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Objectives

Recognition of anemia in preoperative 
cardiac patients

Understand the various types of anemia

Discuss treatment for patients who are 
anemic or iron deficient undergoing 
heart surgery including Next-Gen 
Options



QUESTIONS TO 
BE ANSWERED

Cardiac surgery 
accounts for 15-20% 
of all perioperative 
blood transfusions

• Why is iron deficiency with or without anemia 

important in cardiac surgery?

• What is the current therapy for iron deficiency and 

ID anemia in cardiac surgery??

• How can successful treatment be promoted?

• What is on the horizon in the treatment of ID and 

ID anemia in cardiac surgery?



SABM/STS FOUR PILLARS OF PBM



Primary Care? Only pre-op

Admitting Physician? Only pre-op

Anesthesiologist? Only intra-op

Intensivist/Hospitalist? Only post-op

It has to be the surgeon’s role!!!!

PBM spans the full spectrum of care and is to be practiced long before 
admission, surgery or any need for transfusion other than immediate and 
overwhelming blood loss. The surgeon is in the best position to do so.

Pre-op Intra-op Post-op
So….whose 
role is it to 
manage 
anemia in a 
heart patient 
in the US?



Does the severity 
of preoperative 

anemia or blood 
transfusion have a 

stronger impact 
on long-term 
survival after 

cardiac surgery?

von Heymann et al.
J Thorac Cardiovasc Surg

2016;152(5):1412–20

Preoperative anemia has been shown to impact 
long-term survival in CTS patients

CTS, cardio-thoracic surgery.

Kaplan-Meier curves depicting long-term survival of patients depending on 
anemia and/or transfusion. 



Updated Guidelines 
Inform Surgical Practice

In patients undergoing cardiac surgery, a 
restrictive perioperative allogeneic red 
blood cell (RBC) transfusion strategy is 
recommended in preference to a liberal 
transfusion strategy for perioperative blood 
conservation, as it reduces both transfusion 
rate and units of allogeneic RBCs without 
increased risk for mortality or morbidity. 
Class I, Level A 

Tibi et al. J Cardiothorac Vasc Anesth 2021;35(9):2569–91.



Society of Thoracic Surgeons Guidelines

“Patients with preoperative anemia are more likely to require transfusions, and it is 
obvious that if the ability to treat iron-deficiency anemia is available without any 
untoward effects, it should be instituted before surgery. Differentiation must be 
made between anemias caused by iron deficiency as opposed to other causes of 
anemia. Iron-deficiency anemia is usually microcytic, whereas normocytic or 
macrocytic anemia stem from a variety of causes. Routine iron studies are of 
importance in the determination of the type of anemia present and should be done 
routinely in the careful preoperative assessment of patients so that treatment 
can be instituted if warranted.”

Preoperative identification of high-risk patients should 
be performed, and all available preoperative and 
perioperative measures of blood conservation should 
be undertaken in this group as they account for the 
majority of blood products transfused. Class I, Level A

Tibi et al. J Cardiothorac Vasc Anesth 2021;35(9):2569–91.



INCIDENCE AND IMPACT OF A SINGLE-UNIT RED BLOOD CELL 
TRANSFUSION: ANALYSIS OF THE SOCIETY OF THORACIC 
SURGEONS DATABASE 2010–2019 

• Girardi et al. Ann Thorac Surg 2023;115:1035–42

• 10 years 

• Isolated CABG and AVR 

• 2,151,430 encounters

• 847,442 received transfusions

• 1,303,988 received 0 units 

• 206,555 received 1 unit

• Propensity matching of 206,555 pairs for comparison

AVR, aortic valve replacement CABG, coronary artery bypass grafting; RBCs, red blood cells.



All Cardiac Surgical Patients

Non-Anemic

Non-Fe DeficientFe-Deficient 

Anemia 

(IDA)

Non-Fe 

Deficient 

Anemia

Management of Preoperative Iron 
Deficiency in Cardiac Surgery

Corwin HL, Shander A, Spiess B, Munoz M

, Faroni D, Calcaterra D, Welsby I,

Ozawa S, Arnofsky, A Goldweit RS, 

Tibi P,  Ann Thor Surg 2022;113:316-323

Fe Deficient Non-Anemic
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Management of 
Perioperative Iron 

Deficiency in 
Cardiac Surgery

Corwin HL, Shander A, Spiess B, Munoz 
M, Faroni D, Calcaterra D, Welsby I, 

Ozawa S, Arnofsky, A Goldweit RS, Tibi P
Ann Thor Surg

2022;113:316–23

Recommendation 1: All patients undergoing cardiac surgery be 
evaluated for ID, whether or not anemia is present

Recommendation 2: The evaluation for ID includes iron studies 
(serum iron, TIBC, transferrin saturation, serum ferritin) and 
reticulocyte hemoglobin content

Recommendation 3: Patients found to be non-ID anemic be referred 
for further evaluation

Recommendation 4: All cardiac surgical patients identified with 
preoperative ID (with or without anemia) should be treated with 
parenteral iron

Recommendation 5: ESAs should be considered for treating patients 
with preoperative anemia on a case-by-case basis

ESA, erythropoietin stimulating agent; ID, iron deficiency; TIBC, total iron-binding capacity.



