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ABSTRACT

In patients undergoing elective major surgery, preoperative anemia is a common
morbidity that may necessitate allogeneic blood transfusion in a substantial proportion of
patients depending on the degree of anemia. Allogeneic blood transfusion has potential
adverse outcomes. Preoperative intravenous iron (IV) monotherapy has been
recommended as a bloodless therapy to decrease perioperative blood transfusion;
however, class 1A evidence is lacking due to the absence of meta-analysis and
systematic reviews, and high quality randomized controlled trials.

The aim was to evaluate the efficacy and safety of preoperative IV monotherapy
injection versus placebo/oral iron (standard of care) as a strategy to increase the
hemoglobin concentration to minimize the necessity of blood transfusion. Therefore, this
systematic review and meta-analysis of the randomized controlled trials was conducted.

The results of the meta-analysis study in this thesis showed that preoperative 1V iron
supplementation was found to be effective in decreasing allogeneic blood transfusion by
17% in patients who received IV iron therapy compared to who did not receive it. This
reduction in transfusion rate was statistically significant (risk ratio [RR]: 0.83, 95%
confidence interval [Cl]: 0.70, 0.98, p = 0.03). Concomitantly, pre-operative 1V iron therapy
was also associated with increases in the hemoglobin concentrations prior to surgery
compared with not receiving pre-operative IV iron therapy (mean difference [MD] between
the study groups: 6.65, 95% CI: 0.83, 12.47 g/L, p = 0.03). Because some of the trials
started administration of IV iron 3-4 weeks before surgery and some studies started the
IV injection 1-2 days before surgery, the hemoglobin rise showed a bi-phasic pattern with

the first wave appeared before surgery and the second wave existed 4 weeks after
i



surgery. Moreover, the blood loss perioperatively interrupted this hemoglobin
concentration growth throughout the hospital stay. As a follow-up > 4 weeks
postoperatively, the second wave existed and the hemoglobin level increased significantly
again in favor of the IV group (6.46, 95% CI: 3.11, 9.80 g/L, p = 0.0002) indicating an
augmented/new effect of the injected IV iron later by the other trials.

Intravenous iron administration was able to restore the depleted iron stores and
increased serum ferritin levels significantly pre-surgery, at hospital discharge, and > 4
weeks postoperatively, (MD between groups: 108.03, 95 % CI: 45.58, 170.49 ng/mL, p =
0.0007), (MD between groups: 547.77, 95 % CI: 36.61, 1058.94 ng/mL, p = 0.04), and
(MD between groups: 391.00, 95 % CI: 271.44, 510.56 ng/mL, p < 0.00001), respectively.
There were no differences in non-serious and serious adverse effects between the two
groups (RR: 1.17, 95% CI: 0.80, 1.71, p = 0.42) and (RR: 0.89, 95% CI: 0.40, 1.99, p =
0.77) respectively.

Similar results were obtained from the case series of the thesis where is IV iron
treatment was capable to increase Hb level significantly from 125.70 + 11 g/L at baseline
to be 132.30 = 16 g/L at the time of surgery with p = 0.007, with mean difference of 6.6
g/L (95% confidence interval [Cl]: 2.00, 11.11 g/L). Moreover, depleted iron stores were
restored, and serum ferritin level increased significantly from 25.43 £ 18.47 ng/mL at
baseline to be 239.80 £ 18.47 ng/ml at surgery (p = 0.004). Allogeneic perioperative red
blood cell transfusion occurred in 9 (29%) patients, which is lower than a recent Canadian
report.

Preoperative intravenous iron monotherapy is a safe and efficacious intervention. It

successfully lowers the transfusion rate and increases hemoglobin concentration pre-



surgery and at four weeks postoperatively. However, further randomized controlled trials
are required to establish its effectiveness, potential adverse effects, and to show which
intravenous iron preparation has better cost-effectiveness than the other preparations to

reduce blood transfusion.
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CHAPTER |I: INTRODUCTION

1.1. EPIDEMIOLOGY OF ANEMIA

Anemia is the most frequent hematological disorder worldwide. In a developed nation
such as the United States, approximately, one quarter of the population is affected by
anemia [1]. It is one of the most common reasons for the medical visits [2, 3]. According
to research conducted by the World Health Organization (WHO) [4], about one quarter of
the world's population is anemic, with the highest prevalence (almost 50%) in preschool-
age children and the lowest prevalence (approximately 13%) in men. Moreover, this
prevalence is accompanied with regional discrepancies and it varies according to age,
sex, and pregnancy status [4]. Globally, anemia is one of the leading causes of disability,

illness, and death [5].

1.2. ANEMIA BASICS

The WHO has defined anemia as circulating hemoglobin (Hb) levels of less than 120
g/L in females and 130 g/L in males [6]. Diagnosis of anemia is based on laboratory values
of Hb, hematocrit (Hct) and on age, gender, race, and altitude. Anemia is a medical
condition that, in most cases, develops secondary to an underlying disease. Although
anemia is a very common illness, it can easily be missed in clinical settings since many
patients will not report anemia symptoms such as fatigue, unless specifically asked.
Additionally, the symptoms of anemia are frequently vague, and the diagnosis is

essentially laboratory based.



Etiologically, the main causes of anemia are nutritional deficiencies, chronic disease,
blood loss, and, less frequently, hemolytic anemia [2]. The most common form of anemia

is iron deficiency anemia (IDA) followed by anemia of chronic disease (ACD) [2].

1.3. CAUSES OF IRON DEFICIENCY ANEMIA

Iron is an essential constituent of diet, and without it, survival is not possible. It is a
vital element for numerous metabolic processes required for the human cells to mature
and multiply [7]. Iron is an essential component in heme and Hb structure to enable
oxygen transport to all body cells [8]. Consequently, reduced iron consumption is one of
the leading risk factors for global iliness and mortality [9]. Surprisingly, iron is one of the
naturally existing compounds found in the Earth's crust, and it is one of the most abundant
elements worldwide. Despite this, only a minuscule quantity of iron exists as a constituent
of living cells. This is because iron exists in oxidized and insoluble form making it less
bioavailable [10]. The principal etiologies of IDA are due to insufficient dietary iron, poor
iron bioavailability, disproportionate iron demands and blood loss [11]. Interestingly, the
causes of IDA vary from one country to another and differ across socioeconomic status
within the same country. Inadequate iron intake and parasitic infestations causing blood
loss are the primary sources in low and middle-income countries [3]. In contrast, chronic
blood loss as intestinal bleeding (including peptic ulcer, hiatal hernia, or colorectal tumors)
is the leading cause in the industrialized countries population [3]. Interestingly, even within
countries, additional variations in causes of IDA relate to age and gender. For example,
in premenopausal women, menorrhagia and frequent menstruation are frequent causes

of IDA [12].



1.3.1. Blood loss

To avoid IDA, the human body maintains a steady equilibrium between iron storage
and loss. This is also necessary to achieve sufficient erythropoiesis [13]. To accomplish
this balance, on a daily basis the body obtains about 20 mg of iron as a recycled iron from
hemolyzed red blood cells (RBCs), and only 1-2 mg from intestinal dietary absorption; the
total of these two amounts is sufficient to keep erythrocyte formation under normal
conditions [12]. Under unusual conditions, as in acute bleeding, iron stocks will be
exhausted and iron supplies from the diet and reprocessed RBCs will be not adequate to
compensate the ensuing IDA [14]. In human adults, sudden exsanguination of about 35%
of the total blood volume is sufficient to evacuate the iron reservoirs [15]. Consequently,
this will delay new erythrocyte creation. With the conditions of chronic bleeding that
commonly involve smaller volumes, the body response differs and ten mL, which is

equivalent to five mg of iron daily, could result in IDA over time [16].

1.3.2. Deficient diet

In countries of low and middle-income status, individual income is a key determinant
of the quality of nourishment. Consequently, insufficient iron intake resulting in IDA is very
common due to starvation, food paucity, undernourishment, malnourishment or
combination of these [3]. Iron deficiency anemia is also more prevalent in situations where
the iron demand is higher, such as growing children, adolescents, and gravid females [3].
In developed countries, a diet deficient of red meat, such as a vegetarian diet, can be a

cause of IDA [3].



1.4. EPIDEMIOLOGY AND MAGNITUDE OF IDA

Iron deficiency anemia is the type of anemia that remains a problem, even though it
is readily detected and can be easily treated [15]. IDA is the most frequent category of
anemia with microcytic morphology [2]. Moreover, IDA continues to be the most common
type of anemia seen in clinical practice [11]. Based on WHO reports, IDA was the primary
cause of mortality in 237,000 patients worldwide [9]. This mortality effect has a
geographical distribution pattern where 45% of deaths were due to IDA in Southeast Asia
followed by 31% in Africa, 9% in the Eastern Mediterranean, 7% in the Americas, 4% in
the Western Pacific and the lowest was 3% in Europe [9]. This also could be inferred from

the occurrence and distribution of anemia across the globe [17].

1.5. IRON SUPPLY AND DISTRIBUTION

To have a full understanding of the pathogenesis of IDA, a comprehension of iron
metabolism is essential. This is because erythrocyte formation and iron metabolism are
intricately connected. In the human body, iron is a crucial component to achieving
diversity of cellular activities by being involved in Hb and certain enzymes necessary for
energy production [18]. With minor exception, every living human cell consumes iron in
essential biological activities [19-21]. Moreover, iron is a physiologically important
component of various classes of proteins [14]. According to their amounts in the body,
the most abundant protein class is the heme protein, which is an essential element of Hb
and myoglobin [14]. The other three protein classes are in smaller quantities: proteins

with linked binuclear iron center (diiron-carboxylate proteins), mononuclear non-heme



iron proteins and iron-sulfur cluster proteins that reside in the cytosol, nucleus and

mitochondria [14].

1.5.1. Iron Recycling

As mentioned above, most of the daily iron supplies come from the old RBCs when
they are taken out of the circulation and recovered through a process called iron recycling.
This process is accomplished mostly by splenic and hepatic macrophages [22].
Macrophages are one of the mononuclear phagocyte system cells. It uses heme
oxygenase-1which is an endoplasmic reticulum enzyme to split heme and releases the
iron derivative into the circulation [23]. Because extra iron is harmful to the human body,

its levels are adjusted through iron absorption and storage in a systematic manner [24].

1.5.2. Heme, Iron Toxicity, and Iron Storage

An elevated risk of colorectal cancer has been linked to excessive dietary heme as
demonstrated by several meta-analyses [25-28]. Moreover, a recent case-control study
[29] showed high ferritin, which is an indicator of excessive iron in the body is associated
with atherosclerosis which ultimately leads to ischemic heart disease. In humans, ferritin
and hemosiderin are the accumulated form of excessive iron [30]. This iron accumulation
process occurs in the hepatocytes and serves as a mechanism to mitigate iron toxicity
[31]. Hence, one of the essential functions of ferritin is to bind iron and to liberate it only
when needed as one component of a sophisticated balance mechanism by which the
body maintains the total iron within normal ranges. Another physiological role of ferritin is
to be an acute phase reactant that rises with sepsis, toxicity, damage or acute

inflammatory conditions [32]. In comparison, hemosiderin, which is also an iron-storage
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compound that is composed of denatured ferritin and some cellular fragments, is a

sluggish source of iron to the body when required [33].

1.5.3. Iron Excretion

In humans, the only physiologic processes that result in iron elimination are menses
and pregnancy [34]. However, 1-2 mg of iron are eliminated daily through the cellular
breakdown of skin and the intimal lining of different systems of the body [12, 30]. To
control total body iron, the peptide hormone hepcidin regulates iron absorption and

organization [35].

1.5.4. Systemic Iron Homeostasis

To recognize and to manage IDA accurately, it is important to understand iron
homeostasis. Over the last decades, extensive research has been conducted on iron
metabolism and pathophysiology, which has led to advances in understanding and
treating of IDA [36]. To briefly summarize, systemic iron homeostasis is a process by
which the body responds to changes in iron demand [37]. Hepcidin hormone is the main
controller of iron hemostasis [37-39], accomplishing this task through controlling iron
reprocessing, intestinal absorption, and mobilization to adjust serum iron concentration
[35]. Hepcidin, like other hormones, has specific regulators. When there is excess iron
and during acute inflammation, hepcidin secretion is increased [40], while augmented

erythropoietic activity considerably diminishes hepcidin secretion [41].

1.5.5. Disorders of Iron Homeostasis



Iron deficiency anemia is a status in which the entire quantity of iron in the body
declines to such an extent that iron stocks are entirely exhausted, and hemoglobinization
of new erythrocytes is disturbed [42, 43]. Under normal conditions, daily erythropoiesis
necessitates the availability of approximately 20-25 mg of iron [10]. Procurement of this
iron quantity comes mostly from iron reprocessing, with 2 mg being procured through
intestinal absorption [44]. Intuitively, the requirement for iron is greater than normal during
gestation, childhood, adolescence, and when the body has excessive or prolonged
bleeding. The normal intestinal absorption of iron is only between 1 and 2 mg per day,
although intestinal iron absorption can reach 2-4 mg per day in those with iron deficit
status [45]. Since this amount is small, a daily-prolonged blood loss volume of 10 mL (this
is equivalent to 5 mg of iron) will surpass the ability to absorb iron, and there will be an
ultimate progression into IDA [46, 47]. On the other hand, due to the lack of a physiological
process to expel extra iron from the human body, iron overloads without treatment can

cause vital organ dysfunction [48].

1.6. RECOGNIZING IDA ANEMIA

1.6.1. Clinical Diagnosis

The signs and symptoms of IDA are expressed according to the degree of deficiency,
and those patients with mild to moderate degree of IDA may have no signs or symptoms
[14]. Moreover, when the symptoms exist, they are broad-spectrum (easy fatigability,
shortness of breath, chest pain, fast heartbeat, headache, or dizziness), and IDA is

commonly overlooked in search of a clinical diagnosis [3].



1.6.2. Laboratory Diagnosis

Laboratory investigations are the cornerstone for the diagnosis of IDA, along with
dietary, medical history and physical examination. Precise IDA diagnosis necessitates not
only laboratory evidence of anemia but also a verification of reduced iron stores. The
workup for distinguishing IDA requires multiple blood tests and additional diagnostic
methods to identify the cause. Investigations should be individually tailored instead of
requesting a long list of blood tests. This list includes but is not restricted to: complete
blood count (CBC) including all the RBC indices, reticulocyte count, peripheral smeair,
serum ferritin, transferrin saturation (TSAT %) level and serum transferrin
receptor (sTfR). The mere identification of IDA is not sufficient, and instead, the workup
needs to continue until an underlying etiology is found. Again, some of these
investigations are aimed at verifying the diagnosis and others are aimed at searching for
an underlying disorder. Additional laboratory investigations like stool testing, incubated
osmotic fragility testing, the amount of lead in tissue, and bone marrow aspiration may be
requested to confirm different etiologies of IDA. Due to a wide range of etiologies, knowing
the mean corpuscular volume (MCV) as one of the RBCs indices restricts the differential
diagnosis of anemia and guides the clinician [49]. For example, having microcytosis
usually limits the possibilities of the diagnosis in three common etiologies; iron deficiency
(ID), anemia due to inflammation, or thalassemia [49] without missing the other less
common causes; hereditary sideroblastic anemia, lead poisoning, Vitamin B6

(pyridoxine), or copper deficiency, which result in acquired sideroblastic anemia.

1.6.2.1. Complete Blood Count
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Complete Blood Count is a routine investigation ordered in patients with a broad
range of presentation. Decreased Hb or Hct values guide the physician to investigate
further. Additional information obtained from CBC report is the MCV (also called mean
cell volume). MCYV indicates the average size of the red blood cells (RBC) [50], whereas
the mean corpuscular Hb (MCH) expresses the average amount of Hb per the RBC and
the Mean corpuscular Hb concentration (MCHC) expresses the mean concentration of
Hb per unit volume of red blood cells [50]. MCV, MCH and MCHC are very helpful to
diagnose IDA (their normal reference range is: 75-95 fL, 27-31 pg/cell [50], and 32-36

g/dL respectively) [51].

1.6.2.2. Other Blood Tests:

Because ID is one cause of hypochromic microcytic anemia, doing many blood tests
are helpful in making a differential diagnosis. Decreased serum level of ferritin; low serum
iron; low TSAT% (<20%) [42] associated with increased level of sTfR and total iron-
binding capacity (TIBC) are diagnostic for IDA [52]. By far, the most accurate test for ID
is bone marrow aspiration; unfortunately, it is an invasive procedure [53]. However, ferritin
concentration in blood reflects the human iron stores in the body and is the most efficient,
simple and quick single test to diagnose ID [54] or iron overload [55]; values below 15
Mg/L confirm ID whereas values greater than 100 ug/L usually exclude IDA [56]. However,
with an inflammatory condition, ferritin as an acute phase reactant, its level may be normal
or even high [42]. Therefore, it is important to emphasize that combining several
parameters of iron status is better than a single test for accurate IDA diagnosis [53]

particularly in patients with concomitant diseases.
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1.7. PREOPERATIVE ANEMIA

1.7.1. Identifying the problem

Fundamentally, pre-existing anemia is the most frequent hematological
preoperative abnormality among the patients experiencing major elective surgery [57]. In
most cases, it is not detected beforehand, and instead is usually identified during standard
preoperative laboratory evaluation [58]. It has been shown that, overall, about one-third
of the entire patients undertaking elective surgery are anemic [59]. However, the
prevalence of anemia can vary from 5% to 75% according to the operation needed, the
population studied and patient vulnerabilities [60]. The highest prevalence of preoperative
anemia (75%) was reported in those patients undergoing colectomy for advanced colon
malignancy [61]. For cardiac surgeries, the occurrence of preoperative anemia ranges
between 30% in isolated coronary bypass surgery [62] and 52% in cardiac surgery for
rheumatic heart disease [63]. Preoperative anemia is more common in older patients than
in younger patients [64-66]. Preoperative anemia is also more frequent among patients
who have ischemic heart disease [64-66], and long-lasting diseases like diabetes mellitus,
heart failure, chronic kidney disease, primary hematologic disorders, and other
inflammatory diseases [67]. Generally, given similar amounts of perioperative blood loss,
female patients are more susceptible to develop anemia because their circulating blood
volume is relatively small compared to male patients [68].

Preoperative anemia, like anemia in general, has many etiologies, however, the
IDA is the most common cause followed by ACD [69, 70]. In general, they are four
categories of causes contributing in the etiology of preoperative anemia [71]: (i)

associated malnutrition or impaired absorption can result in deficiencies in the essential
10



elements for the erythropoiesis like iron, vitamin Bi2, folic acid, and proteins; (ii)
concomitant status of increased inflammatory mediators that activate the immune system
resulting in decreased iron availability and decreased erythropoietin production by the
kidney; (iii) blood loss related to phlebotomies, bleeding, and hemolysis; and (iv) drug-
induced as chemotherapy, angiotensin-converting enzyme inhibitors, metformin, and
proton pump inhibitors.

Therefore, after preoperative anemia diagnosis, identification of the underlying etiology is
also crucial to achieving the appropriate treatment for every patient. In fact, being
scheduled for an elective surgery gives ample time for anemia correction [58] to improve
the patient's condition [59]. Having said that, anemia management before surgery is not

a priority for most of the surgeons [72].

1.7.2. Epidemiology of Blood Transfusion and Outcomes

Preoperative anemia is associated with a higher incidence of poor clinical
outcomes [73-81], including higher mortality incidence in the first 30 days after surgery
[73-77, 80, 81]. Furthermore, other studies have shown that preoperative anemia is
independently associated with perioperative ABT and poor postoperative outcomes [78]
including transfusion-related acute lung injury (TRALI) [82]; more graft occlusion post-
coronary artery bypass grafting (CABG) [83]; nosocomial infections [84]; acute kidney
injury, myocardial and neurological function impairment [85]; tumor recurrence [86]; and
compromised immune function [87]. Therefore, the results of these studies suggest the
need for adopting new blood conservation modalities to avoid preventable blood

transfusions and its subsequent complications and additional cost.
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Cardiac surgery is the biggest consumer for the blood and blood product, followed
by orthopedic surgery during the perioperative period [88]. This might be related to blood
loss, open heart-induced hemodilution, and coagulopathy that require transfusion [89].
However, a recent report from the Society of Thoracic Surgeons Adult Cardiac Surgery
Database showed that transfusion due to preoperative anemia is associated with adverse
outcomes in cardiac surgery [62].

Nonetheless, a consistent method for preoperative anemia patients' management
has not been established yet. Nevertheless, allogeneic blood transfusion (ABT) does not
mitigate the negative impact of preoperative anemia [75]. One large and recent study of
patients undergoing non-cardiac surgery reported that the vast majority (94.9%) did not
receive blood transfusions during surgery [80]. However, in those who did receive blood
transfusions during surgery, even a minimal transfusion of one unit of RBCs was
associated with increased mortality, severe morbidity and increased hospital resources
consumption rate. Moreover, the incidence of poor outcome after transfusion during
surgery was dose-dependent. Although it could be argued that the patients receiving
blood transfusions during surgery were more likely to experience adverse outcomes
anyway, the analysis in that study used propensity matching [80] which strengthens the

confidence that the blood transfusion was a key determinant in the poor outcomes.

1.7.3. Strategies for perioperative blood conservation
For preoperative anemia to be managed accurately, it necessitates screening in
advance to identify who is anemic, establishing the kind of anemia and starting the

treatment a while before surgery [90]. Currently, a variety of drug therapy and non-
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pharmacologic strategies [90] to conserve blood perioperatively has been suggested to
diminish ABT (Table 1 in Chapter Il). According to a propensity-matched analysis study
of 322 Jehovah's Witness (JW) patients (who refuse blood product transfusions for
religious reasons) undergoing cardiac operations, the JW patients had an equivalent long-
term survival, better postoperative results, and shorter intensive care unit (ICU) lengths
of stay compared to non-JW patients [91]. This suggests that, in many instances, ABT
can be avoided. This idea has support from a recent meta-analysis of randomized
controlled trials (RCTs), which found that when hospital policies restricting transfusions
are in place, there is a lower risk of healthcare-associated infection in hospitalized
patients [92].

Over the last two decades, correcting preoperative anemia using drug therapy has
been suggested as a new modality to reduce perioperative ABT [93, 94]. Intravenous (IV)
iron is one such drug therapy to be proposed to correct anemia and to lessen ABT [95].
It has higher adherence and acceptance by the patient than oral iron [95]. Moreover, in a
post-partum hemorrhage IDA study trial, IV iron administration has shown to result in a
more rapid increase in ferritin and Hb levels than oral iron [96]. In the surgical setting, the
evidence mostly came from observational studies recommending preoperative 1V iron
therapy as an effective modality to raise serum Hb and to decrease ABT perioperatively
[75, 97].

To date, proactive IV iron injection to correct preoperative anemia lacks evidence
for standard clinical practice guidelines regarding who is a good candidate patient for

treatment, which IV iron preparation is optimal, the dose and the best timing of therapy.
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1.7.4. Solving the preoperative anemia problem

In this work, my goal was to answer the clinical question: |s preoperative injection
of intravenous iron a safe and effective treatment to increase Hb and minimize allogeneic
blood transfusion?

The next two chapters are concerned with a systematic review and meta-analysis
of studies on the efficacy and safety of IV iron therapy in the preoperative setting to correct
anemia, to reduce ABT transfusions, and to improve outcome. Chapter Il consists of the
systematic review protocol, published in Systematic Reviews, and Chapter Il consists of

the systematic review and meta-analysis.
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CHAPTER |I: INTRAVENOUS IRON THERAPY TO

CORRECT ANEMIA BEFORE MAJOR SURGERY: STUDY

PROTOCOL FOR SYSTEMATIC REVIEW AND META-

ANALYSIS

Abdelsalam M. Elhenawy, Steven R. Meyer, Sean M. Bagshaw, Roderick G. MacArthur,

Linda J. Carroll. Syst Rev. 2015 Mar 15; 4:29. doi: 10.1186/s13643-015-0016-4.

