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ABSTRACT

For yet another year, our lives have been dominated by a pandemic. This year in
review, we feature an expert panel opinion regarding extracorporeal support in
the context of COVID-19, challenging previously held standards. We also feature
survey results assessing the impact of the pandemic on cardiac surgical volume.
Furthermore, we focus on a single center experience that evaluated the use of pul-
monary artery catheters and the comparison of transfusion strategies in the
Restrictive and Liberal Transfusion Strategies in Patients With Acute Myocardial
Infarction (REALITY) trial. Additionally, we address the impact of acute kidney injury
on cardiac surgery and highlight the controversy regarding the choice of fluid resus-
citation. We close with an evaluation of dysphagia in cardiac surgery and the impact
of prehabilitation to optimize surgical outcomes. (J Thorac Cardiovasc Surg
2022;-:1-8)
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CENTRAL MESSAGE

The most compelling articles of
2021 are reviewed.
E
D
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PERSPECTIVE
The articles that had the highest impact accord-
ing to the readership and editorial team are
reviewed.

See Commentary on page XXX.
port in managing the sickest patients af-
1

For another year in succession, the practice of cardiotho-
racic surgery has been plagued by an unrelenting pandemic.
Fortunately, the synergistic effects of vaccination and a dip
in the virulence of contemporary strains of SARS-Cov-2
have proffered a semblance of comparative if temporary
respite. Once again, the Journal of Thoracic and Cardiotho-
racic Surgery offers a distilled expert opinion on the use of
extracorporeal sup
flicted by the virus. In the editorial, the authors challenge
the status quo and offer an abbreviated algorithm of care
which practical application has been associated with higher
survival rates.1,2 We also report the results of an analysis of
the effect of the pandemic on cardiac surgery volume.3,4

Beyond COVID-19 and its effect nevertheless, we also pre-
sent 6 other articles of import that each resonated with the
readership and which are summarized herein. Despite 5 de-
cades of use, the ongoing challenge to the use of pulmonary
artery catheters (PACs) rages on with renewed doubt as to
the efficacy of use of this invasive monitoring tool.2,5,6

The prevention of renal injury and the downstream ramifi-
cations of the renal dysfunction are discussed in the context
of excess attributable mortality.7,8 We also revisit the peren-
nial equipoise that underpins blood product transfusion
thresholds.9,10 In a similar but separate vein, we conclude
with a report on the comparison of different choices of
resuscitative intravenous fluids, a decades-long dispute
that as yet remained unresolved.4,11
Challenging the Status Quo
Extracorporeal Life Support Organization registry data

reveal patient survival to decannulation for severe respira-
tory failure due to COVID-19 requiring extracorporeal
rgery c Volume -, Number - 1
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Abbreviations and Acronyms
AKI ¼ acute kidney injury
AMI ¼ acute myocardial infarction
ARDS ¼ acute respiratory distress syndrome
BAL ¼ balanced solution
BaSICS ¼ Balanced Solution Versus Saline in

Intensive Care Study
ICU ¼ intensive care unit
KDIGO ¼ Kidney Disease Improving Global

Outcomes
MAKE180 ¼ major adverse kidney events at

180 days
NS ¼ normal saline
PAC ¼ pulmonary artery catheter
RRT ¼ renal replacement therapy
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membrane oxygenation (ECMO) of 51%, however associ-
ated with wide intercenter variability. Indeed, the use of
ECMO has evolved during the pandemic. A team of experts
published a consensus that provided timely guidance to the
surgical community and steered practices by distilling key
knowledge obtained during the care of these patients.1

Defining candidacy in extracorporeal life support has
been an area of controversy. The amalgam of discouraging
single-center mortalities >80% and virulent strains,
resource scarcity, and fluctuations in capacity and staffing
served to complicate the efforts to manage these patients.
In this article, a group of experts proffer an intuitive candi-
dacy guide using a points system that includes age, days of
mechanical ventilation, and the presence of systemic co-
morbidities to define the precannulation probability of sur-
vival. The practical utility of this simple scoring system can
guide family conversations and serve as a “go-no-go” deci-
sion tool in the context of strained capacity or staffing con-
ditions. The authors also suggest using ECMO to Rescue
Lung Injury in Severe ARDS (EOLIA) trial oxygenation
criteria to define when to cannulate (partial pressure of
O2:fraction of inspired O2 ratio<50 mm Hg for>3 hours,
or<80 mmHg for>6 hours, or pH<7.25 with partial pres-
sure of CO2>60 mm Hg for>6 hours).12

