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Chapter 8
Hematologic Challenges in ICU Patients
with Cardiovascular Disease

Annemarie Beth Docherty and Timothy Simon Walsh

Introduction

Cardiovascular disease (CVD) is the collective term for all diseases affecting the
heart and blood vessels. Statistics from the British Heart Foundation (UK charity)
show that approximately seven million people in the UK have coexisting CVD [1, 2].
In general non-cardiac critical care units, approximately 25-30% of all patients
admitted will have coexisting cardiovascular disease, according to intensive care unit
(ICU) casemix [3, 4]. CVD is the leading global cause of death, accounting for more
than 17.3 million deaths in 2013 (31% of all global deaths), a number that is expected
to grow to more than 23.6 million by 2030 [5]. Considerable geographical variation
in mortality rates can occur within and between countries. For example, in 2014, in
the UK, death rates from coronary heart disease were 45% higher in Scotland com-
pared with the southeast of England. CVD accounted for 10% of all inpatient epi-
sodes in the UK National Health Service (NHS) in men and 6.2% in women.
Unsurprisingly, the economic burden of CVD is high: in 2010, the estimated global
cost of CVD was $863 billion and is estimated to rise to $1044 billion by 2030 [5].

Anemia in Cardiovascular Disease

The myocardium has a limited anaerobic capacity and is dependent on a continuous
supply of oxygen from the coronary circulation. At rest, the coronary blood flow is
approximately 250 mL/min, representing 5% of cardiac output. The myocardium
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extracts 75% of the oxygen, which cannot increase significantly in response to
increased oxygen demand, and the coronary sinus PO, is subsequently very low
(3 kPa) [6]. This oxygen extraction ratio (OER) is higher than for all other major
organs, for which OERs of 25-30% are typical. In order to match the considerable
increases in myocardial O, consumption that occur during exercise (up to five times
resting consumption), there must be substantial increases in coronary blood flow.
Flow across the myocardium largely depends on the pressure gradient between the
aortic root and the right atrium. The force from the contracting heart muscle is
greatest in the left ventricular subendocardial layers where it approximates to intra-
myocardial pressure, and significant left ventricular coronary flow can occur only
during diastole. The right coronary flow is less affected by systole because of the
smaller right ventricular muscle mass and lower chamber pressures during the car-
diac cycle. Any increase in heart rate will result in a reduction in diastolic time and
will reduce perfusion time; the ratio of systolic to diastolic time becomes closer to
one as heart rate increases. Coronary blood flow is also controlled by the diameter
of the coronary arteries. This is under nervous and humoral control as well as local
vasorestrictors and vasoconstrictors in the endothelium. Hypoxia causes coronary
vasodilatation directly and also releases adenosine and opens ATP-sensitive potas-
sium channels [7]. It follows from these features of normal coronary physiology
that any reduction in coronary flow and/or coronary blood oxygen content will
decrease myocardial oxygen delivery, which could cause myocardial ischemia.

Anemia is associated with worse outcomes in patients with CVD, both in terms
of severity of illness and mortality. Anemia is associated with poor outcome in isch-
emic heart disease [8], chronic heart failure [9], rhythm disturbance, and mortality
and major adverse cardiovascular events in acute coronary syndrome [10, 11]. This
may be due to increased myocardial workload and adverse left ventricular and large
artery remodeling. Anemia is also associated with worse postoperative mortality in
patients with CVD [12], suggesting that patients with coexisting CVD are less toler-
ant of anemia than patients without CVD. This is consistent with animal studies
which showed that dogs with experimentally created coronary stenoses developed
ischemic ECG changes at higher Hb concentrations compared to those with normal
coronary arteries (stenoses 70-100 g/L vs normal 30-50 g/L) [13]. However, the
evidence in humans is mainly from observational studies, and it is difficult to tease
out whether the anemia is exacerbating the underlying condition or is a reflection of
the severity of the underlying disease. It follows, therefore, that reversing anemia
with RBC transfusion may not improve patient prognosis. These questions can only
be answered with certainty by well-designed randomized trials in relevant patient
populations.