2.1. ABSTRACT

2.1.1. Background
Preoperative anemia is a common and potentially serious hematological problem
in elective surgery and increases the risk for perioperative red blood cell (RBC)
transfusion. Transfusion is associated with postoperative morbidity and mortality.
Preoperative intravenous (IV) iron therapy has been proposed as an intervention to
reduce perioperative transfusion; however, studies are generally small, limited, and

inconclusive.

2.1.2. Methods/design
We proposed performing a systematic review and meta-analysis. We will search
MEDLINE, EMBASE, EBM Reviews, Cochrane-controlled trial registry, Scopus, registries
of health technology assessment, and clinical trials, Web of Science, ProQuest
Dissertations and Theses, and conference proceedings in transfusion, hematology, and

surgery. We will contact our study drug manufacturer for unpublished trials. Titles and
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abstracts will be identified and assessed by two reviewers for potential relevance. Eligible
studies are randomized or quasi-randomized clinical trials comparing the preoperative
administration of IV iron with placebo or standard of care (oral iron) to reduce
perioperative blood transfusion in anemic patients undergoing major surgery. Screening,
data extraction, and quality appraisal will be conducted independently by two authors.
Data will be presented in evidence tables and in meta-analytic forest plots. Primary
efficacy outcomes are the change in hemoglobin concentration and proportion of patients
requiring RBC transfusion. Secondary outcomes include the number of units of blood or
blood products transfused perioperatively, transfusion-related acute lung injury, adverse
events, postoperative infections, cardiopulmonary complications, intensive care unit
(ICU) admission/readmission, length of hospital stay, and mortality. Dichotomous
outcomes will be reported as pooled relative risks and 95% confidence intervals.
Continuous outcomes will be reported using calculated weighted mean differences. Meta-
regression will be performed to evaluate the impact of potential confounding variables on

study effect estimates.

2.1.3. Discussion
Reducing unnecessary RBC transfusions in perioperative medicine is a clinical
priority. This involves the identification of patients at risk of receiving transfusions along
with blood conservation strategies. Of potential pharmacological blood conservation
strategies, IV iron is a compelling intervention to treat preoperative anemia; however,

existing data are uncertain. We propose performing a systematic review and meta-
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analysis evaluating the efficacy and safety of IV iron administration to anemic patients

undergoing major surgery to reduce transfusion and perioperative morbidity and mortality.

Systematic review registration

PROSPERO CRD42015016771
http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42015016771#.VPk
N3fnF-YM

Keywords: Intravenous iron therapy; Preoperative anemia; Major surgery
2.2. BACKGROUND

2.21. Epidemiology of preoperative anemia

Anemia is defined by the World Health Organization (WHO) as a hemoglobin (Hb)
concentration less than 130 g/L in men and 120 g/L in women [6]. Preoperative anemia
is the most common hematological abnormality among the patients undergoing major
elective surgery [57]. The prevalence of preoperative anemia ranges from 5% to 75%,
depending on patient susceptibilities and the proposed surgical procedure [60].
Preoperative anemia is more common among older patients and those with chronic
diseases such as heart failure, diabetes mellitus, chronic kidney disease, primary
hematologic diseases, other inflammatory diseases [67], and coronary artery disease [64,
65]. Although diagnosis and treatment of anemia preoperatively are essential to optimize
the patient’s condition [59], preoperative anemia management is not a priority for most

surgeons [72].

2.2.2. Epidemiology of blood transfusion and outcomes
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Preoperative anemia has been associated with an increased risk for 30-day
mortality [72, 80]. Preoperative anemia has also been shown to be an independent risk
factor for perioperative red blood cell (RBC) transfusion and for postoperative morbidity
[78]. Major morbid outcomes include transfusion-related acute lung injury (TRALI) [82],
nosocomial infections [84], increased graft occlusion after coronary artery bypass grafting
(CABG) [82], myocardial events, neurological events, acute kidney injury [85], tumor
recurrence [86], and suppressed immune function [87]. In a recent large study of 22,785
consecutive patients, investigators found that transfusing as little as 1 or 2 units of RBCs
was associated with increased morbidity and mortality after cardiac surgery [98]
supporting a previous systematic review of observational studies [99]. The findings from
these studies would imply that strategies to reduce unnecessary RBC transfusions might
be associated with improved postoperative outcomes. RBC transfusions are also
associated with significant cost related both to the product itself and the morbid events
associated with unnecessary RBC transfusions that contribute to additional direct and
indirect hospitalization cost [100]. In a recent RBC transfusion cost analysis study, the
actual cost for each RBC unit was reported to range between US $522 and US $1,183
after calculating the direct and indirect costs, which include consumables, laboratory
testing, nursing time, patient transport, treatment costs, and staff fees resulting in
increased cumulative total cost [101]. This is substantially higher than previous estimates
of the cost of each RBC unit at US $250 to US $550 [102].

National US data [103] showed a decline in blood transfusion usage estimate by
3% over each of the 2 years (2009 to 2010), and similar data [104] have been reported in

the UK as well. Although many therapeutic modalities have been initiated to minimize the
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patients’ requirement for perioperative RBC transfusion, the rate of transfusion remains
unacceptably high and variable across both cardiac (17 to 80%) [105, 106] and non-
cardiac major surgery [107]. These observations would imply that transfusion practices
are variable across the patient, healthcare provider, and health system factors. This may
stem from the absence of high-quality evidence to guide the management of perioperative

anemia and blood conservation.

2.2.3. Strategies for perioperative blood conservation

A variety of contemporary perioperative pharmacologic and non-pharmacologic
blood conservation strategies (Table 1) [87] have been proposed and variably adopted to
minimize RBC transfusion. In a recent study, the outcomes of 322 Jehovah's Witness
(JW) patients undergoing cardiac surgery, who, for personal beliefs, refuse transfusion of
all blood products including RBCs, were evaluated. In this study, JW patients had
comparable long-term survival to those willing to receive RBC transfusion in a propensity-
matched analysis; however, JW patients had fewer postoperative complications and
shorter intensive care unit (ICU) lengths of stay [91]. These provocative findings would
imply that many RBC transfusions might be unnecessary. In fact, these data suggest that
blood conservation strategies, including preoperative treatment of anemia, may either
reduce exposure to RBC transfusions or even act as a trigger for RBC transfusion. In
addition, a more recent meta-analysis of randomized trials with 8,735 patients showed a
lower risk of healthcare-associated infection for a restrictive RBC transfusion strategy in

comparison to a liberal transfusion strategy in hospitalized patients [92].

Table 1: Current strategies for perioperative blood conservation
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Conservation strategy

Examples

1. Pharmacological therapies

2. Autologous blood transfusion

3. Anesthetic techniques

4. Surgical techniques

5. Blood substitutes

6. Transfusion protocols, guidelines,

and clinical audit

a. Antifibrinolytic drugs (aprotinin, tranexamic

acid, epsilon-aminocaproic acid)
b. Desmopressin acetate
c. Recombinant factor Vlla (rFVlla)

. Erythropoietin (EPO)

o

e. Topical hemostatic agents
a. Preoperative autologous blood donation
b. Acute normovolemic hemodilution

c. Red cell salvage (intraoperative and

postoperative)

a. Controlled hypotension

b. Spinal or epidural anesthesia

c. Central venous pressure (CVP) manipulation

a. Coagulation diathermy devices, lasers, and

ultrasonic scalpels

b. Minimally invasive surgery

c. Endoscopic and laparoscopic surgery
a. Solutions of modified hemoglobin

b. Perfluorocarbon emulsions

2.2.4. Preoperative intervention: prophylactic iron therapy

Preoperative pharmacologic treatment of anemia has been proposed to reduce

perioperative RBC transfusion [93, 94]. One potential strategy is the use of intravenous

(IV) iron. Iron is fundamental in RBC formation and is the most common nutritional
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deficiency in both developed and developing countries [108]. A recent study [109]
reported that usage of oral iron to treat iron deficiency anemia (IDA) is limited by
gastrointestinal absorption, particularly, in the patients with associated acute or chronic
diseases [110]. IV iron has been reported to increase the hemoglobin (Hb) level and to
replenish iron stores more rapidly than oral iron formulation in women with post-partum
IDA in a variety of randomized controlled trial (RCT) studies in other areas of medicine
such as post-partum hemorrhage [96], but in surgery, most have been observational in
nature. Consequently, preoperative IV iron has been proposed as an efficacious strategy
to increase serum Hb and minimize exposure to perioperative RBC transfusions [97, 111].
To date, there is no broad consensus or established clinical practice guideline to support
the routine use of prophylactic IV iron to treat anemia before major elective surgery.
Moreover, additional questions about the optimal timing of therapy, dose of iron, and
whether anemic patients need additional nutritional supplementation have yet to be
answered. However, there are a few guidelines recommending the use of IV iron for
anemia in surgical cases, but all are lacking class 1A evidence-based medicine [112-
114]. To date, there are relatively few studies, the majority of which have been small and
non-definitive, those have evaluated the efficacy and safety of IV iron preparations in
patients undergoing major elective surgery. A recent meta-analysis [115] showed that
very low-quality evidence of IV iron results in modest increases in Hb levels compared
with oral iron or inactive control, but without clinical benefit. Unfortunately, this meta-
analysis was less homogeneous than would be ideal, and they were not able to do
subgroup analyses for different types of participants (blood loss, cancer, preoperative

anemia, chronic heart failure, autoimmune disorders, and infectious disease). In addition,
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their literature search ended July 2013. Three other recent studies have been published
as well. The first is a systematic review for RCTs with restricted language and search time
frame [116], the second is a systematic review and meta-analysis for RCTs restricted to
colorectal surgery [117], and the third is a systematic literature review of RCTs and
observational studies restricted to cardiac surgery [118]. All three failed to find a sufficient
evidence to support the use of IV iron to decrease RBC transfusion. Accordingly, we
propose to perform a systematic review and evidence synthesis on the efficacy and safety
of IV iron therapy in the preoperative setting to treat anemia, reduce transfusions, and
improve outcome. This review will capture recently published RCT studies, will include a

broad range of elective surgery, and will not be limited to English publications.

Hypothesis

We hypothesize preoperative IV iron therapy will improve preoperative Hb
concentrations in anemic patients undergoing maijor elective surgery, reduce the need for
RBC transfusion, and reduce complications compared with placebo or oral iron as the
standard of care. We will synthesize the available data on the efficacy and safety of IV
iron therapy to increase Hb levels, avoid transfusions, and improve outcomes for anemic

patients undergoing major elective surgery.

Objectives
To perform a systematic review and evidence synthesis of all randomized and
quasi-randomized studies investigating (a) the efficacy of IV iron administration to

improve preoperative Hb concentration and reduce RBC transfusion rate, (b) the safety
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of IV iron formulations with respect to adverse effects, and (c) the effectiveness of IV iron

administration to reduce perioperative major morbidity and health resource use.

2.3. METHODS/DESIGN

2.3.1. Search strategy

In consultation with a health sciences librarian at the John W. Scott Health
Sciences Library at the University of Alberta, we will search MEDLINE, EMBASE, EBM
Reviews, and the Cochrane-controlled trial registry in the Cochrane Library, Scopus,
registries of health technology assessment and clinical trials, and Web of Science. We
will search the literature using the following search terms: iron or dextran or Venofer or
ferric or ferrous or ferrlecit AND anemi* or anaemi* AND preoperat* or postoperat® or
perioperat* or operati* or surg* or presurg* or postsurg* or perisurg* AND random* or trial
or placebo*. An example of the search conducted in MEDLINE is in Appendix 1. In
addition, we will contact our study drug manufacturer for unpublished trials, and we will
search the ProQuest Dissertations and Theses database. Selected conference
proceedings in transfusion, hematology, and surgery will also be searched. We will start
from the earliest retrievable date of each database to February 2015, supplemented by a
manual search of reference lists of retrieved trials. In addition, reference lists of prior
reviews of similar topics will be searched for relevant studies. Language will be

unrestricted.

2.3.2. Inclusion criteria

All the included articles must fulfill these criteria:
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= Designs included are randomized and quasi-randomized studies in all different
phases.

= Study compares any type of IV iron administered preoperatively to placebo or
standard of care (oral iron).

= Study reports findings specific to adult humans.

= Study of patients undergoing any elective major surgery (Appendix 2) including,
but not limited to, cardiac, thoracic, orthopedic, gastrointestinal, brain, urological, or
obstetric operations

= Study patients have pre-treatment Hb level less than 120 g/L.

= Study reports at least one of the two following outcomes: absolute or relative
change in preoperative Hb level and/or the proportion of patients receiving perioperative

allogeneic RBC transfusion.

2.3.3. Exclusion criteria
Anyone of these criteria will result in a study being excluded:

= Observational (non-experimental) studies, reviews, opinion papers, letters to the editor,
and studies with no reported methodology.
= Studies with no adult-specific findings.
= Studies involving patients with pre-treatment Hb level greater than 120 g/L.
= Studies using oral iron only.
= Studies using IV iron plus erythropoietin (EPO).

= Studies of minimally invasive robotic and laparoscopic surgery.

2.3.4. Primary outcomes
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Primary outcomes:
= Absolute and relative change in preoperative Hb concentration.
= Proportion of anemic patients who received allogeneic RBC transfusion at any time

perioperatively.

2.3.5. Secondary outcomes
These will focus mainly on safety-related outcomes:
= Total number of units of blood or blood products transfused perioperatively.
= All-cause mortality.
= Postoperative nosocomial infection (Appendix 2).
= TRALI (Appendix 2).
= Any reported reaction or side effect (Appendix 2) from receiving an RBC transfusion.
These may include, but are not limited to, hemolysis of transfused red cells,
alloimmunization, development of antibodies against platelets or white blood cells, post-
transfusion purpura, graft vs. host disease, infection; immunomodulation, and iron

overload.

2.3.6. Study screening
Two authors (AE and SM) will initially review titles and abstracts to retrieve
potentially relevant studies. Retrieved studies will then be subjected to the second phase
of screening for eligibility, as determined by the eligibility criteria listed above. Reason(s)
for ineligibility will be documented for all studies excluded in the second phase of

screening, using pre-piloted forms. Disagreements will be solved through discussion or
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by a third reviewer (SB) if necessary. We will provide the PRISMA study flow chart

(Appendix 3).

2.3.7. Data abstraction
Data will be abstracted from the reports of all the included studies in duplicate and
independently by two reviewers (AE and SM) on standardized and pre-piloted data
extraction forms (Appendix 4). For the studies evaluating multiple treatment arms,
comparisons will be made between |V iron arm and oral iron as the standard of care or
placebo arm only. Discrepancies in extracted data will be agreed by consensus or
involving a third author (SB) where consensus cannot be reached. Abstracted data from
each study will include the details on the following:
« Study design, methodology, analysis, funding source, trial registration, and publication
details.
» Aggregate participant demographic characteristics (for example, age, sex, and race).
» Aggregate participant characteristics including comorbid diseases and risk factors for
anemia (for example, diet, any cause of blood loss, chronic or serious illnesses or
infections, a family history of anemia, reasons/indications for major surgery).
» Dosage of drug administered, frequency, and duration of use.
* Hematocrit monitoring.
* Iron-related blood tests including serum iron, ferritin, transferrin, total iron-binding
capacity (TIBC), transferrin saturation (iron saturation of transferrin), and unsaturated
iron-binding capacity (UIBC).

+ All primary and secondary outcomes reported.
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» Study quality features (see below).

2.3.8 Assessment of methodological quality

To evaluate the risk of bias in both RCTs and quasi-randomized trials, two independent
reviewers will use the Cochrane Collaboration’s tool for assessing the risk of bias. This
tool provides a model to assess the following domains of bias: random sequence
generation, allocation concealment, blinding of participants and personnel, blinding of
outcome assessment, incompleteness of outcome data (attrition bias), blinding of
outcome assessment (performance and detection bias), selective outcome reporting
(reporting bias), and a priori-derived sample size calculations. Each domain for each ftrial

will have a ranking of “low,” “unclear,” or “high” risk of bias, in accordance with the

Cochrane Collaboration’s approach (Appendix 5) [116].

2.4. STUDY SYNTHESIS PLAN

2.4.1. Analysis plan

We will report the results of our search in a PRISMA flow chart, including the
number of randomized and quasi-randomized studies (with their citations), the number of
phases I, Il, and lll trials, and the number addressing our primary and secondary
outcomes and language of studies. We will present tables outlining a) each study’s
characteristics, b) risk of bias for each study, and c) study results. Randomized studies
and quasi-randomized studies will be presented in separate tables, and within each set
of tables, there will be further stratification by a) outcome addressed (primary versus

secondary), b) study phase, and c) high, medium, and low risk of bias. This information
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will also be summarized in the text and the main biases identified for each study design
and outcome.

The tables describing study characteristics will include information abstracted from
the studies as per the data abstraction section above. A separate table will report each
study’s effect measures (findings) corresponding to our primary and secondary outcomes
as follows: risk ratios (and their 95% confidence intervals) reflecting the association
between preoperative IV iron administration and need for RBC transfusion, differences in
change in Hb concentration (and statistical significant of this difference) between those
who do and do not receive |V iron, proportion and pooled relative risk (RR) of unplanned
ICU admissions and of ICU readmissions in each group, differences in hospital length of

stay, and 30-day mortality in each group.

2.4.2. Meta-analysis

We will examine clinical homogeneity of the studies first, followed by an
assessment of statistical homogeneity by using Cochrane’s Q test and |2 statistics, with
12 > 40% considered significant heterogeneity [119]. We anticipate that there will be
sufficient homogeneity across studies to justify a pooled statistical synthesis; however,
we will conduct a qualitative synthesis if there is statistical heterogeneity. We consider
the factors listed below as potential sources of heterogeneity in studies. Data from all
trials fulfilling the eligibility criteria will be pooled for meta-analysis using a random effects
model to accommodate the anticipated heterogeneity among study results and assuming
that the individual specific effects are uncorrelated to the exposure variables [120].

Weights will be assigned to reflect sample size differences. For continuous outcomes
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(change in Hb concentration, the number of transfused RBC among those transfused,
ICU, and hospital lengths of stay), we will calculate the standardized mean difference
(SMD) and test for group differences using unpaired t-tests or Mann-Whitney U test as
appropriate with P-value < 0.05 signifying statistical significance. The SMD is used as a
summary effect size, anticipating the included trials all assessing the same outcome. For
categorical outcomes (nosocomial infection, TRALI, adverse reactions, ICU admission,
and readmission), we will calculate pooled RR with 95% confidence intervals. Where
studies reported the length of stay and 30-day mortality using the time to event analyses,
we will calculate pooled hazard ratios with 95% confidence intervals. The meta-analysis
will be performed in RevMan Version 5.3 software [121] and Stata V.13 (STATA Corp,

College Station, TX, USA) [120].

2.4.3. Sensitivity analysis, subgroup analysis, and meta-regression analysis

We will conduct sensitivity analyses to assess the impact of each trial on the overall
results and to examine whether an individual study is over-influencing the meta-analysis
result. We will do additional sensitivity analyses by excluding studies with unclear or
inadequate randomization. With the availability of at least three trials, we will conduct the
following subgroup analyses to explore heterogeneity and to assess the robustness of
our results:

1. Cardiac versus non-cardiac;

2. Different IV iron preparations;

3. Hb level trials with a mean equal to or greater than 10 g/dL;

4. Age studies with a mean age over the age of 65;
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5. Excluding studies considered at high risk of bias according to the Cochrane

risk of bias tool.

Our ability to conduct this subgroup analysis will depend on the information
provided in the relevant studies. We will use univariable and bivariable meta-regression
analyses to explore the impact of the following variables in each study on the pooled
effect estimates for the primary outcome: age, sex, baseline ferritin level, baseline Hb
level, baseline hematocrit value, total IV iron dose administered, and the rate of patients
requiring allogeneic blood transfusion during or after the surgery. The effect of each
variable on the pooled effect size will be considered significant when the P-value of the
change in the effect estimate is less than 0.05 or when the 95% confidence intervals of

the two analyses do not overlap.

2.4.4. Assessment of publication biases
To identify possible publication bias, we will construct a funnel plot of effect size
against the inverse of standard error in the studies. Deviation from this funnel may

suggest publication bias [122].

2.45. Grading the strength of the evidence
We will assess the overall quality of the evidence for each outcome in the included
trials using the Grading of Recommendations Assessment, Development, and Evaluation
(GRADE) approach [123].
Ethical issues
For our meta-analysis, we will not require a health research ethics board review as

all data will be sourced from existing literature.
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2.5. DISCUSSION

Anemia is common in patients undergoing major surgery [57]. Over the past two
decades, a variety of contemporary pharmacologic blood conservation strategies have
been adopted to address preoperative anemia in attempts to minimize unnecessary RBC
transfusion. However, the optimal treatment is not yet known due to the paucity of the
randomized trials, most of which are small and have negative results, which may be a
result of being underpowered to detect a treatment effect. Consequently, current
knowledge implementation has been suboptimal, and there are no high-quality available
clinical practice guidelines to inform best practice. A meta-analysis conducted by pooling
these studies may provide new and clinically useful information. In attempts to minimize
the impact of blood loss at the time of surgery, and consequently, to avoid RBC
transfusion, many treatment modalities have been tried, from advanced techniques in
operative procedure and anesthesia alongside with newer drugs to stimulate
hematopoiesis to minimize transfusion. Although a large systematic review has shown
that antifibrinolytic drugs reduce blood loss and consequently the rate of RBC transfusion
[124, 125],

it would appear that these drugs, while reducing blood loss, are associated with a
hypercoagulable state [126]. Similarly, thrombotic events are reported with the
erythropoiesis-stimulating agents [127]. Iron plays an essential role in erythropoiesis and
is a fundamental component in RBC formation [128]. Thus, use of iron is a compelling
potential intervention to treat preoperative anemia. However, existing evidence is
uncertain [129, 130]. In non-surgical settings, it has been shown that supplementation

with IV iron usually results in higher Hb values [131]. Previously used IV iron preparations
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such as iron sucrose (saccharate) and iron dextran have been associated with side
effects [132] and anaphylactic reactions [133]. However, newer IV iron preparations, such
as Venofer® (iron (lll)-hydroxide sucrose), have shown better tolerability [134].

We propose to perform a systematic literature review and meta-analysis evaluating
the efficacy and safety of IV iron administration to anemic patients undergoing major
surgery for reducing transfusions and perioperative morbidity and mortality.

We hypothesize that IV iron is a safe and effective way to treat preoperative
anemia. We further hypothesize that preoperative administration of IV iron will increase
the Hb in anemic patients at risk for perioperative RBC transfusion and reduce
perioperative allogeneic RBC transfusion, reduce major morbidity, and utilize fewer health
resources.

We propose to perform a systematic literature review and meta-analysis evaluating
the efficacy and safety of IV iron administration to anemic patients undergoing major
surgery for reducing transfusions and perioperative morbidity and mortality.

We hypothesize that IV iron is a safe and effective way to treat preoperative
anemia. We further hypothesize that preoperative administration of IV iron will increase
the Hb in anemic patients at risk for perioperative RBC transfusion and reduce
perioperative allogeneic RBC transfusion, reduce major morbidity, and utilize fewer health

resources.

2.5.1. Strengths of our meta-analysis
- It will be a comprehensive search without restriction for language and time frame.

