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Abstract

Background The presence of dedicated intensive care unit (ICU) physicians is associated with reduced ICU mortality.
However, the information available on the role of cardiac intensivists in cardiac ICUs (CICUs) is limited. Therefore, we
investigated the association of cardiac intensivist—directed care with clinical outcomes in adult patients admitted to
the CICU.

Methods In this retrospective study, we extracted data from the SMART-RESCUE registry, a multicenter, retrospective,
and prospective registry of patients presenting with cardiogenic shock. Overall, 1,247 patients with CS were enrolled,

between January 2014 and December 2018, from 12 tertiary centers in Korea. The patients were categorized into two
groups based on the involvement of a cardiac intensivist in their care. The primary outcome was in-hospital mortality
rate.

Results The all-cause mortality rate was 33.6%. The in-hospital mortality rate was lower (25.4%) in the cardiac
intensivist group than in the non-cardiac intensivist group (40.1%). Cardiac mortality rates were 20.5% and 35.4%

in the cardiac intensivist and non-cardiac intensivist groups, respectively. In patients undergoing extracorporeal
membrane oxygenation, the mortality rate at centers with cardiac intensivists was 38.0%, whereas that at centers
without cardiac intensivists was 62.2%. The dopamine use was lower, norepinephrine use was higher, and vasoactive-
inotropic score was lower in the cardiac intensivist group than in the non-cardiac intensivist group.

Conclusions Involvement of a cardiac intensivist in CICU patient care was associated with a reduction in in-hospital
mortality rate and the administration of a low dose of vasopressors and inotropes according to the cardiogenic shock
guidelines.
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Background

The mortality rate associated with acute myocardial
infarction is high, highlighting the importance of the
coronary care unit (CCU), which became more appar-
ent with the advent of percutaneous coronary interven-
tion, substantially affecting the survival rates that were
contingent upon the availability of CCUs in hospitals
[1, 2]. Furthermore, myocardial infarctions, acute heart
failure, valvular disease; the use of intra-aortic balloon
pumps, extracorporeal membrane oxygenation (ECMO),
invasive left ventricle (LV) temporary mechanical circu-
latory supports, and left ventricular assist devices; and
the pre- and post-operative management of patients with
heart transplantation for cardiogenic shock (CS) have led
to an increase in intensive care unit (ICU) admissions
associated with heart diseases. Especially timely initia-
tion of advanced mechanical circulatory support (MCS),
including devices beyond ECMO, has been shown to sig-
nificantly improve recovery chances in patients with car-
diogenic shock. This underscores the importance of rapid
decision-making and specialized expertise, which may
be more readily available in centers with cardiac inten-
sivists [3, 4]. This shift prompted the transformation of
CCUs into cardiac intensive care units (CICUs), empha-
sizing the importance of cardiac intensivists and leading
to a reduction in mortality rates [5—-7]. CICUs are further
classified into Level 1 to Level 3 for stratification based
on the requirements of the type of treatable cardiac dis-
ease, including the requirement for nursing personnel
[8].

Despite the growing recognition of the significance of
CICUs and cardiac intensivists, a shortage of trained per-
sonnel, including cardiac intensivists, exists globally and
in South Korea. A previous study compared outcomes
based on the presence of cardiac intensivists at a single
center [5]; however mortality outcomes and guideline-
based management have not been compared based on
the presence of cardiac intensivists in multicenter stud-
ies. Therefore, in this study, we compared mortality dif-
ferences and adherence to management guidelines based
on the presence or absence of cardiac intensivists in hos-
pitals using a multicenter registry.

Methods

Study population

Overall, 1,247 patients from 12 tertiary centers were
enrolled in the RESCUE study (REtrospective and pro-
spective observational Study to investigate Clinical
oUtcomes and Efficacy of left ventricular assist device
for South Korean patients with cardiogenic shock,

