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Abstract

BACKGROUND—L.ittle is known about the prevalence and post-surgical outcomes associated
with cardiac intensive care unit (CICU) therapeutics among CICU patients referred for cardiac
surgery.

OBJECTIVES—The purpose of this study was to investigate the clinical characteristics and
outcomes of CICU patients referred for cardiac surgery from the intensive care unit.

METHODS—We analyzed characteristics and outcomes of CICU admissions referred from the
CICU for cardiac surgery during 2017 to 2020 across 29 centers. The primary outcome was
in-hospital mortality.

RESULTS—Among 10,321 CICU admissions, 887 (8.6%) underwent cardiac surgery, including
406 (46%) coronary artery bypass graftings, 201 (23%) transplants or ventricular assist devices,
171 (19%) valve surgeries, and 109 (12%) other procedures. Common indications for CICU
admission included shock (33.5%) and respiratory insufficiency (24.9%). Preoperative CICU
therapies included vasoactive therapy in 52.2%, mechanical circulatory support in 35.9%, renal
replacement in 8.2%, mechanical ventilation in 35.7%, and 17.5% with high-flow nasal cannula
or noninvasive positive pressure ventilation. In-hospital mortality was 11.7% among all CICU
admissions and 9.1% among patients treated with cardiac surgery. After multivariable adjustment,
pre-op mechanical circulatory support and renal replacement therapy were associated with
mortality, while respiratory support and vasoactive therapy were not.

CONCLUSIONS—Nearly 1 in 12 contemporary CICU patients receive cardiac surgery. Despite
high preoperative disease severity, CICU admissions undergoing cardiac surgery had a comparable
mortality rate to CICU patients overall; highlighting the ability of clinicians to select higher acuity
patients with a reasonable perioperative risk.

Keywords
CABG; cardiac intensive care unit; cardiac surgery; ICU

The epidemiology of acute cardiovascular disease is changing, with increasing disease
complexity and greater burden of non-cardiac comorbidities among critically ill
cardiovascular patients.1~3 Patients with cardiac critical illness may require surgical therapy
with temporary or durable mechanical circulatory support,*> coronary revascularization,®
valve or aortic surgery,” and pulmonary embolectomy among others.10:11 Patients in

the cardiac intensive care unit (CICU) who require cardiac surgical therapy represent a
complex, challenging, and potentially high-risk population. Multidisciplinary management
teams incorporating cardiac surgery and cardiology have been advocated for common CICU
diseases including complex patients with coronary disease,12-18 endocarditis,’-® pulmonary
embolism,10:11 cardiogenic shock,>19 aortic dissection,? valve disease,29 and ventricular

JACC Adv. Author manuscript; available in PMC 2024 February 14.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Metkus et al.

Page 3

tachycardia,?! with the goal of optimizing patient selection and perioperative management
through shared decision-making.

The outcomes of patients with cardiac critical illness requiring surgical consultation and
surgical therapy merit clarification in the face of changing CICU epidemiology. An
understanding of the presentation, comorbidities, and outcomes of different disease states
treated with cardiac surgery in the contemporary CICU may help inform decision making
by Heart Teams, provide baseline benchmarks to inform quality improvement efforts, and
contribute to educational interventions in both cardiac surgery and cardiology programs. To
address these knowledge gaps, we performed an observational study describing the scope of
cardiac surgical practice in the contemporary CICU. We hypothesized that CICU patients
would receive cardiac surgery for a diverse array of underlying conditions treated with
critical care therapeutics prior to surgery and that surgical CICU patients would have high
in-hospital mortality.

METHODS
STUDY POPULATION.

The Critical Care Cardiology Trials Network is a prospective research network of tertiary
care CICUs across the United States and Canada.l The Executive and Steering Committees,
data analytic center, and Coordinating Center are led by the Thrombolysis in Myocardial
Infarction Study Group, Brigham and Women’s Hospital (Boston, Massachusetts). Each
institution captures clinical and outcomes data for all consecutive medical CICU admissions
over a 2-month period each year. Centers may also choose to contribute data for additional
consecutive admissions outside of the 2-month window. Data are abstracted directly from
clinical charts by trained study staff at each site. Details of the study cohort, data abstracted,
and the research protocol have been previously published.?2 The Institutional Review Board
at the Coordinating Center as well as each participating site approved the Critical Care
Cardiology Trials Network protocol and waiver of informed consent. The present study
includes data from 2017 to 2020 from 29 centers.

