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INTRODUCTION
Cardiogenic shock (CS) is a low-cardiac-output
state characterized by life-threatening end-or-
gan hypoperfusion and hypoxia. Myocardial
infarction (MI) with left ventricular failure
remains one of the most frequent causes of CS
[1]. The widespread implementation of early
revascularization has decreased mortality
from the previous 70%-80% to 40%-50%
[2, 3]. Despite significant advances in per-
cutaneous coronary interventions (PCl) and
mechanical circulatory support (MCS) tech-
niques, outcomes for patients with Ml com-
plicated by CS (MI-CS) remain unsatisfactory.
Although some data suggest that treatment
outcomes in this population have improved
in recent years [4, 5], many authors highlight
that in-hospital mortality of CS complicating

Ml has remained unchanged [2, 3]. Moreover,
some recent registries have even shown an
increase in mortality rates, which may be
a consequence of the aging patient popula-
tion and increasing risk profiles of CS patients
[6,7]. There is a paucity of comprehensive data
concerning changes in treatment strategies
and outcomes for all-comer MI-CS patients
in recent years.

Therefore, we aimed to analyze the recent
trends in the mortality of patients hospitalized
with a diagnosis of MI-CS, as recorded in the
Silesian Cardiovascular Database (SILCARD).

MATERIAL AND METHODS
General information in the SILCARD database
(ClinicalTrials.gov identifier, NCT02743533)
was described previously [8]. In brief, the SIL-
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CARD database was created under an agreement between
the Silesian Center for Heart Diseases in Zabrze and the
Silesian branch of the National Health Fund (NHF), the only
health provider in Poland supplying data from patients
with cardiovascular diseases. It contains records from all
hospitals (n = 310) in the Silesian Province, a highly indus-
trialized administrative region in Poland with a population
of 4.4 million (11.6% of Poland’s total population).

The Silesian Province provides a well-developed
hospital network with two tertiary cardiology hospitals,
three cardiac surgery departments, and 20 catheterization
laboratories. The NHF supplied the database with all data
from 2006. The inclusion criteria were as follows: each
hospitalization in the departments of cardiology, cardiac
surgery, vascular surgery, or diabetology, and hospitaliza-
tion with a cardiovascular diagnosis in the department of
intensive care or internal medicine. The exclusion criteria
were hospitalization of patients younger than 18 years on
admission or patients living outside of the Silesian Province.

The analysis included all patients from the SILCARD da-
tabase hospitalized between 2006 and 202 1with a principal
diagnosis of CS (R57.0 code according to the International
Classification of Diseases, 10" Revision [ICD-10] and MI
diagnosis [I121-122 code according to ICD-10]). Medical
procedures were defined by the ICD-9 classification. The
disease diagnoses involved in the table were based on
data submitted to the NHF. It should be assumed that heart
failure included patients diagnosed both before and during
hospitalization, without differentiation into reduced, mildly
reduced, or preserved ejection fraction types.

The clinical characteristics, management, in-hospital,
and one-year mortality were analyzed as trends across the
years. Both all-cause mortality data and medical procedures
during 1-year follow-up were obtained from the NHF re-
cords. Vital status at 12 months after MI-CS was available
for all patients.

Statistical analysis

Continuous variables were presented as means with
standard deviations or medians with interquartile ranges,
and categorical variables as counts and percentages. The
significance of the time trends in the studied years was
calculated using ANOVA with linear trend contrasts set
for age, the Jonckheere-Terpstra trend test for in-hospi-
tal stay, and the Cochran-Armitage test for categorical
variables. The significance of the difference between the
two groups was assessed using the t-test or the ¥ test,
depending on the type of data. TIBCO Software Inc. (2017)
Statistica (data analysis software system), version 13.3, was
used for all calculations.

RESULTS AND DISCUSSION
The analysis involved 7628 residents of the Silesian Province
hospitalized with a diagnosis of CS from January 1, 2006,
to December 31, 2021. Trends in patient characteristics,
in-hospital, and 12-month outcomes are presented in
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Table 1.There was a significant decrease in the percentage
of patients with CS complicating ST-segment elevation Ml
(P <0.001) and the use of MCS with intra-aortic balloon
pump (P <0.001) over the years 2006-2021. Despite an
increase in the frequency of coronary angiography and
percutaneous revascularization procedures, there were
no significant changes in in-hospital and 1-year mortality
trends. At the same time, there were increasing trends in
the occurrence of hypertension and diabetes, as well as
in the presence of co-existing comorbidities and previ-
ous revascularization procedures. Although a significant
increasing trend was found in the percentage of patients
undergoing rehabilitation after MI-CS (P <0.001), the rate
remained relatively low.