There are additional reasons why patients with acute coronary syndrome (ACS)
may have poorer outcomes if they are anemic. Reduction in the oxygen delivery to
infarcted or ischemic myocardium may promote arrhythmias, worsen hypotension,
and increase infarct size [14]. Patients with anemia may also have antiplatelet ther-
apy withheld, due to concerns of the associated bleeding risks. For example, in the
CADILLAC trial, a trial investigating the effectiveness of Abciximab (a platelet
glycoprotein IIb/Illa inhibitor), 18% of patients with anemia at the time of their
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ACS were no longer receiving aspirin at 1 year follow-up [15]. The prevalence of
anemia among patients presenting with ACS is increasing, in part because of the
aging population and the presence of coexisting morbidities. Anemia at presentation
with ACS is associated with poorer short- and long-term outcomes [16], and bleed-
ing events during treatment for ACS are associated with greater mortality and other
cardiovascular events [17]. Some studies have found that hemoglobin decrement
during hospitalization for ACS is an independent predictor of subsequent death or
hospitalization with myocardial infarction (MI) [18, 19]. These associations high-
light the importance of establishing whether blood transfusions to correct anemia
can modify risk of adverse outcomes among anemic patients with ACS.

Anemia in Critically Ill Patients with CVD

Anemia causes an increase in cardiac output, achieved by an increase in heart rate
and stroke volume and the reduction in vascular resistance associated with reduced
blood viscosity (lower hematocrit) . In acute and critical illness, tachycardia reduces
diastolic filling time and hypotension reduces the pressure gradient across the left
ventricle. Both of these reduce blood flow through the coronary arteries. The use of
catecholamines increases myocardial O, demand, and global O, demand is also
increased. The myocardial oxygen supply is reduced in patients with anemia, and
patients with coexisting cardiovascular disease with potentially atheroma-related
flow-limiting disease have limited ability to compensate.

Myocardial Infarction

Myocardial infarction (MI) is defined according to the Third Universal Definition as
evidence of myocardial necrosis in a clinical setting consistent with acute myocar-
dial ischemia. This requires the presence of a rise and/or a fall pattern of cardiac
biomarkers (usually Troponin I (Tnl) or Troponin T (TnT)), with at least one value
above the 99th percentile of the upper reference limit. This should occur with at
least one of the following [20]:

e Symptoms of ischemia

* Electrocardiographic (ECG) evidence of myocardial ischemia (new or presumed
new significant ST-segment-T-wave changes or new left bundle branch block or
pathological Q wave changes in the ECG)

* Imaging evidence of new loss of viable myocardium or new regional wall motion
abnormality or identification of an intracoronary thrombus by angiography

MI can be further categorized according to its likely cause [20] (Table 8.1).
Patients with myocardial necrosis (elevated troponin concentrations) in the
absence of symptoms or signs of myocardial ischemia are classified as having
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Table 8.1 Types of myocardial infarction

Type I Spontaneous MI related to atherosclerotic plaque rupture,
with intraluminal thrombus

Type 11 Secondary to ischemia, oxygen supply-demand imbalance

Type 11 MI resulting in death when biomarker values are unavailable

Type IVa MI related to PCI

Type IVb MI related to stent thrombosis

Type V MI related to CABG

myocardial injury. Acute myocardial injury occurs where troponin concentrations
display a dynamic rise and fall pattern, compared with chronic myocardial injury,
where troponin concentrations remain elevated but unchanged on serial testing.
Chronic myocardial injury may be found in patients with chronic heart failure, renal
failure, and coronary artery disease in the community [21, 22]. Acute myocardial
injury is common in critically ill patients with CVD and may be secondary to sepsis
[23, 24], acute exacerbation of COPD [25], acute intracerebral pathology [26], or
pulmonary embolism [27, 28].

Outcomes of Type II Myocardial Infarction and Myocardial
Injury

Outcomes for patients with both type II MI and myocardial injury are poor, espe-
cially in the critical care setting. There is currently no consensus on the optimal
cardiac investigation, management, or treatment strategy for these conditions. For
consecutive unselected hospital inpatients out with the critical care setting, patients
with type II MI or myocardial injury have worse outcomes than patients who pres-
ent with type I MI, with a third of patients dead at 1 year [29] and 60% of patients
with type II and 75% of patients with myocardial injury dead at 5 years [30].
However, this reflects all-cause mortality, and it is not known whether therapeutic
intervention can improve outcomes. Patients with type II MI were twice as likely as
those with myocardial injury to be admitted with a type I MI during the subsequent
year, suggesting that a proportion of patients with type II MI may benefit from fur-
ther investigation and treatment for coronary artery disease.