These EOLIA criteria may be modified and used in com-
bination with the precannulation probability of survival and
stress the importance of rapid decision-making. The need
for venoarterial ECMO in patients with COVID-19 acute
respiratory distress syndrome (ARDS) is very rare, with
most patients supported either with a 2-site cannulation
strategy or a single-site, dual lumen cannula. A right
atrium-pulmonary artery cannulation strategy with a dual
lumen cannula has also been proposed with the theoretical
benefit of right ventricle support. The drawback of dual
lumen cannulation is that fluoroscopy or transesophageal
echocardiography for safe placement might not always be
2 The Journal of Thoracic and Cardiovascular Surger
available. The authors also highlight key topics that deserve
further investigation, such as the use of systemic steroids,
cytoreductive filters in-line with the ECMO circuit, adjudi-
cating the risk of morbid obesity, and longitudinal effect of
the duration of support. The results from the Randomized
Evaluation of COVID-19 Therapy (RECOVERY) trial trial
shed some light on the first topic: a daily dose of 6 mg of
dexamethasone in hospitalized COVID-19 patients signifi-
cantly reduced 28-day mortality.6 This finding is reflected
in the Extracorporeal Life Support Organization registry,
in which 82% of patients received glucocorticoids. The
use of cytokine reduction by filters incorporated into the
ECMO circuit is an area that deserves further investigation.
In the Cytokine Adsorption in Patients With Severe
COVID-19 Pneumonia Requiring Extracorporeal Mem-
brane Oxygenation (CYCOV), a single-center, open-label
and randomized study, outcomes of 17 patients who
received ECMO with an in-line cytokine adsorption filter
were compared with 17 control participants and showed
no differences in survival.13 Conversely, a multicenter retro-
spective registry, CytoSorb Therapy in COVID-19 (Cyto-
Sorbents Corp), suggested improved survival in COVID-
19 patients who receive ECMO with an in-line cytokine
reduction filter however, no control data were presented
for adequate comparison.14 Regarding the length of sup-
port, several groups have reported good outcomes in pa-
tients undergoing lung transplants for the treatment of
COVID-19 ARDS and fibrosis.15 Early discussions with
lung transplant centers, ideally within 3 to 4 weeks of can-
nulation, should be conducted to better define transplant
candidacy and help delineate goals if the patient is consid-
ered an adequate lung transplant candidate.

KEY MESSAGE: The use of ECMO in COVID-19
ARDS continues to evolve. Algorithms developed for as-
sessing candidacy and caring for non–COVID-19 ARDS
patients should be followed, keeping in mind that patients
younger than 50 years old, with single-organ disease, and
mechanical ventilation for<3 days have better outcomes.

The Swan Song
PACs have long been used for the management of cardiac

surgery patients in the operating room and postoperative
intensive care unit (ICU). The purported benefit of using a
PAC in the perioperativemanagement of the cardiac surgery
patient is to permit the estimation of such physiologic pa-
rameters as cardiac output, mixed venous oxygen satura-
tion, and pulmonary artery pressure. Despite the
theoretical advantages of monitoring these physiologic pa-
rameters, however, contention still exists as to their efficacy.
Indeed, multiple studies have failed to show clinical benefit,
and in some cases contend that they have been associated
with worse outcomes.2,3 In one of our top picks for this
year in review, Brown and colleagues5 performed a propen-
sity matched study and evaluated>7000 patients in a bid to
y c - 2022
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determine the effect of PAC use in cardiac surgery at a sin-
gle institution. Patients in whom a PACwas used were more
likely to require a blood transfusion during or after surgery
and had a longer ICU length of stay. Importantly, there were
no observed differences in other outcomes including opera-
tive mortality. A subgroup analysis of 3 high-risk groups
(patients with congestive heart failure, mitral valve disease,
and moderate or greater tricuspid regurgitation) yielded no
differences in operative mortality on the basis of use of a
PAC. The authors concluded that PACs might have limited
benefit in the management of cardiac surgery patients and
might potentially serve as source of harm by increasing
the risk of complications and of overtreatment on the basis
of the acquired data. The study did have limitations. It was a
single-center retrospective review, which carries an
inherent bias and limits generalizability. The authors acqui-
esce to the absence of an institutional protocol to dichoto-
mize as to which patients receive PACs or indeed how
these data might be used to guide intensive care manage-
ment. Despite the excellent statistical analysis and propen-
sity matching, the potential for selection bias because of
unrecognized confounders remains a prevalent threat.
Furthermore, the literature review was somewhat tilted
against reporting the results from studies that have shown
a benefit to PAC use in cardiac surgery patients or on the ef-
fect on the association with decreased blood transfusions,
shorter length of stay, or lower rates of morbidity.8,9 This
study, nevertheless, adds to the growing body of literature
that challenges the routine use of pulmonary artery catheter-
ization in cardiac surgery patients. While admittedly a ran-
domized controlled trial might be necessary to fully resolve
the debate, the opposition is mounting.

