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Abstract

Aims: Despite rising rates of cardiogenic shock (CS), data on trends and in-hospital outcomes of short-term
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non-durable mechanical circulatory support (MCS) are limited. Thus, we aimed to identify recent national
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trends in MCS utilisation in the USA, patient-level predictors of MCS use, and in-hospital outcomes in CS
inclusive of extracorporeal membrane oxygenation (ECMO).

Methods and results: Hospitalisations of US adults with a discharge diagnosis of CS, from January
2004 to December 2014, in the National Inpatient Sample were included. Rates of MCS were stratified by
device type and clinical presentation. Outcomes included in-hospital mortality, hospitalisation costs, and
number of procedures. A total of 183,516 hospitalisations with CS (47,636 [25.9%] involving MCS) were
included. MCS recipients were younger, less frequently female, received more procedures, had higher costs,
and more frequently presented with MI (MCS vs. non-MCS: 71.6% vs. 42.9%; p<0.0001). Growth in CS
hospitalisations (214.4%) outpaced annual MCS use (160.0%), with relative declines in intra-aortic balloon
pump use starting in 2008. Right heart catheterisation rates for both groups remained low (MCS vs. non-
MCS: 5.9% vs. 3.3%; p<0.0001). In-hospital mortality declined but remained high in both groups (MCS vs.
non-MCS [2014]: 32.7% vs. 41.5%; p<0.0001).

Conclusions: In-hospital mortality for CS has declined but remains high. Rates of CS have outpaced MCS
utilisation which remains uncommon in non-MI hospitalisations with shock. MCS is associated with utilisa-

tion of other procedures during hospitalisation.
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Abbreviations

CS cardiogenic shock
ECMO extracorporeal membrane oxygenation
IABP intra-aortic balloon pump

ICD-9-CM International Classification of Diseases, Ninth
Revision, Clinical Modification

MCs mechanical circulatory support

Mi myocardial infarction

ND-MCS  non-durable mechanical circulatory support
NSTEMI  non-ST-elevation myocardial infarction
PCPS percutaneous cardiopulmonary support
STEMI ST-elevation myocardial infarction

Introduction
Cardiogenic shock (CS), the inability to maintain adequate perfu-
sion due to failure of the heart’s pumping mechanism, is present in
3.5% of patients presenting with acute heart failure and in 6.6% of
those presenting with myocardial infarction (MI), with in-hospital
mortality rates as high as 70%'2. The recent availability of tem-
porary mechanical circulatory support (MCS) has led to a redefi-
nition of therapeutic options for CS, allowing circulatory support
as a bridge to recovery or transplantation’. While durable MCS
devices such as left ventricular assist devices and the total artifi-
cial heart are utilised selectively, the recent availability and rapid
expansion of use of percutaneous short-term MCS devices, such
as Impella® (Abiomed, Danvers, MA, USA) devices and veno-
arterial extracorporeal membrane oxygenation (ECMO), have per-
mitted more widespread availability of circulatory support for CS.

There is a paucity of data on trends in utilisation and outcomes
of MCS use in CS?, incorporating recent technological improve-
ments in therapies. Also, the extent to which changes in MCS use
have paralleled overall rates of CS is unknown. Thus, we aimed
to identify recent national trends in MCS utilisation in the USA,
patient-level predictors of MCS use, and in-hospital outcomes in
CS inclusive of ECMO.

Editorial, see page 2099

Methods

STUDY POPULATION

All hospitalisations of adults (>18 years old) with a diagnosis
of CS (International Classification of Diseases, Ninth Revision,
Clinical Modification [ICD-9-CM], code 785.51) in any position
in the National Inpatient Sample (NIS) from January 2004 up to
December 2014 were included. The NIS is the largest publicly
available all-payer inpatient healthcare database in the USA, rep-
resenting a 20% sample of all US hospital discharges*. Studies in
the NIS are exempt from Institutional Review Board approval at
the Beth Israel Deaconess Medical Center.