Our analysis found no significant changes in in-hospital
mortality trends in MI-CS patients treated in the Silesian
Province from 2006 to 2021. Although such results may
seem disappointing, it is necessary to emphasize the
increasing trends in the incidence of co-existing comor-
bidities in MI-CS patients, including heart failure, diabetes,
previous Mls, strokes, and renal failure. Theoretically, these
factors should lead to an increased mortality rate in the
analyzed period. The growing availability of PCl procedures
and advancements in CS treatment may have prevented
an increase in the mortality rate.

There are few data assessing trends in in-hospital mor-
tality in the population of CS patients in recent years [4, 5].
Osman et al. [4] showed a reduction in in-hospital mortality
in American MI-CS patients from 44% in 2004 to 35% in
2018 (P trend <0.001). In the analysis of 441 696 patients
with CS treated in Germany between 2005 and 2017, the
in-hospital mortality rate remained around 60%. There was
a trend towards lower mortality in patients with MI-CS,
without clear improvements in patients without Ml [5].
Generally, the unsatisfactory outcomes of MI-CS treatment
have not substantially changed in the past 25 years [1-3,
6,9,10].

The only available method of treatment in this group
of patients with confirmed clinical efficacy is early revascu-
larization [9]. We found an increase in the frequency of PCl
procedures with a much lower and stable percentage of
patients undergoing coronary artery bypass grafting. This
may be surprising if we assume that a certain proportion
of patients may have had multivessel coronary artery dis-
ease. In another study from the SILCARD database, MI-CS
patients undergoing coronary artery bypass grafting had
lower in-hospital mortality than those undergoing PCI
[11]. In our analysis, the use of intra-aortic balloon pumps
decreased significantly over the years, and the use of ex-
tracorporeal membrane oxygenation remained marginal.
In the mentioned earlier German analysis, the more fre-
quent use of extracorporeal membrane oxygenation and
other percutaneous MCS techniques did not significantly
improve treatment results [5].

The treatment of patients with MI complicated by CS
remains a problem requiring not only therapeutic but also

1143



POLISH HEART JOURNAL

uo[12Je4ul |eIPIedOAW UOIIRAR|D JUBWHIS-1S ‘IINTLS ‘UOIRIASP plepue)s ‘gs ‘@seasip Jeinasea [esayduad ‘gAd ‘UuonuaAIaiul A1euoiod snoauendiad ‘|Dd ‘uondiejul
|e1pieD0AW UOIIBASID | S-UOU ‘IWILSN ‘Uomdiejul [elpiedokw ‘| ‘Dbuel ajinsenbiaiul ‘Yo ‘Buiseassul “oul ‘dwnd uoojjeq d11ioe-enul dgy| ‘uoneusbAxo sueiquiaw [eaiodiodesxa ‘O3 ‘buiseanap “ap ‘Bunjeib ssedAq L191ie A1euoiod ‘DgyD :suoneiraiqqy

