /CD-9-CM code 785.51 have shown a specificity of 99.3%, a
sensitivity of 59.8%, a positive predictive value of 78.8%, and a negative predictive value of
98.1% (11). Bleeding complication was defined using the previously validated study by
Redfors et al as composite outcome of patients requiring blood transfusion, developing
hematoma/hemorrhage and/or undergoing surgical or endovascular intervention to manage
the bleeding (12). ALI patients were identified as those who experienced lower extremity
embolism or thrombosis or those who underwent limb salvage interventions like surgical/
endovascular repair or amputation during their hospitalization similar to the one used in
previous studies using previously validated ICD-9 codes (13). Complete definitions and
ICD-9 codes used for identification of MCS device or complications are mentioned in
Supplementary table 1 (14,15).

Records with missing outcome were excluded from the analysis. This study was exempt
from review by the institutional review board because NIS is a publically available national
database.

Baseline variables and comparison groups.

Baseline variable included demographics (age, sex, race, median household income) and
comorbid conditions (cardiac arrhythmias, hypertension, diabetes, chronic liver disease,
obesity, dyslipidemia, chronic pulmonary disease, congestive heart failure, deficiency
anemia, coagulopathy, chronic kidney disease peripheral vascular disease, alcohol abuse)
were also reported. Revascularization strategies i.e. percutaneous coronary interventions,
coronary artery bypass and/or fibrinolysis during the current admission were also identified.
Hospital characteristics (bed size, location/teaching status, region of the hospital and
primary payer) and insurance status were also reported. The ICD-9-CM and Clinical
Classification Software codes were used to identify patient comorbidities. Elixhauser score
was calculated based on the number of comorbidities (Supplementary table 2).

The overall cohort was grouped into 4 subgroups based on MCS device utilization: a) No
MCS, b) only IABP, ¢) only PVAD (Impella or Tandem heart) and d) only ECMO device.
Each analysis was stratified into these groups.
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Study Outcomes and definitions

We evaluated the temporal trends of ALI and bleeding complications for each pMCS
category from 2005-2014. Our primary outcome was to compare in-hospital mortality
among patients with and without each of the complications (bleeding complications and
ALLI). Secondary outcomes included cost of hospitalization and length of stay (LOS). We
also looked for total cost of hospitalization and average LOS as our secondary outcomes. We
analyzed the outcomes of in-hospital mortality, average LOS and hospital cost among
patients with no MCS, IABP, PVAD and ECMO group for patients with and without
bleeding complications and ALLI.

Statistical analysis

Results:

Weighted data was used for all analyses. We compared the in-hospital mortality, length of
stay, and cost of hospitalization among the patients with and without bleeding complications
or ALI using unadjusted and adjusted logistic regression analyses among each device group.
The multivariate hierarchical logistic regression models adjusted for age, sex, race,
congestive heart failure, liver disease, dyslipidemia, alcohol abuse, anemia peripheral
vascular disease, pulmonary circulation disorder, chronic pulmonary disease, coagulopathy,
renal failure diabetes, hypertension, PCI or CABG or fibrinolytic therapy in current
admission, cardiac arrest, and vasopressor use.

We also performed multivariable comparison for per number of documented transfusions by
logistic regression analysis for inpatient mortality with each event of transfusion in
comparison to those with no transfusion (Supplementary table 6)

Baseline demographics, comorbidities and hospital characteristics between those with and
without bleeding complications or ALI in patients with CS-STEMI were compared using the
Pearson XZ test for categorical variables and one-way ANOVA for continuous variables to
identify significant univariate associations. Categorical and continuous variables were
reported as percentages and mean + standard error (SE), respectively. Temporal trends of
events of bleeding complications and ALI were reported as absolute values for each calendar
year and compared using 1-way ANOVA. Mean LOS and total cost of hospitalization were
reported and compared using univariate analysis by 1-way ANOVA. All data extraction and
analyses were performed using SPSS (Version 25.0 Armonk, NY). Two-sided p value <0.05
was used for statistical significance.

Baseline Characteristics

Between 2005-2014, 172,491 admissions with a primary diagnosis of CS-STEMI were
registered, of which 18.2% (31,389/172,491) developed bleeding complications and 0.9%
(1,628/172,491) had ALLI. Baseline characteristics of the patients with and without bleeding
complications or ALI are provided in Table 1. Supplementary Table 3 and 4 shows the
baseline characteristics with and without bleeding complications or ALI for patients with No
MCS, with IABP, PVAD and ECMO.
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Bleeding Complications

Clinical characteristics of patients with CS-STEMI with and without bleeding complications
are detailed in Table 1. Briefly patients with bleeding complications were more likely to be
female and had high prevalence of comorbidities of: diabetes, hypertension, coagulopathy,
anemia or chronic kidney disease and had a higher composite number of comorbidities as
suggestive by an Elixhauser score =4 (39.5% vs 23.9%; with vs without bleeding
complication, p<0.001).