EXPOSURES AND OUTCOME

The primary exposures of interest (Supplementary Table 1) were
short-term non-durable MCS (ND-MCS), intra-aortic balloon
pump (IABP), centrally cannulated extracorporeal membrane
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oxygenation (ECMO), and peripherally cannulated ECMO or
percutaneous cardiopulmonary support (PCPS), collectively
defined as MCS. ND-MCS would typically include percutane-
ous devices (TandemHeart™ [CardiacAssist Inc., Pittsburgh, PA,
USA] and Impella® devices [Abiomed]), as well as non-percuta-
neous devices (Thoratec paracorporeal ventricular assist device
[Thoratec Inc., Pleasanton, CA, USA], AB5000 [Abiomed], BVS
5000 [Abiomed], and CentriMag® [Thoratec Inc.])’.

Outcomes (Supplementary Table 1) included the proportion of
CS hospitalisations using MCS, costs, receipt of coronary angio-
graphy, percutaneous coronary intervention (PCI), coronary artery
bypass grafting (CABG), left heart catheterisation, and right heart
catheterisation, rates of cardiac arrest, major bleeding, cerebro-
vascular accident, and in-hospital mortality®>’. Direct in-hospital
costs were analysed in aggregate and stratified annually using
Healthcare Cost and Utilization Project (HCUP) cost-to-charge
ratios, adjusted for inflation using the consumer price index inpa-
tient hospital services inflation multiplier with 2014 as the base
year. Hospitalisation for CS was the primary unit of analysis with

unweighted discharge estimates presented.

COVARIATES

Patient-level covariates included age, sex, hospital bed size, and 18
clinical and procedural variables previously associated with mortal-
ity in CS (Supplementary Table 2)3%'7, We stratified hospitalisations
by comorbid discharge diagnoses clinically associated with CS,
including non-ST-segment elevation MI (NSTEMI), ST-segment
elevation MI (STEMI), myocarditis, pulmonary embolism, hyper-
trophic cardiomyopathy, and infective endocarditis. We additionally
determined the top ten primary discharge diagnoses associated with
MCS utilisation in CS by device type. Stratification by states or
regions was not examined, due to annual variation in sampling of

hospitals within states prior to 2012 in the NIS.

STATISTICAL ANALYSIS

We evaluated rates of MCS use over the study period overall and
stratified by type of device and comorbid discharge diagnoses.
Patient characteristics by MCS receipt were compared via t-tests
and chi-square tests. The Mantel-Haenszel trend test was used to
assess temporal trends in MCS utilisation by device type. Total
direct hospitalisation costs were determined in 2014 US dollars,
stratified by type of therapy, using the HCUP cost-to-charge ratio.
A multivariable marginal model, accounting for the complex sam-
pling design in the NIS, was used to determine predictors of in-
hospital mortality in MCS recipients using all available variables
and a logit link. All analyses were carried out with SAS version 9.4
(SAS Institute Inc., Cary, NC, USA) at a two-tailed p-value <0.05.

Results

OVERALL RESULTS

A total of 183,516 hospitalisations (906,382 weighted to national
estimates) with CS were included, of which 47,636 (235,048
[25.9%] weighted) received MCS (Table 1). MCS recipients were
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younger and less frequently female. More than two thirds (71.6%)
of MCS recipients had a diagnosis of MI versus fewer than half
(42.9%) of non-recipients (p<0.0001). Among comorbid diagno-
ses evaluated, rates of MCS use were highest for STEMI (49.6%)
followed by myocarditis (41.0%), NSTEMI (26.9%), infective
endocarditis (18.7%), hypertrophic cardiomyopathy (17.8%) and
pulmonary embolism (12.1%). Most (68.1-73.3%) CS hospitali-
sations occurred at large hospitals regardless of MCS receipt.
The frequency of hospitalisations for CS increased by 214.4%
(11,421 to 24,489), disproportionate to MCS use (3,193 to 5,110
[160.0%]). Correspondingly, MCS as a proportion of CS hospitali-
sation declined starting in 2008 (29.5% to 20.9%).

TYPE OF DEVICE

IABP was the most commonly used device (91.3% of MCS), fol-
lowed by ND-MCS (5.4%), ECMO (3.2%) and PCPS (0.1%)
(Table 2). While the overall number of devices increased across
all categories (Figure 1), relative IABP utilisation declined as
a proportion of overall MCS use (Figure 2), starting in 2008, con-
comitant with a rise in other MCS use (ND-MCS, IABP, ECMO:
p-value for trend <0.0001; PCPS: p-value for trend=0.2035).
Growth of MCS was highest for ECMO (1,421.4%), followed
by ND-MCS (1,229.2%), PCPS (216.7%), and TABP (140.5%).
Within the ND-MCS category, rates of increase were highest for
percutaneous devices (5,830.0%) versus non-percutaneous devices

Table 1. Characteristics of cardiogenic shock patients by receipt
of MCS.