NCT02985008, Registration Date: 2016-12-07)—a mul-
ticenter registry of patients with CS—between January
2014 and December 2018. Detailed information and the
prospective and retrospective enrollment process of each
center have been previously reported [7]. The inclusion
criteria were as follows: (1) age=19 years, (2) systolic
blood pressure < 90 mmHg for 30 min or the requirement
for inotrope or vasopressor support to achieve a systolic
blood pressure>90 mmHg, and (3) presence of pulmo-
nary congestion and signs of impaired organ perfusion
(altered mental status, cold periphery, oliguria<0.5 mL/
kg/h for the previous 6 h, or blood lactate >2 mmol/L).
The exclusion criteria were (1) out-of-hospital cardiac
arrest and (2) evidence of septic or hypovolemic shock.
Among the 12 centers, 3 hospitals (n=522 patients),
including the Samsung Medical Center (n=249), Sam-
sung Changwon Hospital (n=122), and Severance Car-
diovascular Hospital (n=181), had cardiac intensivists. In
the other nine hospitals, general cardiologists managed
their patients in the CICU without changes in staffing.
However, in three of these hospitals, patients admitted
to the CICU were treated by cardiac intensivists, provid-
ing specialized patient management. Cardiac intensivists
are defined as physicians who have completed at least a
2-year cardiology fellowship and specialize in treating
patients with CS in the CICU. Accordingly, institutions
with a cardiac intensivist are defined as CICU Level 1,
because it is capable of a full spectrum of mechanical cir-
culatory support and high-intensity management (care
directed by cardiac intensivist), and institutions without
a cardiac intensivist are defined as CICU Level 2, because
general intensivists are present at all times.

Data collection and outcomes

Data were collected using a web-based case-record form.
Additional information was obtained from the medical
records or by contacting the patients via telephone, if
necessary. The primary outcomes were in-hospital mor-
tality and 30-day mortality. The secondary outcomes
were in-hospital cardiac- and non-cardiac-associated
deaths, readmission, ECMO-associated deaths, extracor-
poreal cardiopulmonary resuscitation (ECPR)-associated
deaths, distal perfusion, left heart venting, shock-to-
ECMO time, ECMO maintenance days, frequency of
vasopressor and inotrope use, and total ICU and hos-
pital stay durations. The institutional review board of
each hospital approved the study protocol and waived
the need for written informed consent from the patients
enrolled in the retrospective registry. Informed consent
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was obtained from all the patients enrolled in the pro-
spective registry.

Statistical analysis

Categorical variables were tested using the chi-square or
Fisher’s exact test, as appropriate, and are presented as
numbers and relative frequencies. Continuous variables
were compared using Student’s ¢-test and are presented
as mean +standard deviation or 25th -75th percentile
with median. Hazard ratios (HRs) and 95% confidence
intervals (ClIs) were calculated using logistic regression
models. In this study, the primary consideration was the
belief that the management by cardiac intensivists dur-
ing hospitalization would significantly influence out-
comes. Therefore, in-hospital mortality was chosen as
the primary outcome, which led to the use of a logistic
regression model. Pair matching between the two groups
was conducted using nearest-neighbor matching with-
out replacement. The balance of covariates was assessed
before and after matching by comparing the standard-
ized mean differences. For practical purposes, continu-
ous variables were transformed into categorical variables
and assessed using the normal range or cutoff values, as
determined in previous studies.

Statistical analyses were performed using R Statisti-
cal Software (version 4.3.2; R Foundation for Statistical
Computing, Vienna, Austria) and SPSS software (version
25, IBM, Armonk, NY, USA), with values of p<0.05 con-
sidered statistically significant.

Results

Baseline characteristics

Among the 1,293 patients enrolled in this study, 46 were
excluded due to out-of-hospital cardiac arrest (n=44)
or withdrawal of consent (n=2). The remaining 1,247
patients were included in the study. Among them, 954
were enrolled retrospectively and 293 were enrolled
prospectively. The cardiac intensivist and non-cardiac
intensivist groups included 552 (44.3%) and 695 (55.7%)
patients, respectively. The average age of the patients was
65.6+13.8 years, 860 (69.0%) of them were men, and the
average body mass index was 23.4 + 3.6 kg/m> To assess
the differences between the cardiac intensivist group and
the non-cardiac intensivist group, 1:1 propensity score
matching was conducted, incorporating factors such as
age, male sex, systolic blood pressure, diastolic blood
pressure, ischemic cause, ST-segment myocardial infarc-
tion, chronic kidney disease, and left ventricular ejection
fraction (LVEF). The baseline characteristics of both the
cardiac intensivist group and the non-cardiac intensiv-
ist group, after propensity score matching, are presented
in Table 1. Additionally, the baseline characteristics
prior to 1:1 propensity score matching are provided in
Supplementary Table 1. Even after 1:1 propensity score
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matching, the non-intensivist group exhibited a higher
prevalence of ischemic cause (p=0.003), a greater inci-
dence of ST-segment elevation myocardial infarction
(p=0.024), and a higher proportion of current smokers
(p=0.007). Conversely, the LVEF was higher in the non-
cardiac intensivist group.

