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Abstract

Cardiologic assessment was conducted on a 78-year-old male patient sche-
duled for elective aortic valve surgery who complained of angina and dyspnea
that had arisen over the previous few months. Evaluation showed stable co-
ronary artery disease and iron deficiency anemia (hemoglobin, 7.7 g/dL).
Colonoscopy revealed a non-stenosing carcinoma of the right colonic flexure
that was causing chronic blood loss. The interdisciplinary tumor board of the
hospital decided that his need for an extended right hemicolectomy followed
by resection of two pulmonary nodules that were suspicious of metastatic le-
sions had priority over his cardiac surgery. Prior to abdominal surgery, the
patient received 4 x 500 mg intravenous iron (Ferric-Carboxymaltose) over 2
weeks, for correction of iron deficiency and optimization of hemoglobin
concentration. This treatment led to rapid improvement of his angina and
exertion-induced dyspnea. His hemoglobin concentration continued to rise
even after completion of the iron supplementation, and reached normal levels
before thoracoscopic removal of the lung nodules, which took place 1 month
after resection of the colon tumor. The patient remained in good clinical
condition without any need for blood transfusions. As follow-up visits
showed persistent abatement of angina and dyspnea, aortic valve surgery and
other cardiac interventions were no longer deemed necessary.
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1. Introduction

The term patient blood management was coined in 2005, and was defined as an
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evidence-based, multidisciplinary approach that is aimed at optimization of the
care of patients who might need transfusions and the use of blood products [1].
Preoperative anemia, blood loss, and red cell transfusions have been identified as
risk factors in the surgical setting. Mufioz et al showed that these risk factors
adversely affect postoperative infection rates, length of hospital stay, and mortal-
ity [2]. To avoid these adverse effects, the strategic adoption of patient blood
management in surgical practice is widely recommended [3].

Patient blood management rests on three pillars of care: detection and treat-
ment of preoperative anemia; reduction of perioperative blood loss; and har-
nessing and optimization of the patient-specific physiological reserve of anemia
[3]. A bundle of measures is used to achieve these goals, including treatment of
any underlying disease, the ideal timing for surgery, adoption of minimally inva-
sive techniques, and immediate correction of coagulopathy, among others.

Bloodless therapeutic modalities, such as the use of erythropoietin (EPO) and
intravenous iron supplementation, have moved into the focus now that the risks
of unnecessary blood transfusions are increasingly being recognized. Lin et al
conducted a systematic review of 39 studies showing that transfusion rates can
be significantly reduced by a short preoperative regimen of EPO or a single dose
of EPO plus intravenous iron administered in the preoperative or intraoperative
period [4]. Litton et al included 72 studies in a meta-analysis according to which
intravenous iron therapy is associated with increased hemoglobin levels and re-
duced risk of the need for red blood cell transfusion [5].

Patient blood management has been demonstrated to be worth the associated
efforts. In a retrospective observational trial conducted in a total of 605,046 pa-
tients, Leahy et al showed that a health-system wide patient blood management
program can improve patient outcomes and reduce product-related costs [6].
The patient outcomes that were assessed in this study included the use of blood
products, in-hospital mortality, length of hospital stay, hospital-acquired infec-
tions, and acute myocardial infarction or stroke. However, the benefits of patient
blood management can be extended beyond just the surgical setting. Here, we
describe the case of a patient who experienced significant collateral improve-
ment to his cardiac situation due to preoperative iron supplementation after an

unexpected diagnosis of cancer.

2. Case Presentation

A 78-year-old male was admitted to the Cardiology Unit in mid-March 2018 for
diagnostic assessment prior to elective aortic valve surgery. He reported signs of
coronary artery disease and heart failure, with a history of angina that had built
up over the previous few months, and dyspnea triggered by slight exertion. His
sociodemographic and anamnestic characteristics are summarized in Table 1.
Coronary angiography showed stable two-vessel disease, including stenosis of
the left anterior descending artery and chronic total occlusion of the right coro-

nary artery. Echocardiographic evaluation revealed intermediate to high-grade
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Table 1. Sociodemographic and anamnestic characteristics.

Family History Medical History Therapy

Father: Pancreatic carcinoma  Cancer of the rectum 1998 Abdomino-perineal extirpation

Transurethral resection

Brother: Pancreatic carcinoma Bladder cancer 2012 G1, pTa
of the prostate 2012

Adenocarcinoma of the
Son: Prostate gland carcinoma rectum 03/2018 G3 T2 Right hemicolectomy 04/2018
pNO (0/20), cMO

aortic valve stenosis and grade I-II aortic valve insufficiency. However, his left
ventricular function appeared to be preserved, with an ejection fraction of ~60%.