Received Did not
receive MCS

Variable MCS
(N=417,636) | (N=135,880)

Age, years, mean (SD) 65.2+13.1 68.9+14.7

Female sex, n (%) 15,901 (33.4) | 58,467 (43.0)
Coronary artery disease, n (%) 31,282 (65.7) | 57,800 (42.5)
Receipt of PCI, n (%) 24,243 (50.9) | 16,829 (12.4)
Receipt of CABG, n (%) 13,032 (27.4) | 9,777 (7.2)

Total revascularisation, n (%) 37,275 (78.2) | 26,606 (19.6)
Receipt of haemodialysis, n (%) 3,378(7.1) | 14,287 (10.5)
Chronic kidney disease, n (%) 7,888 (16.6) | 36,889 (27.2)
Atrial fibrillation, n (%) 12,990 (27.3) | 45,264 (33.3)
Diabetes mellitus, n (%) 14,113 (29.6) | 40,628 (29.9)
Heart failure, n (%) 26,390 (55.4) | 74,957 (55.2)
Receipt of mechanical ventilation, n (%) 23,959 (50.3) | 72,489 (53.4)
Multi-organ system failure, n (%) 4,082 (8.6) | 24,897 (18.3)
Prior stroke, n (%) 2,376 (5.0) 9,267 (6.8)

Chronic obstructive pulmonary disease, n (%) 9,283 (19.5) | 34,243 (25.2)
Acute kidney injury, n (%) 19,950 (41.9) | 65,586 (48.3)

Peripheral arterial disease, n (%) 2,905 (6.1) 10,492 (7.7)
Hospital bed size, n (%)
Small (<300 beds) 3,189 (6.7) | 12,984 (9.6)

Medium (300-499 beds) 9,479 (20.0) | 30,164 (22.3)
1300009 Non-percutaneous Large (>500 beds) 34,805 (73.3) | 92,147 (68.1)
120,000 —— Percutaneous e — - - - -
oood — IABP - Comorbid discharge diagnosis of cardiogenic shock, n (%)?
W00 —— ECMO K4
» {—— PCPS . - Non-ST-elevation MI (N=51,654; MCS rate 26.9%)| 13,920 (29.2) | 37,734 (27.8)
S 100,009~ Gardiac arrest, MCS S
= 90,000 Cardiac arrest, no MCS e ST-elevation MI (N=40,798; MCS rate 49.6%) 20,231 (42.4) | 20,567 (15.1)
2 50,000 Cardiogenic shock = - —
% ' P Myocarditis (N=781; MCS rate 41.0%) 320(0.7) 461 (0.3)
@ 70,000 - -
2 60,0004 e - Pulmonary embolism (N=5,294; MCS rate 12.1%) | 639 (1.3) 4,655 (3.4)
S P e -
& 50,000 Hypertrophic cardiomyopathy
£ ol (N=192; NCS rate 17.6%) il
= 30,000 Infective endocarditis (N=2,105; MCS rate 18.7%)| 393 (0.8) 1,712 (1.3)
w0 - — Year of evaluation Total, n (%)
10,000
i i et 2004 11421(6.2) | 3,193(27.9) | 8,228 (72.0)
2000 2005 2006 2007 2008 \%g'oagr 00 201 2012 2013 2014 2005 11519(63) | 3452(300) | 8,067 (70.0)
2006 13,084 (7.1) | 3,952(30.2) | 9,132 (69.8)
Figure 1. National estimates of the utilisation of mechanical 2007 12,980 (7.1) | 3,758(29.0) | 9,222 (71.0)
circulatory support devices in individuals with cardiogenic shock, 2008 14883 (8.1) | 4388(295) | 10495 (705)
stratified by devic 2004-2014. Numbers are weighted at t
stratified by fieVl.Le Q}pe, 4 4' um €I.S‘ are wezgi‘e. a'l he 2009 16,720 (9.1) | 4,811(28.8) | 11,909 (71.2)
level of hospitalisation to reflect national estimates of utilisation.
Cardiac arrest, MCS: rates of cardiac arrest in individuals receiving 2010 16,742(8.1) 4470(26.7) | 12212 (73.3)
MCS; Cardiac arrest, no MCS: rates of cardiac arrest in individuals 2011 20,837 (11.4) | 5,209 (25.0) | 15,628 (75.0)
not receiving MCS; ECMO: centrally cannulated extracorporeal 2012 19,583 (10.7) | 4,669 (23.8) | 14,914 (76.2)
membrane oxygenation; IABP: intra-aortic balloon pump,; Non- 2013 21258 (11.6) | 4,624 (21.8) | 16,634 (78.2)
percutaneous. non-percutaneously implanted non-durable 2014 24489 (133) | 5.110(20.9) | 19,379 (79.1)

