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ABSTRACT

Objectives: This study aimed to compare surgical outcomes between patients scheduled for cardiovascular surgery diagnosed with
anemia according to the World Health Organization criteria who received intravenous iron replacement and those who were not anemic.

Patients and methods: This retrospective study analyzed patients who underwent cardiovascular surgery between February 2021 and
January 2024. Patients with preoperative anemia treated with intravenous iron replacement were compared with nonanemic patients. Data
on demographics, preoperative conditions, surgical details, and postoperative outcomes were analyzed.

Results: Of the 193 patients (142 males, 51 females; mean age: 62+10 years; range, 27 to 82 years) analyzed, 173 survived, and 20 did
not. Surviving patients were younger and had a lower body mass index. Comorbidities such as congestive heart failure and a history of
cerebrovascular events were associated with mortality. Laboratory results showed significant differences in hemoglobin levels and iron
binding capacity between survivors and nonsurvivors. The study found no significant differences in surgical procedures or reoperation
rates between the groups. However, nonsurvivors had more postoperative complications. Multivariate analysis identified cardiopulmonary
bypass time and new-onset acute renal failure as independent risk factors for 30-day mortality. Anemic patients treated with intravenous
iron replacement had comparable perioperative outcomes to nonanemic patients, including similar lengths of intensive care unit and
hospital stays and mortality rates.

Conclusion: Treatment of preoperative anemia with intravenous iron replacement in patients undergoing cardiovascular surgery resulted

in outcomes comparable to those of nonanemic patients. This suggests that short-term intravenous iron replacement may be an effective
strategy to improve surgical readiness and outcomes in anemic patients.

Keywords: Anemia, intravenous iron replacement, mortality, open heart surgery.

Cardiovascular diseases are the primary cause
of death globally. Surgical procedures used to treat
these diseases have become increasingly advanced,
but mortality rates persist. Anemia detected in the
preoperative period is a significant risk factor for
mortality. Many publications have identified it as a
critical factor in determining survival.'¥ Managing
preoperative anemia is crucial.’] A thorough
preoperative assessment of transfusion risk, particularly
for low-risk patients who often undergo elective
surgery, could improve their transfusion risk profile
and reduce surgery-related morbidity and mortality.®)
While transfusion is a quick and easy method, it carries
the risk of infection and additional volume, which is a
significant concern in patients with heart failure.
Therefore, short-term preoperative intravenous (IV)
iron treatments are increasingly being emphasized as
a safer alternative.
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In the preoperative period, patients who received
IV iron replacement (IVIR) have shown positive
effects on important perioperative outcomes of open
heart surgery, according to some publications.”
Most studies use other treatments along with IVIR,
and they typically focus on outcomes related to
the amount of red blood cell (RBC) transfusions
during the perioperative period. However, there are
few studies that have compared the data of anemic
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patients receiving IVIR with nonanemic patients,
particularly with respect to key surgical outcomes,
and that have been conducted in a single center with
patients undergoing standard surgical procedures.
Hence, this study aimed to compare surgical outcomes
between patients scheduled for cardiovascular surgery
diagnosed with anemia according to World Health
Organization (WHO) criteria who received IVIR and
those who were not anemic.

PATIENTS AND METHODS

In this retrospective study, all consecutive
patients who wunderwent open heart surgery
at the cardiovascular surgery clinic of the Izmir
Bakir¢ay University Hospital between February
2021 and January 2024 were included. Preoperative
preparations, perioperative follow-ups, and surgeries
were performed by the same surgical team. All
patients were evaluated within the patient blood
management protocol applied in the department,
and IVIR was administered to patients identified
as anemic according to the WHO definition."!"
Anemic patients who received IVIR were compared
with those who did not have anemia.