Diagnosis of MI in Critical Illness

Diagnosis of MI in patients with critical illness is not straightforward. Many patients
are unable to communicate any symptoms due to sedation and ventilation, strong
analgesia, distracting injuries, and delirium. Tnl elevation is common in critical ill-
ness and in addition to cardiac causes has multiple non-cardiac etiologies as described
above. ECGs are typically not performed routinely, and ECG interpretation is
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difficult due to tachycardia, arrhythmias, and non-specific changes. Two groups
have looked at ECGs taken routinely in heterogeneous critically ill patients [31-33].
They found that ECG interpretation by clinicians had poor agreement for the pres-
ence of myocardial ischemia or infarction. This was improved to moderate agree-
ment once the ECG was interpreted alongside the patient’s troponin values. Specific
ECG changes such as bundle branch block had high reliability, compared to non-
specific T-wave flattening.

Bedside imaging is limited to transthoracic echocardiography, which may miss
small but important regional wall motion abnormalities. In critical care settings,
echocardiography is frequently technically difficult, and an injury involving >20% of
myocardial wall thickness may be required to detect a wall motion abnormality [34].

Diagnosis of MI in Critically Ill Patients with Coexisting CVD

Patients with coexisting CVD are at high risk of further myocardial injury during
critical illness. Surgery and trauma induce an inflammatory state, with increase in
the concentrations of cytokines such as TNF-alpha, interleukin-1, interleukin-6, and
CRP. Patients are hypercoagulable due to increases in PAI-1, factor VIII, and plate-
let reactivity and decreases in antithrombin III concentrations. Furthermore, patients
have increased catecholamine and cortisol levels as a result of physiological stress.
All of these may lead to coronary artery shear stress, plaque fissuring, and subse-
quent acute coronary thrombosis, or type I MI [35]. Even in the absence of plaque
rupture, increased oxygen demand and reduced oxygen delivery in the presence of
stable atherosclerotic stenosis may result in type II myocardial infarction.

It is important to attempt to delineate the mechanism of raised Tnl in critically
ill patients with CVD, in order to identify patients where cardiac or coronary inves-
tigations or therapies may be indicated. For the patient who presents with sub-
massive pulmonary embolism, Tnl elevation may be secondary to right ventricular
strain or hypoxia, and coronary angiography is both unwarranted and an unneces-
sary risk. For the patient who presents with community acquired pneumonia, chest
pain, and ECG changes, Tnl elevation may be due to hypoxia, tachycardia, or hypo-
tension, with the acute illness representing a physiological stress test. In this con-
text, it is appropriate to diagnose acute MI. These examples illustrate how the
complexity of cases presenting to critical care, especially the interplay between
pre-existing and complex acute disease, make the diagnosis of MI difficult in indi-
vidual patients.

Management of MI in Critically Ill Patients with Coexisting CVD

If type I MI is suspected, then invasive coronary angiography should be considered.
However, if Tnl elevation is in the context of oxygen supply-demand imbalance, then
the need for further investigation and treatment is uncertain [36]. A survey of 310
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intensivists regarding treatment strategies for critically ill patients with elevated tro-
ponin and without typical symptoms of MI or ECG changes found that 76% would
start aspirin or clopidogrel, 47.4% would start heparin, 48.9% would start high-dose
statins, 68.7% would start beta-blockers, and 37.6% would use an ACE-inhibitor.
72.7% would request a cardiology consultation, and 51.3% would refer for an angio-
gram once the patient was stable [37]. These responses indicate substantial clinical
variation and uncertainty regarding best practice. In addition, patients with pre-exist-
ing CVD are frequently already on secondary prevention therapies such as antiplate-
let agents and statins. The risk to benefit ratio of continuing agents during a critical
illness episode, which agents should be prioritized, and the optimum timing of
restarting therapies during recovery are all areas of clinical uncertainty. Based on
lack of clear evidence, the risks and benefits of primary and secondary treatment
have to be assessed on an individual basis. For example, critically ill patients often
have significant coagulation abnormalities. Approximately 25-34% of critically ill
medical patients are thrombocytopenic [38], and patients with platelet counts of
<50 x 10°/L have a four- to fivefold increased risk of bleeding compared with patients
with higher platelet counts [39]. In these patients, the risk of bleeding from heparin
and antiplatelet medication may outweigh potential benefits to myocardial function.