mechanical circulatory support device; PCPS: peripherally
cannulated extracorporeal membrane oxygenation;
Percutaneous: percutaneously implanted non-durable mechanical
circulatory support device

2Percentages represent proportion of MCS or non-MCS hospitalisations with comorbid
discharge diagnosis. All p-values for comparisons less than 0.0001 except diabetes
mellitus (p=0.0794) and hypertrophic cardiomyopathy (p=0.0083). MCS: mechanical
circulatory support
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Table 2. Rates of MCS use and type of device used in National Inpatient Sample.

Type of device used
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Year of evaluation ND-MCS ND-MCS
(percutaneous) | (non-percutaneous)
Total, N (%) 1,990 (4.1%) 716 (1.4%) 45,188 (91.2%) |1,568 (3.2%) 71 (0.1%)
2004 (N=3,231 [6.5%]) 1 (0.0%) 47 (1.4%) 3,149 (97.5%) 28 (0.9%) 6 (0.2%)
2005 (N=3,504 [7.1%]) 9 (0.2%) 45 (1.3%) 3,423 (97.7%) 24 (0.7%) 3(0.1%)
2006 (N=3,998 [8.0%]) 11 (0.3%) 51 (1.3%) 3,913 (97.9%) 19 (0.5%) 4 (0.1%)
2007 (N=3,815[7.7%]) 16 (0.4%) 49 (1.3%) 3,717 (97.4%) 30 (0.8%) 3 (0.1%)
2008 (N=4,483 [9.0%]) 37 (0.8%) 86 (2.0%) 4,282 (95.5%) 69 (1.5%) 9 (0.2%)
2009 (N=4,972 [10.4%]) 93 (1.9%) 94 (1.9%) 4,660 (93.7%) 120 (2.4%) 5(0.1%)
2010 (N=4,648 [9.4%]) 139 (3.0%) 70 (1.5%) 4,306 (92.5%) 129 (2.9%) 4 (0.1%)
2011 (N=5,508[11.1%]) 280 (5.1%) 93 (1.7%) 4,930 (89.5%) 202 (3.7%) 3(0.1%)
2012 (N=4,955[10.0%]) 371 (7.5%) 65 (1.3%) 4,260 (86.0%) 251 (5.0%) 8 (0.2%)
2013 (N=4,933 [10.0%]) 450 (9.1%) 55 (1.2%) 4,123 (83.6%) 298 (6.0%) 7 (0.1%)
2014 (N=5,486[11.0%]) 583 (10.6%) 61 (1.1%) 4,425 (80.7%) 398 (7.3%) 19 (0.3%)
Rate of increase, n (%) 582 (5,830.0%) 14 (129.8%) 1,276 (140.5%)| 370(1,421.4%)| 13 (216.7%)

Comorbid diagnosis associated ND-MCS ND-MCS

with cardiogenic shock, n (%)? (percutaneous) | (non-percutaneous)