DATA COLLECTION, EXPOSURES, AND OUTCOMES.

For all CICU admissions, centers collected demographics, admitting diagnosis, indications
for intensive care unit (ICU) level of care, ICU therapies provided during the CICU stay,
laboratory data, and Sequential Organ Failure Assessment score,23 hemodynamic variables,
length of stay, and in-hospital outcome, including death or discharge to home or skilled
nursing facility. The exposure of cardiac surgical therapy was classified if the patient
underwent any open-heart surgical procedure during or directly from their CICU stay, as
reported on the case-report form from each center. Surgical procedures were not included
for those patients who were stabilized and transferred out of the CICU prior to cardiac
surgery. Percutaneous valve procedures were also excluded. The primary study outcome was
in-hospital mortality. All data managers received standardized training with the electronic
case report form, housed in the REDCap system.24 Data are centrally reviewed and queried
by the Coordinating Center to ensure consistency and internal validity.
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STATISTICAL ANALYSIS.

Demographics, clinical characteristics, and outcomes are presented for all CICU patients
undergoing cardiac surgery from the CICU and across the surgical subgroups of

isolated coronary artery bypass grafting (CABG), valve repair or replacement (with or
without CABG), left ventricular assist device (LVAD)/transplant, and other surgeries
(pericardiectomy, aortic surgery, pulmonary thrombectomy, and others). The population
of all other CICU patients who did not undergo cardiac surgery are also provided for
comparison.

We performed logistic regression as a risk factor analysis to assess for an association

of critical care therapies prior to cardiac surgery with mortality among cardiac surgical
patients admitted to the CICU preoperatively. In separate models, we first adjusted for

age, sex, and Sequential Organ Failure Assessment score and then for age, sex, race,
creatinine, diabetes, presence of shock, and presence of acute myocardial infarction to
assess for an association of mechanical ventilation, non-invasive ventilation or high flow
nasal cannula, vasopressor/inotrope use, need for mechanical support, and renal replacement
therapy with mortality among surgical patients. The Wilcoxon rank sum test was used to
compare continuous variables and the Chi-square test for categorical variables. Results were
considered statistically significant at a 2-sided Pvalue <0.05. Analyses were performed
using SAS System V9.4 (SAS Institute Inc).

RESULTS

PATTERN OF CARDIAC SURGICAL THERAPY IN THE CICU.

Among 10,321 CICU admissions, 887 (8.6%) underwent cardiac surgery, including isolated
CABG in 406 (46%), transplant or ventricular assist device in 201 (23%), valve surgery
(with or without CABG) in 171 (19%), and other procedures in 109 (12%), including

aortic surgery, pulmonary embolectomy, pericardiectomy or pericardial window, intracardiac
defect repair, cardiac mass removal, and myectomy. Among 3,504 CICU admissions with
acute coronary syndromes, 352 (10.1%) underwent cardiac surgery, of which 319 (90.6%)
were isolated CABG, 13 (3.7%) transplant or ventricular assist device, 12 (3.4%) valve
surgery, and 8 (2.3%) other procedures. Of 3,241 CICU admissions with heart failure or
cardiogenic shock, 322 (9.9%) received cardiac surgery, of which 72 (22.4%) were CABG,
58 (18.0%) valve surgery, 175 (54.3%) transplant or ventricular assist device, and 17 (5.3%)
other procedures. “Other” operations include pulmonary endarterectomy, aortic surgery,
and miscellaneous procedures such as atrial septal defect closure, pericardial stripping, or
pseudoaneurysm repair.

PREOPERATIVE CLINICAL CHARACTERISTICS AND ICU MANAGEMENT.

Demographics and chronic comorbidities for CICU patients treated with cardiac surgery are
shown in Table 1. CICU-cardiac surgery patients had a median age of 63 years (25th—75th
percentiles: 52.0-71.0 years), 28.1% were female, 80.5% had LVEF <40%, 18.8% had
history of atrial fibrillation, 20.9% chronic kidney disease, 18.9% were on dialysis, and
10.0% had significant pulmonary disease.
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1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Metkus et al.