Transfusion in Critically Ill Patients with CVD

Red blood cell transfusion may increase oxygen delivery to the myocardium,
thereby reducing the risk of myocardial ischemia and necrosis. Current guidelines
advocate a restrictive use of blood transfusions for general hospital inpatients
including those who are critically unwell (Table 8.2) [41, 42, 44, 45]. These have
highlighted the lack of evidence and uncertainty regarding best practice for patients
with acute or chronic cardiovascular disease [41, 42, 44, 45]. The National Institute
for Health and Care Excellence (NICE) blood transfusion guideline, published in
November 2015, stated that the optimal transfusion threshold for patients with
ongoing acute coronary syndrome was 80—100 g/L but made no specific recommen-
dation for patients with chronic cardiovascular disease and highlighted the need for
further research in this specific population [43].

Transfusion in Acute Coronary Syndrome

Until recently, the only data available exploring the association between anemia,
transfusion practice, and clinical outcomes in ACS were observational cohort stud-
ies. These provide contrasting and contradictory data but in meta-analysis suggest
an association between blood transfusions and higher risk of mortality and reinfarc-
tion [46]. However, as with all observational research exploring the association
between anemia, transfusion, and clinical outcomes, these studies are potential
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Table 8.2 Guidelines for transfusion thresholds in all patients and specifically for patients with
cardiovascular disease

Recommendation
Organization Year | (g/L) Recommendation for CVD
American Society of 2006 | 60 60-100 g/L. dependent on
Anesthesiologists [40] comorbidity and organ ischemia
The American College of 2009 | 70 Higher for acute myocardial
Critical Care Medicine infarction or unstable myocardial

ischemia

American Association of 2012|170 Transfuse patients with symptoms
Blood Banks [41] of Hb < 80 g/L.
British Committee for 2012 | 70, target 70-90 Stable angina should have
Standards in Haematology [42] Hb > 70 g/L
National Institute for Health 2015 | 70, target 70-90 ACS: Transfusion threshold of
and Clinical Excellence 80 g/L, target of 80—100 g/L
(NICE) [43] Chronic: Further research
Association of Anaesthetists of | 2016 | 70 Uncertainty remains for patients
Great Britain and Ireland with IHD, higher thresholds
(AAGBI) [44] (80 g/L) may be appropriate

subjects to confounding by indication [47, 48]. At best, these studies are hypothesis
generating but indicate the need for randomized trials in the setting of ACS.

There are no completed large RCTs, but two pilot RCTs of RBC transfusion in
acute coronary syndrome have been published. The CRIT pilot trial randomized 45
patients with ACS to either a liberal transfusion threshold (transfusion at hematocrit
<30%) or a restrictive transfusion threshold (hematocrit <24%). Baseline hemato-
crit was similar (liberal 26.9% vs restrictive 27.5%, p = 0.4). More patients in the
liberal arm were transfused (100% vs 54%, p < 0.001), and the average number of
units transfused per patient was higher in the liberal arm (2.5 vs 1.6, p = 0.07). The
primary composite endpoint of in-hospital death, recurrent myocardial infarction,
or congestive heart failure occurred in eight patients in the liberal arm and three in
the conservative arm (38% vs 13%, p = 0.046) [49]. However, most of the excess
events in the liberal group (eight versus two patients) were accounted for new or
worsening heart failure, which could have been related to transfusion. There was no
difference in deaths.