- It will include only experimental designs (RCTs and quasi-randomized studies).
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- We will do critical appraisals of methodological quality for the RCT enabling us to

determine whether the pooled findings are affected by study quality.

2.5.2. Limitations
Our meta-analysis might have the same unintentional biases as any meta-
analysis, and these potential biases include:
1- Study selection process may inadvertently exclude relevant studies.
2- Standard methods used to conduct meta-analyses may introduce bias if studies are
not sufficiently homogeneous.

3- Insufficient quantity or poor quality of the included studies.

2.5.3. Future research and policy implications of our meta-analysis
These will be guided by our final results. We expect that this study will provide the

impetus for future large-scale RCTs in this field.
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CHAPTER lll (PAPER-II): ROLE OF PREOPERATIVE

INTRAVENOUS IRON THERAPY TO CORRECT ANEMIA

BEFORE MAJOR SURGERY: A SYSTEMATIC REVIEW

AND META-ANALYSIS

3.1. ABSTRACT

3.1.1. Background

Preoperative anemia (reduced hemoglobin level) is a common and potentially
serious hematological problem. Usually, the treatment consists of repeated allogeneic
blood transfusion which is associated with increased incidence of postoperative morbidity
and mortality. Preoperative intravenous iron monotherapy has been proposed as a simple
intervention to reduce perioperative transfusion; however, studies are small, limited, and
inconclusive. Accordingly, class 1A evidence-based medicine is not available yet due to
the absence of high-quality randomized controlled trials and meta-analysis and
systematic reviews. Consequently, a meta-analysis which pools these studies may

provide new and clinically useful information.

3.1.2. Objective

To assess the efficacy and the safety of intravenous iron monotherapy
administration versus placebo/oral iron (standard of care) in minimizing the requirement
of allogeneic blood transfusions through increasing hemoglobin concentration

perioperatively.
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3.1.2.1. Evaluation method
A systematic review and meta-analysis of the randomized control trials comparing
transfusion rate and/or hemoglobin level change between intravenous iron versus

placebo or oral iron as a standard of care was performed.

3.1.3. Methods/Design
Databases of MEDLINE, EMBASE, EBM Reviews; Cochrane-controlled trial
registry; Scopus; registries of health technology assessment and clinical trials; Web of
Science; ProQuest Dissertations and Theses; and conference proceedings in transfusion,
hematology, and surgery were searched from January 2012 to December 2016. To
ensure that the search was comprehensive, reference lists of relevant studies were also

examined.

3.1.3.1. Selection criteria

Titles and abstracts were screened for relevance (i.e., relevant, irrelevant or
potentially relevant) by two reviewers (AE and SM) independently. The same two
reviewers screened the full texts of those citations identified as potentially relevant.
Eligible for inclusion in the systematic review were randomized or quasi-randomized
clinical trials comparing the preoperative administration of intravenous iron with a control
group (placebo or oral iron as a standard of care) to either reduce perioperative blood
transfusions or increase the hemoglobin levels in patients undergoing major surgery.
Studies were excluded if there was an abstract only, since an abstract alone does not

provide sufficient information on findings to include it in a meta-analysis.
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3.1.3.2. Analysis

To assess the heterogeneity of the included studies, subgroup analyses were
conducted when it was feasible. Fixed and/or random effect models were used
appropriately according to the existence of the studies heterogeneity. Random effects
modeling was used where studies were heterogeneous and fixed effects modeling was
used where heterogeneity was absent or low. RevMan statistical software was used for

the meta-analytic analyses.

3.1.4. Results

The search found 3184 citations, and nine randomized controlled trials met the
modified inclusion criteria. In total, 923 participants were included, 475 patients received
intravenous iron, and 448 patients received placebo-control or oral iron as a standard of
care. The meta-analysis found that preoperative intravenous iron supplementation
significantly decreases allogeneic blood transfusion by 17%, resulting in fewer transfused
participants in the intravenous iron group than in placebo or the standard care group (risk
ratio (RR): 0.83, 95% confidence interval [CI]: 0.70, 0.98, p = 0.03) This reduction in
transfusion was associated with increase in hemoglobin levels at pre-surgery time point
after receiving IV iron (mean difference [MD] between the study groups: 6.65, 95%
confidence interval [Cl]: 0.83, 12.47g/L, P = 0.03). However, this increase in the
hemoglobin level disappeared immediately after the surgery (MD between groups: -0.36,
95% CI: -1.92, 2.64 g/L, P = 0.75), or at hospital discharge (MD between groups: -0.19,
95% ClI: -2.72, 2.35 g/L, P = 0.89). This drop is because some of the trials initiated the

administration of IV iron 3-5 weeks before surgery and some studies started the IV

36



injection 1-2 days around the day of surgery. Such different timing in the methods of
injection initiation resulted in a bi-phasic pattern in the Hb rise. The first wave was before
surgery and the second wave was four weeks after surgery. Moreover, the blood loss
perioperatively interrupted this greater hemoglobin concentration rise throughout the
hospital stay. At follow-up > 4 weeks postoperatively, the hemoglobin level increased
significantly again in favor of the intravenous iron group (MD: 6.46, 95% CI: 3.11, 9.80
g/L, P = 0.0002) indicating a new or an augmented effect of the injected IV iron later by
the other trials.

In addition, intravenous iron resulted in a greater, significant and quicker correction
of serum ferritin levels at post-treatment (pre-surgery), at hospital discharge, and > 4
weeks postoperatively, (MD between groups: 108.03, 95 % CI: 45.58, 170.49 ng/mL, P =
0.0007), (MD between groups: 547.77, 95 % CI: 36.61, 1058.94 ng/mL, P = 0.04), and
(MD between groups: 391.00, 95 % CI: 271.44, 510.56 ng/mL, P <0.00001), respectively.
For non-serious and serious adverse effects, there were no differences between the two
groups (RR: 1.17, 95% CI: 0.80, 1.71, p = 0.42) and (RR: 0.89, 95% CI: 0.40, 1.99, p =

0.77 respectively).

3.1.5. Conclusions
Intravenous iron supplementation monotherapy is a safe and efficacious
intervention before surgery. It successfully lowers the perioperative transfusion rate and
increases hemoglobin concentration pre-surgery and at four weeks postoperatively.

However, further full-scale randomized controlled trials are required to give definitive
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answers about its effectiveness, potential adverse events, and which intravenous iron

preparation has better cost-effectiveness than the other to reduce blood transfusion.
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Summary of findings for the main outcomes

Intravenous iron compared to placebo/standard of care for preoperative surgical patients

Patient or population: preoperative surgical patients

Setting: Major surgery

Intervention: Intravenous iron
Comparison: placebo/standard of care

Anticipated absolute effects” (95% CI)

Risk with placebo/standard
of care

Risk with
Intravenous iron

Proportion of the 35 per 100 RR 0.83 821 [2Y11@) A sensitivity analysis with exclusion of
transfused patients (30 to 41) (0.71 t0 0.98) (7 RCTs) MODERATE one trial that designed mainly for
42 per 100 ab autotransfusion showed higher risk
reduction (19%) in favor of the
intravenous iron group.
Haemoglobin level post- The mean haemoglobin The mean - 464 ®d00 A sensitivity analysis with exclusion of
treatment pre-surgery level post-treatment pre- haemoglobin level (6 RCTs) LOW bede one trial (Edwards et al 2009) for which
surgery ranged from 105- post-treatment we had to estimate the standard
134 pre-surgery in the deviation, the results were robust.
intervention group
was 6.65 higher
(0.83 higher to
12.47 higher)
Haemoglobin level at The mean haemoglobin The mean - 565 Y11 @) A sensitivity analysis with exclusion of
post-operative day #1 level at post-operative day ~ haemoglobin level (4 RCTs) MODERATE one trial (Edwards et al 2009) for which
b.f we had to estimate the standard

#1 ranged from 93-112 g/L

at post-operative
day #1 in the
intervention group
was 0.36 g/L
higher (1.92 lower
to 2.64 higher)

deviation, the results were robust.
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Summary of findings for the main outcomes

Intravenous iron compared to placebo/standard of care for preoperative surgical patients

Patient or population: preoperative surgical patients

Setting: Major surgery

Intervention: Intravenous iron
Comparison: placebo/standard of care

Anticipated absolute effects” (95% CI)

Risk with placebo/standard
of care

Risk with
Intravenous iron

Hemoglobin level at The mean hemoglobin The mean 697 eO0O A sensitivity analysis with exclusion of
hospital discharge time level at hospital discharge hemoglobin level (6 RCTs) LOW ghi one trial (Edwards et al 2009) for which
time ranged from 100-123 at hospital we had to estimate the standard
g/L discharge time in deviation, the results were robust.
the intervention
group was 0.19
g/L lower (2.72
lower to 2.35
higher)
Hemoglobin level as The mean hemoglobin The mean 441 111 @) A sensitivity analysis with exclusion of
follow-up > 4 weeks post-  level as follow-up > 4 hemoglobin level (4 RCTs) MODERATE one trial (Johansson et al 2015) for which
surgery weeks post-surgery ranged  as follow-up > 4 ik we had to estimate the standard
from 122-127 weeks post- deviation, the results were robust.
surgery in the
intervention group
was 6.46 higher
(3.11 higher to 9.8
higher)
4.2 Serious adverse 27 per 100 60 eee0O Only one trial reported this outcome that
effects 30 per 100 (12 to 60) (1 RCT) MODERATE is of small sample size.
I,m
Non-serious adverse 10 per 100 803 A sensitivity analysis with exclusion of
effects 8 per 100 (7 to 14) (7 RCTs) one trial (Garrido-Martin et al 2012) that

reported zero events showed exactly
similar relative risk.




Summary of findings for the main outcomes

Intravenous iron compared to placebo/standard of care for preoperative surgical patients

Patient or population: preoperative surgical patients
Setting: Major surgery

Intervention: Intravenous iron

Comparison: placebo/standard of care

Anticipated absolute effects” (95% CI)

Risk with placebo/standard  Risk with
of care Intravenous iron

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95%
Cl).

Cl: Confidence interval; RR: Risk ratio; MD: Mean difference

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially
different

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

Explanations

a. Five of the seven RCTs had a high risk of bias in one or two domains.

b. Publication bias could not be explored because fewer than 10 trials were included.

c. One trial excluded those participants with less than 80% compliance with treatment.

d. Although the heterogeneity was significant, this heterogeneity was explained by the dose and the timing of the intravenous iron
injection.

e. Wide confidence (Cl) interval and it overlapped 0.

f. One of the four RCTs had a high risk of bias in two domains and two RCTs had a high risk of bias in one domain.

g. There is an inconsistency between the results of the trials.

h. The Cl is barely overlapping each other in some studies.

i. Publication bias could not be explored because fewer than 10 trials were included.

j- Two of the four RCTs had a high risk of bias in one domain.

k. Publication bias could not be explored because fewer than 10 trials were included.

I. The Cl overlapped 1 and it is wide (including the 0.75 and 1.25 that makes the recommendations would vary if the lower versus upper
Cl were the true estimate.
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m. Publication bias could not be explored because fewer than 10 trials were included.

n. Two of the six RCTs had a high risk of bias in two domains and an unclear risk of bias in one domain; a third study had a high risk of
bias in one domain.

o. Some of the trials had the small sample size and fewer events in either group.

p- Publication bias could not be explored because fewer than 10 trials were included.
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3.2. BACKGROUND

The World Health Organization (WHO) defines anemia as circulating hemoglobin
(Hb) concentration less than 130 g/L in men and 120 g/L in women [6]. Preoperative
anemia remains the most common hematological deficit affecting the patients undergoing
elective major surgery. Moreover, it affects all patients regardless their age, sex
socioeconomic class, and ethnic group, but elderly people and women in the childbearing
period are more vulnerable [135, 136]. According to a systematic review, the prevalence
of preoperative anemia ranges from 5% to 75%, varying on patient vulnerabilities and the
proposed surgical procedure [60]. Preoperative anemia per se is associated with
increased postoperative morbidity and mortality [76, 77, 137] by exposing patients to
more allogeneic blood transfusion (ABT) [136]. In those patients, iron deficiency anemia
(IDA) is one of the most common correctable causes of preoperative anemia [136], and
this IDA is usually aggravated by acute blood loss perioperatively. In many cases,
particularly in the postoperative period, the treatment usually is ABT to increase the
oxygen carrying capacity and delivery to enhance patient's recovery aiming for expedited
discharge. Preoperative anemia has also been revealed to be an independent risk
element for perioperative ABT, postoperative morbidity [78] and 30-day postoperative
mortality [73, 81, 138]. In a recent large study of 22,785 patients, after a propensity
adjustment, transfusing as few as 1 or 2 units of allogeneic red blood cells (RBCs) was
associated with increased morbidity and mortality [98] backing up a prior large systematic
review of large-scale observational studies [99]. The findings from these two huge studies
would indicate that approaches to reduce avoidable allogeneic RBC transfusions might

be associated with improved postoperative outcomes. At the cost-effective level, in a
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recent RBCs transfusion cost analysis study, the real expense for each RBC unit was
reported to vary between US $522 and US $1,183 after estimating the direct and indirect
costs, which include consumables, different blood testing, nursing time, patient moving,
treatment costs, and staff fees resulting in increased cumulative total expenses [101].
Generally, the need for perioperative transfusion depends on many aspects. These
elements include preoperative Hb level, perioperative blood loss quantity, clinical status
of the patient and the institutional transfusion's trigger protocol. However, IDA usually is
the most frequent category of anemia that develops commonly in patients undergoing
major surgery [135] due to inadequate intake or blood loss. Therefore, optimization of
erythropoiesis by iron supplementation may prevent the downward drift of Hb that occurs
due to the acute perioperative blood loss and consequently minimizes the ABT
requirement [139]. Oral iron supplementation has been used for decades to replenish the
exhausted iron stores. However, it is not effective as a quick line therapy for patients
scheduled for surgery due to its poor absorption and high incidence of gastrointestinal
side effects. In contrast, intravenous (IV) iron supplementation allows for a large quantity
of iron to be administered over a few doses and has excellent availability for
erythropoiesis [140]. In addition, positron emission tomography shows fast uptake by
bone marrow from the circulating blood [141]. Thus, using IV iron to correct perioperative
anemia could potentially result in a faster and more efficient bloodless therapy than oral
iron in replenishing depleted iron stores and enhancing hemopoiesis. The efficacy of IV
iron to increase the Hb concentration significantly was shown in non-surgical settings in

a recent trial [142], a review of recently published studies [143], and a meta-analysis [144].
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Intravenous iron therapy for preoperative anemia has been tested in clinical trials.
However, so far, the evidence to back up its safety and efficacy is unclear. Due to the
paucity of the randomized controlled studies (RCTs), most of which are of small sample
size and have negative outcomes, which may be a result of being underpowered, there
is insufficient evidence to support the use of IV iron to decrease RBCs transfusion. A
meta-analytic approach would aid in addressing the limitations of trial size, which would
increase the power to observe statistically significant differences where these exist and
may provide new and clinically useful evidence.

In this meta-analysis, randomized and quasi-randomized trials were assessed.
Intravenous iron was compared with different preparation versus placebo or oral iron
supplementation as a standard of care to increase the Hb, to reduce transfusions, and to

improve outcome.

3.3. OBJECTIVES

To perform a systematic review and evidence synthesis, through meta-analytic
techniques of all randomized and quasi-randomized studies investigating (a) the ability of
parenteral iron administration to minimize ABT requirement by improving preoperative Hb
concentrations, and (b) the safety of parenteral iron in terms of mortality, morbidity, and

adverse events (AEs) compared to placebo/oral iron as standard of care.

3.4. PATIENTS AND METHODS

3.4.1. Protocol and Registration
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This systematic review and meta-analysis protocol has been published [145] and
registered online in advance with the International Prospective Register of Systematic
Reviews (PROSPERO), systematic review registration number: PROSPERO
CRD42015016771) on 16 February 2015. The current study was conducted and reported
following the Preferred Reporting Items for Systematic Reviews and Meta-analyses

(PRISMA) statement [145].

Eligibility Criteria

To be eligible, a study had to be a randomized controlled clinical trial in which the
intervention drug was IV iron as monotherapy, initiated preoperatively, which was
compared to either placebo or oral iron as a standard of care. To be comprehensive, there
were no restrictions applied regarding participants’ sex, IV iron preparations, doses,
treatment course or duration of therapy. To capture the trials, | did not apply publication
date/status or language restrictions. | excluded any study that was available as an
abstract only, since an abstract alone does not provide sufficient information on findings

to include it in a meta-analysis.

Search Strategy

With the help of a health sciences librarian, the following databases were
searched: MEDLINE, EMBASE; EBM Reviews; the Cochrane-controlled trial registry in
the Cochrane Library; Scopus; registries of health technology assessment and clinical
trials; and Web of Science. Also searched were the ProQuest Dissertations and Theses
database; the ClinicalTrials.gov website (National Institute of Health) for completed but

unpublished studies; and recent international conference proceedings over the last five
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years from 2012 to 2016. These meetings were The American Society of Hematology
(ASH) Meeting, The American Association of Blood Banks (AABB) Conference, The
American Association of Thoracic Surgeons (AATS) Congress, The Society of Thoracic
Surgeons (STS) Meeting, and The European Society of Cardiovascular Surgery (ESCVS)
Conference. The search was started from the earliest retrievable date of each database
to December 2016, supplemented by a manual search of reference lists of all retrieved
trials. Reference lists of prior reviews of related areas were searched for relevant trials.
Moreover, a comprehensive search on Google engine to identify studies published in a
journal that was not indexed in the databases. The search strategy is presented in

Appendix 1.

3.4.2. Study Screening
All study screening was conducted by authors AE and SM. Initially, these two
authors reviewed the titles, abstracts, and reference lists of all included publications to
retrieve potentially relevant studies. The full text of retrieved studies was subjected to a
second phase of screening for eligibility as defined by the inclusion/exclusion criteria
(updated and published on the PROSPERO website on April 27, 2017) and study design,
for methodological quality. In cases of disagreements about eligibility of a study,

consensus was accomplished through discussion.

3.4.3. Modified Article Selection Criteria
Based on the inclusion/exclusion criteria in the published protocol, | found only one
eligible trial to be included in the meta-analysis. Consequently, | had to modify the meta-

analysis inclusion/exclusion criteria to recruit more studies. Accordingly, all trials studied
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non-anemic participants were included and all studies in which |V injection was initiated

pre-surgery (even the treatment completion happened post-surgery) were involved even

the iron treatment completed post-surgery.

Inclusion criteria

Eligibility criteria of studies were as follows:

1-

Designs included were randomized and quasi-randomized studies in all
different phases of clinical research.

Study compared any IV iron that was initiated preoperatively to placebo or
standard of care (oral iron).

Study reported findings specific to adult humans.

Study included patients undergoing any elective major surgery including, but
not limited to, cardiac, thoracic, orthopedic, gastrointestinal, brain, urologic, or
gynecologic operations.

Study reported at least one of the two following outcomes: absolute or relative
change in preoperative Hb concentration and/or the proportion of patients

received perioperative ATB.

Exclusion criteria

Any one of these criteria resulted in a study being excluded:

1-

2-

3-

Observational (non-experimental) studies, reviews, opinion papers, letters to
the editor, and studies with no reported methodology.
Studies with no adult-specific findings.

Studies used oral iron only.
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4- Studies used IV iron plus erythropoietin (EPO).

5- Studies of minimally invasive robotic and laparoscopic surgery.

3.4.4. Data Extraction

The same two authors (AE and SM) reviewed the relevant studies and extracted
the relevant data using a structured form. Data extracted by the two reviewers included
primary efficacy outcomes, safety outcomes (AEs, mortality, and morbidity), participant’s
population, references, and funding. Where studies included more than two arms within
a trial that compared IV iron with placebo and oral iron; only the IV iron and placebo arms
were included, so each patient was used only once. The primary efficacy outcomes were
the proportion of study participants who received an ABT, reflecting the association
between the pre-surgery injection of IV iron and the need for RBCs transfusion, and the
change of the Hb concentration between those who received and who did not receive IV
iron, reflecting the hematopoietic response. Secondary outcomes included mortality, and
number of units of RBCs or any blood products transfused perioperatively, transfusion-
related acute lung injury, AEs, postoperative infections, cardiopulmonary complications
(like any myocardial event or pneumonia), intensive care unit (ICU) admission time or
readmission, the length of hospital stay (LOS), and quality of life if it were reported. Data

are presented in evidence tables and meta-analytic forest plots.

3.4.5. Assessment of the Risk of Bias
To evaluate the sources of bias in the included RCTs, the Cochrane
Collaboration’s tool for evaluating the risk of bias was used. This tool is used to assess

the following domains of bias: random sequence generation, allocation concealment
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(selection bias), blinding of trial’s participants and trial’s investigators (performance bias),
blinding of outcome assessment (detection bias), incompleteness of outcome data
(attrition bias), selective outcome reporting (reporting bias), and other sources of bias as
marked baseline discrepancies in predictive factors. Each domain for each trial had a

ranking of “low,” “unclear,” or “high” risk of bias according to the Cochrane Collaboration’s
approach [146]. AE and SM independently appraised each study, with discrepancies

between appraisers resolved through discussion.

3.4.6. Data Synthesis and Analysis:

As above, one of the primary outcomes of the study was the proportion of study
participants who received an ABT, which were analyzed as risk ratios (RR) with their 95%
confidence intervals (Cls) reflecting the association between the pre-surgery injection of
IV iron and the need for RBCs transfusion. The second primary outcome was the
hematopoietic response, which was analyzed as the mean difference (MD) in the change
of the Hb concentration with its statistical significance between those who received and
who did not receive |V iron. Safety outcomes, like mortality, infection, and the percentage
of study patients reporting severe or mild treatment-related AEs were also included.

Dichotomous variables were presented as percentage and the continuous
variables described as the mean + standard deviation (SD). For continuous outcome
measures like Hb and ferritin levels, the MD and the associated 95% Cls were calculated
for all trials by inverse variance method. Dichotomous outcomes like the rate of ABTs, the
AEs, the morbidity, the mortality, and the infection, the pooled relative risk (RR) with 95%

Cls was calculated by Mantel- Haenszel method.
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Because | have fewer than ten studies, | was not able to accomplish a meta-
regression to evaluate the impact of potential confounding variables on study effect
estimates, to relate the findings of the studies to the participants’ characteristics within
the trials, and to identify the heterogeneity sources between trials even if the initial overall
test for heterogeneity was non-significant since a non-significant test result does not
necessarily exclude the existence of heterogeneity [147]. Some of the included studies
did not report the SD. To solve the problem of missing value, trial authors were contacted
in an effort to get the primary data to compute it. Thus, where the SD was not reported in
the study, it was estimated from 95% Cls, z-statistics, P-values, or imputed using the
largest reported SD from the other trials [148]. Use of the fixed and/or the random effects
models was planned, depending on how much statistical heterogeneity existed between
the studies. Generally, the included studies in a meta-analysis are likely to be conducted
by researchers operating independently; this would be unlikely that all those trials’
findings are similar statistically. Therefore, it would not be plausible to assume a common
effect size [149]. Typically, the fixed effects model estimates a single effect that is
assumed to be common to every trial in the meta-analysis, while the random effects model
estimates the mean of a distribution of effects considering the statistical heterogeneity
existing between the studies. Consequently, the trial weights in the meta-analysis are
more balanced under the random-effects model than under the fixed effect model.
Moreover, the Cls for the effect size are wider under the random-effects model than under
the fixed effect model [149].