Non-ST-elevation MI (N=14,342) 616 (4.3%) 119 (0.8%) 13,326 (92.9%) 271 (1.9%) 10 (0.1%)
ST-elevation MI (N=20,810) 671 (3.2%) 198 (0.9%) 19,657 (94.0%) 267 (1.3%) 17 (0.1%)
Myocarditis (N=363) 42 (11.6%) 26 (7.2%) 243 (66.9%) 52 (14.3%) 0 (0%)
Pulmonary embolism (N=685) 29 (4.2%) 20 (3.0%) 528 (77.0%) 106 (15.5%) 2 (0.3%)
Hypertrophic cardiomyopathy (N=38) 2 (5.2%) 2 (5.2%) 28 (73.8%) 6 (15.8%) 0 (0%)
Infective endocarditis (N=430) 6 (1.4%) 17 (3.9%) 362 (84.2%) 45 (10.5%) 0 (0%)

2Percentages represent proportion of patients with comorbid diagnosis and cardiogenic shock with type of device. All p-values for trend test for device

type by year less than 0.0001 except PCPS (p for trend=0.2035). ECMO: extracorporeal membrane oxygenation; IABP: intra-aortic balloon pump;
ND-MCS: non-durable mechanical circulatory support; PCPS: percutaneous cardiopulmonary support
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Figure 2. Proportion of cardiogenic shock hospitalisations receiving
mechanical circulatory support by device type, 2004-2014.

ECMO: centrally cannulated extracorporeal membrane
oxygenation, IABP: intra-aortic balloon pump; Non-

percutaneous: non-percutaneously implanted non-durable
mechanical circulatory support device;

Percutaneous: percutaneously implanted non-durable mechanical
circulatory support device; PCPS: peripherally cannulated
extracorporeal membrane oxygenation

(129.8%). IABP was the most commonly used device in MI,
utilised in 92.9% of CS with concomitant non-ST-elevation MI
(NSTEMI) diagnosis and 94.0% with STEMI. NSTEMI (ICD-
9-CM 410.71) represented the most common discharge diagno-
sis associated with MCS (18.9% of hospitalisations using IABP,
17.3% using ND-MCS, 7.5% using ECMO, and 2.8% using
PCPS) (Supplementary Table 3).

UNADJUSTED OUTCOMES

Rates of concomitant cardiac procedures were higher in MCS
recipients (Table 3), with half (50.9%) receiving PCI and one
quarter (27.4%) receiving CABG. Right heart catheterisation
rates were low (MCS vs. non-MCS 5.9% vs. 3.3%; p<0.0001).
Cardiac arrest (21.1%) and major bleeding (14.9%) were more
common in MCS recipients. There were no significant differences
in rates of stroke between MCS (3.2%) and non-MCS recipients
(3.1%; p=0.77). There were 15,558 in-hospital deaths in the MCS
group versus 56,428 in the non-MCS group (in-hospital mortal-
ity 32.7% vs. 41.5%, respectively; p<0.0001). In-hospital mor-
tality declined in both groups from a peak of 37.6% in 2004 for
MCS recipients and 52.1% for non-MCS recipients to 33.5% and
38.9% in 2014 for MCS vs. non-MCS recipients, respectively
(Supplementary Figure 1).
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ADJUSTED OUTCOMES

Multivariable predictors of in-hospital mortality in the subgroup
receiving MCS are presented in Supplementary Figure 2. Age was
associated with a 35% increase in odds of in-hospital mortality
per decade (adjusted odds ratio [AOR] 1.35, 95% CI: 1.32-1.37,
p<0.0001). Female gender was associated with a 15% increase
in odds for in-hospital mortality (AOR 1.15, 95% CI: 1.10-1.20,
p<0.0001). The highest risk conditions were cardiac arrest (AOR
2.05, 95% CI: 1.94-2.16, p<0.0001) and receipt of mechani-
cal ventilation (AOR 1.89, 95% CI: 1.80-2.00, p<0.0001). The
adjusted odds of in-hospital mortality for patients receiving MCS
(using year 2004 as reference) declined until 2008 and were con-
stant thereafter (Supplementary Figure 3).

COSTS OF HOSPITALISATION

Overall direct hospitalisation costs for MCS patients were
$23,530 higher (MCS vs. non-MCS median [IQR] cost in 2014
US dollars: $48,059 [29,148-79,722] vs. $24,529 [11,811-
48,098]; p<0.0001) (Table 3). This relationship remained con-
stant over the study period.