The MINT pilot trial (liberal Hb 100 g/L vs restrictive 80 g/L or symptoms of
ischemia) found a trend for fewer major cardiac events and deaths in patients
randomized to the liberal arm [50]. Baseline characteristics were similar between
groups except age (liberal, 67.3; restrictive, 74.3). The mean number of units trans-
fused was 1.6 in the liberal group and 0.6 in the restrictive group. The primary out-
come (composite of death, myocardial infarction, or unscheduled revascularization
up to 30 days) occurred in 6 patients (10.9%) in the liberal group and 14 (25.5%) in
the restrictive group (risk difference = 15.0%; 95% confidence interval of difference
0.7-29.3%; p = 0.054 and adjusted for age p = 0.076). Death at 30 days was less
frequent in liberal group (n = 1, 1.8%) compared to restrictive group (n =7, 13.0%;
p =0.032).
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The full MINT trial of RBC transfusion in ACS started recruiting early in 2017
and is aiming to recruit 3500 patients by 2021. The liberal arm will be transfused at
a hemoglobin concentration of 100 g/L compared to 80 g/L (or symptoms of angina)
for the restrictive arm. The primary outcome will be a composite outcome of all-
cause mortality or nonfatal myocardial reinfarction. Until this trial reports, and
despite the paucity of evidence, guidelines currently recommend a higher transfu-
sion threshold of >80 g/L for patients with ACS. This threshold is higher than the
value of 70 g/L suggested in guidelines for most other groups but is still close to the
restrictive threshold used in these inconclusive pilot trials. Clinicians currently need
to make decisions based on individual patient status, for example, whether patients
are tachycardic and hypotensive or have evidence of ischemia.

Chronic Cardiac Disease

We conducted a systematic review and meta-analysis assessing the effect of restric-
tive vs liberal red cell transfusion strategies on patient outcomes restricted to adult
patients with coexisting cardiovascular disease, excluding patients undergoing car-
diac surgery [51]. We were able to extract data on patients with CVD from 11 RCTs
that compared restrictive and liberal strategies for 30-day mortality and 9 RCTs for
new events of ACS.

We found no evidence of a difference in 30-day mortality between restrictive and
liberal transfusion threshold groups. However, we found that a restrictive transfu-
sion threshold was associated with a 78% increased risk of ACS in patients with
cardiovascular disease with low heterogeneity between trials suggesting this
increased risk is a consistent finding (RR 1.78, 95% CI 1.18-2.70, moderate quality
of evidence as assessed by GRADE). There was no difference in the incidence of
pulmonary edema between restrictive and liberal transfusion strategies, but hetero-
geneity existed between trials, and the GRADE quality of evidence was judged as
very low. It is possible that this outcome includes cases of transfusion associated
circulatory overload (TACO), which is more likely with liberal strategies. There was
no difference in hospital length of stay between restrictive and liberal transfusion
strategies, and other outcomes were rare, with inadequate data for meta-analysis.
There were limitations in the systematic review, notably the definition and diagnosis
of ACS. In some trials ACS was diagnosed by the clinicians, who were not blinded
to the transfusion arm, which increases the chance of ascertainment bias. Another
limitation was the heterogeneity of the clinical setting of the trials, varying between
orthopedics, critical care, and GI bleeding. The extent and duration of physiological
stress and the duration of exposure to anemia also varied between settings, and this
could have an impact on the risk-benefit balance for transfusion.

This review suggested that for anemic patients with CVD, the use of restrictive
hemoglobin thresholds (Hb concentration 70-80 g/L) was associated with higher
rates of ACS than liberal thresholds (90-100 g/L). No effects on mortality or other
important outcomes were demonstrated. The currently available quality of evidence
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for all outcomes was low. These data support the use of a more liberal transfusion
threshold (greater than 80 g/L) for patients with both acute and chronic cardiovas-
cular disease, until adequately powered high-quality randomized trials have been
undertaken in this patient population.

Cardiac Surgery

Cardiac surgery represents a major consumer of red blood cells in all healthcare
systems. There is a physiological rationale that anemia may be harmful during car-
diac surgery, when coronary blood flow may be compromised, the myocardium
acutely injured by surgery, and global oxygen demands increased by the stress
response to surgery. However, there are theoretical reasons for harmful effects from
transfusion of allogeneic blood, including immune suppression and infection and
the pro-inflammatory and procoagulant effects of stored red blood cells [52].

Observational cohort studies mostly show associations between anemia and a
range of adverse outcomes following cardiac surgery, especially infection and mor-
tality. However, associations also exist between blood transfusions and these out-
comes, even after attempts to adjust for hemoglobin concentrations [53]. This
observational research is unable to delineate the relative risk to benefit ratio of ane-
mia and blood transfusion, especially as other issues such as patient case mix and
the red cell product could modify the association.