The Cochran Q test was used to calculate the statistical heterogeneity among

studies. An 12 value >40% suggests important statistical heterogeneity and a random
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effect model (DerSimonian and Laird technique)[150] is appropriate. In the case of absent
or low heterogeneity (12 value <40%) [151], the fixed effect model (Mantel-Haenszel
technique)[152] is appropriate, with a random-effects model as a sensitivity analysis. The
Z-test was used to test the overall effect. | did a sensitivity analysis on the proportion of
ABT, the Hb level change as primary efficacy outcomes, and the proportion AEs as a
safety outcome by excluding trials with a high risk of bias for one or more key domains
according to the Cochrane Collaboration’s tool for evaluating the risk of bias [151].

In the analyses, to avoid moving the pooled estimate of IV iron treatment effect
closer to nil [153], initially, all trials reporting zero-event data for both trial arms were
excluded from the analysis [154]. Then, the analysis was repeated including the studies
with zero events to say if there was a change in the analysis result and to offer more
generalizability in the clinical practice for the treatment effect estimate by including all the
available data from the entire studies [153]. Across the meta-analysis, the statistical

significance was set as p-value smaller than 0.05.

Subgroup analysis and exploration of heterogeneity

To assess the heterogeneity of the included studies, subgroup analyses were
planned when feasible by having at least two studies in at least two subgroups for the
proportion of the transfused patients as a primary outcome. The following subgroup
analyses were planned if possible: 1) cardiac versus non-cardiac trials; 2) different [V iron
preparations; 3) preoperative Hb concentration value; trials with a mean Hb equal to or

greater than 100 g/dL; and 4) age; studies with a mean age over the age of 65 years.
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The approach of “leave-one-out” sensitivity analysis was implemented to assess
the stability of the meta-analysis outcomes [154]. In this approach, | conducted a set of
meta-analyses on each subset of the trials, leaving out one study at a time to see how
that individual trial influenced the overall estimate of the rest of the trials.

RevMan 5.3 software: The Nordic Cochrane Centre, The Cochrane Collaboration;

2014 [121] was used to perform the analysis.

3.5. RESULTS

The initial electronic search vyielded 3184 citations. After reviewing the
tittes, and abstracts, ten studies were retrieved for more thorough screening,
and one trial, which was published only as an abstract was excluded (Figure
1). That study’s authors were contacted, but they declined to provide us their
data. Consequently, a total of nine RCTs met the inclusion criteria. In these
nine studies, there was a total of 923 participants (475 in the IV iron group and
448 in control group). All patients were scheduled to have elective major
surgery; two studies involved orthopedic surgery, two involved cardiac surgery,
two involved gynecological surgery, one involved major abdominal surgery,
one involved colorectal surgery, and one involved orthopedic/cardiovascular
surgery. The mean age of participants in seven of the trials [108, 129, 155-159]
ranged from 42 + 7.4 to 84.6 £ 6.2 years in the IV iron group and from 42 t+ 8 to
82 = 6 in the control group. One trial [130] reported median ages only, which
were 67 years old and 70 years old in the IV iron and control group
respectively. The remaining trial [160] reported that 82% and 80% of
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participants’ ages ranged between 30 to 50 years for the IV iron and control
group correspondingly. The trials' baseline Hb level varied from 71.8 £ 11.8 to

142.5 + 22.3 g/L in the patients obtaining IV iron group, and from 71.8 + 10.2 to

142 + 13 g/L in the patients who did not have IV iron therapy.
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Figure 1: Study flow chart.
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The included trials were heterogeneous regarding the treatment dosage.
Moreover, they used different IV iron preparations. Among the included studies, IV iron
sucrose was the most common drug given, and it was used in six trials [108, 129, 130,
158-160], followed by ferric carboxymaltose in two trials [155, 156], and iron isomaltoside
in one trial [157]. In those participants receiving IV iron, 302 received iron sucrose, 143
received ferric carboxymaltose and 30 received iron isomaltoside. In the IV iron therapy
arms, the mean parenteral iron quantity received ranged between 300 and at least 1000
mg. All trials completed the full target dose of IV iron administration preoperatively except
for two trials [108, 129] where the IV iron injection was initiated at the pre-surgery time,
and the rest of the dose was completed after surgery. The follow-up went beyond hospital
discharge in four trials, where a follow-up was achieved at a four-week period post-
surgery in two trials [156, 157], a month post-hospital discharge in one trial [129], and a
two-month post-hospital discharge in one trial [155]. The publication dates of the included
trials ranged between 1999 and 2016. The different characteristics of the included trials
and the dose regimen of IV iron administration for each trial are summarized in the nine

tables of Appendix 6.
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Table 2: Characteristics of included studies

Study Country Surgery type Mean age (SD): Patients #: Anemic Comparator Intravenous iron dosage regimen Last follow-up
Intravenous iron/control Intravenous Patients were time
or oral iron iron/control recruited
or oral iron
Bernabeu- Spain Hip fracture surgery 84.6+6.2/82.3+6.9 103/100 Yes Placebo 1000 mg of IV Ferric carboxymaltose (two 500 mg vials diluted in a bottle of 250 mL 60 days post-
Wittel et al., of saline. discharge
2016
Edwards et UK Colorectal cancer 67/70 (median) 34/26 Some patients Placebo 300 mg iron sucrose in 2 infusions separated at least 24 h apart, 14 days pre- Hospital
al. 2009 resection were anemic surgery. discharge
Froessleret  Australia Major Abdominal Surgery 64 +15/68 £15 40/32 Yes Usual care Ferric carboxymaltose, 15 mg/kg with maximum dose of 1000 mg. Post-surgery, Four weeks post-
al. 2016 within two days of surgery, participants received 0.5 mg of ferric carboxymaltose per surgery.
recorded 1 mL of blood loss, if blood loss was > 100 ml.
Garrido- Spain On-pump cardiac surgery 65+11/65+12 54/52 No Placebo iron sucrose 100 mg /24 h during pre- and postoperative hospitalization. One-month post-
Martin et al. discharge
2012
Kim et al. South Gynecological surgery for ~ 42.0 £7.4/42.3+8.0 30/26 Yes Oral iron 200 mg iron sucrose three times a week starting three weeks prior surgery until Hospital
2009 Korea menorrhagia target hemoglobin of 10 g/dL was achieved. discharge
Johansson Denmark 30/26 65+8/65+ 11 26/25 No Placebo A single-dose infusion of 1000 mg with a maximum single dose of 20 mg/kg. Four weeks after
et al. 2015 surgery
Serrano- Spain Hip fracture surgery in 83.46+7/82+6 99/97 Some patients standard Iron sucrose 200 mg at 48-hour intervals for 3 doses, starting on the day of Seven days posy-
Trenas et elderly patients were anemic protocolized admission; the first dose was given pre-surgery. The following doses were surgery
al. 2011 treatment administered before or after surgery, depending on the time of surgery.
Shah et al. India Gynecological surgery for ~ Most of ages are between 55/55 Yes Oral iron 100 mg iron sucrose in 100 ml by slow IV infusion. The dose was repeated on Hospital
2016 menorrhagia 40 and 49 years alternate day basis until target hemoglobin of 10 g/dL was achieved. discharge
Weisbach Germany Orthopedic or cardio- 64.4+14.7/64.1 £ 9.5 30/30 No Usual care 200 mg of iron sucrose, given after each donation and at the enroliment before the Hospital
et al. 1999 vascular surgery first donation discharge
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3.5.1. Risk of Bias Assessment

Two studies [155, 156] of the nine trials were judged as having a low risk of bias
across the entire set of domains, while seven trials [108, 129, 130, 157-160] were
assessed to have a low risk, medium risk or high risk of bias in different domains.
Selective reporting bias and “other” biases mainly drove this. Details of the risk of bias
judgment for each study are shown in Figure 2, and item-specific judgments for studies
are presented in Figure 3. In all included trials, there was proper random sequence
generation and allocation concealment, reducing the selection bias in the meta-analysis.
All studies reported details on the method used for randomization. For blinding of the
participants and personnel, one trial [108] had probable performance bias due to
unblinding of participants and staffs. Two trials [158, 160] did not blind the participants
where one arm was receiving oral iron. However, when comparing 1V iron to oral iron,
blinding would be difficult due to the effect of oral iron on stool color. However, lack of
blinding in this kind of study is less likely to generate bias when calculating measurable
outcomes like Hb, blood transfusion, mortality and ferritin levels. With respect to the
blinding of outcome assessment, six trials [108, 130, 155, 156, 158, 160] had a low risk
of detection bias, and three trials [129, 157, 159] had a medium (unclear) risk of detection
bias. With respect to incomplete outcomes data, seven of the trials [108, 129, 130, 155-
157, 159] had a low risk of attrition bias, one trial [160] had a medium (unclear) risk of
bias, and one study [158] had high risk of bias, which was driven by exclusion of the
participants data whose compliance was less than 80% in the final analysis. Concerning
selective outcome reporting (reporting bias), five trials [129, 130, 158-160] had a high risk

of bias driven by non-reporting of necessary outcome data (mortality/ABT or both), and
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four trials [108, 155-157] had a low risk of bias for non-reporting mortality data. Two of
these four trials [158, 160] did not report ABT necessity data, which is important and
relevant information for the meta-analysis. For other sources of bias, three trials [108,
155, 156] had a low risk of bias, three trials [129, 158, 160] had a medium (unclear) risk
of bias, and three studies [130, 157, 159] showed a high risk of biases.

The primary outcomes in this meta-analysis were measured as the proportion of
ABT and the change of Hb level perioperatively. For the proportion of ABT, as an efficacy
outcome, seven [108, 129, 130, 155-157, 159] of nine trials contributed to the pooled
estimates analysis of the proportion of transfused patients. The other two trials [158, 160]
did not report transfusion data; instead, those two trials investigated whether preoperative
[V iron injection augmented erythropoiesis in anemic women undergoing gynecological
surgery. Moreover, these two trials [158, 160] studied younger patients compared to the
other seven trials’ participants. For the Hb concentration change, all nine included trials
[108, 129, 130, 155-160] contributed to the Hb change analysis at different time points
but none of them provided data for all the time points and during the follow-up visits. The
time points in this study were: at baseline, at pre-surgery, at the first postoperative day,

at hospital discharge, and greater than four weeks postoperatively as a follow-up.
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Figure 2: Risk of bias summary shows the authors' judgment about each risk of
bias item for each included study.
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Figure 3: Risk of bias graph shows the authors' judgment about each risk of bias
item presented as percentages across all included studies.
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3.5.2. Exposure for allogeneic blood transfusion

Overall, IV iron injection showed significantly higher efficacy, achieving a reduction
of 17% in the proportion of patients requiring ABT. This pooled effect estimate was
statistically significant (risk ratio (RR) between the IV iron group and the control group:
0.83, 95% CI: 0.70, 0.98, p = 0.03) as presented in Figure 4. Under the random-effects
model, the reduction was significant as well while it decreased to 16% (RR: 0.84, 95% CI:
0.71,1.00, p = 0.04) as presented in Figure 5. In both models, there was no heterogeneity
in ABT observed based on the Cochran Q statistic (p = 0.48) and the corresponding I?
statistic was 0%, interestingly, there are some variations in the result of each model.
These variations could be due to having few numbers of the included trials (7 studies)
contributing to the analysis. Therefore, these statistical analyses results may be prone to
type Il error indicating a shortage of power to identify trials' heterogeneity. However, the
trials' heterogeneity was explored using sensitivity and subgroup analyses. Because

there was a study [159] that designed mainly to evaluate the capability of IV iron
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administration to improve autologous blood donation pre-surgery. Moreover, most of this
study's participants donated at least three times as autologous blood transfusion
preoperatively. In a sensitivity analysis excluding this study, the reduction of ABT
increased to 19% under the fixed effects model (RR: 0.81, 95% CI: 0.68, 0.96, p = 0.01)
as presented in Figure 6.

In this meta-analysis, given the existence of many trials of different kinds of major
surgeries that used different IV iron preparations, subgroup analyses were conducted
comparing the cardiac versus the non-cardiac studies and iron sucrose versus the ferric
carboxymaltose |V iron preparation. In the subgroup analyses, there was no a significant
difference between non-cardiac surgery trials [108, 130, 155, 156] and cardiac surgery
trials, under the random effects (RR: 0.80, 95% CI: 0.60, 1.07, p = 0.13) as revealed in
Figure 7. For the different IV iron preparations, only under the fixed effects model, there
was statistically significant difference in the subgroups analysis between the studies [108,
129, 130, 159] using iron sucrose and those studies [155, 156] using ferric
carboxymaltose where fewer patients received transfusion in the iron sucrose subgroup
(RR: 0.84, 95% CI: 0.70, 0.99, p = 0.04) as presented in Figure 8. Intrestingly, under the
random effects where the |12 was only 7%, there was not a significant difference between

the subgroups (RR: 0.84, 95% CI: 0.70, 1.01, p = 0.07) as displayed in Figure 9.
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Figure 4: Forest plot comparison shows the pooled comparison effect of intravenous iron therapy
versus placebo/standard of care groups on the proportion of the transfused patients (fixed effects

model).
Intravenous iron  Placebo/standard of care Risk Ratio Risk Ratio

Study or Subgroup Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bernabey-witel 2016 53 103 54 100 33.9% 085073, 1.24] —a—
Ethwards 2009 5 14 5 26 35% 076025, 2.37]
Frogssler 2016 5 40) 10 20 69% 040015 1.05] —_—
Garrido-Martin 2012 20 54 26 52 16.4%  0.74[0.48, 1.15] —
Johanssan 2015 4 30 3 00 37 067021, 2.13]
Serrano-Trenas 2011 44 99 54 97 33.8% 080060, 1.08] —
Weishach 1999 6 0 3 30 19% 200055, 7.27]
Total (35% CI) 390 367 100.0%  0.83[0.70,0.98) &
Tatal events 137 158
Heterageneity: Chi® = 5.53, di = 6 (F = 0.48); I = (% Oll 012 OIS jl é 110

Test for overall effect: £=2.15 (P = 0.03)
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Figure 5: Forest plot comparison shows the pooled comparison effect of intravenous iron therapy
versus placebo/standard of care groups on the proportion of the transfused patients (random

effects model).

Intravenous iron  Placebo/standard of care Risk Ratio Risk Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95%Cl
Bernate)-Wittel 2016 53 103 54 100 41.4% 0.95[0.73, 1.24] —a
Edweards 2008 5 34 5 6 2% 07610025 237]
Frogssler 2016 5 40 10 2 30% 0.40100.15, 1.05]
(articio-Martin 2012 20 54 26 52 14.4% 0.74[0.48 1.15] —
|ohanssan 2015 4 a0 3 0 2% 0671021 2.13]
Serrano-Trenas 2011 44 9% 54 47 3.1k 0.80[0.60, 1.08] —ar
Ieishach 1949 6 30 3 00 LT 2.00100.55, 7.27]
Total (95% CI) 390 367 100.0% 0.84 [0.71, 1.00] ’-
Tatal events 137 158
Heteroganeity Tau® = 0.00; Chit =553, df = 6 (F = 0.48; I = 0% Oll OIZ 0’5 jl % 1’0

Test for overall effect; 2 = 2.02 (P = 0.04)
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Figure 6: Forest plot comparison shows the pooled comparison effect of intravenous iron therapy
versus placebo/standard of care groups on the proportion of the transfused patients after
exclusion of Weisbach trial as a sensitivity analysis (fixed effects model).

Intravenous iron  Placebo/standard of care Risk Ratio Risk Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% Cl
Bernabeu-iittel 2016 53 102 54 100 345%  085[073, 1.24]
Echwards 2003 5 34 5 26 3I6%  0.76(025,237]
Froessler 2016 5 40 10 2 T.0% 0400015, 1.05]
Carrico-Martin 2012 20 54 26 52 167%  0.74(048, 1.15] —
Johansson 2015 4 30 & 30 38R 067([021, 2.13]
Serrano-Trenas 2011 44 99 54 97 34.4% 080060, 1.08] —&—
Total (35% CI) 360 337 100.0%  0.81[0.68, 0.96] &
Total events 121 155
Heterogeneity, Chi* = 3.84, df = 5 (P = 0.57); P = 0% 0=1 012 0:5 jl é 110

Test for oweral effect: 2 = 2.44 (F = 0.011 Favours Intravenous iron Favours Placebo/standard of care

Figure 7: Forest plot comparison shows the pooled comparison effect of intravenous iron therapy
versus placebo/standard of care groups on the proportion of the transfused patients with the
different surgeries as a subgroup analysis (random effects model).

Favours Intravenous iron  Favours Placebo/ standard of care Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.1.1 Non-cardiac studies
Bernabey-wittel 2018 53 103 45 100 3L1% L141[0.86, 152) -
Edwards 2003 2 34 5 0 1% 0.31[0.06, 1.45]
Frogssler 2016 5 40 10 73 0.400.15, 1.05] e —
Serrano-Trenas 2011 44 ] 54 97 313% (.80 [0.60, 1.06] —a
Subtotal (95% CI) 276 255 72.9% 0.79(0.52, 1.20] -‘-
Tatal events 104 114

Heterageneity, Tau® = 0.08; Ch = B.04 of = 3P = 0.05], F = 63%
Test for overall effect: 2= L10(P = 0.27)

1.1.2 Cardiac studies
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Subtotal (95% CI) 84 82 27.1% 0.73 [0.48, 1.10] -‘-

Tatal events 24 32

Heterageneiry, Tau® = 0.00; ChE = 0.03, df = 1{P = 0.87); F = 0%
Test for overall effect: 2= 149 (P = 0.14)

Total (95% CI) 360 337 100.0% 0.80 [0.60, 1.07) .‘.
Total events 128 146
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Figure 8: Forest plot comparison shows the pooled comparison effect of intravenous iron therapy
versus placebo/standard of care groups on the proportion of the transfused patients as a
subgroup analysis for different intravenous iron preparations (fixed effects model).

Intravenous iron  Placebo/standard of care Risk Ratio Risk Ratio

Study or Subgroup Events  Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% ClI
1.3.1 Studies used iron sucrose as [V iron
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Serrano-Trenas 2011 44 49 47 35.1%  0.80(0.60, 1.08) -
Weishach 1999 3 ] 3 00 Lew 200055, 7.27) —
Subtotal (95% CI) 217 205 57.6%  0.82 [0.65, 1.03] *
Total events 75 88
Heterageneity, Chi* = 2.0, df = 3 (F = 0.551; F = 0%
Test for overall effect: 2 = 163 (P = 0.09)
1.3.2 Studies used ferric carboxymaltose as IV iron
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Subtotal (95% CI) 143 132 424% 086067, 1.11] .
Total events 58 64
Heterageneity, Chi* = 3.00, df = 1(F = 0.081; F = 67%
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Figure 9: Forest plot comparison shows the pooled comparison effect of intravenous iron therapy
versus placebo/standard of care groups on the proportion of the transfused patients as a
subgroup analysis for different intravenous iron preparations (random effects model).
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3.5.3. Hemoglobin concentration change
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All the included trials [108, 129, 130, 155-160] provided data for the Hb levels

changes in those receiving IV iron monotherapy. At the baseline level, since the pooled

means of trials’ participants were equivalent (116.14 g/L in the IV iron group and 116.07

g/L in the control group), accordingly, the pooled estimate analysis presenting

comparability between the two meta-analysis groups (MD: 0.15, 95% CI: -1.31, 1.60 g/L,

p = 0.84) where all the trials contributed to the calculation of the MD as revealed in Figure

10 under the random effects model. After completion of the preoperative IV iron

administration, a significant Hb level increase in the IV iron group was achieved before

going to surgery compared to the placebo or oral iron group under the random effects

model (MD between groups: 6.65, 95% CI: 0.83, 12.47g/L, p = 0.03) based on existing
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heterogeneity (Cochran Q statistic of p < 0.0001 and the corresponding |2 statistic of 82%)
as shown in Figure 11. On following this rise in difference at the pre-surgery time, the
difference dropped rapidly throughout the hospital stay and there were no significant
differences noted at the first postoperative day between the two meta-analysis groups
(MD between groups: -0.36, 95% Cl: -1.92, 2.64 g/L, p = 0.75) as shown in Figure 12, or
at hospital discharge (MD between groups: -0.19, 95% CI: -2.72, 2.35 g/L, p = 0.89) as
shown in Figure 13. After the hospital discharge, for follow-up > 4 weeks postoperatively,
only four trials [129, 155-157] reported data at this time point. The pooled effect of three
of them showed a significant increase in the Hb difference in favor of the IV iron group,
where a more significant effect estimate was seen (MD between groups: 6.46, 95% CI:
3.11, 9.80 g/L, p = 0.0002) as displayed in Figure 14. In addition, one study [157] of the
four trials that contributed to this analysis, at 5 days postoperatively, it showed equivalent
proportion of non-anemic patient (p = 0.49) but at 4 weeks postoperatively, the study
results showed more participants with normal Hb in the IV iron arm: i.e., 10 (38.5%)
patients with normal Hb in the IV iron arm compared to 2 (8.0%) patients with normal Hb
patients in the placebo arm, p = 0.02. In that study, although the mean Hb level was
reduced from baseline to the fourth-week post-surgery in both trial arms, IV iron
administration was relatively protecting, and greater proportion of participant had a Hb

value > 12.5 g/dl in the iron than the placebo group (53.8% versus 24.0 %; p = 0.03).
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Figure 10: Forest plot comparison shows the pooled comparison of baseline value of hemoglobin
level (g/L) between intravenous iron therapy versus placebo/standard of care groups (random

effects model).
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Figure 11: Forest plot comparison shows the pooled comparison effect of intravenous iron
therapy versus placebo/standard of care groups on the change of hemoglobin level (g/L) at the
post-treatment (pre-surgery) time (random effects model).
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Figure 12: Forest plot comparison shows the pooled comparison effect of intravenous iron
therapy versus placebo/standard of care groups on the change of hemoglobin level (g/L) at
postoperative day # 1 (random effects model).
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Figure 13: Forest plot comparison shows the pooled comparison effect of intravenous iron
therapy versus placebo/standard of care groups on the change of hemoglobin level (g/L) at the
hospital discharge (random effects model).

Intravenous iron  Placebo/standard of care Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD  Total Weight IV, Random, 95% CI IV, Random, 95% CI
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Figure 14: Forest plot comparison shows the pooled comparison effect of intravenous iron
therapy versus placebo/standard of care groups on the change of hemoglobin level (g/L) as
follow-up > 4 weeks postoperatively (random effects model).
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3.5.4. Hematocrit value %

For the second hematopoietic parameters after Hb, only two trials [108, 130]
provided statistics for the hematocrit (Hct) percent. The randomization did not work to
equalize baseline characteristics, and the hematocrit value was higher significantly in the
IV iron group (MD between groups: 0.69, 95% CI: 0.10, 1.28%, p = 0.02) as indicated in
Figure 15. Nevertheless, Hct values were equivalent across groups on the first day after
surgery (MD between groups: 0.31, 95% CI: -0.28, 0.89%, p = 0.31) and on the hospital
discharge (MD between groups: 0.40, 95% CI: -0.38, 1.19%, p = 0.31) as shown in Figure

16 and Figure 17.
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Figure 15: Forest plot comparison shows the pooled comparison of baseline value of the hematocrit
percentage (%) between intravenous iron therapy versus placebo/standard of care groups (random
effects model).

Intravenous iron  Placebo/standard of care Mean Difference Mean Difference
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Figure 16: Forest plot comparison shows the pooled comparison effect of intravenous iron
therapy versus placebo/standard of care groups on the hematocrit value (%) at postoperative day
# 1 (random effects model).

Intravenous iron  Placebo/standard of care Mean Difference Mean Difference
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Figure 17: Forest plot comparison shows the pooled comparison effect of intravenous iron
therapy versus placebo/standard of care groups on the hematocrit value (%) at the hospital
discharge (random effect model).