Temporal trend and overall events of bleeding complications in patients with
CS-STEMI—Figure 1 shows the overall temporal trend of bleeding complications from
2005 to 2014 among patients with CS-STEMI. We observed that there was decrease in the
overall bleeding complications in patients from 17.3% in 2005 to 14.1% in 2014. Similar
decrease of trends was seen in patients requiring blood transfusions (16.1% from 2005 to
14.1% in 2014) and with events of hematoma (4.5% from 2005 to 3.4% in 2014). However,
we observed slight increase in the events of surgical/endovascular intervention from 1.50%
in 2005 to 2.19% in 2014. In all the groups (those with no MCS, IABP, PVAD or ECMO)
the most common bleeding complications was those requiring blood transfusions.

Overall events of bleeding complications in patients with no MCS was 15.9%
(12,869/81,020), IABP was 19.4% (16,877/86,795), PVAD was 29.9% (622/2079) and
ECMO was 54.2% (240/444). After adjustment for demographics and comorbidities,
adjusted risk of having an event of bleeding complications in comparison to no MCS with
IABP, PVAD and ECMO is shown in supplementary table 5.

Clinical Outcomes of patients with and without bleeding complications—
Among all patients with CS-STEMI, in-hospital mortality was 27.4% in patients who
experienced bleeding complications and 30.8% in patients who did not (p<0.001). After
adjusting for demographic factors, medical history, and additional intervention (as listed in
Methods), the adjusted odds of in-hospital morality among patients with bleeding
complications were lower compared to those without bleeding complications (aOR: 0.79;

Cl: 0.77-0.81) (Table 2). Bleeding complications were also associated with lower in-hospital
mortality in the no MCS, IABP, and PVAD groups. Among the ECMO cohort, 62.1% of
those without bleeding complications died compared to a mortality rate of 50.6% in those
with bleeding complications but was not statistically significant after adjusting for
underlying comorbidities (Table 2). However, bleeding complications were associated with a
significantly higher LOS (15 days vs 10 days; with vs without bleeding complication,
p<0.001) and cost of hospitalization ($210,258 vs 139,409; with vs without bleeding
complication, p<0.001) (Table 2).

We also observed that receiving 2 transfusions (aOR:1.43, 95% CI: 1.19 — 1.71, p<0.001) or
>3 transfusions (aOR:1.41, 95% ClI: 1.11 — 1.77, p = 0.004) was associated with increased
in-hospital mortality as compared to those not requiring any transfusions (Supplementary
table 6).
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Acute Limb Ischemia:

Patients with ALl were younger (63.3 vs 66.8; with vs without ALI, p<0.001), female and
had higher prevalence of following comorbidities: congestive heart failure, coagulopathy and
peripheral vascular disease. They also had higher Elixhauser score =4 (44.3% vs 26.5%;
with vs without ALI, p<0.001) (Table 1). The overall incidence of ALI increased from 0.8%
in 2005 to 1.4% in 2014 (p=0.02) as shown in Figure 2. Overall events of ALI in patients
with no MCS was 0.8% (631/81,019), IABP was 0.9% (805/86,795), PVAD was 3.6%
(74/2079) and ECMO was 7.7% (34/444). After adjustment for demographics and
comorbidities, adjusted risk of events of ALI in comparison to no MCS with IABP, PVAD
and ECMO is shown in supplementary table 5.

Overall, ALI in patients with CS-STEMI had higher in-hospital mortality in compared to
those without ALI (35.9% vs 30.1%; aOR: 1.21, 95% CI: 1.09-1.36) (Table 3). ALI patients
who underwent surgical and/or endovascular intervention were noted to have lower in-
hospital mortality in compare to those without any intervention with ALI (Supplementary
Table 7). Patients with ALI in comparison to those without were observed to have higher
LOS (19 days vs 11 days; ALI vs without ALI, p<0.001) and cost of hospitalization
($261,168 vs $144,218; ALI vs without ALI; p<0.001) among patient with CS-STEMI
(Table 3).

Discussion:

We now report one of the largest analyses focused on vascular complications in the setting
of CS-STEMI. Specifically, we identified that while rates of bleeding complications remain
high, overall trends show a reduction in bleeding events over time across all CS-STEMI
patients from 2005-2014. We further identified that bleeding events are not associated with
increased in-hospital mortality in CS-STEMI patients. We observed that the incidence of
ALl in CS-STEMI patients increased between 2005 and 2014 and is associated with higher
in-hospital mortality. Both bleeding complications and ALI were associated with longer
LOS and higher hospitalization costs. Percutaneous MCS use is associated with increased
rates of vascular complications, length of stay and hospitalization costs.