KEY MESSAGE: This large (>7000 patients), single-
center retrospective study used propensity matching to
assess the effect of PAC use in cardiac surgery patients. Pa-
tients with a PAC had longer ICU length of stay and
increased frequency of blood transfusion, with no differ-
ence in operative mortality or other morbidity.

Turning Down the Volume
Drs Ad, Luc, and Nguyen surveyed adult cardiac surgery

programs to determine regional fluctuations in case volume
due to the COVID-19 pandemic.4 In their study they evalu-
ated 67 programs, which represented an annualized total of
>60,000 cases, and>45,000 hospital beds. Hospitals were
identified as having either a low (<100) or high burden
(>100) of hospitalized patients with COVID-19. Unsurpris-
ingly, most of the high-burden centers were categorized as
an “academic” center (79%). Most hospitals (70%) con-
verted medical wards into specific COVID-19 treatment
areas out of necessity. Only 25% of the cardiac surgeons,
however, were redeployed to alternative (ie, nonsurgical)
duties. Most centers temporarily halted nonurgent cardiac
surgery in March 2020. This was accompanied by a
The Journal of Thoracic and C
commensurate decrease in cardiac surgery to 60% of base-
line in March 2020, and a further 45% in April 2020. Mul-
tiple health system strains and COVID-19-related surges
were each associated with a further decrease in case vol-
umes, which also exhibited regional variability. Coronary
artery bypass grafting remained the most preserved proced-
ure type and increased in proportion from 41% to 47% of
the total case mix. The implications of long-term deferment
of cardiac surgery remain unknown, although previous data
suggest that delays in surgical revascularization portend a
poor prognosis and are associated with increased mortality
(2.6%-11% mortality per month).16 During the study time
frame, a total of 65 patients with suspected COVID-19 un-
derwent cardiac surgery. Their observed mortality was sub-
stantial, at 8%.
KEY MESSAGE: The number and type of cardiac sur-

gery procedures performed varied during the pandemic,
however experienced an overall decrease in case volumes
to 45% compared with baseline. Areas with the largest
burden of COVID-19 were most likely to require case
deferral. More urgent types of cases were performed (ie,
coronary artery bypass grafting and ECMO) compared
with traditionally elective cases (valve surgeries). Long-
term effects of deferred cardiac surgery are yet to be
determined.

The Reality of Transfusion
Anemia is common in patients with acute myocardial

infarction (AMI). Indeed, this setting is associated with
increased cardiovascular mortality. Transfusion is typically
indicated when hemoglobin levels decrease to<10 g/dL.
There are, nevertheless, large variations in clinical practice
because of a lack of consensus in the literature. Large, ran-
domized data comparing transfusion strategies in gastroin-
testinal bleeding or surgical procedures support restrictive
strategies. Indeed, transfusion is associated with such
adverse events as transfusion-related acute lung injury and
circulatory overload, immune or nonimmune reactions,
and infections, alongside logistical challenges and obvious
costs.17 In the quest for more robust data in the context of
AMI, the Restrictive and Liberal Transfusion Strategies in
Patients With Acute Myocardial Infarction (REALITY)
trial was performed. It was a large-scale, open-label, multi-
centric randomized trial designed to determine whether a
restrictive transfusion strategy was clinically noninferior
to a liberal transfusion strategy.10 It enrolled 668 patients
with AMI and hemoglobin levels between 7 and 10 g/dL
who were randomized to either a restrictive or liberal trans-
fusion strategy with a threshold for transfusion set at a he-
moglobin level<8 or<10 g/dL, respectively. The primary
composite outcome (all-cause death, stroke, recurrent
myocardial infarction, or emergency revascularization) at
30 days occurred in 11% versus 14% of patients, a differ-
ence that met the noninferiority criterion. Also, this primary
ardiovascular Surgery c Volume -, Number - 3
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clinical outcome was numerically lower in the restrictive
group, although it did not reach statistical significance.
The authors opine therefore that there might be a merit to
the restrictive approach. The confidence limit, nevertheless,
set at 25% in the noninferiority design might be deemed too
large, potentially masking clinically relevant harm. In addi-
tion, noninferiority does not equate to superiority. In fact,
more studies are necessary to attain some resolution and
clarity.