Intravenous iron  Placebo/standard of care Mean Difference Mean Difference
Study o Subgroup ~ Mean D Total  Mean S0 Total Weight IV, Random, 35%Cl IV, Random, 95% CI
Edwards 2009 04 34 15 04 26 49.4% 0.00[-0.20 0.20]
Serrano-Trenas 2011 316 04 9% 308 0.4 87 50.6%  0.80[0.69 081 |
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3.5.5. Ferritin levels
Seven trials [108, 129, 130, 155, 157-159] of nine RCTs contributed to the
analysis of mean ferritin level at baseline. While the pooled means of trials’ participants
were 177.83 ng/mL in the IV iron and 146.03 ng/mL in the control group, statistically, they

had similar pooled comparison across groups (MD: 10.36, 95% CI: -23.65, 44.36 ng/mL,
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p = 0.55) as exhibited in Figure 18. With the administration of the IV iron, marked
improvements in iron stores replenishment were observed. Consequently, serum ferritin
levels increased significantly in favor of the IV iron group at post-treatment (pre-surgery),
at hospital discharge, and > 4 weeks postoperatively, (MD between groups: 108.03, 95
% CI: 45.58, 170.49 ng/mL, p = 0.0007), (MD between groups: 547.77, 95 % CI: 36.61,
1058.94 ng/mL, p = 0.04), and (MD between groups: 391.00, 95 % CI: 271.44, 510.56
ng/mL, p < 0.00001) respectively. These serum ferritin values are shown in Figures 19,
20, and 21. In addition, one study [157] of the trials that contributed to this analysis
reported a significant increase in serum ferritin in favor of IV iron group at day 5 and 4
weeks postoperatively (MD between groups: 757.55, 95 % CI: 556.47, 958.62 ng/mL, p
<0.0001), and (MD between groups: 396.92, 95 % CI: 260.45, 533.40 ng/mL, p < 0.0001)
correspondingly. Another trial [156] showed a statistically significant rise in serum ferritin
in favor of IV iron group at 4 weeks postoperatively. It was not possible to combine the
data in the analysis because of its skewness. This trial reported their statists as median
(IQR), which were 248 (137-546) ng/mL for IV iron versus 99 (35-228) ng/mL for control

group, p = 0.002.
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Figure 18: Forest plot comparison shows the pooled comparison of baseline value of ferritin
levels (ng/mL) between intravenous iron therapy versus placebo/standard of care groups (random
effects model).
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Figure 19: Forest plot comparison shows the pooled comparison effect of intravenous iron
therapy versus placebo/standard of care on groups the ferritin levels (ng/mL) at the post-
treatment (pre-surgery) time (random effects model).
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Figure 20: Forest plot comparison shows the pooled comparison effect of intravenous iron
therapy versus placebo/standard of care groups on the ferritin levels (ng/mL) at the hospital
discharge time (random effect model).
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Figure 21: Forest plot comparison shows the pooled comparison effect of intravenous iron
therapy versus placebo/standard of care groups on the ferritin levels (ng/mL) as follow-up > 4
weeks postoperatively (random effect model).

Intravenous iron  Placebo/standard of care Mean Difference Mean Difference
Study or Subgroup Mean SD Total  Mean SD  Total Weight IV, Random, 95% CI IV, Random, 95% CI
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3.5.6. Transferrin saturation values (TSAT %)

Four studies [108, 130, 157, 159] of nine RCTs provided data about the change in
the mean transferrin saturation level, which was similar at baseline (MD between groups:
0.92, 95% CI. -2.83, 4.86%, p = 0.63) as displayed in Figure 22. After IV iron treatment,
TSAT % did not increase significantly neither when the participant were going to have
their surgery (MD between groups: 6.36, 95% CI: -0.79, 13.51%, p = 0.08), nor at hospital
discharge (MD between groups: -2.40, 95% CI: -7.85, 3.05%, p = 0.39), as revealed in
Figures 23, and 24. Moreover, one study [157] of these four trials reported a significant
increase in TSAT % in favor of IV iron group at day 5 and 4 weeks postoperatively (MD
between groups: 12.60, 95 % CI: 9.70, 15.50 ng/mL, p < 0.0001), and (MD between
groups: 6.52, 95 % CI: 2.65, 10.40 ng/mL, p < 0.002) correspondingly. A fifth study
[156]showed a statistically significant rise in serum transferrin saturation in favor of IV iron
group at 4 weeks postoperatively. It was not possible to include this trial data in the
analysis because of its skewness. The investigators reported their data as median (IQR),

which were 21 (16-26) % for IV iron versus 14 (7-18) % for control group, p = 0.003.

Figure 22: Forest plot comparison shows the pooled comparison of baseline value of the
transferrin saturation value (TSAT %) between intravenous iron therapy versus placebo/standard
of care groups (fixed effect model).
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Intravenous iron  Placebo/standard of care Mean Difference Mean Difference
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Figure 23: Forest plot comparison shows the pooled comparison effect of intravenous iron
therapy versus placebo/standard of care groups on the transferrin saturation value (TSAT %) at
the post-treatment (pre-surgery) time (random effects model).

Intravenous iron  Placebo/standard of care Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total  Mean SD  Total Weight IV, Random, 95% CI IV, Random, 95% CI
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Figure 24: Forest plot comparison shows the pooled comparison effect of intravenous iron
therapy versus placebo/standard of care groups on the transferrin saturation value (TSAT %) at
the hospital discharge time (random effects model).

Intravenous iron  Placebo/standard of care Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total  Mean SD  Total Weight IV, Random, 95% CI IV, Random, 95% C|
Eddwards 2003 103 1085 34 127 1053 26 100.0% -2.40[-7.85, 3.05]
Total (95% CI) 34 26 100.0% -2.40(-7.85,3.05)
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3.5.7. Reticulocyte percentage or counts

Two trials [129, 159] of the nine studies contribute to the analysis of the reticulocyte

percentage at baseline where the reticulocyte percentages were equivalent in both

groups (MD: -0.13, 95% CI: -0.41, 0.16%, P = 0.40) as shown in Figure 25. After the

treatment with IV iron, only one study [159] provided data and IV iron injection was able

to increase the reticulocyte percentage significantly at the pre-surgery time (MD between

groups: 0.90, 95% CI: 0.33, 1.47%, P = 0.002) as shown in Figure 26. At hospital
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discharge, one trial [129] reported a significant increase in the reticulocyte percentage in
favor of the IV iron group (MD between groups: 0.30, 95% CI: 0.07, 0.53%, P = 0.01) as
presented in Figure 27. This increase disappeared at one-month post-discharge (MD
between groups: 0.20, 95% CI: -0.01, 0.41%, P = 0.06) as exhibited in Figure 28.

A third trial [157] reported data for the reticulocyte counts rather than percentage
and this count was expressed as 109/L reticulocytes. In this trial, there was a significant
increase in the mean difference of the reticulocyte count from baseline to day 5 in the IV
iron group compared to placebo group (MD between groups: 16.20, 95% CI: 3.21, 29.18,
P =0.02). Later, there was no a significant change in the reticulocyte count from baseline
to 4 weeks postoperatively (MD between groups: -4.85, 95% CI: -15.94, 6.24, P = 0.38).
Figure 25: Forest plot comparison shows the pooled comparison of baseline value of the

reticulocyte percentage (%) between intravenous iron therapy versus placebo/standard of care
groups (random effects model).
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Figure 26: Forest plot comparison shows the effect of intravenous iron therapy versus
placebol/standard of care groups on the reticulocyte percentage at the post-treatment (pre-
surgery) time.

Intravenous iron  Placebo/ standard of care Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total  Mean SO Total Weight IV, Random, 95%Cl IV, Random, 95% Cl
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Figure 27: Forest plot comparison shows the effect of intravenous iron therapy versus
placebo/standard of care groups on the reticulocyte percentage at the hospital discharge time.

Intravenous iron  Placebo/standard of care Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total  Mean SO Total Weight IV, Fixed, 95%CI IV, Fixed, 95% Cl
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Heterogeneity, Not applicable -Il OI : OIS i
Test for averall effect; 2 = 2.52 {F = 0.01) Favours Placebo/standard of care Favours Intravenous iron

Figure 28: Forest plot comparison shows the effect of intravenous iron therapy versus
placebo/standard of care groups on the reticulocyte percentage at a month from hospital
discharge.

Intravenous iron  Placebo/standard of care Mean Difference Mean Difference
Study or Subgroup ~ Mean  SD Total  Mean SD  Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Carrido-Martin 2012 L4 058 54 12 053 52 100.0% 0.20[-0.01, 0.41] —.—
Total (95% CI) 54 52 100.0% 0.20 [-0.01, 0.41] —eati——
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3.56.8. Mean corpuscular hemoglobin (MCH) level (pg/cell)

Two trials [130, 159] reported data for MCH, which was similar at the baseline level
for both groups (MD: -0.35, 95% CI: -1.42, 0.73 pg/cell, P = 0.53) as revealed in Figure
29. After receiving IV iron and before going to surgery, there was no statistically significant
difference between both groups (MD: 0.20, 95% CI: -1.56, 1.96 pg/cell, P = 0.82) as

displayed in Figure 30.
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Figure 29: Forest plot comparison shows the pooled comparison of baseline value of the mean
corpuscular hemoglobin (MCH) level (pg/cell) between intravenous iron therapy versus
placebo/standard of care groups (random effects model).

Intravenous iron  Placebo/standard of care Mean Difference Mean Difference
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Figure 30: Forest plot comparison shows the pooled comparison effect of intravenous iron
therapy versus placebo/standard of care groups on the mean corpuscular Hb (MCH) level (pg/cell)
at the post-treatment (pre-surgery) time (random effects model).

Intravenous iron  Placebo/ standard of care Mean Difference Mean Difference
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3.5.9. Mean corpuscular hemoglobin concentration (MCHC) level (g/L)

Only one trial [155] reported data for MCHC at baseline that showed similar MCHC
level in both groups (MD: -2.00, 95% CI: -17.14, 13.14 g/L, P = 0.80) as demonstrated in
Figure 31. After administration of IV iron, at the pre-surgery time, a different trial [159]
reported data for MCHC, which was similar for both arms (MD between groups: 2.00, 95%
Cl: -2.97, 6.97 g/L, P = 0.43) as demonstrated in Figure 32.

Figure 31: Forest plot comparison shows the comparison of baseline value of the mean

corpuscular hemoglobin concentration (MCHC) level (g/L) between intravenous iron therapy
versus placebo/standard of care groups.

Intravenous iron versus placebo/standard of care  Placebo/standard of care Mean Difference Mean Difference
Study or Subgroup Mean D Total ~ Mean SD  Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Bemabey-Winel 2016 315 58 103 317 52 100 100.0% -2.00[-17.14, 13.14]
Total (95% € 103 100 100.0% -2.00(-17.14, 13.14]
Heterogeneity. Hot applicaile N gD ] * %

Testfor mierel effert £ = 026 F = 0.0 Favours Placeboystandard of care Favours Intravenous iron
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Figure 32: Forest plot comparison shows the effect of intravenous iron therapy versus
placebol/standard of care groups on the mean corpuscular hemoglobin concentration (MCHC)

level (g/L) at the post-treatment (pre-surgery) time.

Intravenous iron  Placebo/standard of care Mean Difference Mean Difference
StudyorSubgroup Mean D Total  Mean  SD  Total Weight IV, Fixed, 95%Cl IV, Fixed, 95% CI
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3.5.10. Mean corpuscular volume or mean cell volume (MCV) level (fL).

Only one study [155] provided data at the baseline level that showed similar MCV

values for both trial groups (MD: 0.90, 95% CI: -0.97, 2.77 fL, P = 0.34) as exhibited in

Figure 33. After administration of 1V iron, two trials [158, 159] described data for MCV,

marked increases in the pooled MCV level was observed in favor of the 1V iron group at

the pre-surgery time (MD between groups: 6.67, 95% CI: 0.79, 12.54 fL, P = 0.03) as

shown in Figure 34.

Figure 33: Forest plot comparison shows the pooled comparison of baseline value of the mean
corpuscular volume (MCV) level (fL) between intravenous iron versus placebo/standard of care

groups (random effects model).

Intravenous iron  Placebo/standard of care Mean Difference Mean Difference
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Figure 34: Forest plot comparison shows the pooled comparison effect of intravenous iron versus
placebo/standard of care groups on the mean corpuscular volume (MCV) level (fL) at post-
treatment (pre-surgery) time (random effects model).

Intravenous iron  Placebo/standard of care Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total  Mean  SD Total Weight IV, Random, 95%CI IV, Random, 95% CI
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3.5.11. Serum iron (umol/l)

Favours Placebo/standard of care Favours Intravenaus iron

Two trials [108, 130] reported data on serum iron at baseline. Only one trial

[130] provided data for serum iron after receiving IV iron treatment (at pre-

surgery and at the hospital discharge), and there was no significant difference

between the trial arms in the mean difference of the serum iron levels at any

time point as revealed in Figures 35, 36, and 37. A third study [157] reported a

significant increase in serum iron in favor of IV iron group at day 5 and 4 weeks

postoperatively (MD between groups: 554, 95 % CI: 4.12, 6.96 ng/mL, P <

0.0001), and (MD between groups: 2.64, 95 % CI: 0.27, 5.07 ng/mL, P < 0.03)

respectively.
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Figure 35: Forest plot comparison shows the pooled comparison of baseline value of serum iron
level (umol/l) between intravenous iron therapy versus placebo/standard of care groups (random
effects model).

Intravenous iron  Placebo/standard of care Mean Difference Mean Difference
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Figure 36: Forest plot comparison shows the effect of intravenous iron therapy versus
placebo/standard of care groups on the change of serum iron level (umol/l) at the post-treatment
(pre-surgery) time.

Intravenous iron  Placebo/standard of care Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total  Mean  SD  Total Weight IV, Fixed, 95%Cl IV, Fixed, 95% CI
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Figure 37: Forest plot comparison shows the effect of intravenous iron therapy versus
placebo/standard of care groups on the change of serum iron (umol/l) at the hospital discharge

time.

Intravenous iton  Placebo/standard of care Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total  Mean SO Total Weight IV, Fixed, 95%CI IV, Fixed, 95% CI
Echuards 2009 52 468 3 74 715 26 10008 -2.20]-6.46, 2 06)
Total (95%CI) H 26 100.0% -2.20 [-6.46, 2.06)
Heterogeneity, Not applicale j‘ ) -10 ) 110 210
Testfor veral effect: 2= 101 P = 0.51) Favours Placebo/standard of car Favours Intravenous iron
3.5.12. Adverse events

The participants tolerated IV iron injection well, and most of the reported AEs were

mild or moderate. For non-serious (mild or moderate) adverse reactions, eight of the nine

trials [1

08, 129, 155-160] provided data. However, one trial [129] of these studies reported
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zero events in both trial arms and another [157] did not report how many patients in each
trial arm had non-serious AEs. Consequently, six studies [108, 155, 156, 158-160]
contributed to the analysis. For the non-serious AEs, there was no difference between
the two groups (RR: 1.17, 95% CI: 0.80, 1.71, p = 0.42) as shown in Figure 38. However,
with including the trial of zero events, the results were similar (RR: 1.17, 95% CI: 0.80,
1.71, p = 0.42) as presented in Figure 39.

Regarding serious adverse effects (SAEs), only one [157] of the included trials
reported SAEs, which were not drug-related. The incidence of these SAEs was similar in
both groups (RR: 0.89, 95% CI: 0.40, 1.99, p = 0.77) as presented in Figure 40.

Figure 38: Forest plot comparison shows the effect of intravenous iron therapy versus

placebo/standard of care groups on the on the occurrence of associated non-serious adverse
effects (random effects model).
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Figure 39: Forest plot comparison shows the effect of intravenous iron therapy versus
placebol/standard of care groups on the occurrence of associated non-serious adverse effects
after including a trial (Garrido-Martin et al.) with zero events (random effects model).

Intravenous iron  Placebo/standard of care Risk Ratio Risk Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
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Figure 40: Forest plot comparison shows the effect of intravenous iron therapy versus
placebo/standard of care on groups on the occurrence of associated serious adverse effects.

Intravenous iron  Placebo/standard of care Risk Ratio Risk Ratio
Study or Subgroup ~ Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
Johansson 2015 8 30 3 30 100.0%  0.85[0.40 1.99)
Total (95% CI) 30 30 100.0%  0.89 (0.40, 1.99]
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3.5.13. Mortality
Only four trials [108, 155-157] reported mortality data. One of these studies [157]
had zero mortality across groups; so, three trials were included in the analysis. There was
no statistically significant difference between the two groups for the reported 30-day
mortality (RR: 1.29, 95% CI: 0.75, 2.22, p = 0.36) as shown in Figures 41. Similar results
were obtained after including the trial of zero events (RR: 1.29, 95% CI: 0.75, 2.22, p =
0.36), and at two-month post-hospital discharge (RR: 1.26, 95% CI: 0.70, 2.38, p = 0.41)

where one study [155] provide data as shown in Figures 42 and 43.
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Figure 41: Forest plot comparison shows the pooled comparison effect of intravenous iron
therapy versus placebo/standard of care groups on the 30-day mortality (random effects model).
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Figure 42: Forest plot comparison shows the pooled comparison effect of intravenous iron
therapy versus placebo/standard of care groups on the 30-day mortality after including a trial
(Johansson et al.) with zero events (random effects model).
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Figure 43: Forest plot comparison shows the effect of intravenous iron therapy versus
placebo/standard of care groups on the mortality at two-month post-hospital discharge.

Intravenous iron  Placebo/standard of care

Risk Ratio

Risk Ratio

Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Bernabeu-Wittel 2018 12 103 10 100 100.0% L17[0.53, 2.57]

Total (95% CI) 103 100 100.0% 1.17 [0.53, 2.57]

Total events 12 10

Heterogeneity: Mot applicable
Test faor owerall effect: 2 = 038P = 0.71)

3.5.14. Infection
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Four trials reported data for postoperative infection. One of these four studies [129]

mentioned no increased infection rate between the trial arms but did not provide numbers.

Another study [108] reported the total infection rate across the study (14.8%) but did not

provide arm-specific numbers of infections. In that trial, the infection events reported were

superficial surgical wound infections in eleven (5.6%) patients; deep surgical wound

infections in two (1%) patients; respiratory infections in eight (4.1%) patients; and urinary

infections in six (3.1%) patients. An additional two patients (1%) developed "other"
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infections (diarrhea in one case and colorectal abscess in another patient). The other two
studies [155, 156] showed similar infection incidence in both groups (RR: 0.64, 95% CI:
0.30, 1.40, p = 0.27) as exposed in Figure 44.

Figure 44: Forest plot comparison shows the pooled comparison effect of intravenous iron versus

placebol/standard of care groups on the postoperative infection occurrence (random effects
model).
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3.5.15. Hospital length of stay
Four trials reported data about the hospital length of stay (LOS), although three of
four studies provided the LOS as median days, and it was not possible to convert these
medians to means and SDs, which RevMan software requires. However, only one trial

[156] showed a shorter but not statistically significant LOS for the IV iron group with
medians (minimum-maximum) LOS in IV iron group versus control group of 6 (1-19)
versus 9 (1-23) respectively with P = 0-05. Similarly, the second, third, and fourth studies
reported no differences between groups. The second trial’ findings were reported as

medians (first quartile-third quartile), which were 7 (5-10) for IV iron versus 8 (6-10) for

control group [155]. The third trial’ median LOS for IV iron group versus control group was
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eight versus ten days respectively (P = 0-273) [130]. The fourth trial reported mean LOS

of 13.5 £ 7.1 for IV iron group versus 13.1 + 9.6 for the control group (P = 0-69)[108].

3.5.16. Quality of life
Health-related quality of life (HRQoL) data was provided in two only trials [155, 156].
These two trials used two different tests that make quantitative analysis not feasible to be
conducted. In the first trial [155], the trial investigators used the Short Form 36 Version 2
for acute patients [SF-36v2] of the HRQoL [161] to assess their patients. The test was
applied at baseline and 60 days after their hospital discharge. On the 60-day assessment,
in the IV iron group, the patients’ physical score summary decreased by a mean of 4.4 +
14 versus 4.5 £15 in the control group compared the baseline testing. For the study
mental score summary, scores decreased by 2.7 + 20 in the IV group and increased by
2 + 20 in the control group compared to baseline testing. All these decreases/increases
were statistically insignificant and clinically not important. With the second trial [156], the
investigators used the Short Form Health Survey (SF36)[162] without specifying which
version was conducted. Moreover, the authors used non-standard scoring of the test. The
test was conducted at study entry and four weeks after their surgery. On four weeks post-
surgery assessment, their two groups had very similar decreases in their scores (8 + 18
versus 6 + 17 in the IV iron and control groups respectively. However, similar to the first

study, there was no statistically significant difference between arms.

3.6. DISCUSSION
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The first core finding of this meta-analysis was a 17% reduction in the ABT for the
participants who received IV iron therapy. Generally, in the clinical practice, the minimal
clinical important difference (MCID) in a study has been defined as the smallest difference
in an outcome treatment that a patient would recognize it as important and consequently
would necessitate a shift in the patient's management [163]. For transfusion rate
reduction, there is no cutoff has established as MCID. However, the largest currently
ongoing trial to investigate the treatment of preoperative anemia using IV iron in major
surgery used a risk reduction of 12 % in the transfusion rate as appropriate to calculate
the sample size [164]. Accordingly, in this meta-analysis, it would seem that after
receiving the 1V iron, a reduction of 17% in the proportion of patients requiring ABT might
considered clinically important and sufficient to change patient management.

In this meta-analysis, to investigate the trials’ heterogeneity, subgroup analyses
were conducted comparing cardiac versus non-cardiac surgeries settings that show no
statistically significant difference between the subgroups regarding receiving a blood
transfusion. However, to test the difference between the diverse |V iron preparations, only
under the fixed effects model, the subgroup analysis showed that fewer patients received
a transfusion in the iron sucrose trials compared to the carboxymaltose trials. This finding
is of great benefit for patients, particularly Jehovah Witness (JW) patients where ABT is
forbidden and other patients for whom transfusions are medically contra-indicated. This
meta-analysis finding reinforces similar results previously found in a feasibility study [165],
many observational studies [166-174], and a recent review. However, these findings may
not be generalizable to patient populations other than those undergoing elective surgery.

In particular, the findings from this meta-analysis conflict with a recent trial in critical care
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patients [175] and a recent systematic review and meta-analysis [176] in the critical care
setting. In the latter meta-analysis, findings were limited by considerable heterogeneity
between trials including the nature of interventions and the risks of bias in the included
studies. Moreover, in the current meta-analysis, participants underwent elective surgeries
with ample time to receive |V iron injection to stimulate the erythropoiesis.

The second fundamental finding of my meta-analysis was the general trend of
statistically significant increasing Hb levels. Interestingly, this increased tendency had a
bi-phasic pattern composed of two waves, first, at the pre-surgery time, and second, at
follow-up > 4 weeks postoperatively. The first weave existence before surgery is due to
the effect of the early injection of iron (2-5 weeks before the operation) in some of the
study trials. Interestingly, in the included trials of my meta-analysis, some of them started
iron injection as early as of five weeks [159], at four weeks [160], at three weeks [158], or
at two weeks [130] before the day of surgery. However, this initial wave disappeared
immediately after surgery and throughout the hospital stay. This disappearance might be
related to the attenuation/termination of the IV iron effect on the erythropoiesis in addition
to the perioperative acute intraoperative blood loss including operative blood loss,
repeated venipuncture to do blood tests, and blood loss through the surgical drains in the
immediate postoperative stage.