Laboratory tests showed pronounced iron deficiency anemia, with an eryt-
hrocyte count of 4.0 T/L, hemoglobin of 8.0 g/dL, and hematocrit of 26.6%
(Figure 1). His iron levels were low (17 pug/dL; normal range, 80 - 160 pg/dL), as
was his transferrin saturation (3%; normal range, 16% - 45%) and serum ferritin
levels (6 ug/L; normal range, 50 - 310 pg/dL). This was accompanied by corres-
pondingly high transferrin (359 mg/dL; normal range, 172 - 344 mg/dL) and so-
luble transferrin receptor (14.24 mg/L; normal range, 2.16 - 4.54 mg/L). As the
patient had a history of rectal carcinoma that had been successfully treated ap-
proximately 20 years ago, colonoscopy was performed in search of the cause of
his anemia. This investigation revealed a nonstenosing malignant tumor of the
right colonic flexure, with a size of 4 cm x 5 cm. Staging showed two pulmonary
nodules of the right lung that were suspected to be metastatic lesions.

The interdisciplinary tumor board of the hospital agreed on two-stage surgery
including extended right hemicolectomy and resection of the pulmonary no-
dules, while any cardiac intervention was postponed. Optimizing the red blood
cell mass was mandatory prior to surgery. To this end, the patient received
intravenous iron supplementation on an outpatient basis, which started on April
4, 2018. At that time, his hemoglobin had further declined to 7.7 g/dL (Figure
1). The patient was in poor general condition, intolerant to exercise, and suf-
fered shortness of breath even when speaking. However, he showed no edema or
other signs of heart failure.

Overall, 2000 mg intravenous iron (Ferric-Carboxymaltose) was administered
over 2 weeks, as four sessions with 500 mg in each. One week after the start of
treatment, the condition of the patient had improved considerably, and his
walking dyspnea was completely resolved. Also, he reported reduction in his an-
gina symptoms.

The last intravenous iron dose was administered on April 19, 2018. Laborato-
ry tests performed on April 18, 2018, revealed markedly improved red blood cell
parameters, with an erythrocyte count of 4.8 T/L, hemoglobin of 10.8 g/dL, and
hematocrit of 36.0% (Figure 1). Surgical resection of the colon tumor was sche-
duled for April 30, 2018. At the time of his hospital admission on April 29, 2018,
his hemoglobin had risen further to 12.1 g/dL (hematocrit, 37.2%), and the pa-
tient appeared to be in good clinical condition.
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Figure 1. Evolution of the patient erythrocyte counts, hemoglobin and hematocrit levels.

Surgery was performed successfully on the next day. His postoperative he-
moglobin concentration never fell below 10.1 g/dL. Histological examination of
the colon tumor showed a mucinous adenocarcinoma with a maximum diame-
ter of 3 cm (G3, pT2, PNO [0/20], M1). The patient was hemodynamically stable
throughout the postoperative period, and did not require any blood transfusions.
He was discharged on postoperative day 9.

One month after the hemicolectomy, ie., on May 30, 2018, the lung nodules
were resected via video-assisted thoracoscopic surgery. Without having received
any further iron supplementation in the meantime, the patient showed normal
red blood cell parameters at the preoperative laboratory assessment performed
on May 29, 2018 (erythrocyte count, 5.2 T/L; hemoglobin, 13.9 g/dL; hematocrit,
42.5%). He reported being able to climb two flights of stairs and to have ex-
tended walks without any angina or dyspnea. Postoperatively, his hemoglobin
levels remained above 11.7 g/dL. Neither of the two lung nodules showed signs
of malignancy. According to histological evaluation, one nodule was a hamar-
toma, while the other one was an anthracotic lymph node, which was left in situ.
The patient was discharged on the third postoperative day. From the oncological
point of view, no further interventions were considered necessary, apart from his
follow-up visits.

The cardiological evaluation performed a month later, on June 29, 2018, did
not indicate the need for cardiac intervention. Echocardiographic assessment
still showed moderate aortic stenosis with preserved left ventricular function
(ejection fraction, 55% - 60%), but his angina and dyspnea had significantly im-
proved, and the patient did not report any heart-related limitations in his daily
life. Follow-up visits were arranged.

Another cardiological evaluation performed on September 25, 2018, described

good right and left ventricular function with a left ventricular enddiastolic vo-
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lume of 124 ml and an ejection fraction of 57%, and reiterated the patient’s sa-
tisfaction with his cardiac and general state of health.

On November 28, 2018 the patient had a routine check at the oncological
clinic. At this time the Hb value was 15.7 g/dl, and the patient reported again to
be able to climb several floors without any limitations due to cardiac symptoms.