Intravenous Iron in Heart Failure Patients With Iron Deficiency: A 

Meta‐Analysis of Randomized Controlled Trials

J Evidence Based Medicine, First published: 14 August 2025, DOI: (10.1111/jebm.70057) 

For HF patients with ID, intravenous iron therapy can decrease the risk of hospitalization for HF, CV 

death and improve their exercise capacity. Patients with ischemic cardiomyopathy or with TSAT <20% 

may derive greater benefit from intravenous iron therapy

https://doi.org/10.1111/jebm.70057



STS Recommendations 

1. Evaluate all cardiac surgical patients 
for iron deficiencies

2. Full iron studies including Serum Fe, 
TIBC, Transferrin Saturation, Serum 
Ferritin,& Retic Count

3. Hematology consult in patients 
with anemia without iron 
deficiency

4. Treat all patients with iron 
deficiency regardless of anemia 
status

5. Use ESAs in select patients

Guidelines for Assessment and 
Treatment of Anemia and Iron 
Deficiency in Cardiac Patients

1.Universal assessment of anemia and Iron Deficiency in 
ALL cardiac patients if possible.

2. Determination of cause of iron deficiency or anemia

3.Development of treatment plan for patients taking into 
account timing/urgency of planned procedure

4. Discussion with patient regarding importance of 
treatment to ensure compliance

5. Careful coordination with PBM team or anemia clinic



Oral Iron Supplements

♦ Ferrous Sulfate, Ferrous Gluconate, Ferrous 
Fumarate

♦ Maltofer, Accrufer (bound to carbohydrate)

♦ Ferrous Bisglycinate (bound to glycine molecules)

♦ *Sucrosomial iron (Sideral) (iron pyrophosphate 
encapsulated in a phospholipid + sucrester matrix)
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Agent Test Dose Dosing Infusion Time

Sodium ferric 
gluconate
(Ferrlecit)

N* 125–250 mg/dose 125 mg: 1 hr
250 mg: 2–4 hrs
Min: 2.1 mg/min 

Iron sucrose
(Venofer)

N* 100–500 mg/dose IV push: 2–5 mins 
(into HD line)

100–200 mg: 15 mins
300 mg: 1.5 hrs

500 mg: 3.5–4 hrs

Iron dextran, LMW
(INFeD)

Y (25 mg prior to 
1st dose)

Multiple doses of 
100 mg or single dose of 

1000 mg/250 mL NS

100 mg: 50 mg/min 
1000 mg: infusion over 1 or 

more hours 

Ferric 
carboxymaltose
(Injectafer)

N 750 mg/dose; 
max 20 mg/kg per dose

750 mg: 15 mins 

Ferumoxytol
(Feraheme)

N 510–1020 mg/dose 510 mg: 15 mins
1020 mg: 30 mins 

Iron isomaltoside
(Monoferric)

N 1000 mg; max 20 mg/kg 
per dose

1000 mg: 15 mins 

*Not required but recommended if patient has history of multiple drug allergies

HD, hemodialysis; IV, intravenous; LMW, low molecular weight; N, no; NS, normal saline; Y, yes.

IV Iron 
Products
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The Safety of 
Intravenous Iron 

Preparations

Tomer Avni MD, Amir 
Bieber MD, Alon 

Grossman MD, MHA, Hefziba
Green MD, Leonard 

Leibovici MD and Anat Gafter-
Gvili MD

Mayo Clinic Proceedings
2015;90(1):12–23 

103 trials published between 1965–2013 were included 

10,390 patients were treated with IV iron compared with 4,044 
patients treated with oral iron, 1,329 with no iron, 3,335 with 
placebo, and 155 with intramuscular iron 

No increased risk of SAEs with IV iron (RR, 1.04; 95% CI, 0.93–1.17;
I2 = 9%)

Decreased rate of SAEs when IV iron was used to treat heart failure 
(RR, 0.45; 95% CI, 0.29–0.70; I2 =0%)

No increased risk of infections and reduced GI AEs with IV iron

AE, adverse event; CI, confidence interval; GI, gastrointestinal; IV, intravenous; RR, risk ratio; SAE, serious adverse event.