Despite significant improvement in the medical management and development of new
technologies, in-hospital mortality in patients managed with CS-STEMI remains high (16).
Over the past decade, multiple studies have been reported using various pMCS in these
patients for ventricular support and to improve hemodynamics(8,17-19). Many of these
devices require large bore catheters which can increase vascular complications. When
analyzing major trials comparing pMCS, most of these studies were underpowered to detect
significant differences in complications such as bleeding or ALI (20). Using a large US
national database, we observed a decrease in the bleeding complications and significant
increase in the incidence of ALI between 2005 and 2014.

Bleeding is a common complication in STEMI due to increase usage of thrombolytics,
anticoagulation and antiplatelets, and is one of the important clinical outcomes in acute
coronary syndrome (21-24). The overall risk of major bleeding in STEMI patients ranges
between 2-10% (25-30). In our study we observed that the incidence of bleeding
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complications was 18.2%. This increased risk of bleeding in CS-STEMI patients may be due
to multiorgan failure, a hyper-inflammatory milieu, increased utilization of femoral access,
and higher usage of pMCS which requires both prolonged use of systemic anticoagulation
and large bore catheters (8,9,31). Collectively, these findings suggest that pMCS devices are
associated with higher risk of vascular complications. More focus on managing vascular
complications is required in CS-STEMI, especially when pMCS devices are used. In the
STEMI-DTU Pilot trial, vascular complications associated with Impella were rare and
occurred during device removal, not device implantation (32). This observation led to the
development of techniques specifically designed to mitigate vascular complications during
Impella removal such as the double Perclose post-closure method (33). Our findings suggest
that a renewed focus and collaboration with vascular surgeons and peripheral interventional
specialists must occur to improve outcomes in CS-STEMI.

Our study population included only patients with CS which may have resulted in an overall
higher number of bleeding events when compared to prior studies. PCI was the most
common revascularization strategy among patients with bleeding complications. However,
there were higher CABG and fibrinolytic therapy performed among patients with bleeding
complication in comparison to those without bleeding. We observed that all cause in-
hospital mortality did not increase in group with bleeding complications in comparison to
those without. EXTRACT-TIMI 25 trial showed that non-intracranial hemorrhage major or
minor bleeding were not independently associated with increased short- or long-term
mortality. However, development of CS during the index hospitalization was associated with
increased mortality (27). Since our study includes all patients with CS regardless of bleeding
complications, overall in-hospital mortality remained high suggesting that many of these
patients are critically sick. Furthermore, many of our cases received blood transfusions or
underwent surgical or endovascular intervention to control bleeding event which may be
associated with improved mortality. Previous studies have demonstrated mixed mortality
outcomes in acute myocardial infarction patients with bleeding requiring blood transfusions
(24,34). In our study we observed that having more than 2 transfusions during index
hospitalization was associated with significantly higher adjusted in-hospital mortality, which
is consistent with the harmful effect of having severe bleeding and increased blood
transfusions in any clinical settings (12,35-37). One of the study with 78,794 Medicare
patients hospitalized with acute myocardial infarction, showed reduced in-hospital mortality
associated with transfusion use (24). Transfusions are also common after ventricular assist
device implantation (38). Short-term MCS similarly may be associated with an increase in
blood transfusions due to hemolysis, hemodilution when using extracorporeal circuits, and
expected bleeding at the time of device implantation (i.e. surgical cutdowns). Furthermore,
transfusions increase oxygen carrying capacity of the blood, which when combined with
increased systemic perfusion driven by a short-term MCS may improve clinical outcomes
for CS-STEMI patients. In addition, with increasing experience in utilization of MCS
devices have led to an early identification of complication requiring blood transfusion and
better techniques to control this bleeding.”

AL is another dreaded vascular complication in CS-STEMI that can be potentially due to
poor hemodynamic state, increase use of vasopressors, and large bore cannulas for pMCS
(3,39-41). In addition, many of the STEMI patients may have history of previous peripheral

Catheter Cardiovasc Interv. Author manuscript; available in PMC 2021 August 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Pahuja et al.

Page 8

artery disease which predisposes the risk of developing ALI (40,42,43). In our study ALI
was observed in 0.9% of patients with CS-STEMI. Similar to previous studies we noted that
the risk of ALI is increased with the use of devices requiring larger size canula such as
PVAD or ECMO (8,42,44). About 50% of the ALI hospitalizations in our study underwent
intervention with or without pMCS. Similar results were seen by Abaunza et al in patients
with Impella in which 7 out of 12 underwent invasive interventions with ALI (45). Overall
mortality was better in patients who underwent interventions in comparison to those with
medical management. We observed similar findings with overall in-hospital mortality was
lower in patients who underwent interventions for ALI (Supplementary Table 7). ALI was
associated with overall higher in-hospital mortality in patients with CS-STEMI in
comparison to those without ALI. However, among all the sub-groups patients with PVAD
did not show higher in-hospital mortality with ALI. Abaunza et al showed comparable
findings as vascular complications did not affect 30-day mortality in their study. The authors
suggest that these findings were observed in very sick patient population and may not be
linked to the lower-risk population (45).