KEYMESSAGE: The REALITY trial investigated trans-
fusion strategies in patients with AMI in a randomized,
large-scale trial and showed that a liberal strategy (<10 g/
dL) is noninferior to a restrictive strategy (<8 g/dL).
Although such a high-quality work was critically needed,
more still needs to be done because the confidence limit
set by design could potentially include clinically relevant
harm, and because noninferiority does not mean superiority.
Further, the magnitude of effect is unclear on outcomes in
patients exposed to one strategy versus another and who
require cardiac surgery.
Injury Prevention
Priyanka and colleagues7 provide insight into the associa-

tion between perioperative renal injury and the risk for major
adverse kidney events at 180 days (MAKE180) in cardiac
surgery patients. The authors conducted a retrospective re-
view of 6637 patients who underwent cardiac surgery at 5
hospitals. Their records were stratified according to the pres-
ence of acute kidney injury (AKI) at 72 hours postsurgery on
the basis of urine output and serum creatinine using the Kid-
ney Disease Improving Global Outcomes (KDIGO) defini-
tion. Indeed, this has been previously validated in cardiac
surgery.18,19 Using the Society of Thoracic Surgeons defini-
tion for AKI, this study population had a rate of renal injury
(<4%) comparable with the 4% in the Society of Thoracic
Surgeons database. However, on the basis of the expanded
KDIGO definition, using oliguria and a lower serum creati-
nine level, the rate of AKI was substantially higher, at 81%.

Priyanka and colleagues reported a 49% rate of stage 2
AKI and a 12% rate of stage 3 AKI. The higher rates of re-
ported AKI in this cohort can be partly attributed to the 43%
incidence of isolated oliguria. The authors were able to
show that stage 1 AKI on the basis of oliguria alone was
associated with a 2 times increase in persistent renal
dysfunction at 180 days (odds ratio, 2.01; 95% CI, 1.26-
3.18; P < .3). This adverse association was more pro-
nounced with stage 3 KDIGO AKI, which had a 61% inci-
dence of MAKE180 and a 33% mortality rate.7,11 This
study showed that AKI is more common than previously
thought (81%) and that there is a close link between any
level of perioperative renal dysfunction and adverse out-
comes up to 180 days after cardiac surgery. The
MAKE180 rate increased from 4.5% for those with no
4 The Journal of Thoracic and Cardiovascular Surger
AKI to 61% for those with stage 3 AKI. However, even
stage 1 AKI on the basis of oliguria alone was associated
with a 15% rate of MAKE180 and a nearly 7% mortality
rate at 6 months.

KEY MESSAGE: This study shows that AKI is signifi-
cantly more common than previously thought (81%) and
that there is a close link between any level of perioperative
renal dysfunction and adverse outcomes up to 180 days af-
ter cardiac surgery. The MAKE180 rate increased from
4.5% for those with no AKI to 61% for those with stage
3 AKI. However, even stage 1 AKI on the basis of oliguria
alone was associated with a 15% rate of MAKE180 and a
nearly 7% mortality rate at 6 months.
Basic Instinct
The Balanced Solution Versus Saline in Intensive Care

Study (BaSICS) Randomized Clinical Trial is a well-
executed, multi-institutional randomized clinical trial of
11,052 adult patients in 75 critical care units in Brazil,
which investigated the type of intravenous fluid balanced
solution (BAL; Plasma-Lyte 148; Baxter International
Inc) versus normal saline (NS; 0.9% NaCl),11 and rate of
fluid administration (333 mL/h [SLOW] vs 999 mL/h
[FAST]).20 Survival at 90 days was the primary end point
and secondary outcomes included renal replacement ther-
apy (RRT), AKI, illness severity, and mechanical
ventilation-free days. In the cardiac population, a slower
rate of fluid administration might pose less risk of right ven-
tricular volume overload and dysfunction, and of tissue
edema.

