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Risk of Anemia
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Case Vignette

A 76-year-old female is scheduled for elective aortic valve replacement for
severe aortic valve stenosis. From her history the patient complained of pro-
gressive shortness of breath for the last 12 months. Past medical history
included a 10-year history of orally treated diabetes mellitus and chronic
obstructive pulmonary disease associated with an ongoing longstanding nico-
tine abuse. Additionally, she suffered from chronic anemia that was treated
with a course of oral iron about 1 year ago, but it was discontinued due to
gastrointestinal discomfort. The patient is stable without symptoms of disease
or complaints on low intensity physical exertion. Blood screening on admis-
sion reveals a hemoglobin of 10.1 g/dL (6.3 mmol/L), a hematocrit of 31%, a
mean cellular volume (MCV) of 75 fL, and a mean corpuscular hemoglobin
of 25.9 pg. No further anemia studies have been ordered yet. Does anemia
increase the risk of the patient suffering adverse outcomes including mortality

after cardiac surgery?
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Why Is It Important?

According to the WHO about 1.93 billion people—27% of the world’s popula-
tion—suffered from anemia in 2013 [1].The age-adjusted prevalence of anemia was
19,748 per 100,000 inhabitants in developed countries. Prevalence by age shows a
marked increase (up to 30,000 per 100,000) in the elderly population > 65 years of
age [2].

In cardiac surgery, between 20% and 45% of patients present with anemia of any
cause prior to surgery [3—7]. Preoperative anemia has been identified as a risk factor
for a variety of adverse outcomes in different surgical specialties [8] and is fre-
quently the reason for blood transfusion in various settings [9].

Patient blood management (PBM) is a multidisciplinary concept that aims to
tailor the administration of blood products to the need and clinical situation of each
particular patient. Furthermore, PBM intends to sharpen the consciousness for the
reasons underlying the need for blood transfusions. Within the first pillar of the
clinical concept of PBM the detection and treatment of preoperative anemia plays a
prominent role [10].

Cardiac surgery continues to use a high percentage of the national blood supply
[11] and anemia either pre- or perioperative as well as acute or chronic is the major
underlying cause. For this reason, the assessment of the impact of preoperative ane-
mia in patients undergoing cardiac surgery is warranted. In this context the impact
of perioperative transfusion on postoperative outcomes and the interaction with
causative factor anemia has to be acknowledged.

The purpose of this chapter is to review the data of the impact of preoperative
anemia on the outcome of patients scheduled for cardiac surgery. A second chapter
of this book will focus on diagnostics and treatment of preoperative anemia.

Evidence

A literature search using the following query (((Cardiac surgery) NOT (Children
OR Pediatric))) AND (anemia AND (preop* OR pre-op* OR before OR prior)) was
performed, to identify studies investigating the impact of preoperative anemia on
the clinical outcome of patients undergoing cardiac surgery. Sixty-one publications
on preoperative anemia in adult cardiac surgery published between 2001 and
January 2017 were identified. After the exclusion of case reports, editorials, studies
investigating postoperative anemia, or the treatment of anemia that did not report
the risk associated with preoperative anemia, 48 studies reporting patient outcomes
remained. Of these, 21 studies were observational, one was a national audit, 5 were
matched cohort, and 21 retrospective studies in design.

Forty-five of these 48 studies reported that preoperative anemia was associated
with worse outcome after on-pump or off-pump cardiac surgery. Worse outcomes
ranged from the need for blood transfusions and acute kidney injury to mortality. In
contrast, only 3 studies did not describe preoperative anemia as a risk factor for
adverse clinical outcomes after cardiac surgery [12-14].
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Without assessing the quality of evidence from each study of this literature
search, these numbers suggest that preoperative anemia seems to be a risk factor for
adverse clinical outcomes after cardiac surgery rather than it conveys no risk for the
patient. These results are in line with data from non-cardiac surgery that also indi-
cated the independent impact of preoperative anemia on adverse outcomes [15, 16].
The remaining question is whether preoperative anemia is simply a surrogate for the
severity of comorbidities of the patients or a risk factor that is independent of other
factors conveying a risk for the cardiac surgery patient? This question is difficult to
answer, but the literature provides data suggesting that anemia is an independent
risk factor in cardiac surgery.

The study by Williams and colleagues collected data from more than 180.000 iso-
lated coronary artery bypass graft procedures and reported that preoperative anemia,
as defined by a hematocrit <33%, was an independent predictor of perioperative mor-
tality, renal failure, and deep sternal wound infection [3]. These results were con-
firmed by other large and more recent analyses from different countries [4, 6, 7, 17].

Hence, some national and international guidelines have addressed preoperative
anemia as a risk factor in cardiac surgery: The 2017 Patient Blood Management
Guideline of the European Association of Cardiothoracic Anaesthesiologists
(EACTA) in conjunction with the European Association of Cardiothoracic Surgery
(EACTS) acknowledges preoperative anemia as a significant risk factor for cardiac
surgical procedures and recommends preoperative treatment according to the under-
lying cause of anemia (Class IIb and Ila recommendations) [18].