In-hospital mortality and ECMO-related outcomes
In-hospital mortality and ECMO-related outcomes with
1:1 propensity score matching are presented in Table 2.
The results prior to the implementation of propensity
score matching are provided in Supplementary Tables 2
and Supplementary Fig. 1. The primary outcome of all-
cause mortality with 1:1 propensity score matching was
observed in 354 (32.1%) patients, and it was significantly
lower in the cardiac intensivist group (n=140, 25.4%)
than in the non-cardiac intensivist group (n =214, 38.8%;
p<0.001, Fig. 1a). When differentiating between retro-
spective and prospective data to assess all-cause mor-
tality, it was observed that in the retrospective data, the
mortality rate in the cardiac intensivist group (n=104,
30.9%) was significantly lower than that in the non-car-
diac intensivist group (n = 264, 42.8%; p < 0.001). However,
in the prospective data, there was no significant differ-
ence between the two groups (cardiac intensivist group,
n=36 [16.7%], non-cardiac intensivist group, nm=15
[19.2%]; p=0.620). The mortality rates for each year from
2014 to 2018 are presented in Supplementary Fig. 2. Fur-
thermore, the difference in 30-day mortality rate between
the two groups emerged early and persisted (HR 0.80,
95% CI 0.74-0.87, log rank p<0.001, Fig. 1b). Following
1:1 propensity score matching, a total of 303 (27.4%) car-
diac-associated deaths were observed, with significantly
lower cardiac-associated deaths in the cardiac intensivist
group (=113, 20.5%) than in the non-cardiac intensivist
group (=190, 34.4%; p <0.001). No significant difference
was observed in non-cardiac-associated deaths (over-
all, n=51 [4.7%]; cardiac intensivist group, n=27 [4.9%];
non-cardiac intensivist group, n=24 [4.4%], p=0.814]
and readmission (overall, 7 =61 [5.5%]; cardiac intensivist
group, n =31 [5.6%]; non-cardiac intensivist group, n =30
[5.4%], p =0.927] between the two groups.