The study results did not reveal a difference in mortality
for the use of either type of fluid; mortality 26.4% BAL
versus 27.2% NS; (adjusted hazard ratio, 0.97 [95% CI,
0.90-1.05]; P ¼ .47), or infusion rate; mortality 26.5%
for SLOW versus 27.0% for FAST (adjusted hazard ratio,
1.03 [95% CI, 0.96-1.11]; P ¼ .46), in 10,520 patients.
Furthermore, there was no difference in secondary out-
comes. Importantly, patients in the study had low illness
severity scores (median Sequential Organ Failure Assess-
ment score, 4 [interquartile range, 2-7]) and were mostly
surgical patients (61%) with either elective (49%) or emer-
gent (12%) surgery and included patients who underwent
cardiac surgery. Additionally, the median amount of study
fluid administration was 2.9 L (SD, 2.4 L) over 3 days (total
fluids:1.5 L on day 1, 4.1 L in 3 days), which is similar to the
fluid administered in the ICU in trials specifics to cardiac
surgery, such as the Hypertonic Saline for Fluid Resuscita-
tion After Cardiac Surgery (HERACLES) trial.21 The appli-
cability of the findings of the BaSICS trial are relevant to a
cardiac surgical population and critical care physicians in
cardiac surgical ICUs should feel safe in using either type
of solution for fluid optimization, especially for routine
care when modest fluid needs are expected. There was no
y c - 2022
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significant difference in serum chloride among the groups;
specifically, the median value remained well in the normal
range with NS. The results of BaSICS mirror those reported
in the 0.9% Saline Versus Plasma-Lyte 148 for Intensive
Care Unit Fluid Therapy (SPLIT) trial, which was per-
formed in a comparable population including surgical pa-
tients, and in which there was no difference for BAL
versus NS for AKI and RRT or mortality.22 The results,
however, differ from the Isotonic Solutions and Major
Adverse Renal Events Trial in Medicine (SMART-MED)
and Surgical Patients (SMART-SURG) trial, which showed
a small difference in favor of BAL for the composite
outcome of death, AKI, and new RRT, in a mostly medical
population.23 The conflicting results of the different trials,
fueled by vociferous opinions, will undoubtedly continue
to kindle this fire.

KEY MESSAGE: After cardiothoracic surgery in criti-
cally ill patients, fluid resuscitation with a BAL or NS ap-
pears to be safe. The type of fluid or infusion rate did not
significantly affect 90-day survival.
E
D
U
A Bitter Pill to Swallow

Dysphagia is a known risk factor after cardiac surgery
with a prevalence ranging from 3% to 70%, which in-
creases risk of pneumonia, cost of hospital stays, and risk
of readmission. Plowman and colleagues24 performed a
prospective single-center study of 182 patients who under-
went cardiac surgery to determine the prevalence, risk fac-
tors, and effect of postoperative dysphagia. After gathering
baseline data to rule out preexisting dysphagia risk, fiberop-
tic endoscopic evaluation of swallowing was performed
within 72 hours of extubation and rated by 2 blinded raters.
Scales were then used to determine the depth of material
entering the airway and the response, and the degree of
pharyngeal residue.

After screening all patients, only 6% were classified as
safe, 65% were penetrators, and 29% were aspirators, of
whom 53% were found to be silent (no cough), 32% had
a weak cough, and 15% were able to expel aspirate.
When swallowing was examined, only 48% had efficient
swallowing. In multivariable analysis, New York Heart As-
sociation classification III and IV, reoperation, a capture of
more than 110 transesophageal echocardiography images,
intubation >27 hours, and endotracheal tube size �8.0
were independent risk factors for aspiration. Patients who
had�3 risk factors had 16.4 times higher odds of aspiration,
and patients who had �4 risk factors had 22.4 times higher
odds of aspiration. Aspirating patients had 2.6 higher odds
of pneumonia, 5.7 higher odds of reintubation, 2.8 higher
odds of death at 90 days, waited 43% longer to resume
oral intake, had a mean 104-hour longer stay in the ICU,
6-day longer hospital stay, and incurred $49,372 more in
hospital costs.
The Journal of Thoracic and C
KEY MESSAGE: Clinically significant aspiration is
common after cardiac surgery and should be routinely
investigated in patients with identified risk factors.
Although most risk factors are nonmodifiable, choice of
smaller ETT tube, judicious use of TEE manipulations in-
traoperatively, and prerehabilitation to improve respiratory
muscle strength might improve outcomes in these patients.
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