Several RCTs have explored the effectiveness of liberal versus restrictive trans-
fusion practice among anemic patients undergoing cardiac surgery. A systematic
review and meta-analysis by Patel and colleagues reviewed all studies published to
May 2015, identifying six RCTs involving 3352 patients [54]. Meta-analysis found
a pooled fixed effects mortality odds ratio (liberal versus restrictive transfusion
threshold) of 0.70 (95% CI 0.49-1.02; p = 0.060), indicating a trend toward better
outcomes with more liberal practice. This contrasted with the direction of effect in
RCTs in the non-cardiac surgery setting supporting the hypothesis that patients
undergoing cardiac surgery may benefit from a more liberal practice; however, data
were inconclusive. Important differences between the trials included the timing of
intervention (during cardiopulmonary bypass (CPB), on ICU post-CPB, or through-
out the perioperative period) and the hemoglobin thresholds used. These issues
may be important, especially in relation to the acute hemodilution that occurs
during CPB.

The two largest trials involved 502 [55] and 2007 [56] patients. Hajjar and col-
leagues randomized all consecutive patients undergoing CPB surgery in a single
Brazilian center to a transfusion threshold of hematocrit 30% or 24% throughout the
perioperative period. No difference in the 30-day composite of mortality and major
morbidity was observed (10% vs 11%), or mortality alone (5% vs 6%). Murphy and
colleagues randomized patients in 17 UK hospitals to a restrictive (Hb 75 g/L) or
liberal (Hb 90 g/L) transfusion strategy post-surgery in the ICU if their hemoglobin
concentration was 90 g/L or less. They found no difference in the composite out-
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come of serious infection or ischemic events within 3 months post-randomization
(35.1% vs 33.0%), with no heterogeneity across pre-defined patient subgroups.
However, more deaths occurred in the restrictive threshold group (4.2% vs 2.6%;
hazard ratio, 1.64; 95% CI, 1.00-2.67; p = 0.045). As this was a secondary outcome,
its significance was uncertain, but the finding made a major contribution to the
effect observed in the meta-analysis [54].

Two further studies have been published since 2015. Koch and colleagues ran-
domized 722 patients undergoing cardiac surgery in two US hospitals to a transfu-
sion threshold of hematocrit 24% or 28% throughout hospitalization. This trial was
stopped at the second interim analysis because a pre-defined futility boundary was
crossed. There was no difference in the composite outcome of mortality and mor-
bidity (16% vs 19%). These data supported the safety of a restrictive transfusion
practice. Most recently, Mazer and colleagues randomized 5243 adults undergoing
cardiac surgery with a European System for Cardiac Operative Risk Evaluation
(EuroSCORE) T of six or more (on a scale from 0 to 47) to a restrictive red cell
transfusion threshold (Hb < 75 g/L) or a liberal red cell transfusion threshold (Hb <
95 g/L) [57].

The intervention lasted from induction of anesthesia throughout hospitalization.
They found no difference in the primary composite outcome of death from any
cause, myocardial infarction, stroke, or new-onset renal failure with dialysis (11.4%
vs 12.5%); mortality was also similar (3.0% vs 3.6%). There were no differences
between the groups in any of the secondary outcomes or for any pre-defined sub-
groups including patients with worse preoperative left ventricular function, renal
dysfunction, or diabetes mellitus. The non-inferiority design of this trial provides
high-quality evidence for the safety of this restrictive strategy in cardiac surgery.

Clinical trial evidence therefore provides clarity about current best practice for
patients undergoing cardiac surgery. Despite the association between anemia and
adverse outcomes in this population, red blood cell transfusions are only indicated
when the hemoglobin concentration is 75 g/L or less during the perioperative period
and subsequent hospitalization. More liberal transfusion practices confer no clinical
benefit to the patient and increases red cell use.

Conclusions

Coexisting cardiovascular disease is prevalent among patients admitted to
ICU. Ceritical illness places significant strain on the vulnerable myocardium, and
both atheromatous plaque rupture and supply-demand oxygen imbalance may result
in myocardial infarction. Clinical trials have shown that red blood cell transfusions
are only indicated when the hemoglobin concentration is <75 g/L for patients
undergoing cardiac surgery. However, there is biological plausibility, supported by
work from pilot trials and systematic reviews, that more liberal transfusion strate-
gies may be beneficial in patients with both acute and chronic cardiovascular dis-
ease. We would recommend a more liberal transfusion strategy of >80 g/L until data
from high-quality RCTs in these populations are available.
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