Overall after 1:1 propensity score matching, 436
(39.8%) patients needed ECMO, including 213 (38.6%)
patients in the cardiac intensivist group and 223 (40.7%)
patients in the non-cardiac intensivist group (p=0.762).
The total number of deaths in patients on ECMO was
223 (51.1%), which was significantly lower in the cardiac
intensivist group (n =81, 38.0%) than in the non-cardiac
intensivist group (n=142, 63.7%; p <0.001). Distal perfu-
sion was performed in 171 (39.2%) patients, significantly
more frequently in the cardiac intensivist group (n=122,
57.3%) than in the non-cardiac intensivist group (n=49,
22.0%; p<0.001). Left heart venting was performed in
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Table 1 Baseline patient characteristics after propensity score matching
Variables Overall Intensivist group Non-intensivist group p-value
(n=1104) (n=552) (n=552)
Age (years) 64.7+14.0 64.2+144 653+13.6 0.185
Male sex 759 (68.8) 375(67.9) 384 (69.6) 0.559
Body mass index (kg/m?) 235+36 234+37 236+35 0372
Systolic blood pressure (mmHg) 7504294 7624315 740+269 0.231
Diastolic blood pressure (mmHg) 47.4+20.2 48.1+20.5 46.8+19.7 0317
Heart rate (beats/min) 81.7+£349 83.1+32.1 81.0+369 0.503
Clinical presentation
Ischemic cause 831 (75.3) 394 (71.4) 437 (79.2) 0.003
ST-segment elevation MI 465 (42.1) 214 (38.8) 251 (45.5) 0.024
Comorbidities
Diabetes mellitus 391 (354) 196 (35.5) 195 (35.3) 0.950
Hypertension 575 (52.1) 280 (50.7) 295 (53.4) 0.366
Dyslipidemia 289 (26.2) 150 (27.2) 139 (25.2) 0451
Current smoker 322(29.2) 141 (25.5) 81(32.8) 0.008
Chronic kidney disease 9(10.8) 65(11.8) 4(9.8) 0.286
Peripheral arterial occlusive disease 47 (4.3) 20(3.6) (4 9) 0.297
Prior MI 116 (10.5) 53(9.6) 63 (11.4) 0326
Prior cerebrovascular accident 102 (9.2) 56 (10.1) 46 (8.3) 0.299
Left ventricular ejection fraction, % 374+165 36.1+£16.8 389+16.1 0.007
Laboratory parameters
Hemoglobin (g/dL) 127+2.6 126126 128+2.7 0.111
Platelets (x1 OB/UL) 2114+£815 208.1+84.2 2147786 0.186
Total bilirubin (mg/dL) 1.0£19 1.1£22 1.0£14 0.102
Aspartate transaminase (U/L) 258+947 269+811 246+1070 0.687
Alanine transaminase (U/L) 1494471 175+498 1234442 0.071
Serum creatinine (mg/dL) 1614 16+14 15+15 0.117
Glucose (mg/dL) 2224120 215114 229+125 0.058
Lactate (mmol/L) 6.7+46 6.5+44 70+48 0.115
Values are presented as mean £ standard deviation or n (%)
MI, myocardial infarction
Table 2 In-hospital mortality and ECMO-related outcomes after propensity score matching
Variables Overall Intensivist group Non-intensivist group p-value
(n=1,104) (n=552) (n=552)
All-cause death (%) 354 (32.1) 140 (25.4) 214 (38.8) <0.001
Cardiac death (%) 303 (274) 113 (20.5) 190 (34.4) <0.001
Non-cardiac death (%) 51(4.7) 27 (49 24 (4.4) 0.814
Readmission 61 (5.5) 31(5.6) 30(54) 0.895
ECMO
ECMO death (%) 223 (51.1) 81 (38.0) 142 (63.7) <0.001
ECPR death (%) 137 (65 6) 44 (53.1) 93(72.7) 0.007
Distal perfusion (%) 1(39.2) 122 (57.3) 49 (22.0) <0.001
Left heart venting (%) 26 (6AO) 20(94) 6(2.7) 0.003
Shock-to-ECMO time (minutes) 4033 3824 4240 0.610
ECMO maintenance period (days) 5.6(2.0-7.0) 6.1(2.0-7.0) 48 (2.0-6.8) 0.049
ECMO maintenance period of survivors (days) 5.8(2.0-7.0) 6.4 (2.0-7.0) 48 (2.0-6.0) 0.059

ECMO, extracorporeal membrane oxygenation; ECPR, extracorporeal cardiopulmonary resuscitation

26 (5.2%) patients, again more frequently in the cardiac
intensivist group (n=20, 9.4%) than in the non-cardiac
intensivist group (n=6, 2.7%; p=0.003). No signifi-
cant difference was observed between the two groups

in shock-to-ECMO time (cardiac intensivist group,
382.3 min; non-cardiac intensivist group, 424.0 min;
p=0.610). The duration of ECMO maintenance was
shorter in the non-intensivist group than in the cardiac
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Fig. 1 Primary outcomes. (A) Comparison of in-hospital death between the cardiac intensivist and non-cardiac intensivist groups after propensity score
matching. (B) Cumulative 30-day survival of the patients according to the presence or absence of cardiac intensivists. Cumulative survival was estimated