Page 5

Indications for ICU admission for CICU patients treated with cardiac surgery are shown in
Table 2; the most common indications for ICU care included shock in 33.5%, respiratory
insufficiency in 24.9%, and need for vasoactive therapy without shock in 15.3%. Of CICU
cardiac surgical patients, 10.4% had unstable arrhythmia and 5.0% had cardiac arrest

as indications for initial triage to the CICU. The proportion of CICU cardiac surgical
patients managed with advanced ICU therapies preoperatively are shown in Table 3 and
included 52.2% receiving vasoactive therapy, 35.9% with mechanical circulatory support,
35.7% managed with mechanical ventilation, and 17.5% with high flow nasal cannula or
noninvasive positive pressure ventilation. For CICU patients undergoing isolated CABG,
148 (36.5%) were treated with preoperative mechanical circulatory support. For those
undergoing transplantation or ventricular assist device, 131 (65.2%) were treated with
preoperative mechanical circulatory support. The most common indication in the overall
surgical population for mechanical circulatory support was shock, while in the isolated
CABG group, the most common indication was for critical left main or severe coronary
disease (Supplemental Table 1).

POSTOPERATIVE IN-HOSPITAL MORTALITY.

Median CICU length of stay prior to cardiac surgery was 3.9 days (25th—75th
percentiles: 1.7-11.0 days). For those undergoing isolated CABG, CICU length of

stay preoperatively was 2.8 days (25th—75th percentiles: 1.3-5.7 days) while for those
undergoing transplantation or LVAD, CICU length of stay preoperatively was 12.3 days
(25th—75th percentiles: 4.9-22.0 days).

In-hospital mortality for CICU patients undergoing cardiac surgery was 9.1%, including
6.4% for those undergoing isolated CABG, 12.3% for valve surgery, 11.0% for those treated
with transplant or LVAD, and 11.0% for those undergoing other cardiac surgical procedures
(Central Illustration). The most common cause of death in cardiac surgical patients was heart
failure/cardiogenic shock (Supplemental Table 2). Deaths occurred at a median of 4.8 days
after leaving the CICU (median 4.8 days, IQR: 25.8 days). For CICU admissions during the
study period not treated with cardiac surgery, the hospital mortality rate was 1,121 (11.9%)
patients out of 9,434 admissions.

The association of pre-operative CICU therapeutics with in-hospital mortality is shown
in Table 4. After adjusting for demographics and illness severity, only mechanical
circulatory support, and renal replacement therapy were associated with postoperative
mortality. Preoperative use of mechanical ventilation or non-invasive respiratory support
and vasopressor use were not associated with postoperative mortality.

DISCUSSION

CICU patient complexity is increasing, and multidisciplinary team-based management of
complex patients is recommended in many contemporary CICU conditions.®19:25 |n this
prospective cohort study of CICU patients treated with cardiac surgery, we report several
novel findings. First, approximately 1 in 12 contemporary CICU admissions are treated with
cardiac surgery. Second, CICU-cardiac surgical patients have a high prevalence of chronic
comorbidities and complex preoperative acute critical illness. This impactful proportion
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of complex patients highlights a need for focused attention to multidisciplinary Heart

Team care as a routine part of CICU practice. Third, despite high preoperative disease
severity, CICU admissions taken to cardiac surgery had a comparable mortality rate to CICU
patients overall; pointing to the ability of clinicians to select CICU patients at reasonable
perioperative risk.

Our finding that nearly 9% of patients admitted to contemporary tertiary care CICU’s
receive cardiac surgical therapy has several implications. First, clinicians staffing CICU’s
require an understanding of management of the preoperative cardiac surgical best clinical
practices. An additional implication of the high prevalence of cardiac surgical therapy

in the CICU is that collaborative teamwork and decision-making between surgical teams
and CICU teams serve to improve patient selection, decision making, and outcomes.
This collaboration has been codified in multiple ways such as Heart Teams4 and Shock
Teams.19:26 |rrespective of the framework for collaboration, the principles of collegial
teamwork and bidirectional availability are foundational.