The study collected data from the patient records
in the hospital information system. The data on
the patients’ demographic characteristics, treatment
history, preoperative data, surgical procedure details,
postoperative complications, length of hospital stay,
and several factors related to mortality were collected.
The severity of heart disease was assessed using the
New York Heart Association (NYHA) functional
class and Canadian Cardiovascular Society angina
grade. EuroSCORE II was calculated for the
prediction of the risk of mortality. We excluded
patients with incomplete data, those who had not
received IVIR despite being anemic, and those who
received RBC suspension prior to surgery (Figure 1).

240 patients had undergone
open heart surgery between 2021 and 2024
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The primary endpoint was 30-day mortality
between the anemic and nonanemic groups. Secondary
endpoints were the duration of cardiopulmonary
bypass (CPB) and aortic cross-clamp, ICU length
of stay, hospital length of stay, and in-hospital
mortality. Additionally, several features including
demographic characteristics, pre-operative measures,
surgical procedure, post-operative complications, and
survival measures were analyzed between survivors
and nonsurvivors.

Statistical analysis

The data collected were analyzed using IBM
SPSS version 20.0 software (IBM Corp., Armonk,
NY, USA). Categorical variables were presented
as frequencies and proportions, while continuous
variables were expressed as mean * standard
deviation (SD) (min-max) and medians (interquartile
range), depending on the distribution of the data.
Comparisons for continuous data were made using the
independent samples t-test or the Mann-Whitney U
test, depending on whether the data were parametric.
The chi-square test was used to compare categorical
variables. Variables that were found to be significant
in the univariate analysis underwent multivariate
analysis using logistic regression. A p-value <0.05
was considered statistically significant.

RESULTS

The study analyzed the outcomes of 193 patients
(142 males, 51 females; mean age: 62+10 years;
range, 27 to 82 years), of whom 173 (89.6%)
survived, and 20 (10.4%) did not. The data are
summarized in Table 1. Age was a significant factor,
with surviving patients being younger than those
who died. Lower body mass index was associated
with worse outcomes. Congestive heart failure and
a history of cerebrovascular events were significantly

47 patients were excluded
* Incomplete data (n=2)

A\ 4

193 patients involved

Figure 1. Flowchart on the selection of the patients.

RBC: Red blood cell; IVIR: Intravenous iron replacement.
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* Received RBC transfusion (n=35)
* Anemic but did not receive IVIR (n=10)
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associated with mortality. In this study, it was found
that common comorbidities, such as hyperlipidemia,
hypertension, chronic kidney disease, and diabetes
mellitus, did not have a significant impact on
mortality. Although there was no significant
difference in the distribution of NYHA functional
classes, there was a significant difference in the
Canadian Cardiovascular Society Angina Grade.
With respect to medication, there were no significant
differences observed in the use of acetylsalicylic acid,
P2Y12 inhibitors, low-molecular-weight heparin,
direct oral anticoagulants, or warfarin between
survivors and nonsurvivors.

Nonsurvivors had lower hemoglobin levels, and
there was a significant difference in iron binding
capacity between the two groups. The presence of
WHO-defined anemia was not different between
survivors and nonsurvivors, which may be related to
sex-related cut-offs. Nonsurvivors had lower alanine
aminotransferase levels and reduced glomerular
filtration rates.

Periprocedural data

Although specific cardiovascular risk scores,
such as EuroSCORE (European System for Cardiac
Operative Risk Evaluation) II, showed a significant
divergence indicating a higher predicted risk in
nonsurvivors, other clinical and procedural history
factors, such as a history of balloon angioplasty or
coronary stents, did not show a statistical difference
in distribution between survivors and nonsurvivors.
When considering bleeding and thrombotic risks, a
significantly higher proportion of nonsurvivors were
classified into higher bleeding risk categories.

No significant differences were found in the types
of surgery performed or in the rates of reoperation
between survivors and nonsurvivors when analyzing
surgical procedures. However, the timing of surgery
emerged as a significant factor. Emergent and early
surgery had a higher percentage of nonsurvivors
compared to elective surgery. In terms of the technical
aspects of surgery, nonsurvivors had a significantly
longer CPB time. However, there were no significant
differences between the groups in terms of the duration
of aortic cross-clamping or the use of off-pump or
minimally invasive extracorporeal circulation.