using the Kaplan—-Meier method and compared using log-rank tests

Table 3 In-hospital management methods with propensity score matching

Variables Overall Intensivist group Non-intensivist group p-value
(n=1104) (n=552) (n=552)
Dopamine 658 (59.6) 209 (37.9) 449 (81.3) <0.001
Dobutamine 425 (38.5) 210(38.0) 215(38.9) 0.757
Epinephrine 73 (6.6) 25 (4.5) 48 (8.7) 0.005
Norepinephrine 618 (56.0) 362 (65.6) 256 (46.4) <0.001
Vasoactive-Inotropic Score 704x127.0 65.1+103.3 75.7£146.8 0.165
Mechanical ventilator 612 (55.4) 293 (53.1) 319 (57.8) 0.115
Continuous renal replacement therapy 257 (23.3) 129 (234) 128 (23.2) 0.943
Intra-aortic balloon pump 267 (24.2) 137 (24.8) 130 (23.6) 0.623
Extracorporeal membrane oxygenator 436 (39.5) 213 (38.6) 223 (40.4) 0.538
Extracorporeal cardiopulmonary resuscitation 209 (18.9) 81(14.7) 128 (23 2) <0.001
ICU stay, days (Total patients) 9.7 2.0-12.0) 11.7 (2.0-13.8) 7 (1.0-10.0) <0.001
Hospital stay, days (Total patients) 15.1 (4.0-18.0) 174 (6.0-21.0) 12.8 (4.0-16.0) <0.001
ICU stay, days (Survivors) 10.1 (2.0-11.0) 11.9(3.0-13.0) .9 (2.0-9. O) <0.001
Hospital stay, days (Survivors) 17.0 (6.0-11.0) 18.3 (7.0-23.0) 15.3(5.0-17.3) 0.023

Values are mean +standard deviation or n (%)
ICU, intensive care unit

intensivist group (cardiac intensivist group, 6.1 d; non-
cardiac intensivist group, 4.8 d; p=0.049). Overall, 209
(18.9%) patients underwent ECPR, including 81 (14.7%)
patients in the cardiac intensivist group and 128 (23.2%)
in the non-cardiac intensivist group (p<0.001). ECPR
deaths were observed in 137 (66.3%) patients, with a sig-
nificantly lower mortality rate in the cardiac intensivist
group (n=44, 53.1%) than in the non-cardiac intensivist
group (n=93, 72.7%; p <0.001).

In-hospital management methods

Management strategies used in the hospitals, including
the administration of vasopressors and inotropics fol-
lowing 1:1 propensity score matching, are presented in
Table 3. The data prior to propensity score matching is
provided in Supplementary Table 3. The frequency of
use of the commonly used vasopressors for CS, includ-
ing dopamine and norepinephrine, are also presented in

Table 3. Dopamine was used in 658 (59.6%) patients, at a
lower frequency in the cardiac intensivist group (n =209,
37.9%) than in the non-cardiac intensivist group (n=49,
81.3%; p<0.001), and norepinephrine was used in 618
(56.0%) patients, at a higher frequency in the cardiac
intensivist group (1 =362, 65.6%) than in the non-cardiac
intensivist group (n=256, 46.4%; p <0.001). Epinephrine
was used in 73 (6.6%) patients, at a lower frequency in
the cardiac intensivist group (n=25, 4.3%) than in the
non-cardiac intensivist group (n=48, 8.7%, p=0.005).
However, no significant difference was observed in dobu-
tamine use between the two groups (overall, n=425
[38.5%]; cardiac intensivist group, n=210 [38.0%]; non-
cardiac intensivist group, n=215 [38.9%], p=0.757]. The
vasoactive-inotropic score (VIS), which indicates the
use of high doses of vasopressors and inotropics, was
70.4+127.0 in the total patient cohort following 1:1 pro-
pensity score matching. Within this cohort, the score
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Table 4 Predictors of mortality in the cardiac intensive care unit
identified through multivariate logistic regression analysis

Variables OR 95% Cl p-value
Cardiac intensivists 0474 0.311-0.725 0.001
Age (per 1 year) 1.031 1.015-1.047 <0.001
Female sex 1.231 0.824-1.839 0310
BMI (per kg/m?) 0.970 0.921-1.023 0.259
CKD 2817 1.601-4.957 <0.001
CPR before ICU admission 0.199 0.717-4.909 0.199
Lactate (per 1 mmol/L) 1.107 1.061-1.156 <0.001
Dopamine 1.731 1.129-2.655 0.012
Dobutamine 1.197 0.802-1.786 0.378
Epinephrine 1.748 0.833-3.666 0.139
Norepinephrine 2464 1.615-3.760 <0.001
Milrinone 0411 0.061-2.744 0.358
Vasopressin 3133 1.542-6.363 0.002
STEMI 1577 1.054-2.361 0.027
ECMO 3.838 2.487-5.925 <0.001
ICU stay (per days) 0.992 0.978-1.007 0.297