We describe the case mix and acute and chronic comorbidities of cardiac surgical patients
who receive intervention from the CICU-46% of cases were isolated CABG while 23% of
surgeries were for cardiac support with transplantation or LVAD. Transplantation and LVAD
cases are over-represented in the CICU compared to general surgical practice, because

of the CICU shock and heart failure populations.l# These surgeries are multidisciplinary
and highly regulated with multiple quality stakeholders.2” Therefore, it is important that
CICU leadership participate in quality efforts related to surgical care, including avoiding
preventable harm.28 Optimizing the medical status of chronic comorbidities described here,
including diabetes, pulmonary disease, and chronic kidney disease, is likely key to realizing
good surgical outcomes. We also identify that the proportion of women in the surgical
groups is low. This finding is largely consistent with other cohort studies of surgical
revascularization which demonstrate a higher proportion of men.29:30 Other authors have
postulated mechanisms for this disparity including older age at coronary artery disease
presentation in women compared to men, and as yet unknown factors.30:31 Addressing
volume status3? is also important, given our finding that over 80% of CICU patients treated
with surgery had reduced EF.

In-hospital mortality rates after isolated CABG, valve surgery and cardiac support surgery
are high in our study and while comparable to overall ICU mortality rates, are higher

than the overall CABG population which is under 2%.33 This information can be used for
clinician prognostication, and for team-based decision making. That provision of mechanical
support and renal replacement is associated with mortality is intuitive since higher-risk
patients are more likely to receive these therapies.

STUDY LIMITATIONS.

Limitations of our study include its observational design, descriptive nature, and that
causality of association cannot be determined. Moreover, it is likely that the specific
preoperative therapies and the specific survival interventions are themselves associated with
each other which limits our ability to determine truly independent associations between
exposure and outcome. Rather, these data serve to define the scope of cardiac surgical
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therapy in the specialized setting of the CICU and serve as an impetus to future investigation
and quality improvement. Our study includes tertiary care largely academic centers and
therefore results are most generalizable to these types of CICU’s. Finally, our database does
not include standard cardiac surgical risk scores such as Society of Thoracic Surgeons Risk
Score or intraoperative variables or postoperative complications known to be associated with
mortality. The degree to which ICU therapeutics explains residual risk from the Society

of Thoracic Surgeons model should be explored in future studies. Similarly, our database
focuses on medical CICU care and so facets of postoperative care are not available.

CONCLUSIONS

Nearly 1 in 12 of contemporary CICU patients receive cardiac surgery. Despite high
preoperative disease severity, CICU admissions taken to cardiac surgery had a comparable
mortality rate to CICU patients overall; pointing to the ability of clinicians to select CICU
patients at reasonable perioperative risk. These data should motivate institutions to empower
Heart Teams and multidisciplinary care efforts and quality improvement efforts to improve
outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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PERSPECTIVES
COMPETENCY IN MEDICAL KNOWLEDGE:

Nearly 1 in 12 contemporary CICU patients receive cardiac surgery with a comparable
mortality rate to CICU patients overall.

TRANSLATIONAL OUTLOOK:

The high incidence of surgical disease in the contemporary CICU highlights the
importance of ongoing multidisciplinary collaboration and quality improvement efforts
between cardiac critical care clinicians and surgical teams.
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Outcomes of cardiac surgery in the contemporary CICU

Non-surgical
CICU admissions
9434, 91.4%

[ CABG m Valve surgery Transplant/LVAD M Other surgery

406, 46%

171,19%

201, 23%
109, 12%

CICU patients not
undergoing surgery

CICU patients under-
going any cardiac surgery

Valve surgery

Other cardiac surgery

Transplant/LVAD

Isolated CABG

| |
0% 2%

T T T T T
4% 6% 8% 10% 12% 14%
In-hospital mortality rate

CENTRAL ILLUSTRATION.

Utilization and In-Hospital Mortality Rates for CICU Patients Treated With Cardiac Surgery
CABG = coronary artery bypass grafting; CICU = cardiac intensive care unit; LVAD = left

ventricular assist device
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