Moreover, the increased risks of preoperative anemia in patients undergoing sur-
gery were acknowledged by the British Committee for Standards in Haematology
Guidelines [19] which recommend that healthcare pathways should be structured to
ensure anemia screening and correction before surgery (Grade 2b).

In addition, the first update of the European Society of Anaesthesiology (ESA)
Guideline on the Management of Severe Perioperative Bleeding states that preop-
erative anemia in adults and children is a strong risk factor for perioperative blood
transfusion in different surgical specialties and may be associated with adverse out-
comes (B) and recommends anemia assessment in patients with a risk of bleeding
within 3-8 weeks before operation (1C).

Furthermore, adapted to the results of the blood work up, a causal treatment is
recommended (strong recommendation either 1B or 1C depending on the treatment
option and the quality of evidence for the treatment modality) [20].

The recently published German Guidelines on Preoperative Anemia investigated
the risk of anemia before cardiac and non-cardiac surgery using the GRADE system
to assess the published evidence until early 2015 [21]. This guideline attempted to
quantify the risk with preoperative anemia for different outcome variables and
patient groups. The included meta-analysis showed that preoperative anemia
increased the risk for mortality by a factor 2.72 [95%CI: 2.28, 3.24] (Fig. 4.1, panel
(a)), the risk to be transfused by 1.97 [95%CI: 1.59, 2.44] (panel (b)), and the hos-
pital stay after cardiac surgery to be in median prolonged by 2.3 days [95%CI: 0.39,
4.24] (panel (¢)). The confidence intervals indicate that all results were statistically
significant [21].



36 C.von Heymann and L. Kaufner

a PA no PA Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Bell 2008 333 6143 921 30196 11.2% 1.78[1.57,2.01] -

Carrascal 2010 18 95 11 123 41% 2.12[1.05, 4.27]

Cladellas 2006 10 42 9 159 3.2% 4.21[1.83, 9.68]

de Santo 2009 25 320 16 727 4.8% 3.55[1.92, 6.56] —_—

Elmistekawy 2013 70 868 51 1830 8.0% 2.89[2.04, 4.11] —_

Gupta 2013 368 15272 206 16585 10.7% 1.94 [1.64, 2.30] -

Hung 2011 45 1463 13 1225 4.9% 2.90[1.57, 5.35] —_—

Karkouti 2008 51 774 36 2512 71% 4.60 [3.02, 6.99] e

Khan 2014 1 45 2 150 0.5% 1.67[0.15, 17.96] —

Kim 2014 4 200 5 512 1.6% 2.05[0.56, 7.55] -1

Matsuda 2013 4 254 3 869 1.2% 4.56 [1.03, 20.25] —

Miceli 2014 85 1856 88 5882 8.9% 3.06 [2.28, 4.11] -

Mirhosseini 2012 1 44 1 42 0.4% 0.95[0.06, 14.77]

Oshin 2013 16 193 2 167 1.3% 6.92[1.62, 29.67]

Ranucci 2012 67 533 14 269 5.4% 2.42[1.38, 4.22] I

Scrascia 2014 172 1614 101 2980 9.7% 3.14 [2.48, 3.99] -

van Straten 2009 80 1608 147 8417 9.3% 2.85[2.18, 3.72] -

van Straten 2013 20 351 38 1385 5.7% 2.08[1.22, 3.52] -

Zhang 2013 22 432 3 223 18% 3.79[1.15,12.51]

Total (95% Cl) 32107 74253 100.0% 2.72[2.28, 3.24] <

Total events 1392 1667

Heterogeneity: Tat? = 0.07; Chi = 54.62, df = 18 (P < 0.0001); P = 67% o in 051 150 1050

Test for overall effect: Z = 11.14 (P < 0.00001) . no preopéralive anemia  preoperative anemia
b PA no PA Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Karkouti 2008 519 774 573 2512 15.9% 2.94[2.69, 3.21] -

Hung 2011 791 1463 275 1225 15.6% 2.41[2.15,2.70] -

Kim 2014 160 200 192 512 15.3% 2.13[1.87,2.43] -

de Santo 2009 229 320 252 727 15.5% 2.06 [1.83, 2.33] -

David 2013 190 238 327 705 15.7% 1.72]1.55, 1.91] -

Ranucci 2012 380 533 135 269 15.3% 1.42[1.25, 1.62] -

Khan 2014 10 45 32 150 6.7% 1.04 [0.56, 1.95]

Total (95% Cl) 3573 6100 100.0% 1.97 [1.59, 2.44] L3

Total events 2279 1786

Heterogeneity: Tatf = 0.07; Chf = 116.78, df = 6 (P < 0.00001); P = 95% o i)w 051 : 150 w:o

Test for overall effect: Z = 6.27 (P < 0.00001) ’ no preopérative anemia preoperative anemia
c PA no PA Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD_Total Weight 1V, Random, 95% ClI IV, Random, 95% CI