Our analysis identified that patients with ALI had higher vasopressor use and prevalence of
peripheral vascular disease. Several strategies have been proposed to improve limb perfusion
such as antegrade distal perfusion catheter which can be considered in patients with previous
history of peripheral vascular disease (8). In addition, our study showed that presence of ALI
in patients with CS-STEMI was accompanied with higher cost of hospitalization and longer
hospital stay with or without pMCS.

All pMCS are associated with cannulation related complications such as vessel perforation,
arterial dissection and distal ischemia. Among all devices used for CS-STEMI, IABP have
the lowest risk of ALI or bleeding complications. This can be due to use of smaller size
catheter 7.5-8F and they do not require high anticoagulation dose and may not require any if
used with 1:1 counterpulsation. IABP can result in ALI due to wrong insertion into side
branches such as profunda or superficial femoral artery as neither of them are large enough
to accommodate insertion of the device without causing obstruction to the arterial flow(8).
However, incidence of vascular complications such as ALI or bleeding complications are
much higher in patients with PVAD due to increase anticoagulation and from increased
systemic hemolysis. Both impella and tandem heart require larger arterial cannula which
significantly increases risk of distal limb ischemia in comparison to IABP (19). Similarly,
ECMO requires large bore catheters for both arterial and venous which can significantly
increase these risks (46). In addition to continuous anticoagulation use with high ACT goals,
increase destruction of platelets can also increase the risk of bleeding in patients with
ECMO. Tight monitoring and close titration of ACT goals for anticoagulation is essential in
patients at risk of bleeding complications for patients with any pMCS device. Performing a
routine peripheral angiography before cannula selection and early recognition of those at
risk of developing ALI can play a key role in decreasing events limb ischemia in these
patients. Furthermore, keeping a low threshold for using percutaneous downstream perfusion
canula in high risk patients can help reducing events of distal ischemia(19,47).

Catheter Cardiovasc Interv. Author manuscript; available in PMC 2021 August 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Pahuja et al. Page 9

Limitations

Our study has several limitations that need to be acknowledged. Like previous large
discharge databases, the NIS follows a retrospective cross-sectional study design and one of
the main limitations in this study is the inability to draw causality among the various pMCS
devices and their risk for vascular complications as time to event is limited. However, we
reported the incidence of bleeding complications and ALI among all groups (without any
device, with IABP, PVAD or ECMO). Also, being a retrospective database, patient related
information and data may be missing or incomplete. We were unable to use BARC,
CRUSADE or TIMI classifications for bleeding due to lack of laboratory values in NIS
database, however, we used previously validated methods to define our events of bleeding
complications (12). Moreover, the NIS does not provide objective vitals such as blood
pressure and heart rate nor echocardiographic findings which are essential markers in
assessing management of CS. The multivariate hierarchical logistic regression model was
adjusted for all the variables listed in baseline characteristics as they can be possible
confounders. However, there can still be variation in the hemodynamic profile of patients
with different pMCS devices which was not provided in this database. Finally, as with many
projects that use the national database, the use of a registry database to calculate the impact
of vascular complications on mechanical support with pVADs is at risk of coding errors (48).
These limitations are counterbalanced by a larger sample size and absence of reporting bias
which usually results from selective publications from specialized centres. Nevertheless, our
study answered a lot of questions that could not be collected from larger clinical trials and
single center observational studies due to insufficient power. Furthermore, the ICD-CM
codes used for bleeding, complications and ALI have been well validated in previous studies
(12,13).

Conclusion

Using a large national database, our study showed that the vascular events such as bleeding
complications and ALI are common among patients with CS-STEMI. Bleeding
complications did not increase the risk of in-hospital mortality; however, ALI are associated
with higher in-hospital mortality. Both the complications were associated with significantly
higher hospital stay and healthcare costs in patients with CS-STEMI. Considering significant
growth in the increase of pMCS in recent era better strategies are needed to avoid these
complications, including antegrade perfusion catheters, precision coagulation monitoring,
early detection and better clinical management once a complication is diagnosed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1:
Trend of Incidence of Bleeding complications in Cardiogenic Shock with STEMI from

2005-2014
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Figure2:
Trend of incidence of Acute Limb ischemia in patient with Cardiogenic Shock and STEMI

from 2005-2014
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