The second wave that existed at four weeks after surgery indicates another new
effect of the delayed IV iron administration by some trials or as an augmented effect of
the pooled effect of early-injected iron by the other trials of the meta-analysis, which
started their iron injection late (only 1-2 days around the surgery time). Those trials

initiated their IV iron administration late either within two days of surgery [156], a day
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before surgery or in the same day of surgery [157], or just before and after surgery [108,
129]. One of those trials [156] gave about a thousand gram of the IV iron 4-21 days pre-
surgery in addition to extra-doses of IV iron (2mg of IV iron per 2 mL of blood loss, if blood
loss was at least 100 mL) within two days post-surgery. Interestingly, this study was
contributing a positive effect in the pooled estimate in both Hb rise waves. Overall, this
observed Hb increase over time is in line with two feasibility studies [165, 177], several
observational studies [167, 170, 178-180], two recent meta-analyses of the RCTs in iron-
deficient patients [181] and in anemic patients with inflammatory bowel disease [182], in
addition to a recent surgical trial that gave the IV iron postoperatively that showed an
increase at 4 weeks postoperatively [183].

Of note, both waves of the Hb rise required about 4-week duration following the
iron injection to exist either before or after surgery resulting in a statistically significant
increase in the mean difference of the Hb level. This finding indicates that initiation of the
iron injection is recommended to start at four weeks pre-surgery and to be continued till
the surgery time to achieve a long effect of the 1V iron to stimulate the erythropoiesis and
to protect against ABT. This injection strategy timing will move the peak effect to be at the
time of surgery and to continue for four weeks after surgery where the upturn from the
acute blood loss is necessary for expedited patient recovery. The peak of the primary
increase response in the Hb level has been shown to be around 3-4 weeks before starting
to decrease over time as shown in another investigators’ work [180]. Another finding of
my study is the statistically significant rise in reticulocyte percentage/count after IV iron
therapy, at 5 days postoperatively, and at the hospital discharge time demonstrating

recent bone marrow activity in those participants receiving IV iron. Having an active bone
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marrow at these time points implies that there was an active erythropoiesis just pre-
surgery and throughout the hospital stay producing new Hb due to IV iron injection around
the surgery time to prepare for the second wave of Hb rise in this meta-analysis.

It is of note that there was no significant increase in Hb levels in any of the three
trials [108, 129, 130] in which the participants received a total dose equal to or less than
600 mg IV iron, which is at the lower end of the dosages used to treat anemia. Therefore,
it is plausible that, with an increased IV iron dose, a significant enhancement in iron
bioavailability may occur resulting in higher Hb levels preoperatively. The other
observation was that in the two trials in which participants received a total dose more than
a 1000 mg of IV iron [158, 160], the response was greater than in the trials using a total
dose of a 1000 mg of IV iron [155-157]. Of note, these two trials that achieved greater
response had younger patients, and all were female undergoing gynecological surgeries.
As per the recent consensus, the recommended dose is between 1000 and 1500 mg of
IV iron that can be infused slowly over less than one-hour in one or two divided doses
contingent on the IV preparation given [184]. In very recent studies [167, 168], injecting
IV iron between two and four weeks preoperatively was optimal timing, and was
associated with a reduction in the RBC transfusion.

So, as per this pattern of positive dose-response relationship, it is reasonable to
infer a causal relationship between administration of IV iron and improved Hb levels pre-
surgery and after discharge. Although the increase in the Hb level difference is small,
these results have substantial implications for treating physicians and the anemic
patients, especially JW patients and those who are living in countries with restricted

resources.
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The included trials were heterogeneous in treatment dosage and sample size.
Most of the included trials [155-158, 160] assessed large doses equal to or greater than
1000 mg of IV iron. In these five studies, 1V iron administration in this dosage was safe.
A recommendation for further research on this topic would be a well-designed clinical trial
to precisely assess the value of administering a higher dose of IV (e.g., 1000-1500 mg)
and initiating this treatment at four weeks preoperatively followed by extra-doses before
the operation. This kind of study would test the hypothesis that an optimally timed IV iron
administered in large dose preoperatively will be safe and will counteract acute blood loss
associated with major surgery. If the trial were powered to the transfusion reduction target
with positive results, this would show that while anemia is a common complication around
major surgery, a higher dose of IV iron therapy is a safe, feasible, convenient to the
surgical patient and this may be a cost-effective strategy to minimize ABT as well, but
such work has not yet to be performed. Furthermore, although none of the included
studies reported cost-effectiveness data, it is likely that preoperative treatment with IV
iron, in comparison with repeated transfusions, is an affordable option in developing and
under-developed countries where preoperative anemia is very common.

Findings related to the Hb increase should be interpreted cautiously. One of the
trials showing positive result [158] has a high risk of bias. In this study, although about a
quarter of the participants in each arm had a similar history of previous iron treatment, a
large proportion of participants (80%) were excluded because of poor compliance, which
may lead to selection bias. Nevertheless, a sensitivity analysis excluding this trial showed

a similar and still statistically significant effect size.
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Interestingly, the rise in Hb concentration was significantly associated with lower
exposure to ABT. However, in sensitivity analysis excluding a trial [159] designed mainly
to evaluate the capability of IV iron administration to reduce any autologous blood
donation perioperatively, 1V iron therapy showed more significant benefit in minimizing
the ABT. Moreover, most of the included trials in the meta-analysis had a small sample
size and were not adequately powered to detect a diminution in transfusion rates.
However, a combination of these small sample sized trials will obtain enough power.
Another possible reason for this finding may be that in three [108, 129, 130] of the
included nine trials; the participants received a dose equal to or less than 600 mg of IV
iron. This is a low dose and arguably could have been increased safely to achieve higher
Hb levels that protect against ABT.

In addition to the reduction in ABT needs and the rise in the Hb concentration in
the IV iron group, this meta-analysis shows a substantial increase in the serum ferritin
level as the principal iron storage parameter to support the benefit of a preoperative IV
iron administration strategy to treat preoperative anemia. So, participants who received
IV iron demonstrated more rapid correction of iron stores depletion than those in the
control group. This ferritin level rise in the IV iron group was significant at every time
interval during the hospital stay and after discharge. This demonstrates the better efficacy
of IV Iron to correct the iron deficiency (ID) pre-surgery than the control group and to
replace the ongoing iron losses perioperatively. This growth in the ferritin level reflected
on the increase in Hb levels as well. It is not surprising that the peak of the ferritin increase

at hospital discharge preceded the second wave of the Hb rise (at four-week
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postoperatively). This is due to the fact that iron replenishment is a process that happens
prior to Hb formation.

These data support other investigators findings [180], which demonstrated a
significant increase of the serum ferritin with the use of IV iron therapy to correct anemia
before elective surgery.

Concerning the other iron parameters in the meta-analysis, findings for TSAT %,
which is the primary iron source for erythropoiesis and serum iron, indicate that these two
parameters did not change significantly after IV injection, which supports the findings of
two observational studies trials [172, 180].

| did not find a significant difference in postoperative AEs occurrence between the
group receiving IV iron versus the group receiving placebo or oral iron. This finding
confirms those of another study [185]. Concerns have been raised about the possibility
of an increased incidence of AEs when |V iron is administered in larger than standard
doses [186]. However, the pooled analyses on non-serious AEs, which included six of
nine trials, did not show any statistically significant difference between the two groups in
this meta-analysis. Moreover, subgroup analyses comparing low versus moderate doses
of IV iron showed no significant difference in the occurrence of AEs indicating well-
toleration of its administration. However, in one trial [159] of those studies, two of thirty
patients in the IV iron group were excluded due to AEs or intolerance. Only one study
[157] reported numbers for the serious AEs to be analyzed. This study finding revealed
that there was no significant difference in the occurrence of life-threatening AEs between

the patients receiving IV iron and those did not receive it.
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The chief AEs related to IV iron administration were erythema with pain/itching at
the injection site, phlebitis, discomfort, fever, and dizziness. In the participants who
received oral iron, nausea, vomiting, constipation, and diarrhea were more frequent.
Interestingly, hypophosphatemia as a side effect associated with injection of a high
dosage of IV iron, which requires checking the serum phosphate before and after the
therapy was not mentioned in any of the included trial except one study [157] in which all
the participant received a single dose of 1000 mg of IV iron isomaltoside but there was
no any participant had a serum phosphate level <2 mg/dl during therapy.

Given the relatively small sample size of each trial and the relative rarity of serious
side effects as the anaphylactic shock reactions, there is a need for a large-scale phase
[l clinical trial to provide definitive answers about the frequency of serious AEs. Also, a
large observational study will be of help to study the incidence of the AEs of IV iron.
However, according to the United States Death Certificate Registry, only three mortalities
were coded as "AEs in therapeutic use of iron preparation” over the period between 1979
and 2006 [187].

In this meta-analysis, the 30-day mortality was similar for the meta-analysis
groups. Also, the infection rates were similar, providing evidence that IV iron is a safe
therapy.

None of the incorporated trials reported data for cost-effectiveness making an
economic analysis difficult to assess the cost aspects of IV iron in preoperative anemia

management.

93



For quality of life, only two out of the nine trials provided data. Unfortunately, these
two studies used different scaling tests and could not be pooled. However, neither study
displayed a statistically significant difference.

This meta-analysis has relatively a small sample size because of the relatively
restricted inclusion/exclusion criteria, which resulted in only nine trials included, all of
which had a limited number of participants. Moreover, the global influence of IV iron
administration in the subgroup of surgical patients requires a larger scale, phase Il
randomized clinical trial to explore the optimal dose, timing, which IV iron preparation has
better efficacy, and safety to specify ultimate replies for many clinical questions.

Based on these results, | recommend clinicians to keep exerting all efforts to use IV iron
to avoid the associated risks of ABTs. Since the available data on IV iron usage are
limited, these meta-analysis findings have significant implications for patient care in the
major surgery setting, particularly in JW patients, those for whom ABTs are medically
contraindicated, and patients in countries with limited resources, which accounts for most

of the globe nations.

Strengths of the study

This meta-analysis has many methodological strengths. The meta-analysis search
was comprehensive without having any time, language, and IV iron preparation
restrictions. All analyses were performed using both fixed-effect and random-effect
models. This is a strength since both techniques deliver very similar results in the absence
of heterogeneity when there is between-study heterogeneity, both techniques may be

biased, random-effects models will be more conservative [188]. Thus, being able to
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compare findings from both random and fixed-effects models provides the reader with
more information.

As a systematic review and meta-analysis of the RCTs that showed a statistical
significance and a clinically effective treatment of the effects of IV iron to reduce ABT will
provide high-quality evidence base to estimate the treatment efficacy with more precision
than it is possible in a single previous study and to add more to the existing evidence

base to support implications for practice and having very useful decision-making tools.

Limitations of the study

This meta-analysis has some limitations. The first limitation is the fact that some
of the included studies recruited non-anemic patients, which would bias their findings
toward the null. Second, the current study findings may not be generalizable to younger
patients undergoing major surgery since seven of the nine trials had mean/median age
above 64 years old. Thus, these findings may be valid only in elderly patients. Only the
two gynecological studies investigated younger female patients experiencing
menorrhagia; a condition that usually exists at a younger age. Consequently, the results
of the meta-analysis may not apply to young male patients, or younger female patients
not experiencing menorrhagia. A third potential limitation of this meta-analysis is the
relatively smaller sample size of most of the trials that necessitates careful interpretation
of the reported side effects of IV iron since larger studies are needed to identify any but
the most common side effects. The fourth limitation is that | estimated and imputed SD
for trials when these were not published. This could be a source of bias, although the

alternative would have been to exclude those trials. Doing so would have resulted in a
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smaller sample size of this meta-analysis and would have introduced another kind of bias
that would have made the interpretation of findings difficult. As per The Cochrane
handbook of systematic reviews recommendation in meta-analyses with a small number
of trials [151], | did not draw a funnel plot to explore publication bias because | had only

nine trials.

3.7. CONCLUSION

The meta-analysis results provided evidence in support of the preoperative
intravenous iron administration to increase hemoglobin level at pre-surgery, which was
sufficient to significantly reduce the likelihood of allogeneic blood transfusion in patients

undergoing major surgery.

Future directions

Since no single study of the included trials provided the definitive understanding of
responses to intravenous iron therapy, additional full-scale clinical trials at a low risk of
bias are still required to give definitive answers for the efficacy, safety and to provide
evidence of cost benefits and quality of life after injection of intravenous iron in
preoperative anemia correction. Those new trials have to test the newly intravenous iron
preparations that contain more iron per injection to minimize the blood transfusion in
patients undergoing elective major surgery.

To overcome the limitations of single trial conduction, future meta-analysis
conduction is recommended where it will be more valuable than any single study

contributing to the analysis. Undertaking a consequent meta-analysis will include diverse
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populations allowing for additional subgroup analyses for different surgery to address the
effect of the influencing disease and to find if any particular iron preparation provides
more efficacies. Doing this subgroup analysis might offer the opportunity to evaluate new

hypotheses.
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CHAPTER IV (PAPER-III): OPTIMIZING

PREOPERATIVE HEMOGLOBIN IN ADULT

CARDIAC SURGERY USING INTRAVENOUS IRON

SUCROSE (VENOFER): A CASE SERIES

41. ABSTRACT

41.1. Background
Perioperative anemia is a common and potentially serious hematological problem
in adult patients undergoing elective cardiac surgery. This anemia is associated with
increased risk of perioperative red blood cell transfusion. Transfusion is associated with
more frequent postoperative morbidity and mortality. Preoperative intravenous iron
sucrose (Venofer) therapy has been suggested as one therapeutic intervention to reduce

perioperative transfusion.

4.1.2. Objective
To investigate the effect of preoperative intravenous (IV) iron sucrose as a
prophylactic iron therapy to reduce the receipt of allogeneic blood transfusion in adult

patients scheduled for elective cardiac surgery

41.3. Patients and Methods
This retrospective observational case series was carried out at the University of
Alberta Hospital between January 2010 and December 2015. This study included 31

consecutive patients who were treated with intravenous iron sucrose as monotherapy to
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increase their hemoglobin (Hb) level and to minimize allogeneic blood transfusion.
Treatment efficacy was analyzed based on the Hb value rise and the rate of allogeneic

blood transfusion.

41.4. Results

A total of 31 patients received IV iron sucrose with an average dose of 584 mg
(range: 300-1000mg) of IV iron sucrose were given. After IV iron treatment, mean Hb
level increased significantly from 125.70 + 11 g/L at baseline to be 132.30 + 16 g/L at the
time of surgery with p = 0.007, with mean difference of 6.6 g/L (95% confidence interval
[CI]: 2.00, 11.11 g/L). Moreover, depleted iron stores were restored, and serum ferritin
level increased significantly from 25.43 + 18.47 ng/mL at baseline to be 239.80 + 18.47
ng/ml at surgery (p = 0.004). Allogeneic perioperative red blood cell transfusion occurred
in 9 (29%) patients, which is lower than the latest largest Canadian report in 2012 on adult

cardiac surgery

4.1.5. Conclusion
In patients undergoing elective cardiac surgery, 1V iron sucrose administration led
to an increase in the Hb level before patients underwent surgery. It was associated with
a significant increase in ferritin levels and reduction in RBCs transfusion compared with

the overall Canadian allogeneic blood transfusion.

4.2. INTRODUCTION

The etiology of perioperative anemia in adult patients undergoing cardiac surgery

is usually multifactorial. Unavoidable acute intraoperative blood loss, early post-surgery
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bleeding through the mediastinal/chest tube drainage and repeated phlebotomies are the
principal causes. Moreover, some patients require pre-surgical coronary angiography,
anticoagulation, or antiplatelet agents therapy that aggravate the condition. Perioperative
anemia is associated with increased probability of receiving perioperative red blood cells
(RBCs) transfusion [78]. Currently, allogeneic RBCs transfusions remain the standard of
care to treat anemia, particularly in surgical patients with moderate-to-severe anemia
[189]. In a recent large study of patients undergoing isolated on-pump cardiac surgery,
after propensity-adjusted analysis, receiving as little as one or two units of RBCs was
significantly associated with increased mortality (odds ratio [OR] 1.86), acute kidney injury
(OR 2.63), reoperation for bleeding (OR 6.24), mechanical ventilation time (OR 2.34), and
increased hospital length of stay (LOS) postoperatively (OR 2.16) [98]. Moreover,
transfusion is a costly process to manage perioperative anemia. The cost for each RBC
unit has recently been estimated at between US $522 and US $1,183 after including direct
and indirect expenses [101].

Typically, patients' requirement for perioperative ABT is multifactorial. It depends
mainly on the pre-surgery hemoglobin (Hb) concentration reflecting the RBCs mass of
the circulating blood, the perioperative blood loss volume, and the institutional transfusion
trigger. It has been reported that major surgery is usually associated with increased
systemic inflammatory response resulting in inhibited erythropoiesis by the overflow of
humoral mediators [30]. Successful strategies to avoid perioperative transfusion include
correction of perioperative anemia and optimizing the Hb concentration through
maximizing hemopoiesis preoperatively. Moreover, former investigators reported that

even in non-anemic patients who are undergoing major surgery with expected significant
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blood loss, receiving iron therapy might help in recovery from perioperative anemia [112].
However, in the recent international consensus to manage perioperative anemia, they
recommend achieving of Hb level = 130 g/L for both genders before going for surgery to
avoid the risks of ABT [184].

The pathophysiology of perioperative anemia in cardiac surgery is mainly iron
deficiency (ID) caused by blood loss in addition to the reduced nutritional intake chiefly in
the early postoperative period. This condition could be cured through a bloodless
therapeutic modality to avoid the transfusion risks. Accordingly, replenishing exhausted
iron stores before surgery to optimize Hb level is considered an appropriate treatment
[190]. Compared to oral iron, intravenous (IV) iron has a large quantity of iron that can be
given over a few numbers of doses with excellent bioavailability for erythropoiesis [140].
In addition, it has fast uptake by bone marrow as demonstrated by positron emission
tomography in another study [141]. Moreover, oral iron is a time-consuming therapy,
which is unacceptable for most of the patients who need cardiac surgery. IV iron has been
shown to accelerate the erythropoiesis to counteract anemia resulted from perioperative
blood loss [191]. Therefore, these physiological properties of IV iron could result in a faster
bloodless curative modality of perioperative anemia.

This study aimed to describe the outcomes of a group of patients who received
preoperative IV iron as a strategy to counteract the acute blood loss to reduce allogeneic

RBCs transfusion.

4.3. PATIENTS AND METHODS
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After obtaining approval from my institutional review ethical board (REB #:
Pro00045780) to waive the need for patient consent (Appendix 7), a retrospective search
of my institution’s electronic database was performed to identify the adult patients
(between January 2010 and December 2015) who underwent cardiac surgery with Hb
level at least 100 g/L, serum ferritin < 70 ng/mL, and consequently, received |V iron
sucrose preoperatively. The reason for choosing the Hb cut-off value of 100 g/L before
the administration of IV iron was to identify those cases whose Hb levels were likely to
benefit from the intervention but to exclude patients who were severely anemic since
those patients were likely to require RBC transfusion. The included patients received IV
iron to optimize their Hb level within 2-3 months pre-surgery, with the goal of minimizing
allogeneic blood transfusion (ABT). This study was undertaken at the blood conservation
clinic established in my institution since 2010 to use IV iron as a strategy to reduce
allogeneic RBC transfusion in the treatment of perioperative anemia.

Patients' data were collected from the institution electronic records and patients'
charts. Patients who were under age of eighteen years, had liver diseases, had
hemochromatosis/hemosiderosis, had ongoing infection/atopy, had an allergy to iron
products, or received transfusion within 120 days before receiving IV iron sucrose were
excluded from the case series.

Patients' baseline characteristics, including their demographical and clinical data,
were recorded on a data extraction form. This included: age, sex, body mass index (BMI),
type of scheduled surgical procedure, Hb levels (at baseline, post-Venofer treatment, the
early postoperative time and hospital discharge time), ferritin levels (at baseline and post-

Venofer treatment), and concomitant risk conditions/comorbidities at the time of surgery.
102



Also collected and recorded were: total cardiopulmonary bypass time, cross-clamp time,
transfusion requirement data, the cardiovascular intensive care unit (CVICU) length of
stay (LOS), the hospital LOS, and 30-day mortality were recorded. The primary outcomes
were Hb concentration change and allogeneic RBCs transfusion rate. Secondary
outcomes of interest were serum ferritin level change, the total number of transfusion
events, the number of RBC transfusions/patient, acute kidney injury, infection, mortality

within 30 days of surgery, and the hospital LOS.

4.3.1.1. Statistical analysis

Continuous variables were presented as means + standard deviation (SD). Paired
student t-tests were used to compare changes in Hb values and serum ferritin levels at
different time points. Unpaired student t-tests were used to assess the differences in Hb
concentration, serum ferritin values, and hospital LOS between who were transfused and
those who did not receive a blood transfusion. Dichotomous variables were expressed as
numbers (percentage). Subgroup analyses for who get transfused and who did not
receive blood were done to investigate if there was any association between the
Hb/ferritin values and receiving a; blood transfusion. A p-value < 0.05 was set for
statistically significance. All data were analyzed using the SPSS® version 20 (IBM,

Armonk, NY, USA).

44. RESULTS

Over a six-year period, 31 consecutive patients (11 [35%] males, 20 [65%]

females) met the inclusion criteria, with age range of 18-70 years. These patients were
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relatively young (mean age of 38.3 + 21.29 years) at the time of surgery and had a mean
body mass index (BMI) of 28.03 £ 7.30 kg/m2. Prior to surgery, eight (26%) patients had
hypertension, eleven (35%) patients had hyperlipidemia, two (6%) patients had type |
diabetes mellitus, seven (23%) patients had type Il diabetes mellitus, eight (26%) patients
were current or former smokers, two (6%) patients had a history of cerebrovascular
events, no patient had prior myocardial infarction, peripheral vascular disease or was on
renal dialysis prior to surgery and six (19%) patients had percutaneous coronary

intervention (PCI) prior to surgery (Table 3).
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Table 3: Preoperative patients’ characteristics

Variable Number (%)/mean * standard
deviation
Age (years) 38.63 £ 21.29
Female sex 20 (65%)
Body mass index (kg/m2) 28.03 £7.30
Hypertension 8 (26%)
Hyperlipidemia 11 (35%)
Diabetes (type 1) 2 (6%)
Diabetes (type 1) 7 (23%)
Smoking (current or former) 8 (26%)
Cerebrovascular events 2 (6%)
Prior myocardial infarction 0 (0%)
Peripheral vascular disease 0 (0%)
Renal dialysis 0 (0%)
Percutaneous coronary intervention 6 (19%)

Continuous variables are presented as means + standard deviation; categorical variables are presented

as number (%).

All patients (Table 4) had elective surgery; twenty-one (68%) patients were
undergoing cardiac surgery for the first time, and ten (32%) patients had cardiac surgery
for the second time. In the same table, it shows the different indications for surgery, cross-
clamp time, pump run time, the mechanical ventilation time, CVICU stay, total hospital

LOS, and the early postoperative outcomes (Acute kidney injury, stroke, and

postoperative infection).
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Table 4: Perioperative profile.

Variable Number (%)/mean * standard deviation
Redo cardiac surgery 10 (32%)

Isolated CABG surgery 14 (45%)

Isolated valve surgery 5 (16%)

Combined CABG and valve surgery 7 (23%)
Adult congenital surgery (ASD and 5 (16%)

VSD repair)

Cardiopulmonary bypass time 137.46 £+ 78.18
(minutes)

Cross-clamp time (minutes) 80.68 + 69.12
Prolonged mechanical ventilation >24 2 (6%)

hours.