(z'eL) (L'v2) (§'2L) (6°02) (922) (6'92) (£'69) (L) (£°02) (£°02) (9'89) (9°€2) (£'69) (T¥L) (€'62) (€'12) (€22) (%) u
9€°0 86¢ 8¢ce ove 0S¢ L€ (343 [z€ 19¢ €s¢ 88¢ 65€ 13 L0g €le Ls€ €/€ €1SS ‘Aujeriow seak-|
#'LL) el) (9°£1) (#L1) (erL) (6'6) (0€l) (sol) (8'€l) (Lee) (L) (8'8) (zol) (z°o1) (€ol1) (LoL) (zel)
100°0> Va4 19 ¥8 98 €L 124 L9 43 69 L9 85 (04 124 St 8k 9 626 (%) u ‘uoneyjiqeyay
Syiuow | je sswodinQ
(#'59) (#'59) (8'%9) (8'€9) (1'99) (0°02) (€'€9) (§'59) (£'19) (£'29) (L'€9) (€'59) (#'09) (1°£9) (#'02) (#'59) (0'59) (%) u
€70 0Lt 86¢ 60€ SlLe 8€€ 43 16T 143 80€ e o€e 16T L9z €8¢ 8ze we §S61 ‘Aujeriow jendsoy-uj
(T'Ly) ('2s) (5°09) (9'61) (z€9) (0'19) (9'89) (€'19) (6°£9) (9'7S) (+'99) (6'99) (6'7b) (8'2S) (1'99) (€729) (§'59) (%) u
L00°0> S6l 6€C (874 944 Va4 e S/T z0¢ 68¢ 00€ S6C 65¢ 61 [ X44 80¢ oze 3247 ‘Adesayy K1ojeaidsay
1000> (zo) L ()8 (6'1)6 oz (000 (g8 (90) € (zo) L (zo) L (zo) L (zo L (zo) L (000 (so)¢ (000 (000 (5'0) 8¢ (%) u‘OWD3
(6'£1) (6'12) (s61) ¥6l) (6°02) (L'€Q) (LL1) (€%2) [t474] (zee) ('s€) (L'ze) (§'52) (9v2) (L'12) (022 (L'v2)
100°0> v/ 00l €6 96 L01 €0l €8 ozL Lzl LL1 S8l opL oLl ¥0l Lot SLL Se8l (%) u dgvi
500 (VYA (gL (1OsL  we Ll (LovL (999l (A 90€eL (oLl (€98l (€941 (D€L (6'1)8 (80 L €9 (16 (970661 (%) U 'Dgvd
(£'¥8) ('¥8) (0°€8) (€'82) (6'92) (6'84) (9'£2) (6'52) (£°€L) (€'92) (9t2L) ('%9) (L°£9) (6°09) (9th) [(6¥37] (6°02)
100°0> 0S¢ <8¢ 96¢ 18€ €6¢€ 43 ¥9€ 243 89¢ 6Ly 06€ €6C 062 14 80¢ 144 607S (%) u'1Dd
(0°¢6) (2'16) (L'e6) (€'68) (9'88) (0'68) (1's8) (z's8) (9°£8) (£'%8) (£'€8) (€'92) (z'92) (5'69) (£'£85) (6'75) (0'18) (%) u ‘Aydesb
1000> ¥8€ 8Ly iy Lt €St L6€ 66€ (o144 LEY Sot 8¢cy LyE (743 K14 69¢C £8¢ 619 -o1bue K1euoiod
s9W021IN0 |eydsoy-u|
100°0> (£8)9e  (66)Sr  (LAOveE (€9)Le  (06)9r (€9)87 (ze)er (L'8ovy  (C9)Le (590 (BY)ST  (1'9€C 6’18 (er)sL (9oL 01§ (09657 (%) u ‘jou1s snolrdld
1000> (Lv)ZL Wyvor (8€)8L  (TeIl (816 eyl Syl 9oel (0oL (gL)oL (9 (Lrys (60) ¥ (s0)¢ (zo) L (000 (€799l (%) U ‘DgVyD snoirdld
(8'22) (£'12) (€'€2) (€T0) (6°02) (8'81) (€£1) (0'sL) (8's1) (£'s1) (TzL) 671) (90l) #'9) (6°€) (52 (z'sl)
1000> 76 66 LLL oLl L0L 8 18 L 6L 98 9 89 9 LT 8L €l oLl (%) U ‘IDd snoiadid
(¥'6l) (z'8l) (L'6L) (0£1) (891) (991) (8's1) (9s1) (8%L) (0'8L) (StL) (Vardqh) (Tel) (€'8) (¥'8) (z9) 9OvL)
1000> 08 €8 16 ¥8 98 v/ vl 7 v/ 66 o/ 85 15 19 6€ V4 vLLL (%) u ‘I snoinaid
('6b) (6°29) (8'81) (r'ov) (€'8p) (§'Lp) (0L9) (0tp) (Sep) [(332] (9'ty) (58¢€) (6'8€) (8'1€) [(449) (€02) (8'¢h)
1000> 02 R4 334 67¢ Va4 [4¥4 6€C L1T 11T R4 Y44 SLL 891 vEL LSL 901 LETE (%) u‘and
(2'6) oLy (o) (ol (9ol) (6'6) (ze) (6'9) (9'8) (z9) (1°2) '9) (59) (VA7) (a4l (VAD)] (8'2)
1000> ot €S 09 €5 S 24 a4 43 3% € 1€ 6C 8¢ 0z Ll 6 765 (%) u ‘ainjiey jeusy
(8'9€) (€'6€) (0'6€) (zee) (0°£€) (L'9€) (€°1¢€) (£'9¢€) (6'5€) (Ts€) (€'€¢€) [t433) (+'62) (§'22) (8'€2) (£°02) (0€€)