When analyzing postoperative complications, it
was found that nonsurvivors experienced significantly
more arrhythmias, including atrial fibrillation,

Vv"Vv’Vv'.E’CVSi.Ol"g
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ventricular fibrillation, ventricular tachycardia, and
atrioventricular block. Nonsurvivors also had higher
rates of low cardiac output, requiring intra-aortic
balloon pump support. Nonsurvivors had significantly
higher rates of myocardial infarction and reexploration
for bleeding or tamponade. The difference in RBC
transfusion between survivors and nonsurvivors
highlights the impact of anemia and the need for
blood transfusions on mortality. The median RBC
transfusion in the survivors and nonsurvivors groups
was 2 and 7 units, respectively (p<0.001). Additionally,
nonsurvivors experienced significantly more acute
renal failure and respiratory complications, such as
pneumonia, pulmonary edema, and adult respiratory
distress syndrome.

Survival analysis

The survival analysis showed no significant
difference in the median length of stay in the intensive
care unit (ICU) between survivors and nonsurvivors.
However, the duration of mechanical ventilation was
significantly longer in nonsurvivors. It is worth noting
that the median length of hospital stay did not differ
significantly between the survivors and nonsurvivors
groups. The rates of in-hospital and 30-day mortality
provide a direct measure of short-term outcomes after
cardiovascular surgery, with rates of 9.3% and 10.4%,
respectively. The multivariate analysis revealed that
CPB time (hazard ratio=1.019, 95% confidence interval
[CI]: 1.006-1.033, p=0.004) and the development of
newly onset acute renal failure (hazard ratio=36.8, 95%
CI: 4.7-284.9, p=0.001) were two independent risk
factors for 30-day mortality.

Main endpoints

When comparing anemic patients who received
IVIR to those without anemia, significant differences
were observed in the NYHA functional class
(p=0.001) and the prevalence of congestive heart
failure. Anemic patients had higher NYHA classes
and a higher prevalence of congestive heart failure
(37.3% in anemic patients wvs. 15.9% in nonanemic
patients, p=0.001). Furthermore, it was discovered
that anemic patients have a higher preoperative
bleeding risk score (p=0.001). The difference in
EuroSCORE 1II scores between anemic and
nonanemic patients (median score: 1.79 ws. 1.15;
p=0.003) emphasizes the higher risk profile of anemic
patients. It is worth noting that there was a slightly
higher incidence of emergent cases in nonanemic
patients (%7.1 vs. %3.0 p=0.040). There were no
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significant differences in the duration of CPB and
aortic cross-clamp, ICU length of stay, hospital
length of stay, in-hospital mortality, and 30-day
mortality between the anemic and nonanemic groups.

DISCUSSION

Several studies have demonstrated that patients
with anemia experience worse outcomes after
cardiovascular surgery.''® This phenomenon may be
due not only to characteristics inherent to anemia itself
but also to the fact that anemia is often associated with
other comorbidities, suggesting that it may reflect the
underlying frailty of the patient.’”? In a meta-analysis
that included 35 studies with a total of 159,025
patients, preoperative anemia was associated with
an increased risk of death (odds ratio=2.5, 95% CI:
2.2-2.9, p<0.001).8! Meta-regression analysis revealed
that lower hemoglobin levels and studies with a lower
proportion of male patients were associated with an
increased risk of mortality. Additionally, preoperative
anemia was linked to longer hospital stays and an
increase in postoperative complications.