OR, odds ratio; Cl, confidence interval; BMI, body mass index; CKD, chronic
kidney disease; CPR, cardiopulmonary resuscitation; ICU, intensive care unit;
STEMI, ST-elevation myocardial infarction; ECMO, extracorporeal membrane
oxygenation

was 65.1+103.3 in the cardiac intensivist group and
80.0 +£157.8 in the non-cardiac intensivist group, with no
significant difference between the two groups (p=0.165).

Regarding the length of stay, the total patient cohort
after 1:1 propensity score matching had a longer ICU stay
(overall, 9.7 d; cardiac intensivist group, 11.7 d; non-car-
diac intensivist group, 7.7 d; p<0.001) and hospital stay
(overall, 15.1 d; cardiac intensivist group, 17.4 d; non-
cardiac intensivist group, 12.8 d; p<0.001). Moreover, a
longer ICU stay was observed among the survivors (over-
all, 10.1 d; cardiac intensivist group, 11.9 d; non-cardiac
intensivist group, 7.9 d; p <0.001).

Prognostic predictors in the CICU

We conducted a multivariate analysis of the 15 factors
that could increase mortality in the ICU (Table 4). A
higher CICU mortality rate was associated with an older
age, chronic kidney disease, high lactate levels, vaso-
pressor use—including dopamine, norepinephrine, and
vasopressin—and the need for ECMO. Furthermore,
the presence of cardiac intensivists in this group led to a
decreased mortality rate.

Discussion

In this study, we analyzed the CS outcomes of heart team
approach in centers with and without cardiac intensiv-
ists. While the heart team approach is pivotal in manag-
ing complex cardiovascular conditions, particularly in
the acute and procedural settings, our study underscores
the critical role of cardiac intensivists in providing con-
tinuous, specialized care within the CICU. Unlike heart
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team members who often convene during specific deci-
sion-making junctures, cardiac intensivists are involved
in the day-to-day management of critically ill patients,
ensuring adherence to evidence-based guidelines, opti-
mizing the use of advanced monitoring and therapies,
and facilitating timely interventions such as mechanical
circulatory support (MCS). This sustained, specialized
oversight likely complements and enhances the heart
team approach by bridging gaps between procedural and
longitudinal care, ultimately contributing to improved
outcomes in patients with cardiogenic shock.

As hypothesized, the mortality rate was lower in cen-
ters with cardiac intensivists. The difference in mortality
rate was observed from the initial admission and per-
sisted throughout the hospital stay. A significant differ-
ence was observed in mortality rates between patients
who underwent ECMO and those who underwent ECPR
at centers with cardiac intensivists; ECMO, distal perfu-
sion, and left heart venting were performed more fre-
quently in these centers. Moreover, at the centers with
cardiac intensivist, more norepinephrine and less dopa-
mine and epinephrine were administered as vasopres-
sors, resulting in a lower VIS. The reason the mortality
rates in 2017 and 2018 were lower than those in 2014—
2016 is that the data from 2017 to 2018 primarily con-
sisted of more prospective data. The prospective data
collected from 2014 to 2016 were from 24 individuals
(2.5%), whereas those from 2017 to 2018 were from 269
individuals (91.8%). Collecting data prospectively can
present difficulties in terms of obtaining consent from
patients who die early, leading to a difference in mortal-
ity rate due to selection bias. Our results also showed a
difference in mortality rate in the patient data collected
retrospectively versus those collected prospectively.

Our study reported improved short-term outcomes
in CICUs with cardiac intensivists and more special-
ized management compared with centers without car-
diac intensivists. Previous studies have reported that the
presence of specialized intensivists in medical or surgi-
cal ICUs is associated with an improved mortality rate
[9-13]. Moreover, similar findings have been reported in
a study on high-intensity cardiac intensivists in a single
center [5]. Although CICUs have been categorized from
Levels 1 to 3 based on the presence of cardiac intensiv-
ists, monitoring technology, and therapeutic technology,
no studies have evaluated outcomes based on CICU lev-
els [8]. Moreover, no multicenter studies, such as ours,
have examined outcomes based on the presence of car-
diac intensivists.