Table 3. Outcomes of cardiogenic shock patients by receipt of MCS.
Received MCS | Did not receive MCS

Outcome

(N=47,636)
48,059

(N=135,880)

Direct hospital costs ($), 24,529

median (IQR)

(29,148-79,722)

(11,811-48,098)

In-hospital mortality, n (%)

15,558 (32.7%)

56,428 (41.5%)

Cardiac arrest, n (%)

10,053 (21.1%)

24,959 (18.4%)

Major bleeding, n (%)

7,081 (14.9%)

15,814 (11.6%)

Cerebrovascular accident,
n (%)

Coronary angiography

1,499 (3.2%)

38,647 (81.1%)

4,239 (3.1%)

Receipt of procedure, n (%)

35,885 (26.4%)

PCI

24,243 (50.9%)

16,829 (12.4%)

CABG

13,032 (27.4%)

9,777 (7.2%)

Total revascularisation

37,275 (78.2%)

26,606 (19.6%)

Left heart catheterisation

25,776 (54.0%)

23,024 (16.9%)

Right heart catheterisation

2,815 (5.9%)

4,419 (3.3%)

intervention

All p-values for comparisons <0.0001. IQR: interquartile range;
MCS: mechanical circulatory support; PCl: percutaneous coronary

Discussion

Despite rising rates of hospitalisation for CS, recent national
trends in MCS use have not been evaluated. Our study demon-
strates that CS hospitalisations increased faster than MCS uti-
lisation. Additionally, there was a decline in IABP use relative
to other forms of MCS starting in 2008. Over two thirds of
MCS recipients had a concomitant diagnosis of MI. Procedures
were more common in MCS recipients, though rates of right
heart catheterisation remained under 6%, regardless of ther-
apy. Hospitalisation costs were greater for MCS recipients and

remained stable. In-hospital mortality for CS declined over the
study period, with greater declines in MCS recipients, remaining
above 30%.

These data suggest that physicians may be using MCS less
frequently in CS, or that CS admissions are increasing faster
than the current capacity to place MCS devices. Additionally,
physicians are increasingly selecting ND-MCS, particularly
percutaneous devices, and ECMO in lieu of IABP. The observed
relative decline in utilisation may reflect growing uncertainty
about the importance of IABP in CS, given the publication of
multiple trials from 2007-2012 suggesting the lack of efficacy
of IABP in patients presenting with MI complicated by CS'#2,
As a result, the 2017 European Society of Cardiology guide-
lines for management of patients with acute myocardial infarc-
tion (AMI) downgraded TABP use to class III for use in CS?'.
Regardless, it remained the most common MCS device, with
usage rates nearly sevenfold higher than the next most common
device. While the majority of CS hospitalisations were man-
aged at large hospitals, it remains unclear whether the observed
relative decline in utilisation of MCS is due to a hospital’s
inability to offer MCS to individuals presenting with CS. This
merits further research.

Second, while safety and efficacy have been demonstrated pre-
viously for multiple aetiologies®?, utilisation of MCS for CS
outside of MI was less common, with rates of use of 41.0% in
myocarditis and 12.1% in pulmonary embolism complicated by
shock. The Extracorporeal Life Support Organization (ELSO)
multicentre registry has reported survival to hospital discharge as
high as 67% in myocarditis patients receiving ECMO, suggest-
ing an expanded role for ECMO in short-term support?*?’. Data
are more limited to support its use in pulmonary embolism®.
The infrequent utilisation of MCS in these settings may suggest
an opportunity to improve upon the haemodynamic support of
patients with non-MI conditions and shock, though optimal use
needs to be further defined.

Third, MCS recipients had lower rates of comorbidities and
more frequently received cardiac procedures. While this find-
ing may reflect an appropriate response to the perceived futility
of such interventions for the highest acuity patients, it suggests
that MCS patients receive more aggressive care overall as part
of a “procedural bundle”. Thus, the lower in-hospital mortal-
ity seen in MCS patients may not only reflect the underlying
selection of healthier patients for more aggressive treatment but
also the impact of other interventions. Hospitalisation costs were
$23,530 higher in MCS recipients, which may reflect differences
in patient and hospital characteristics, the costs of the MCS
device, and concomitant interventions. Of note, right heart cath-
eterisation was uncommon with overall rates <6%. This finding
may possibly reflect emergent MCS implantation or scepticism
about the role of right heart catheterisation®**!. Whether more
routine use of right heart catheterisation in this setting would
improve overall shock outcomes is unknown and warrants fur-

ther evaluation.