L00°0> 41 6L1 98l 9L 68l L9l yadh 181 6L1 €61 vLL LS1 V4 9Ll LLL 801 8Ls (%) u ‘ainjie) 1iesay
(091) (8's1) (6L) (0°€L) (LzL) (€rL) (zeL) (5'6) (90L) (reL) (L11) (¥'8) (T1) (z9) (§2) (62 (80L)
100°0> 99 [ 1L 9 29 9 LS Vg €S 89 19 8¢ L€ 44 13 Sl 9z8 (%) u ‘uone||uqy [eLay
(0'8€) (L'9%) (L'Lp) (L'1¥) (6'6€) (0'Lp) (6'9€) (6'7€) (£'9¢€) (#'9€) (0'5€) (8'87) (6'62) (6'62) (§'52) (z8l) (0's€)
1000> LS1 €L 961 €0 02 €81 €/1 (443 €81 00¢ €81 LEL 6Tl ozl 6L 56 £99T (%) u ‘s33qeIg
(€'€8) (z'28) (+'28) (€'82) (€62) (¥'64) (€'84) (6'92) (LTL) (0'52) (€'52) (0'12) (L'¥9) (z'69) (0°€9) (6°2€) (€'12)
1000> 1243 S/€ £6€ /8¢ Sov ¥S€ 19¢ 6L€ €9¢ iy ¥6€ 143 11T 0S¢ Vaz4 44 [4%443 (%) u ‘uoisuapiadAy
€000 (s19 (o)L (zo) L ®l6 (®6 (CaVpa (S (8°0) ¥ (CAA ©orL (oLl (o€l 618 #'1)9 (@s)ve (00 (T L9L (%) U'IN PaYAUSpPI-UON
(zee) (8'8¢€) (€'1p) (T'Le) (0'8€) (5'9¢) (8'8¢€) (£€€) (58€) ('ve) (9°0¢€) (T'62) (§'52) 6'%2) 6'12) (£'81) (92¢)
100°0> €€l LLL /61 ¥8l 6l €91 8l 991 61 68l 091 €€l oLl soL 70l 86 S8%C (%) U “IWILSN
(€'99) (0'19) (5'89) (6°09) (€°09) (6'19) [VA19) (§'59) (L°09) (0'€9) (€°£9) (6°£9) (£'TL) (L€L) (0°€2) (9°€2) (z'59)
L00°0> ¥L2C 8.¢ 6LT L0g 80¢ 9/t 08¢ 43 00€ ove [453 60€ YLE LLE ove s8¢ 9L6v (%) U"IWALS
(L'ev) (6'6€) (6'0) (€'6€) (Tep) (6'6€) (8'11) (£8€) (€'1p) (S'LY) (L'1v) (Cty) (Z'1p) (§'st) (8'h) (272%] (8'Lp)
8200 8/L [4:]! S6l 6l Lz 8/1 961 L6l 90z 744 8LT 6l 08l 4! 60¢ 424 z6le (%) U 'x3s 3jewa
oL-1) (LL1-2) (L1-2) (11-2) (0L-2) (01L-2) (6-1) (6-1) (0L-2) 6-2) (6-2) (0L-2) (01-2) (8-2) (6-1) (8-2) (6-2) (4OI) uelpaw
1000> v S S S S 14 14 14 14 14 S S 14 14 € € 14 ‘skep ‘Aeis |eydsoy-u
(€1L) (oLL) (€'LL) (9ol) toL) (€°1L) (€1L) (L11) (8'0L) 9LL) (S'1L) (€1L) (€°11) (eL) (81L) (S'LL) (€°1L)
1000> S0L S0L oLL UL €L 0L S0L 8'69 6'69 €0/ 669 €69 1'69 00. ¥'69 069 [4V4 (@s) ueaw ‘sieak ‘aby

onjeA-4 9sy=u | LLy=U | P6V=U LLS=uU [ o9pp=uU | 69 =U | €6V =U | 66V =U ceEp=u | Tev=u | 99y =u 8C¢9L=u sansi
‘s3s3} puaiy 0zoc 610¢C 8L0C £10¢T 910¢ SL0T rLoc €10¢C 600¢C 800¢C £00¢ |eloL -9jdeield sjuaijed

SSWODINO SYUOW 7| pue [eadsoy-ul ‘soasiaideleyd syuaned ul spual] *| ajqer

heart_journal

www.journals.viamedica.pl/polish

1144



Przemystaw Trzeciak et al, Temporal trends in in-hospital mortality of cardiogenic shock

logistical solutions. One of them might be direct transfer
of patients to specialized centers called Cardiac Shock
Centers. These centers should provide access not only to
catheterization laboratories but also to the highest level of
specialized care and cardiothoracic surgery [11-13]. A net-
work of such centers seems necessary in Poland [11, 12].

It should be noted that this study has some limita-
tions. First, the analyses included all-cause mortality. Sec-
ond, it is impossible to establish a causal relationship due
to the lack of multivariate analyses.
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