Carrascal 2010 15665 1452 95 364 10.61 123 10.8% 12.01[8.54,15.48] —

Cladellas 2006 13 3 42 9 115 159 14.1% 4.00 [2.00, 6.00] —

de Santo 2009 89 58 320 76 41 727 162% 1.30[0.60, 2.00] -

Khan 2014 11 9 45 13 18 150 9.9% -2.00[-5.90, 1.90] -1

Mirhosseini 2012 6.04 096 44 7.31 15 42 16.4%-1.27[-1.81,-0.73] -

Ranucci 2012 7 5 533 7 25 269 16.4% 0.00[-0.52,0.52] r

Zhang 2013 18 55 432 9 385 223 162%  4.00[3.31,4.69] -

Total (95% Cl) 1511 1693 100.0%  2.31[0.39, 4.24] L 4

Heterogeneity: Tal? = 5.82; Chi® = 202.07, df = 6 (P < 0.00001); P = 97% + + t +

Test for overall effect: Z = 2.35 (P = 0.02) fg preopeéziee anemia preoperal]\f)e anemia 20

Fig. 4.1 The risk of mortality (panel (a)) and perioperative red cell transfusion (panel (b)) with
anemia before cardiac surgery and the impact of preoperative anemia on hospital stay (panel (c))
are shown as forest plots of observational studies [21]

The guideline group, including representatives of 18 different medical societies,
stated that the abovementioned risks of preoperative anemia refer to the untreated
preoperative anemia in cardiac and non-cardiac surgery irrespective of the underly-
ing cause of anemia as the causes were mainly not investigated in the studies
included in the meta-analysis.

Risk of Anemia in Certain Patient Populations

Cardiac surgery with CPB induces hemodilution which is usually more pronounced
in women due to a lower body weight and circulating blood volume. This increases
the risk to be transfused for women during or after cardiac surgery, especially when
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PA o PA Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Carrascal 2010 18 95 11 123 55% 2.12[1.05, 4.27] -

Gupta 2013 368 15272 206 16585 94.5% 1.94 [1.64, 2.30] .

Total (95% Cl) 15367 16708 100.0% 1.95 [1.65, 2.30] *

Total events 386 217

Heterogeneity: Tau? = 0.00; Chi? = 0.06, df = 1 (P = 0.81); = 0% k + + J

; J
-7 = 0.01 0.1 10 100!
Test for overall effect: Z = 7.96 (P < 0.00001) no preoperative anemia preoperative anemia

Fig. 4.2 The impact of anemia in patients >65 years of age on mortality [21]

patients are anemic preoperatively. Until 2015, only one study in gynecological
surgery investigated the risk of preoperative anemia. This study showed a 4.7 times
higher risk to be transfused in patients with preoperative anemia [22]. However
preoperative anemia was not identified as an independent risk factor for other clini-
cal outcomes such as the rate of complications or length of hospital stay. Perioperative
transfusion, however, was significantly associated with a higher risk in the adjusted
analysis, so that the authors concluded that patients should be systematically
screened for preoperative anemia and treated according to the results [22].

Another group at risk are elderly patients undergoing cardiac surgery, in whom
the prevalence of anemia is already increased [1, 2]. Pooled data from 2 studies
show that the risk of mortality is increased by the factor 1.95 in anemic patients
>65 years of age undergoing cardiac surgery (Fig. 4.2) [21]. Another study showed
that elderly and anemic patients stayed longer in the hospital and the ICU than non-
anemic elderly patients, although these results did not reach significance (median
hospital stay 15.6 + 14.5 vs. 3.6 £ 10.6 days, p = 0.23, and ICU stay 7.2 + 10.7 vs.
4.9 = 8.0 days, p = 0.069) [23].

The Independent Impact of Anemia

Preoperative anemia is frequently associated with a higher demand of intra- or peri-
operative blood transfusions as demonstrated in the majority of studies. Blood
transfusions themselves are considered a risk factor for adverse outcomes after car-
diac surgery [24, 25] and so it is difficult to estimate the independent impact of
preoperative anemia. Three studies confirmed that there is an interaction between
anemia and transfusion and described an almost two-fold higher risk of mortality
anemic in patients who were transfused [6, 7], although in one study the risk associ-
ated with blood transfusions seemed to be stronger than that with anemia [8].

The authors of all studies suggested that the treatment of preoperative anemia as
a modifiable risk factor should be considered as it may also influence the risk asso-
ciated with blood transfusions in cardiac surgery.

Implications for Daily Practice

A large body of literature and separate analyses from different national guidelines
show that preoperative anemia is a risk factor for adverse outcomes after cardiac
surgery. Preoperative treatment may not only improve anemia, but also reduce
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allogenic transfusion requirements, which show a significant interaction with ane-
mia on outcome after cardiac surgery. However, it needs to be proven in a pragmatic
and prospective randomised, sufficiently powered trial whether preoperative anemia
treatment is superior to blood transfusion.

Answering the question of the case vignette, current evidence from a large num-
ber of studies and some recent meta-analyses and guidelines suggest that this lady
with an isolated aortic stenosis has an increased risk for mortality (by factor of 2)
and other adverse outcomes associated with her anemia. Due to her stable clinical
condition, the attending clinicians should consider to identify the cause of anemia
and treat the patient accordingly.
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