Fourth, despite improvements in CS care>*, survival remains
very low, with over 30% of patients dying prior to discharge
regardless of receipt of MCS. While in-hospital mortality declined
in both MCS and non-MCS recipients, survival plateaued after
2008. The proportional decrease in mortality over this time period
may be due to secular trends in the management of cardiogenic
shock patients. The high and stable mortality in this population,
regardless of receipt of MCS, reflects the acuity of this condition
and suggests the urgent need for new management strategies.

Limitations

There are several limitations of the current study. First, the study
is retrospective and included a limited number of variables, which
are probably related, and causality cannot be inferred. Second,
the timing of MCS relative to other diagnoses noted on discharge
cannot be discerned. Third, inaccuracies in coding may reduce
precision and interpretation of the results. Fourth, as the hospi-
tals sampled in the NIS differ annually, no hospital level compari-
sons could be made across years and may not fully reflect national
trends. Lastly, as costs were derived from hospital charges, they
may not represent the total direct or induced costs or cost-effec-
tiveness of MCS therapy.

Conclusions

Despite improvements in survival for CS over time, in-hos-
pital mortality remains high. Relative utilisation of IABP has
declined since 2008, though continues to increase in volume.
Hospitalisations for CS have outpaced increases in overall MCS
use. MCS use remains uncommon outside of MI presentations and
is associated with an overall increase in the rates of concomitant
procedures and costs during hospitalisation for CS.

Impact on daily practice

Rates of cardiogenic shock have outpaced MCS utilisation.
MCS use remains uncommon outside myocardial infarction
with high mortality (32.7%) and high utilisation of other

procedures.
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Supplementary data

Supplementary Table 1. Administrative codes used to define exposures, major covariates, and

outcomes.
Variable name ICD-9-CM code
ND-MCS
Percutaneous | 37.68
Non-percutaneous | 37.60
IABP 37.61
ECMO 39.65
PCPS 39.66

Coronary angiography

37.21, 37.22, 37.23, 88.52, 88.53, 88.54, 88.55,
88.56, 88.57

PCI 00.66, 17.55, 36.01, 36.02, 36.05, 36.06, 36.07
CABG 36.10-36.17, 36.19

Left heart catheterisation 37.22

Right heart catheterisation 37.21

Cardiac arrest 427.5

Major bleeding

998.11, 998.12, 530.82, 531.37, 531.0-537.0,
562.0, 578.X, 599.7, 430.X, 431.X, 432.0, and
432.9

Cerebrovascular accident

433.X1, 434.X1, and 436.0

Non-ST-elevation Ml

410.71 and 410.91

ST-elevation Ml

410.11-410.61 and 410.81

Myocarditis

429.0, 422.90, and 422.91

Pulmonary embolism

415.1X

Hypertrophic cardiomyopathy

425.11

Infective endocarditis

421.0,421.1,421.9




Supplementary Table 2. Comorbid conditions adjusted for in the regression model and

representative administrative codes.

Variable name

ICD-9 code

Coronary artery disease

414.01, 414.3-4, 434.06, 410.X

Receipt of PCI

00.66, 17.55, 36.01, 36.02, 36.05, 36.06, and
36.07

Receipt of CABG

36.10-36.17, 36.19

Receipt of haemodialysis

39.95

History of chronic kidney disease

585.1-5, 585.6, 585.81, 585.9, 403.9

Atrial fibrillation

427.31-32

Diabetes mellitus

250.X

Heart failure

402.01, 402.11, 402.91, 404.01, 404.03, 404.13,
404.91, 404.93, 428.0, 428.1, 428.2X, 428.3X,
428.4X

Receipt of mechanical ventilation

96.7X, 96.04

Multi-organ system failure

995.92

Prior stroke or TIA

V12.54, V15.52, 438.0-9, 434.11, 434.91, 435.9X,
434.01, 437.1-2,997.02, 432.9, 348.89, 437.9

Chronic obstructive pulmonary disease

490-492.8, 493.00-493.92, 494-494.1, 495.0-505,
506.4

Acute kidney injury

584.5-584.9

Peripheral arterial disease

443.9, 250.7, 443.81, 440.2X

NSTEMI 410.71 and 410.91
ST-elevation Ml 410.11-410.61, and 410.81
Myocarditis 429.0, 422.90, and 422.91
Pulmonary embolism 415.1X

Hypertrophic cardiomyopathy 425.11

Infective endocarditis

421.0,421.1, 4219




Supplementary Table 3. Top ten primary discharge diagnoses in hospitalisations involving

mechanical circulatory support and cardiogenic shock by device type.