In a follow-up check about one year after the first hospital admission, Ze. on
February 27, 2019, the patient continued to be clinically stable, without indica-
tions for cardiac surgery. He reported to perform daily walks of about 1 hours

duration.

3. Discussion

Iron deficiency affects up to 50% of heart failure patients and has been asso-
ciated with poor quality of life, impaired exercise tolerance, and increased mor-
tality [7]. The case presented here shows that intravenous iron supplementation
not only rendered the patient operable with respect to his recently detected co-
lon carcinoma, but also effectively improved the cardiac symptoms he had been
assessed for in the first place. His anemia and iron deficiency that was due to
chronic bleeding from the colon carcinoma had given rise to, or at least greatly
enhanced, the clinical signs of coronary artery disease and heart failure. Al-
though the preserved left-ventricular ejection fraction of ~60% indicated a nor-
mal cardiac function apart from aortic valve disease scientific publications
demonstrated that iron administration on the one hand positively impacts mi-
tochondrial function by improving substrate utilization and myocardial bio-
energetics [8] and on the other hand reverses the reduced contractility and re-
laxation of cardiomyocytes caused by iron deficiency [9].

In addition randomized, placebo-controlled clinical studies in patients with
heart failure reduced ejection fraction (FAIR-HF, CONFIRM-HF, EFFECT-HF)
have revealed a consistent benefit on self-reported Patient Global Assessment
(PGA), NYHA class and a beneficial effect on peak oxygen uptake (peak VO,),
irrespective of the presence of baseline anemia [10] [11] [12]. Further results
showed that, compared to placebo, iron substitution led to significant improve-
ment in patient’s exercise capacity as measured by the distance of the 6-minute
walking test (6MWT) and it was associated with a positive impact on quality of
life. Therefore, recent guidelines from the European Society of Cardiology for
the treatment of heart failure recommend intravenous iron supplementation for
symptomatic iron deficiency patients with the aim to improve quality of life and
to increase exercise capacity [13].

In the case presented here a significant subjective improvement of cardiac
symptoms like angina symptoms and complete resolution of walking dyspnea
were reported only one week after the first intravenous iron infusion of 500 mg.
Since such a significant symptomatic improvement is unlikely to be caused by
improvement of anemia alone in such a short time period, we postulate the

beneficial effect of iron substitution on myocardial bioenergetics and contractil-
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ity of cardiomyocytes to be at least partially accountable for these effects. In the
present case the resolution of cardiac symptoms even led to cancelation of aortic
valve surgery and other cardiac interventions.

Given this comparatively simple solution to a serious medical condition, it
appears advisable to pay increased attention to iron deficiency parameters and
hemoglobin levels in patients with cardiac symptoms; e, dyspnea or angina.
This applies particularly to the setting of coronary artery disease. The scientific
literature recommends higher hemoglobin levels for patients with coronary ar-
tery disease than for those without [14] [15].

Intravenous iron supplementation is an effective means to treat iron deficien-
cy and iron deficiency anemia without the risks of a blood transfusion. In addi-
tion, as is shown by this case, it can have rapid and long-lasting benefits on car-
diac function. Whether these beneficial effects are related to the increase in he-
moglobin or might also be due to other effects of the iron on the heart remains
to be determined. However, already 1 week after the initiation of treatment, the
patient experienced marked symptom reduction, and his hemoglobin improved
in a reliable manner. The right hemicolectomy was considered urgent and was
performed even before the target hemoglobin level of at least 13 g/dL had been
achieved. Nevertheless, his blood counts continued to improve after a transient
surgery-related decrease, and reached normal levels at the time of the vid-
eo-assisted thoracoscopic surgery, although the patient had not received any
further iron supplementation after the initial administration of 2 g. Of note, the
iron supplementation was not associated with any reported or observed adverse
reaction.

This favorable course of events enabled the patient to undergo repeated sur-
gery without being compromised by the initially diagnosed anemia. He was sta-
ble from the cardiopulmonary point of view throughout the postoperative pe-
riods, and he was discharged in good clinical condition. All of the subsequent
laboratory tests revealed regular red blood cell counts. Meanwhile, the initial
plans for aortic valve surgery were suspended, which also applied to any inten-
tion to perform coronary intervention in the long run, including stent implanta-

tion or coronary artery bypass grafting.

4. Conclusion

In conclusion, the case discussed here shows that anemia and iron deficiency
should be considered as a potential cause of cardiac symptoms that can be
brought about or augmented by the mere reduction in oxygen carriers and nega-
tive impact on myocardial bioenergetics. Intravenous iron administration offers
benefits in terms of restoring erythrocyte counts, with potentially fast and sus-

tained effects on cardiac function.
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