CVICU length of stay (hours) 51+ 22

Total hospital length of stay (days) 9+3.6

Acute kidney injury 0

Stroke 0
Postoperative infection 0

Continuous variables are presented as means + standard deviation; categorical variables are presented
as number (%). CABG = coronary artery bypass grafting; ASD = atrial septal defect; VSD = ventricular
septal defect; CVICU = cardiovascular intensive care.

After administration of IV iron sucrose, there was a significant increase in the Hb
level at the pre-surgery time. At baseline, the mean Hb level was 125.70 £ 11 g/L, which
increased significantly to 132.30 + 16 g/L before going for surgery (Table 5). The mean
increase was 6.6 g/L (95% confidence interval [Cl]: 2.0, 11.10 g/L, p = 0.007). In the early
postoperative period, Hb concentration dropped quickly and significantly. This drop
reaches a statistically significant value compared to the pre-treatment level. The value of
Hb was 103.66 + 11 g/L at post-surgery with a mean difference of -22.04 g/L (95% CI: -

16.0, -28.08 g/L, p < 0.0001) compared to the baseline values. Similarly, at hospital
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discharge, Hb level had decreased significantly compared to the baseline level to be
99.59 + 14.3 g/L with a mean difference of -26.11 g/L (95% CI: - 20.0, -32.22 g/L, p <
0.0001).

In addition to the Hb increase preoperatively, the IV iron sucrose injection
replenished the iron stores. Consequently, the serum ferritin increased significantly from
25.43 £ 18.47 ng/mL at baseline level to 239.80 £ 18.47 ng/mL at the pre-surgery time

with mean growth difference of 214.37 ng/mL (95% CI: 82.73, 346.01 ng/mL, p = 0.004).

Table 5: Hemoglobin, ferritin values, and transfusion data

Variable Number (%)/mean * standard deviation

Initial hemoglobin level (pre-treatment)

Hemoglobin level at surgery (post-treatment)
Hemoglobin level after surgery

Hemoglobin level at hospital discharge

Mean increase difference from baseline to pre-surgery
time for the hemoglobin level

Mean increase difference from baseline to post-
surgery time for the hemoglobin level

Mean increase difference from baseline to hospital-
discharge time for the hemoglobin level

Serum ferritin level at baseline level

Serum ferritin level at pre-surgery time

Mean increase difference from baseline to pre-surgery
time in the serum ferritin level

Transfused patients

Total number of transfusion events

Units transfused/patient (mean, minimum—-maximum)

125.70 £ 11 g/L
132.30 £ 16 g/L
103.66 + 11 g/L
99.59 + 14.3 g/L
6.6 g/L (p = 0.007)

-22.04 g/L (p < 0.0001)
-26.11 g/L (p < 0.0001)
25.43 £ 18.47 ng/mL
239.80 + 18.47 ng/mL
214.37 ng/mL (p = 0.004)
9 (29)

36
(4, 1-7)
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Hb level measurements at different time points for the subgroup of patients who
were transfused versus those who do not are summarized in Table 6. There was no
statistically significant difference between the patients who received and who did not
receive blood in the means of Hb concentration at baseline, at pre-surgery, or in the post-
operative period. Similarly, there was no statistically significant difference in perioperative
serum ferritin between the patients who received and who did not receive blood, and the
hospital LOS was equivalent between the two subgroups. In this study, nine (29%)
patients received RBCs. The total number of transfusion events was 36 occasions, and
the total units/transfused patient (mean, minimum-maximum) was (4, 1-7). There were

no acute kidney injuries, stroke, or postoperative infection in this case series.

Table 6: Subgroup analysis between transfused and non-transfused patients.

Variable Non- transfused patients Transfused patients P-value
Hemoglobin level at 126.6 £ 107 123.6 £ 141.6 0.6
baseline (g/L)

Hemoglobin level at 134.2 £ 153.7 12.76 £ 184.0 0.3
pre-surgery (g/L)

Hemoglobin level at 104.9 £ 113.7 102.3 £102.5 0.6
post-surgery (g/L)

Serum ferritin level at  189.33 + 134.00 252.42 £ 264.74 0.6
pre-surgery (ng/mL)

Total hospital length of 10.00 + 6.08 7.67 £2.69 0.3
stay (days)

4.5. DISCUSSION

The first critical observation in this study was the statistically significant increase

in the pre-surgical Hb levels compared with pre-treatment baseline values after IV iron
108



treatment, reflecting a strong effect of IV iron sucrose to enhance erythropoiesis. The
average increase in Hb levels was 6.6 g/L, which was sufficient to bring male patients in
the study from the status of being anemic to being non-anemic as per the World Health
Organization (WHO) definition of anemia [6]. Also, it was found that the introduction of
the IV iron sucrose was also associated with rapid replenishment of the iron stores as
indicated by the significant rise in the mean ferritin level before going to surgery. These
two findings support those of previously published studies in an observational study of
abdominal hysterectomy [172] and a clinical trial of gynecological surgery [158].
Moreover, many observational studies conducted in the surgical setting [167, 170, 178-
180] have reported an increase in Hb levels similar to my results. Likewise, a recent
systematic review and meta-analysis of the RCTs in anemic patients with inflammatory
bowel disease showed a significantly higher ability of IV iron to achieving a Hb rise with
better tolerance when compared to oral iron [182].

In this study, the pre-surgery Hb increase as a reserve was not sufficient to
counteract the inevitable intraoperative acute blood loss in open heart surgery. This
finding means that early preoperative supplementation with IV iron sucrose does not
seem to hasten early recovery from anemia postoperatively. This result is also consistent
with those of previously published trials particularly when the total dose of IV iron received
was only 600 mg or less [108, 129, 130]. It would appear that Hb levels started to fall
immediately after surgery due to acute blood loss, which may suggest a need for a greater
dose of IV iron to be injected within four-week period pre-surgery followed by extra-doses
before surgery. In this study, it is most likely that this negative drift in the Hb concentration

during the postoperative period and at the discharge time is related to the too early
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administration of the IV iron in addition to the relatively smaller doses used. The mean of
the total dose of IV iron in this study was 573 mg (range: 300-1000 mg) of IV iron sucrose.
This dose is about half the current treatments doses used in cardiac surgery clinical trials
[157]. In some of the non-cardiac surgical studies [155, 156, 158], a dose of 1000 mg was
used. Moreover, in a clinical trial involving anemia correction for uterine bleeding, the
investigator used up to 3000 mg of IV iron with some participants [192].

In my institution, the early patients of this case series receive a dose of 300 mg as
a total dose. This was based on findings from an early clinical trial [129], which was in
progress at that time. Over time, the dose was gradually increased till some patients were
administered 1000 mg. Typically, a dose of 600 mg is considered a moderate dose to
treat perioperative anemia [130]. The second observation was that the mean time
between completion of the iron sucrose dose and surgery was longer (59 days) than the
time frame reported in other observational studies [180, 191] and clinical trials [130, 155,
160] where the interval ranged between 2 and 4 weeks preoperatively to have the optimal
erythropoietic effect at the time of surgery. It is therefore possible that the current study
patients might have missed the usual peak of the Hb increase by the time they had their
surgery based on the findings of previous reports [180, 191] and the recommendations of
the recent international consensus [184]. In this case series, the delay in the surgery time
after treatment is mainly due to the nature of any elective operation where the patient
picks a time convenient to him/her and the family. Moreover, the scheduled surgery time
might be postponed due to the cancellation of the elective surgery in order to operate on
emergencies like urgent/emergent CABG, and heart/lung transplants. The latter is

particularly common reasons for postponing elective surgery since the institution is a
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unique foundation across Canada that does heart and lung transplant in addition to
insertion of many ventricular assistance devices (VADs) and extracorporeal membrane
oxygenation (ECMO).

In this case series, IV iron was given to non-anemic patients, particularly the
female portion who account for two-thirds of the study population, with the aim of ensuring
a sufficient reserve of iron that could counteract the occurrence of adverse equilibrium in
the body iron level resulting inevitably from the acute intraoperative blood loss to avoid
transfusion. This negative imbalance should be corrected in advance to optimize the Hb
concentration by enhancing the erythropoiesis.

The total RBCs transfusion rate in this series was 29%. Although there was no
comparison group in this study, this transfusion proportion is lower than a recent
Canadian report on adult cardiac surgery [193]. In this report, the transfusion rate in
isolated CABG surgery was between 36%-41%, in isolated aortic valve replacement
(AVR) surgery was 45%, and in combined CABG with AVR was 65%. Unfortunately, |
was not able to access the Society of Thoracic surgeon (STS) database to compare the
study transfusion rate with their data. However, in a recent extensive analysis of 42,743
patients [194] who had different adult cardiac surgery procedures at 25 institutions from
Australia, there was a broad range of 22% to 67% of patients receiving at least one RBC
unit, and the finding in the current case series finding falls near the lower limit of this
range. In clinical trials of cardiac surgery patients, the transfusion rate ranged between
20% [157] to 36% [129] in the placebo groups, whereas in the IV iron groups, the
transfusion rate ranged between 20% when a 300 mg dose was given [129] to 13% when

the 1000 mg dose of IV iron was received [157]. In the current study, it was plausible to
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expect that the patients with low Hb or serum ferritin levels were highly likely to require
perioperative transfusion. However, neither Hb nor serum ferritin levels were associated
with a tendency of blood transfusion. Moreover, the hospital LOS was similar between
transfused and non-transfused patients, although it is possible that the small sample size
led to insufficient power to detect a difference.

This case series has some limitations. First, as a case series, it yields low-quality
evidence due to lack of control group of patients, making this case series prone to bias,
particularly selection bias, and causality cannot be inferred. Second, it is a single-center
non-analytic study with a small sample size and thus may not have had adequate power
to detect associations. In addition, there was no comparison group of patients not
receiving IV iron, which limits the inferences that can be made about the effectiveness of
the intervention. In addition, these findings may not be generalizable to other institutions.
The smaller size of this series is due to the fact that only a few surgeons at my institution
refer elective cardiac surgery patients to the blood conservation clinic to have IV iron
injections. In addition, there were multiple interruptions of the iron sucrose supply in the
hospital, which also contributed to the small study size over a six-year period. Third,
although this study included different cardiac-surgery patients (adult congenital, CABG,
valve surgery), | was not able to do subgroup analysis due to the small sample size of the
study. Fourth, | investigated only one of the IV iron preparations (iron sucrose) whereas
many IV iron preparations now are available in the market. This was because IV iron
sucrose is the one available at the study center most of the time due to its low price and
it has been in the market for an extended period with its known great safety. Lastly, | did

not have access to post-hospital discharge follow-up data for Hb level and transfusion.
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However, it is unlikely that these patients will experience further blood loss post-
discharge, thus it seems reasonable to believe that their Hb level likely will increase over
their convalescence. Despite these limitations, this case series provides the necessary
justification for the development of a large-scale clinical trial on this research question,

which is now in the planning stages. That trial will provide more definitive answers.

4.6. CONCLUSION

To date, there are only a few studies available to investigate the efficacy of IV iron
sucrose to optimize Hb to treat perioperative anemia in patients undergoing adult cardiac
surgery. This case series adds to the small body of literature in this clinical setting as a
bloodless strategy to avoid allogeneic blood transfusion. Notwithstanding these study
limitations, these findings provide preliminary evidence that adult patients undergoing
cardiac surgery, particularly anemic patients, can benefit from preoperative intravenous
iron injection with higher doses with timely referral to avoid transfusion. Large-scale
clinical trial conduction is still recommended to investigate which iron preparation, the

optimal dose, the appropriate time of administration is efficient to reduce transfusion.
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CHAPTER V: GENERAL DISCUSSION

This thesis reports findings from two studies: first, a systematic review and meta-
analysis of studies which provides evidence supporting the effectiveness of preoperative
IV iron administration in those with preoperative anemia; and, secondly, a case series
which provides preliminary evidence that patients benefit from high dose and timely
administration of preoperative IV iron. Together, these two studies provide solid support
for a large clinical trial to investigate optimal preparations, dosage, and timing of
preoperative IV iron administration to reduce the need for transfusions.

The question of the best management of preoperative anemia in surgical patients
is a very important one to address. In patients undergoing major surgery, preoperative
anemia is very common. Globally, it is a very frequent disease. Although its prevalence
is less in first world countries than developing and under-developed countries, it is still a
common problem, and about one-third of cardiac surgery [195, 196] and non-cardiac
major surgery [74, 81] patients in the industrialized world experience anemia
preoperatively. Multiple studies reported an increased incidence of perioperative
morbidity and mortality in anemic patients experiencing cardiac [197-202] and non-
cardiac [73, 81, 203-205] major operations.

It is to be expected that significant perioperative blood loss will occur in most major
surgeries, particularly in orthopedic and cardiac operations. In a major orthopedic
procedure, the estimated blood loss is about one liter, which accounts for one-fifth of the
total adult circulating human blood [58]. The combination of perioperative blood loss and

anemia usually necessitates blood transfusion. However, allogeneic blood transfusion
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(ABT) is not without risks. It has been associated with higher rates of morbidity and
mortality [206-208]. Furthermore, ABT carries risks such as the transmission of blood-
borne pathogens [209], and specific morbid complications are associated with ABT.
These morbid conditions include reduced tumor recurrence-free survival [210], tumor
recurrence [86, 211], myocardial events, neurological events [85], acute kidney injury
[212], transfusion-related acute lung injury (TRALI) [82], increased graft occlusion after
CABG surgery [83], suppressed immune function [87], and nosocomial infections [84].
Interestingly, women receive more blood transfusions than men as reported in a large
study of 6530 patients undergoing elective orthopedic and cardiac surgery [213]. This
higher transfusion rate might be related to the smaller circulating blood volume in females
than males [68]. Despite the growing work in perioperative bloodless management
strategies, perioperative transfusion rate still high and correction of perioperative anemia
with ABT is not without a price. Consequently, there has been a paradigm shift toward
bloodless therapeutic strategies for dealing with perioperative anemia to improve patients'
outcomes and use health care resources efficiently.

Iron deficiency anemia (IDA) is a common form of the preoperative anemia. IDA
afflicts people of all ages particularly women of the childbearing period and aging people
[136]. Preoperative iron deficiency (ID) is initiated mainly due to negative iron
disequilibrium in the body iron level and aggravated more by the unavoidable bleeding
during and post-surgery. Consequently, in the immediate postoperative period, acute
anemia likely develops unless those exhausted stores are replenished sufficiently to
counteract the perioperative blood loss. Therefore, the target of the therapy in

preoperative IDA is to offer sufficient iron to correct this imbalance, to increase Hb level
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and to minimize the ABT. In addition, preoperative optimization of the Hb concentration
enhances tissue oxygenation post-surgery to help in quick recovery. Also, this Hb
optimization might help to counteract the incidence of the inevitable immediate
postoperative anemia that exists in up to 90% of cases after major surgery, as shown in
a systematic review [60]. As per the recent practice guidelines for perioperative blood
management of the American Society of Anesthesiologists Task Force on Perioperative
Blood Management [214] and a recent review [190], preoperative optimization of Hb
concentration is an effective strategy to minimize such transfusion. Plausibly, one would
expect that preoperative iron repletion would help bone marrow to intensify erythropoiesis
producing healthy RBCs with a regular lifecycle. It has been reported that transfused
RBCs have a shorter lifespan than normal RBCs due to rapid clearance from the
circulation [215].

As discussed earlier in this thesis, oral iron therapy is not the ideal form of iron
administration in cases of preoperative anemia. It has a slow response or even no
response, particularly in patients with ongoing bleeding or chronic medical conditions
[216]. Therefore, IV iron treatment is more efficacious than oral form because the
treatment course is very short due to its superior bioavailability [140] and this can avoid
unnecessary delay of surgery. Moreover, a recent pooled analysis of 2547 patients [217]
showed more benefit of IV iron over oral iron to minimize perioperative ABT. Therefore,
IV iron usage was selected to be studied through the meta-analysis and the case series
study where IV iron was administered or initiated preoperatively to allow for sufficient time
to enhance erythropoiesis. It has been shown in a clinical trial and observational studies

that giving IV iron shortly (within the four-week period) before the surgery is efficacious in
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increasing Hb levels [160], [167, 170, 178, 179]. Interestingly, there is also evidence that
an |V iron injection immediately after surgery is effective in treating anemia in orthopedic
[218], stomach [219], and postpartum hemorrhage [220] surgery. Those results suggest
that giving the IV shortly before surgery would be more efficacious than having a more
extended time lag between the iron administration and surgery, and this is what the case
series showed. However, there is no consistency in the literature regarding the dose, and
which IV iron preparation is used. However, there is some evidence that higher dosages
are more effective. Several randomized controlled trials (RCT) [108, 129, 130, 159] that
used a dose not greater than 600 mg of IV iron therapy have shown no benefit in
increasing Hb levels or to reducing ABTs perioperatively. More recent RCTs have started
to use higher doses in a single 1000-mg dose of ferric carboxymaltose in abdominal
surgery [156] and hip fracture surgery [155]. Similar single doses of IV iron isomaltoside
was used recently in a cardiac surgery trial [157], and other trials have used repeated
doses of 100 mg [160] or 200 mg [158] of IV iron sucrose on an alternate-day basis, with
a total dose exceeding more than1000 mg before gynecological surgery in menorrhagia
patients to correct preoperative anemia. Based on the finding of those studies, it is
concluded that higher dosages are more effective. With regarding the more efficacious IV
iron preparation, a recent systematic review and Bayesian network meta-analysis in
inflammatory bowel disease showed that ferric carboxymaltose was the most
effective IV formulation, followed by iron sucrose and iron isomaltose to normalize the Hb
[144]. For the safety purposes, ferric carboxymaltose showed to have similar tolerability
as iron dextran but tended to be better tolerated than iron sucrose, and iron isomaltose

[144].
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After reviewing all published RCTs investigating the optimal dose and timing for IV
iron injection to treat perioperative anemia, it seems reasonable to hypothesize that
administration of a large dose (1000 -1500 mg) within 2-4 weeks preoperatively will be
efficacious to optimize the Hb levels perioperatively. Of note, over the last five years, the
investigators have tended to increase the therapeutic dose of IV iron in the RCTs to
maximize the patients’ perioperative Hb. Specifically, the total iron dosage used in the
RCT published in 2012 was only 300-mg [129]; this increased to a dose of 1000 mg or
more in the RCTs published in 2016 [155, 156, 183] to treat perioperative anemia.
Consequently, the most recent international consensus statement on the treatment of IDA
in surgical patients recommended a dose of 1000-1500 mg administered in two divided
doses [184]. This would appear to be no harm in using such large dose since a 2000-mg
dose of IV iron was used safely in a clinical trial to treat severe uterine bleeding [192]. In
that trial, 197 out of 230 patients received 2000 mg of ferric carboxymaltose in two divided
doses with one-week apart. Moreover, 28/230 of the participants in the same study
received 3000 mg of ferric carboxymaltose in three intermittent doses separated by one-
week duration. The results of this trial imply high safety profile of ferric carboxymaltose
that was transfused rapidly over 15 minutes without a testing dose, which is more
convenient for the patients. Unfortunately, most the recent literature of IV iron therapy in
the surgical setting, including the trials involved in the current meta-analysis, did not study
the incidence of hypophosphatemia, which is potentially a side effect associated with a
high dosage of IV iron therapy. In addition to parathormone and vitamin D, there is a new

class of phosphate-regulating factors called phosphatonins [221]. One of these factors is
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fibroblast growth factor 23 (FGF23), which regulates the renal phosphate excretion [222].
Only some |V iron preparations were associated with hypophosphatemia [192, 223, 224].
However, the mechanism is not apparently known. The carbohydrate moiety that exists
in some |V iron preparations may reduce the intracellular FGF23 degradation [225].
Moreover, a recent study showed ferric carboxymaltose is associated with a severe and
prolonged status of hypophosphatemia than iron isomaltoside [226]. The occurrence of
hypophosphatemia varies widely from 34% [224] to 70% [192] of the patients. Therefore,
phosphate level should be monitored before initiation and after IV iron therapy.

Based on the above discussion, | can conclude my thesis by summarizing that
although preoperative anemia is an ongoing problem, there are promising solutions.
Moreover, the short answer to my thesis question, that is Is preoperative injection of
intravenous iron a safe and effective treatment to increase hemoglobin and minimize
allogeneic blood transfusion? would appear to be “yes”, although more work is needed

for the definitive answer.

5.1. CONCLUSION

The first step in solving this problem is establishing the correct diagnosis and the
reason for the ID. In most patients, the ID should be treated with IV iron supplementation
therapy to correct anemia and to replenish iron body store that indicated by normal or
high serum ferritin. It may be necessary to distinguish the underlying etiology of the
anemia, to correct it properly, and to avoid recurrence of the deficiency. The therapeutic

objective is stabilization of Hb levels as rapidly as possible by administration of IV Iron.
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The data presented in my thesis suggest that administration of large doses of the
current IV iron agents, which contain more IV iron per preparation in a four-week window
before surgery would be more efficient, and safe as a potential strategy to treat
preoperative anemia. Further full-scale trials are still recommended to investigate such
large doses in the operational setting. | think the design of the ideal further trials should
to be statistically powered to the proportion of the transfused participants rather than the
hemoglobin level change. A higher dose of IV iron should be given as per the most recent
international consensus statement above (1000-1500 mg administered in two divided
doses). Moreover, the outcomes should include in addition to the transfusion rate,
hemoglobin and ferritin level change, quality of life, and the cost-effectiveness of the

treatment.
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APPENDICES

6.1. APPENDIX 1: SAMPLE SEARCH STRATEGY

MEDLINE through OVID search strategy

Database: Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations, Ovid
MEDLINE(R) Daily and Ovid MEDLINE(R) <1946 to Present> December 15, 2016

1. lron/

2. exp Iron Compounds/

3. (iron or dextran or venofer or ferric or ferrous or ferrlecit).mp. [mp =title, abstract,
original title, name of substance word, subject heading word, keyword heading word,
protocol supplementary concept, rare disease supplementary concept, unique identifier]
4.1or2o0r3

5. exp Anemia/

6. (anemi* or anaemi*).mp. [mp =title, abstract, original title, name of substance word,
subject heading word, keyword heading word, protocol supplementary concept, rare
disease supplementary concept, unique identifier]

7.50r6

8.4and7

9. exp perioperative care/ or exp perioperative period/

10. exp Specialties, Surgical/

11. exp Surgical Procedures, Operative/

12. (preoperat® or postoperat* or perioperat* or operati* or surg* or presurg* or
postsurg*® or perisurg*).mp. [mp =title, abstract, original title, name of substance word,
subject heading word, keyword heading word, protocol supplementary concept, rare
disease supplementary concept, unique identifier]

13.90r100r 11 or 12

14. 8 and 13
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15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.

randomized controlled trial.pt.

clinical trial.pt.
randomi?ed.ti,ab.
placebo.ti,ab.
dt.fs.
randomly.ti,ab.
trial.ti,ab.
groups.ti,ab.
or/15-22
animals/
humans/

24 not (24 and 25)
23 not 26

14 and 27
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6.2.

APPENDIX 2: DEFINITIONS

Major surgery is defined as any aggressive operating technique in which an
organ was excised, a wide resection was achieved, organs are removed, a body
cavity was entered, or normal body anatomy was distorted.

Post-operative nosocomial infection defined as having temperature >38°C in the
last 24 hours with signs indicating infection and/or receiving antimicrobials
beyond those used for routine perioperative prophylaxis.

Transfusion-related acute lung injury (TRALI) syndrome, defined as a condition
of acute respirational distress, which follows a recent allogeneic blood
transfusion without having any pre-existing lung damage.

Neurologic complications, defined as any focal neurological insufficiency in the
form of new stroke, seizure, or transient ischemic attack. It could be associated
with/without decreased level of consciousness.