Iron Only  
• Garrido-Martin 2012 (RCT), Padmanabhan 2019 (RCT)

• Johansson 2015 (RCT), Peters 2018 (PO), Xu 2019 (RCT)

Studies on Preoperative Anemia Treatment

EPO + Iron  
• Yoo 2011 (RCT), Spahn 2019 (RCT)

No change in Hb

Increased Hb

EPO Only   
• Sowade 1997 (RCT), D’Ambra 1997 (RCT), Song 2009 (RCT), 

Weltert 2010 (RCT), Oh 2012 (RCT), Tasanorong 2013 (RCT), 
Weltert 2015 (RCT)

• Deseigneux 2012 (RCT), Kim 2013 (RCT), Duce 2018 (RO)

Increased Hb, decreased 
transfusion and/or improved 
renal AKI

No difference

Increase Hb and/or decreased 
transfusions

AKI, acute kidney injury; EPO, erythropoietin; Hb, hemoglobin; PO, prospective observational study; RCT, randomized clinical trial; RO, retrospective observational study.



Clinical Studies using EPO +/- Iron 

Weltert et al. 20101 Yoo et al. 20112 Weltert et al. 20153 Spahn et al. 20194

Design Prospective, randomized study Prospective, single-site, single-
blind

Prospective single-blind 
randomized study 

Single center, randomized, double-
blind, parallel group, controlled 

N 320 74 600 484

Population Isolated coronary vessel disease with 
Hgb <14.5 g/dL undergoing off-pump 
CABG 

Pre-op Hgb <12 g/dL (women) 
and <13 g/dL (men) 
undergoing valvular surgery 

Pre-op Hgb ≤14.5 g/dL 
undergoing cardiac surgery 

Elective cardiac surgery (valve, 
CABG, or combined)

Anemia or iron deficiency (ferritin 
<100 mcg/L)

Pre-op Baseline Hgb 13 g/dL 9.3 g/dL 12.1 g/dL 12.8 g/dL

Intervention EPO 14,000 U x 2 days pre-op 
EPO 8,000 U day of surgery
EPO 8,000 U x 2 days post-op  

Given day before surgery: 
EPO 500 U/kg + iron sucrose 
200 mg IV 

Two days before surgery: 
EPO 80,000 U + oral iron 40 
mg/day (also given in the 
placebo arm) 

Given day before surgery:
Ferric carboxymaltose 20 mg/kg IV
EPO 40,000 U SC
Vitamin B12 1 mg SC
Folic acid 5 mg PO

Efficacy Endpoints On POD4, Hgb was 15.5% higher in 
EPO group which required 0.33 
units/blood per patient vs 0.76 
units/blood per patient (p=0.008)

Total of 86% vs 59% required 
transfusions of RBCs (p=0.009) 

Total of 17% vs 39% required 
transfusions of RBCs (p<0.01); 
no difference in patients with 
baseline Hgb ≥13 g/dL  

Tx reduced RBC transfusions from 
median of 1 in the placebo group 
to 0 in the tx group (p=0.036); no 
differences in clinical end points 

Safety Endpoints No adverse events were recorded 
related to EPO

No difference in adverse 
events or mortality 

No difference in adverse event 
rates or mortality 

No difference in thromboembolic 
events including stroke, MI

CABG, coronary artery bypass grafting; EPO, erythropoietin; Hgb, hemoglobin; IV, intravenous; MI, myocardial infarction; PO, per os, orally; POD4, postoperative day 4; RBC, red blood cell; SC, subcutaneous; tx, treatment; U, unit.
1. Weltert L, et al. J Thorac Cardiovasc Surg 2010;139(3):621–627; 2. Yoo YC, et al. Anesthesiology 2011;115(5):929–937; 3. Weltert L, et al. Transfusion 2015; 55(7):1644–1654; 4. Spahn DR, et al. Lancet 2019; 393(10187):2201–2212.
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Impact of 
Preoperative 

Erythropoietin on 
Allogeneic Blood 

Transfusions in 
Surgical Patients: 

Results From a 
Systematic Review 
and Meta-analysis

Cho et al. 
Anesth Analg

2019;128(5):981–92
“preoperative erythropoietin is not only a viable agent for reducing perioperative transfusion 
requirements, but it may also be time to reconsider its routine use as a tool for preoperative 
optimization, particularly for procedures associated with high incidence of blood product 
administration such as cardiac and orthopedic surgeries.”