Given the significant role of anemia as a factor, the
importance of its correction and management prior to
surgery has often been studied. Several publications
discuss managing anemic patients before surgery,
particularly with regard to IVIR therapy. Cladellas et
al.”l conducted a study to assess the effects of treating
anemia with recombinant human erythropoietin and
iron prior to cardiac surgery on postoperative outcomes
and RBC transfusion needs. The study compared
a group of 75 patients who received recombinant
human erythropoietin at a dose of 500 IU/kg/day
for four weeks and a fifth dose 48 h prior to surgery,
along with IV iron sucrose supplementation, with
an observation group of 59 untreated patients.
After adjusting for confounding variables, the study
found that the combined therapy was independently
associated with reduced postoperative morbidity and
in-hospital mortality. Specifically, the intervention
reduced postoperative renal failure, decreased the
rate of RBC transfusion from 93% in the observation
cohort to 67%, and shortened hospital stays.

In their study, Spahn et al.®l investigated the
impact of immediate preoperative combination
treatment on reducing perioperative RBC transfusions
and improving outcomes in patients with anemia or
isolated iron deficiency who were scheduled for elective
cardiac surgery. The study involved 505 patients
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who were randomly assigned to receive either a
placebo or a combination treatment comprising IV
ferric carboxymaltose, subcutaneous erythropoietin
alpha, vitamin B12, and oral folic acid on the day
before surgery. The primary outcome was the number
of RBC transfusions during the first seven days
after surgery. The combination treatment led to a
significant reduction in the median number of RBC
transfusions required during the first seven days.
Similar reductions were observed on the postoperative
Day 90. Additionally, patients in the treatment
group exhibited higher hemoglobin concentrations,
reticulocyte counts, and reticulocyte hemoglobin
content during the first seven days.

Another study by Evans et al.'! aimed to evaluate
the effectiveness of preoperative IV iron administration
in anemic patients undergoing cardiac surgery. Out
of the 447 patients analyzed, 75 (17%) were anemic
and received IV iron treatment, while 72 (16%) were
anemic but did not receive any treatment. The aim
of the treatment was to achieve a hemoglobin level of
2130 g/L on the day of surgery. The anemic patients
who were successfully treated showed a mean increase
in hemoglobin of 17 g/L and received significantly
fewer blood transfusions than the untreated anemic
patients. The study concluded that anemic patients
who were successfully treated required less blood
perioperatively. More than half of these patients did
not require any transfusion at all.

Klein et al.?! conducted a prospective multicenter
study to investigate the feasibility and effectiveness
of introducing a preoperative IV iron service as a
national initiative in cardiac surgery. The primary
feasibility outcome was to determine if the clinics
could be established, while the primary effectiveness
outcome was the change in hemoglobin concentration
between intervention and surgery. The study
found that out of 11 hospitals, seven successfully
established iron clinics and recruited 228 patients.
Patients with anemia who received IV iron showed
a significant increase in hemoglobin concentration
from baseline to preoperative, with a mean increase
of 8.4 g/L (p<0.001). However, despite the increase
in hemoglobin, the study was unable to demonstrate
an effect on transfusion rates or patient outcomes,
possibly due to the small sample size.

Another study by Kong et al.?! aimed to
determine an effective treatment for preoperative
anemia associated with iron deficiency in elective
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cardiac surgery patients. The study was a single-
center, open-label, randomized trial involving
156 participants. It compared the effectiveness of IV
ferric derisomaltose and subcutaneous darbepoetin
(intervention group) to oral ferrous sulfate
(control group) in patients with low preoperative
hemoglobin levels and iron deficiency. The study's
main results indicate that the intervention group had
significantly lower odds of requiring RBC transfusion
compared to the control group. Additionally, there
was a significant increase in hemoglobin levels from
randomization to surgery in the intervention group.