Diagnosis (ICD-9-CM code)

Frequency (%)

Diagnosis (ICD-9-CM code)

Diagnosis (ICD-9-CM code) Frequency (%) | Diagnosis (ICD-9-CM code) Frequency (%)
1 Non-ST-elevation MI (410.71) | 462 (17.3%) Non-ST-elevation MI (410.71) 8,561 (18.9%)
2 Acute anterior MI (410.11) 400 (15.0%) Acute anterior MI (410.11) 8,177 (18.1%)
3 Atherosclerosis of coronary 180 (6.7%) Acute inferior MI (410.41) 5,613 (12.4%)
arteries (414.01)
4 Acute inferior Ml (410.41) 179 (6.7%) Atherosclerosis of coronary arteries 3,089 (6.8%)
(414.01)
5 Acute anterolateral M1 (410.01) | 143 (5.3%) Acute anterolateral M1 (410.01) 2,845 (6.3%)
6 Acute on chronic systolic HF 101 (3.8%) Acute MI, unspecified site (410.91) 1,932 (4.3%)
(428.23)
7 Acute MI, unspecified site 92 (3.4%) Acute inferolateral Ml (410.21) 1,279 (2.8%)
(410.92)
8 Ventricular tachycardia (427.1) | 75 (2.8%) Acute inferoposterior M1 (410.31) 1,106 (2.4%)
9 Heart failure, unspecified 73 (2.7%) Heart failure, unspecified (428.0) 888 (2.0%)
(428.0)
10 Aortic valve disorders (424.1) 71 (2.7%) Aortic valve disorders (424.1) 789 (1.7%)

Frequency (%)

arteries (414.01)

1 Non-ST-elevation Ml (410.71) | 117 (7.5%) Aortic valve disorders (424.1) 11 (15.5%)

2 Acute anterior M1 (410.11) 104 (6.6%) Atherosclerosis of coronary arteries 9 (12.7%)
(414.01)

3 Aortic valve disorders (424.1) 83 (5.3%) Acute anterior MI (410.11) 8 (11.3%)

4 Acute inferior MI (410.41) 65 (4.1%) Mitral valve disorders (424.0) 4 (5.6%)

5 Atherosclerosis of coronary 65 (4.1%) Dissection of aorta, thoracic (441.01) 3 (4.2%)




6 Acute on chronic systolic HF 51 (3.3%) Acute anterolateral M1 (410.01) 2 (2.8%)
(428.23)

7 Septicaemia, unspecified 47 (3.0%) Acute inferior MI (410.41) 2 (2.8%)
(038.9)

8 Heart failure, unspecified 46 (2.9%) Non-ST-elevation Ml (410.71) 2 (2.8%)
(428.0)

9 Complications of transplanted 46 (2.9%) Acute MI, not elsewhere classified 2 (2.8%)
heart (996.83) (410.81)

10 Acute respiratory failure 41 (2.6%) Pulmonary embolism (415.19) 2 (2.8%)
(518.81)

ECMO: centrally cannulated extracorporeal membrane oxygenation; IABP: intra-aortic balloon pump;
ICD-9-CM: International Classification of Diseases, Ninth Revision, Clinical Modification; ND-MCS:
non-durable mechanical circulatory support device; PCPS: peripherally cannulated extracorporeal

membrane oxygenation




Supplementary Figure 1. Proportion of hospitalisations resulting in death by receipt of mechanical

circulatory support, 2004-2014.
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Supplementary Figure 2. Multivariable predictors of in-hospital mortality in subgroup receiving

mechanical circulatory support.
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Supplementary Figure 3. Adjusted odds ratio for likelihood of in-hospital mortality by year in patients

receiving mechanical circulatory support.
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Blue line: adjusted odds ratio estimates with 2004 as the comparison year.
Grey lines: lower and upper 95% confidence limits. Year treated as categorical variable in model.