Rapid ECMO intervention after detection of CS is cru-
cial for outcomes [14, 15]. In this study, there was no sta-
tistical significance in the ECMO administration times
between the cardiac intensivist and non-cardiac inten-
sivist groups, but there was a tendency for the cardiac
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intensivist group to administer ECMO preemptively. This
could be attributed to the cardiac intensivist group recog-
nizing CS earlier, serving as evidence that they can lower
the mortality rate. The need for left ventricular unload-
ing during ECMO due to increased left ventricular after-
load and pulmonary edema [16—18] was more frequently
addressed in the cardiac intensivist group through left
heart venting. Preventing leg ischemia by near-infrared
reflectance spectroscopy monitoring and distal perfu-
sion catheter insertion was more frequently observed
in the cardiac intensivist group than in the non-cardiac
intensivist group [19-21]. The heart team approach is
also essential for ECMO insertion and management,
particularly with regard to the procedure of left ven-
tricular unloading. In particular, the collaboration with
cardiac surgeons, including their advice and involvement
in central ECMO insertion and management, is cru-
cial for ensuring patient safety and effective circulatory
support. Regarding as another safety concern of MCS,
hemadsorption therapy has demonstrated potential in
reducing inflammatory mediators, which may alleviate
systemic inflammation and improve outcomes in patients
with cardiogenic shock, particularly those on ECMO.
Similarly, haptoglobin therapy can mitigate hemolysis-
associated complications by scavenging free hemoglobin,
reducing oxidative stress, and improving organ function.
Incorporating these adjunctive therapies into CICU pro-
tocols, especially in centers with specialized care, could
further optimize patient outcomes, and future studies
should explore their integration into routine manage-
ment strategies [22, 23].

The SOAP-II trial recommended the use of norepi-
nephrine as the first-line treatment for CS due to a higher
risk of critical arrhythmias associated with dopamine use
[24]. Our study reported a higher use of dopamine than
norepinephrine in the non-cardiac intensivist group,
whereas norepinephrine was used more frequently in the
cardiac intensivist group. Studies have reported worse
outcomes with a higher VIS [25, 26], advocating for care-
ful use of inotropes and vasopressors in shock manage-
ment. This aligns with our finding of a lower VIS in the
cardiac intensivist group compared with that in the non-
cardiac intensivist group.

Incorporating advanced monitoring techniques, such
as continuous hemodynamic assessments and imaging
modalities, is crucial for the timely detection of patient
deterioration and recovery during mechanical circulatory
support. Centers with cardiac intensivists are more likely
to implement these advanced monitoring strategies,
potentially leading to improved patient outcomes [27].

It is unclear whether ICU and general ward stay dura-
tions decrease in hospitals with intensivists and whether
survival rates differ depending on the length of stay [28,
29]. Our study reports longer ICU and overall hospital
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stay durations in the cardiac intensivist group than in the
non-cardiac intensivist groups, whereas no difference in
the ECMO maintenance period was observed between
the groups. The importance of early rehabilitation in
critical care is gaining attention [30, 31]; however, resolv-
ing severe issues in the ICU before continuing treatment
in the general ward is crucial. Readmissions to the ICU,
especially within 48 h, increase mortality; therefore, the
duration of ICU stay should be carefully considered [32,
33]. We believe that the longer ICU and hospital stays
in the cardiac intensivist group were aimed at reducing
readmission rates by providing long-term ICU treatment.
This study included only patients directly admitted to
CICUs, ensuring that our findings specifically reflect out-
comes in cardiac-focused intensive care settings. How-
ever, the regional hub-and-spoke model, commonly used
in many healthcare systems, may influence patient refer-
ral patterns, with more critically ill patients potentially
transferred to tertiary CICUs. This dynamic could affect
the generalizability of our findings, as outcomes may vary
depending on regional resource allocation and the avail-
ability of advanced therapies at referring institutions.