The weighted (pooled) estimate for the effect of preoperative EPO 
administration on incidence of whole hospitalization allogeneic 
transfusions (RR, 0.59; 95% CI, 0.47–0.73; p<0.001) compared with placebo 
administration

EPO, erythropoietin; CI, confidence interval.
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Sucrosomial® Components 
+ MOA

INTRAVENOUS IRON
• Expensive
• Insurance issues
• Infusion center
• Possible need for multiple treatments
• Discomfort
• Adverse reactions
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Selected studies on the effectiveness of Sucrosomial iron compared to iron IV
Studies on Sucrosomial® Iron 

Journal ResultsArticle

70% of SI population achieved 
erythropoietic response vs 71% of IV 
gluconate group (Increase 2 g/dL or target 
of 12 g/dL)

IV Iron sucrose Sucrosomial iron

Sucrosomial iron proved to deliver 
equivalent results to IV sucrose in 
maintaining hemoglobin, ferritin and TSAT 
in bariatric patients after 3 months of use

Sucrosomial Iron proven to be non-inferior 
to FCM in recovering HB/serum iron levels 
and functional capacity post cardiac 
surgery
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• Selected studies on the effectiveness of Sucrosomial iron compared to iron IV

Studies on Sucrosomial® Iron 

SI shown to improve ferritin, exercise 
capacity and QOL in heart failure with 
reduced ejection fraction and iron 
deficiency

Journal ResultsArticle

SI demonstrated to increase HB and 
serum iron levels comparably to FCM in 
patients with UC while avoiding iron 
overload
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Sucrosomial® Iron by the European Association for Cardio-Thoracic Surgery as a 
pre-op solution for anemic patients to avoid RBCT  
IIa(B) level)
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Sucrosomial® Iron PBM Guidance of the World Health Organization as  for 
CHF & Diabetes



Other Next Generation Therapies

♦ Hepcidin Modulators-Lexaptepid-hepcidin 
antagonists to lower hepcidin levels and improve 
iron availability

♦ Anti-hepcidin Monoclonal Antibodies

♦ Gene Therapy- Zinteglo-modifies a patient’s own 
blood stem cells to treat thalassemias

♦ Erythrocyte maturation agents- Reblozyl





“Virtual” Center with Real Results!



Preoperative Virtual Anemia Center
Elective patients scheduled for Orthopedic Surgery

After PBM communicates 

MD’s treatment plan to patient, 

IVT coordinates appt.w/patient

(EX: EPO/IV Iron protocol 3 wks. prior

to surgery)

PBM Department 
Contacts patient to review benefits of 

correcting anemia prior to surgery 

& coordinates with surgeon for lab panel 

Rx

to fully assess anemia  

Direct patient to  DHYRMC lab for  

appropriate studies of iron, 

transferrin, 

ferritin, retic count etc. (per 

Algorithm) 

PBM to communicate with 

DH YRMC Infusion Center to confirm 

necessary documentation received

to obtain insurance coverage for 

recommended treatment *

*PBM Assistant will ensure 

Infusion Center’s receipt of:

patient’s demographics/face sheet,  

insurance info,

labs (CBC, iron saturation, 

iron level, TIBC and ferritin),

Order 

& MD notes 

(e.g. regarding prior

intolerance of oral iron)

Surgeon prescribes 

appropriate treatment

Explore methods to correct anemia prior 

to 

surgery & determine urgency of surgery

in consult with Ortho surgeon

Coordinate surgery date with surgeon

based on progress/results

Has/Will patient achieve target HGB?

(PBM will maintain record of 

pre and post-treatment Hgb)

Surgeon’s Office
Surgeon reviews patient’s most recent labs to identify 

current or pre-existing anemia (HGB <13) 

If evidence of anemia exists, surgeon has phone consult with 

PBM Department

Evaluation 

for 

Readiness 

Begins with 

Initial 

Consult
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Multiple Education Strategies Developed
• Presentations targeting high opportunity areas to physician and nursing groups

• Presentations to the community at public libraries, assisted living and retirement facilities explaining patient’s role in and
benefits of PBM e.g. “Doctors & Donuts”



Anemia is a modifiable risk factor

All efforts to address pre-operative anemia and iron deficiency should be 
made to avoid transfusions  (preferably several weeks before surgery, 
nevertheless, can be instituted 1-2 days prior to surgery)

Even one transfusion may be detrimental in cardiac surgery

Pre-operative anemia can be safely treated with iron +/- ESAs

Algorithms and Virtual Anemia Clinics facilitate treatment of anemia in 
surgical patients

EPO, erythropoietin; ESA, erythropoietin stimulating agent; IV, intravenous; PO, per os, orally. 

SUMMARY



Thank you.