Shokri and Ali?? assessed the impact of
preoperative IV iron infusion on hemoglobin levels,
blood transfusion needs, and the occurrence of
postoperative adverse events in patients undergoing
coronary artery bypass grafting. The randomized
study enrolled 80 patients aged 52 to 67 years
who were assigned to receive either IV ferric
carboxymaltose (iron group) or saline (placebo group)
seven days before surgery. The study revealed that
iron therapy was linked to a lower incidence of
anemia four weeks after discharge, significantly
higher Hb levels preoperatively, postoperatively,
and four weeks after discharge, and shorter hospital
and ICU stays. Additionally, iron therapy led to a
decreased requirement for packed RBCs after the
operation. The study concluded that the treatment
is associated with higher postoperative hemoglobin
levels, shorter hospital and ICU stays, and reduced
perioperative RBC transfusion requirements.

Jafari et al.?® conducted a study to assess the
effectiveness of IV iron sucrose and erythropoietin
in reducing transfusion requirements for patients
with preoperative iron deficiency anemia undergoing
on-pump coronary artery bypass grafting surgery.
The study was an open-label, randomized clinical
trial that enrolled 114 patients who were divided into
two groups: intervention (iron plus erythropoietin)
and control. The intervention group received a
200 mg IV dose of iron sucrose and a 100 1U/kg
bolus of erythropoietin one to two days prior to
surgery. The results showed a significant reduction
in the number of RBC units transfused per patient
in the intervention group compared to the control
group. Additionally, the intervention group exhibited
a noteworthy rise in ferritin levels on the seventh
postoperative day and experienced shorter stays in
both the ICU and hospital. No adverse events were
reported in either group.
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After evaluating all presented studies, it is
observed that administering IVIR to anemic patients
before cardiovascular surgery results in positive
outcomes for the examined endpoints. However, some
publications report contrary results. A recent meta-
analysis on the impact of anemia on outcomes after
cardiac surgery also conducted a secondary analysis
of seven studies involving 1,012 patients and found
that short-term preoperative treatments for anemia
did not significantly reduce mortality.'® Similarly,
Quarterman et al.?* presented a retrospective
observational review from January 2017 to December
2019. The study evaluated the effectiveness of
preoperative IV iron in treating patients with iron
deficiency anemia scheduled for elective cardiac
surgery. Among the 190 patients who received IV
iron, there was a median increase in hemoglobin of
8.0 g/L. However, patients who received 1V iron
had a significantly higher incidence of transfusion
(60%) compared to the nonanemic cohort (22%).
Additionally, the treated group had significantly
higher rates of new need for renal replacement
therapy and stroke, but there was no significant
difference in in-hospital mortality.

The present study indicates that patients with
anemia who received IVIR prior to cardiovascular
surgery had perioperative outcomes comparable to
those of nonanemic patients. This includes similar
lengths of ICU and hospital stays, as well as in-hospital
and 30-day mortality rates. This is consistent with most
published literature. These findings suggest that IVIR
is a viable strategy to improve the surgical readiness
of anemic patients and to bring their outcomes in
line with those of their nonanemic counterparts.
However, the precise mechanisms by which IV iron
influences surgical outcomes, particularly through
potential effects on cellular functions, remain to be
fully understood.

It is important to note that this study has several
limitations. These limitations include its retrospective
and observational nature, patient selection based
on specific criteria, lack of comparative data with
nonsupplemented anemic patients, and exclusion
of nonanemic patients who were indicated for iron
supplementation. Due to its observational nature,
this study cannot establish a cause-and-effect
relationship regarding the mechanism of action of iron
supplementation.

In conclusion, perioperative outcomes for
anemic patients who received IVIR did not differ
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from patients without anemia. Nonetheless,
nonsurvivors had lower preoperative hemoglobin
levels, suggesting that more severe anemia may
be associated with poorer outcomes. The findings
suggest that short-term IVIR may positively
impact immediate surgical outcomes, although it is
important to consider that many factors influence
the complex process of cardiovascular surgery. In
addition to correcting hemoglobin levels, further
investigation is needed to determine the potential
impact of IVIR on cellular function and overall
patient recovery and outcomes.
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