Strengths and limitations

To the best of our knowledge, this is the first multicenter
study to investigate the differences in survival rate after
CS depending on the presence of cardiac intensivists in
the hospitals and to verify the proper implementation of
treatment according to the guidelines. Another strength
of our study is the comprehensive data including details
on the survival or death of all patients and the use of
vasopressors and inotropes.

Despite these advantages, this study has some limita-
tions. First, the data were collected both prospectively
and retrospectively in a non-randomized study; therefore,
the possibility of selection bias and confounding factors
exists. Second, we did not assess severe indicators that
are typically assessed in ICU. Although various assess-
ment tools for predicting outcomes in ICU exist—includ-
ing the Acute Physiology and Chronic Health Evaluation
II score, Sequential Organ Failure Assessment score, and
Survival after Veno-arterial ECMO score—this study
did not incorporate these scores. We also did not have
access to data regarding pulmonary artery catheteriza-
tion, which would provide an objective assessment of the
condition in patients with cardiogenic shock. Moreover,
the non-cardiac intensivist group included older patients
with lower blood pressure and a higher incidence of isch-
emia and ST-segment elevation myocardial infarctions.
Despite propensity score matching, the proportion of
ischemic cause of shock was higher in the non-intensivist
group. Thus, the study could have enrolled more severely
ill patients in this group. However, data on lactate levels,
one of the primary indicators for determining the stage
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in the Society for Cardiovascular Angiography and Inter-
ventions shock classification [34], were collected from
both groups and no significant difference was observed
between them. Furthermore, the LVEF was better in the
non-cardiac intensivist group than in the cardiac inten-
sivist group. Thus, the effect of this bias may not have
been significant. Third, only three cardiac intensive care
centers were included in the study. However, few profes-
sionals specializing in cardiac critical care reside in South
Korea; therefore, the number of centers with cardiac
intensivists is limited. Therefore, although 12 centers par-
ticipated in the registry, only three were analyzed as part
of the cardiac intensivist group, and the difference in the
number of centers between the cardiac and non-cardiac
intensivist groups could have influenced the analysis.
Fourth, this study did not include long-term outcomes
of patients who underwent MCS, nor were data available
for patients who progressed to heart transplantation. We
acknowledge this limitation, and future research should
address this gap by including such data. Fifth, A notable
limitation of this study is its single-nation setting, which
may restrict the generalizability of our findings to other
healthcare systems. The healthcare infrastructure, avail-
ability of cardiac intensive care unit (CICU) resources,
staffing patterns, and regional referral systems can vary
significantly across countries, potentially influencing
patient management and outcomes. Future multicenter
studies conducted in diverse international settings would
be valuable to validate and expand upon our conclusions.
Fifth, in patients with cardiogenic shock accompanied
by STEMLI, one of the most critical factors is early revas-
cularization. However, we were unable to collect door-
to-balloon time data for myocardial infarction patients
in our dataset, and therefore could not assess outcomes
based on revascularization timing. Finally, it should be
noted that this study could not provide data on non-
cardiologist medical staffing, multidisciplinary teams,
nighttime or weekend staffing differences—including
physicians, nurses, and pharmacists—and differences
in CICU nursing staff. In 2017, the Korean National
Health Insurance provided data on the number of ICU
bed-to-nurse ratio. Nursing grades were classified as
Grade 1 (bed-to-nurse ratio<0.5), Grade 2 (0.5<bed-
to-nurse ratio<0.63), and Grade 3 (0.63 <bed-to-nurse
ratio<0.77). In the cardiac intensivist group, two insti-
tutions were categorized as Grade 1 and one as Grade 3,
while in the non-cardiac intensivist group of nine institu-
tions, two were classified as Grade 1 and seven as Grade
2. It is a limitation of the study that this data does not
cover all periods and that it is challenging to ascertain
whether these differences are significant.
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Conclusions

This study revealed that centers with cardiac intensivists
had reduced in-hospital all-cause and cardiac mortality
rates, as well as deaths related to ECMO and ECPR. More
specialized ECMO management was observed in the car-
diac intensivist group, and lower doses of inotropes and
vasopressors were administered according to the guide-
lines. If future large-scale prospective multicenter tri-
als yield similar results, the need for cardiac intensivists
should be further emphasized.
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