Acute kidney injury, defined as presence of oliguria (urine output less than 500
ml/24 hours) and/or an increase in serum creatinine level greater than 25% or
44.2 umol/L from a stable pre-operative baseline level.

Any reported reaction or side outcome from receiving allogeneic blood
transfusion. These may involve but are not limited to: hemolysis of transfused red
cells; fever; iron overload; alloimmunization; formation of antibodies against any
of the blood elements; post-transfusion purpura; graft vs. host disease;
immunomodulation; or infection.

Any reported adverse reaction, defined as any damaging influence that is
hypothetically related to the use of IV iron injection that necessitates a therapy,
and/or withdrawal of the IV iron, or alteration of the dosage regimen.

An unexpected adverse reaction is any adverse reaction to |1V iron with different
severity or nature not reported in the information about IV iron injection either in
marketing summary of product, previous literature, or in the investigator's trial

protocol.
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B Serious adverse events (SAEs), is defined as any anticipated or unpredicted
adverse event that will be described as a harmful reaction potentially caused by
IV iron injection necessitating extension of the current hospital stay or a new
hospital admission, causing significant disability, producing congenital

abnormality, or mortality.
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6.3. APPENDIX 3: PRISMA FLOW CHART

Records identified through
database searching (n =)

Additional records identified
through other sources

(n=)

[Included

(n=)

\ 4

Duplicates removed

(n=)

l

Records screened

(n=)

Articles didn’t meet our
inclusion criteria (n =)
(n =\

!

for eligibility (=)
(n=)

Full-text articles assessed

Full-text articles excluded with
reasons (n =)

!

Studies included in
qualitative synthesis

(n=)

!

Studies included in
quantitative synthesis
(meta-analysis) (n =)
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6.4. APPENDIX 4-A: TEMPLATE FOR INCLUDED STUDIES BASELINE CHARACTERSTICS

Age as mean (SD,
median, or range:
Intravenous
iron/control or oral
iron

Female Sex:
Intravenous
iron/control or oral
iron

Baseline
hemoglobin (g/L) in
Intravenous iron
group

Baseline
hemoglobin (g/L) in
control or oral iron
group

Baseline ferritin
(mcg/L) in
Intravenous iron
group

Baseline ferritin
(mcg/L) in
control or oral
iron group
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6.5. APPENDIX 4-B: TEMPLATE FOR INCLUDED STUDIES DESCRIPTION

Study and | Country | Surgery Patients Anemic Comparator | Intravenous Last follow-up
year type number: Patients were iron dosage time
Intravenous recruited regimen
iron/control
or oral iron
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6.6. APPENDIX 4-C: TEMPLATE FORINCLUDED STUDIES RESULS POST-TREATMENT

Transfusion
rate:
Intravenous
iron vs.
control or
oral iron

Hemoglobin

(g/L):
Intravenous

iron group vs.

control or oral
iron

Ferritin
(ng/mL):
Intravenous

iron group vs.

control or oral
iron

Incidence of
adverse
effects in
Intravenous
iron group

Vs.

control or oral
iron

Infection
(%):
Intravenous
iron vs.
control or
oral iron

Mortality (%):
Intravenous
iron vs.
control or
oral iron

Length of Hospital
Stay: Intravenous

iron vs. control or
oral iron
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6.7. APPENDIX 5: THE COCHRANE COLLABOATION’S TOOL FOR ASSESSING RISK OF BIAS

Source of bias

Review authors’ judgment

RCT#1

RCT#2

Random sequence

generation

Selection bias due to inadequate generation of a randomized

sequence

low/unclear/high

low/unclear/high

low/unclear/high

Allocation concealment

Selection bias due to inadequate concealment of allocations

before assignment

low/unclear/high

low/unclear/high

low/unclear/high

Blinding of participants

and personnel

Performance bias due to knowledge of the allocated interventions

by participants and personnel during the study conduction

low/unclear/high

low/unclear/high

low/unclear/high

Blinding of outcome

assessment

Detection bias due to knowledge of the allocated interventions by

outcome assessment

low/unclear/high

low/unclear/high

low/unclear/high

Incomplete outcome
data

Attrition bias due to amount, nature, or handling of incomplete

outcome data

low/unclear/high

low/unclear/high

low/unclear/high

Selective reporting

Reporting bias due to selective outcome reporting

low/unclear/high

low/unclear/high

low/unclear/high

Other sources of bias

Bias due to problems not covered elsewhere in the table.

low/unclear/high

low/unclear/high

low/unclear/high
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6.8. APPENDIX 6: CHARACTERSTICS INCLUDED STUDIES’ TABLES

Table 1: Bernabeu-Wittel et al., 2016

Methods Participants characteristics
Country Spain
Type of surgery Hip fracture surgery

Number of participants: Intravenous
iron/placebo

Post-randomization dropout(s):

Main age (y): Intravenous iron/placebo
Female sex (%)

Intravenous iron: placebo

Control arm:

Inclusion criteria:

Exclusion criteria:

103/100

Three out of 306
84.6+6.2/82.3+6.9
81.5: 87

Placebo

Patients of age at least 65 years, osteoporotic HF requiring surgical repair, hemoglobin levels
between 90 and 120 g/L, and signed informed consent form.

Patients with marrow diseases that could interfere in the erythropoietic process, blood
coagulation diseases or current treatment with anticoagulants, documented allergy or
intolerance and/or contraindication to EPO use and/or IV iron, rheumatoid arthritis and/or
another demonstrated origin of inflammatory anemia and/or uncontrolled arterial
hypertension, current or previous treatment with EPO or IV iron for at least 3 months, and

chronic renal failure receiving hemodialysis or peritoneal dialysis.
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Intervention:

Trial’s outcomes reported and related to
the study primary outcomes:

Time of outcomes measurements:

Last follow-up time:

Additional notes:

Participants were randomly allocated to one of the following groups:

Group 2: IV iron arm who received 1000 mg of IV FCM (two 500 mg vials diluted in a bottle of
250 mL of saline, with opaque plastic bag and infusion system), in a 20-min infusion.

Group 3: placebo arm who received Subcutaneous single-dose placebo (saline) in a prefilled
1-mL syringe. |V placebo (250 mL of saline, with opaque plastic bag and infusion system), in

a 20-min infusion.

Outcomes reported were change in hemoglobin levels and blood transfusion requirements.

Hemoglobin levels were measured at 24 and 72 hours after surgery, at discharge, and after
60 days. Transfusion requirement was measured during hospitalization and after 60 days of
hospital discharge.

Sixty days post-hospital discharge

The trial recruited anemic patients.

Attempts to contact the trial authors to request more data were unsuccessful.
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Table 2: Edwards et al. 2009

Methods

Participants characteristics

Country UK

Type of surgery Colorectal cancer resection
Number of participants: Intravenous iron/ | 34/26

placebo

Post-randomization dropout(s): Not stated

Main age (y): Intravenous iron/placebo Median 67/70

Female sex (%) 35: 35

Intravenous iron: placebo

Control arm: Placebo

Inclusion criteria:

Adult patients undergoing bowel resection surgery for colorectal cancer.

Exclusion criteria:

Patients under 18-years old
Patients were receiving oral iron in the last six weeks of the day they were approached.
Patients received a blood transfusion within that same period.

When the surgery time fall within 15 days of date of recruitment.

Intervention:

Participants were randomly allocated to one of the following groups:
Group 1: IV iron arm who received 300 mg iron sucrose in 2 infusions separated at least 24
h apart, 14 days pre-surgery.

Group 2: placebo arm who received an equal volume of normal saline.
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Trial’s outcomes reported and related to

the study primary outcomes:

Outcomes reported were change in hemoglobin levels and blood transfusion requirements.

Time of outcomes measurements:

Hemoglobin levels were measured at recruitment, pre-surgery surgery, post-surgery, and

at discharge. Transfusion requirement was measured post-surgery.

Last follow-up time:

Hospital discharge

Additional notes:

The trial recruited anemic and non-anemic patients.

Attempts to contact the trial authors to request more data were unsuccessful.
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Table 3: Froessler et al. 2016

Methods

Participants characteristics

Country

Type of surgery

Number of participants: Intravenous
iron/placebo

Post-randomization dropout(s):
Main age (y): Intravenous iron/usual
care

Female sex (%)

Intravenous iron: usual care

Control arm:

Inclusion criteria:

Exclusion criteria:

Intervention:

Australia
Major Abdominal Surgery
40/32

Not stated
64+ 15/68 +15

53: 47

Usual care

Adult patients >18 years with ferritin <300 mcg/L, transferrin saturation <25%, Hb <12.0
g/dL for women, Hb <13.0 g/dL for men.

Patients under 18-years old.

Participants were randomly allocated to one of the following groups:

Group 1: IV iron arm who received ferric carboxymaltose, given as a single dose over 15
minutes, before surgery (simplified dosing protocol; 15mg/kg bodyweight to a maximum
dose of 1000 mg). Postoperatively, within two days of surgery, participants received 0.5 mg
of ferric carboxymaltose per recorded 1 mL of blood loss, if blood loss was at least 100 ml.

Group 2: placebo arm who received usual care.

155



Trial’s outcomes reported and related Outcomes reported were change in hemoglobin levels and blood transfusion requirements.

to the study primary outcomes:

Time of outcomes measurements: Hemoglobin levels were measured at recruitment, pre-surgery surgery, day post-surgery,
and at discharge. Transfusion requirement was measured post-surgery.

Last follow-up time: Four weeks after surgery.

Additional notes: The trial recruited anemic patients only.
Attempts to contact the trial authors to request more data were unsuccessful.
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Table 4: Garrido-Martin et al. 2012

Methods Participants characteristics
Country Spain
Type of surgery On-pump cardiac surgery

Number of participants: Intravenous
iron/placebo

Post-randomization dropout(s):

Main age (y):
Intravenous iron/ placebo
Female sex (%)
Intravenous iron: placebo
Control arm:

Inclusion criteria:

Exclusion criteria:

54/52

The consort flow chart of the study showed two patients in the IV iron group, and three
patients in the placebo group were lost to follow-up.
65+11/65+12

30: 23

Placebo.

Patients older than 18 years of age, elective cardiac surgery under extracorporeal circulation
(EC), without previous anemia, susceptible to treatment, without pre- operative blood
transfusion, able to complete all study visits per protocol and providing written informed
consent.

Elective cardiac surgery patients without EC, treatment with fibrinolytic therapy 48 h before
CPB surgery, history of impaired renal function (creatinine clearance <50 ml/min), previous
surgery for active endocarditis, redo-surgery patients, pregnant or lactating, signs of active

gastrointestinal bleeding, vitamin B12 deficit, ferropenic anemia, clinical history of asthma or
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Intervention:

Trial’s outcomes reported and related
to the study primary outcomes:

Time of outcomes measurements:

Last follow-up time:

Additional notes:

allergy, active infection, included in another clinical study, hepatic disease, history of allergy to
iron, unlikely to adhere to protocol follow-up, unable to comply with the study protocol.
Participants were randomly allocated to one of the following groups:

Group 1: IV iron arm, patients were treated pre- and postoperatively with Intravenous iron (lll)-
hydroxide sucrose complex (Venofer®; Uriach Lab.) 100 mg of intravenous iron/24 h during
pre- and postoperative hospitalization.

Group 3: placebo arm, patients were treated pre- and postoperatively with oral and
intravenous placebo.

Outcomes reported were change in hemoglobin levels and blood transfusion requirements.

Hemoglobin levels were measured at entry operating room exit operating room, ICU
admission, ICU discharge, at hospital discharge and at a month of discharge. Transfusion
requirement was measured in the operating room, in the ICU, and in the cardiac ward.
One month after discharge.

The trial recruited non-anemic patients.

Attempts to contact the trial authors to request more data were unsuccessful.
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Table 5: Johansson et al. 2015

Methods

Participants characteristics

Country

Type of surgery

Number of participants: Intravenous
iron/placebo

Post-randomization dropout(s):

Main age (y): Intravenous iron/ placebo
Female sex (%)

Intravenous iron: placebo

Control arm:

Inclusion criteria:

Exclusion criteria:

Denmark
Cardiac surgery
26/25

In the patient disposition chart, they mentioned that one patient withdrew his consent, four
patients from the IV group and five patients from the placebo group discontinued the trial.
The discontinuation was comparable between the two treatment groups (group A: 13 3% [4/
30]; group B: 16 7% [5/30]).

65+ 8/65+ 11

13: 13

Placebo

Adult patients undergoing elective or sub-acute CABG, valve replacement or a combination
with a Hb 212 0 g/dl for women and a Hb 213 0 g/dl for men, and who were willing to
provide written informed consent.

Patients with iron overload or disturbances in utilization of iron (e.g. hemochromatosis and
hemosiderosis), s-ferritin >800 ng/ml, known hypersensitivity to any excipients in the
investigational drug products, history of multiple allergies, decompensated liver cirrhosis and

hepatitis, alanine aminotransferase >3 times normal upper value, acute infections,

159



Intervention:

Trial’s outcomes reported and related to
the study primary outcomes:

Time of outcomes measurements:

Last follow-up time:

Additional notes:

rheumatoid arthritis with symptoms or signs of active joint inflammation, pregnant or nursing
women, participation in any other clinical trial where the trial drug had not passed five half-
lives prior to screening, untreated vitamin B12 or folate deficiency, other IV or oral iron
treatment within four weeks prior to screening visit, erythropoietin treatment within four
weeks prior to screening visit, and impaired renal function defined by serum creatinine >150
pMmol/L. Patients who received blood transfusion <30 days before screening and/or during
the surgery were excluded from participation in the trial.

Participants were randomly allocated to one of the following groups:

Group 1: IV iron arm who received isomaltoside 1000 mg as a single-dose infusion of 1000
mg over 15 min with a maximum single dose of 20 mg/kg.
Group 2: placebo arm who received saline as a single-dose infusion of 100 ml over 15 min.

Outcomes reported were change in hemoglobin levels and blood transfusion requirements.

Hemoglobin and ferritin levels were measured at one day before surgery or same day, at
day five post-surgery and four weeks postoperatively. Transfusion requirement was
measured post-surgery till four weeks postoperatively.

Four weeks after surgery.

The trial recruited non-anemic patients.

Attempts to contact the trial authors to request more data were unsuccessful.
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Table 2: Keeler et al. 2017

Methods

Participants characteristics

Country

Type of surgery

Number of participants: Intravenous
iron/oral iron

Post-randomization dropout(s):

Main age (y): Intravenous iron/oral iron
Female sex (%)

Intravenous iron: control /oral iron
Control arm:

Inclusion criteria:

Exclusion criteria:

Intervention:

UK
Colorectal cancer resection

2/4 (who did not have surgical resection)

Not stated
Median (IQR) 73-8 (67-4—78-6)/74-7 (67-9-80-8)
39: 36

Oral iron

Anemic patients (at least 10 g/L of hemoglobin below the WHO definition of anemia) who
are medically fit for surgery, willing to participate and undergoing elective bowel resection
surgery for colorectal cancer without metastasis. Their surgery has to be scheduled at least
14 days from date of planned initiation of iron infusion.

Female patients who were pregnant, lactating or planning a pregnancy during the course of
the study. Patients with known blood, kidney, liver disease, iron overload, or allergic to
intravenous iron or related iron products. Anemic patients necessitating urgent transfusion
or planned blood donation during the study, or who had prior gastric or intestinal operation.
Participants were randomly allocated to one of the following groups:
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Trial’s outcomes reported and related to
the study primary outcomes:

Time of outcomes measurements:

Last follow-up time:

Additional notes:

Intravenous iron group: ferric carboxymaltose with a maximum dose of 1000 mg per week
and a maximum of 2000 mg during the trial. The total dose was ranged between 1000 mg-
2000 mg according to the body weight and the hemoglobin level. If patients required two
doses, the second dose was administered at least 7 days after the first dose.

Group 2: oral iron arm who received ferrous sulphate 200mg twice daily and was continued
until surgery.

Outcomes reported were change in hemoglobin levels and blood transfusion requirements.

Hemoglobin levels were measured at recruitment, pre-surgery surgery (on
the day of surgery), and post-surgery. Transfusion requirement was

measured from the recruitment time till post-surgery.

As a routine postoperative outpatient follow-up appointment about 2—-3
months post- hospital discharge.

The trial recruited anemic patients.

Attempts to contact the trial authors to request more data were

unsuccessful.
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Table 6: Kim et al. 2009

Methods

Participants characteristics

Country

Type of surgery

Number of participants: Intravenous
iron/oral iron

Post-randomization dropout(s):

Main age (y): Intravenous iron/oral iron
Female sex (%)

Intravenous iron: control /oral iron

Control arm:

Inclusion criteria:

Exclusion criteria:

Intervention:

South Korea
Gynecological surgery for menorrhagia
30/26

9 (23.1%) patients in the intravenous group and 11(29.7%) patients in the oral iron group.
42.0+7.4/42.3+8.0
100:0

Oral iron

Patients having menorrhagia with hemoglobin levels below 9.0 g/dL diagnosed as iron
deficiency anemia and scheduled to undergo surgical treatment.

Anemia from causes other than iron deficiency.

Current administration of iron.

Previous iron therapy or transfusion within three months.

History of hematological disease.

Chronic disease not suitable for clinical trial.

Participants were randomly allocated to one of the following groups:
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Trial’s outcomes reported and related to
the study primary outcomes:

Time of outcomes measurements:

Last follow-up time:

Additional notes:

Group 1: IV iron arm who received 200 mg iron sucrose three times a week starting three
weeks prior surgery until target hemoglobin of 10 g/dL was achieved.

Group 2: placebo arm who received two ampoules of protein succinylate (80 mg of elementary
iron per day) beginning three weeks before surgery until the time of surgery.

Outcomes reported were change in hemoglobin levels.

Hemoglobin levels were measured pre-treatment and just prior to surgery.
Hospital discharge

The trial recruited anemic patients only.

Attempts to contact the trial authors to request more data were unsuccessful.
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Table 7: Serrano-Trenas et al. 2011

Methods Participants characteristics
Country Spain
Type of surgery Hip fracture surgery in elderly patients

Number of participants: Intravenous
iron/standard protocolized treatment

Post-randomization dropout(s):

Main age (y): Intravenous iron/standard
protocolized treatment

Female sex (%)

Intravenous iron: standard protocolized
treatment

Control arm:

Inclusion criteria:

Exclusion criteria:

99/97

In the patient flow diagram, authors mentioned that 11 patients died (1 patient before surgery,
five patients before discharge, and five patients before check-up and patient departure). From
the control group, 10 patients died (3 patients before surgery, five patients before discharge, and
two patients before check-up and patient departure).

83.46+7/82+6

80: 79

The standard protocolized treatment

Patients aged over 65 undergoing hip fracture surgery.

Patients diagnosed before the admission of patient (iron overload disorders, hyper- sensitivity to
oral or parenteral iron preparations, asthma or other severe atopic, active infection or neoplasm),
treatment with clopidogrel or with acetylsalicylic acid at dose rates greater than 150 mg/24 houir,

no surgical indication for the current fracture, disorders impaired coagulation (partial
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Intervention:

Trial’s outcomes reported and related to
the study primary outcomes:

Time of outcomes measurements:

Last follow-up time:

Additional notes:

thromboplastin time > 2.5%, international normalized ratio > 1.5), liver disorders with elevated
trans- aminases (aspartase aminotransferase [AST] > 70 U/L, alanine aminotransferase [ALT] >
55 U/L), and chronic kidney failure (creatinine > 2 mg/dL) or patients including in dialysis. No one
of their patients refused the transfusion.

Participants were randomly allocated to one of the following groups:

Group 1: Control arm who received the standard protocolized treatment.

Group 2: IV iron arm who received three doses of 200 mg at 48-hour intervals, starting on the
day of admission; administration was by slow perfusion of two 100-mg ampoules diluted in 250
mL of 9% saline solution over a 90-minute period. The first dose was administered in the first 24
hours after admission, always before surgical intervention. The following doses were
administered before or after surgery, depending on the time of surgery.

Outcomes reported were change in hematocrit, and blood transfusion requirements. We
received the data for the hemoglobin change after contacting the first author.

Hematocrit values were measured on admission, at one-day post-surgery, and 7-days
postoperatively. Transfusion requirement was measured post-surgery till four weeks
postoperatively.

Hospital discharge

The trial recruited anemic and non-anemic patients

We contacted the first author, and he provided us with the hemoglobin data.
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Table 8: Shah et al. 2016

Methods Participants characteristics
Country India
Type of surgery Gynaecological surgery for menorrhagia

Number of participants: Intravenous iron/oral 55/55

iron

Post-randomization dropout(s): In the patient flow diagram, authors mentioned that 11 patients died (one patient before
surgery, five patients before discharge, and five patients before check-up and patient
departure). From the control group, 10 patients died (3 patients before surgery, five patients
before discharge, and two patients before check-up and patient departure).

Main age (y): Intravenous iron/oral iron Majority of women were in the age group of 40-49 years (59% and 57% in group A and B

respectively).

Female sex (%) 100:0

Intravenous iron: oral iron

Control arm: Oral iron

Inclusion criteria: Patients with Hb less than 10 gm/dl; features of iron deficiency were evidenced by hypochromic
microcytic anemia, low MCV, MCH and MCHC values, increased RDW, low serum iron and
serum ferritin levels; and women having their surgical procedure at least three to four weeks
after preoperative assessment.

Exclusion criteria: Exclusion criteria were anemia other than iron deficiency; those women requiring early surgery,

i.e., women with malignancy; and those unwilling to participate in the study.
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Intervention:

Trial’s outcomes reported and related to the
study primary outcomes:

Time of outcomes measurements:

Last follow-up time:

Additional notes:

Participants were randomly allocated to one of the following groups:

Group A: IV iron arm who received 100 mg iron sucrose in 100 ml normal saline by slow IV
infusion. The dose was repeated on alternate day basis until target hemoglobin of 10 g/dL was
achieved. The treatment either with IV iron or oral iron starts 4-weeks pre-surgery.

Group B: Control arm who received ferrous sulphate as oral iron in the dose of one tablet (200
mg salt) three times a day.

Outcomes reported were change in Hb levels.

Hemoglobin values were measured pre-treatment and 4-weeks post-treatment (pre-surgery).
Hospital discharge
The trial recruited anemic patients.

Attempts to contact the trial authors to request more data were unsuccessful.
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Table 9: Weisbach et al. 1999

Methods Participants characteristics
Country Germany
Type of surgery Major orthopedic or cardiovascular surgery

Number of participants: Intravenous iron/no  30/30

iron medication

Post-randomization dropout(s): Quote: “Of these 123 patients, 90 completed the study. Eight patients dropped out of the study
because of acute viral and bacterial infections, two patients did not take oral iron as planned,
eight patients refused to continue for reasons unrelated to iron medication, and four patients
developed unstable angina or cardiac insufficiency. In 7 patients, ABD could not be continued
as planned because of insufficient vein access or severe vasovagal reactions. Four patients
dropped out of the study because of suspected side effects of iron therapy as de- scribed
below. Overall, 13 patients were excluded from Group 2, 11 from Group 1, and nine from
Group 3. Finally, each of the three treatment groups consisted of 15 females and 15 male
patients. One female patient in Group 3 who completed ABD did not undergo surgery. This

patient was included in the analysis of the preoperative period”.

Main age (y): Intravenous iron/no iron 64.4 £ 14.7/64.1 £ 9.5
medication
Female sex (%) 50: 50

Intravenous iron: no iron medication

Control arm: No iron medication
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Inclusion criteria:

Exclusion criteria:

Intervention:

Trial’s outcomes reported and related to the
study primary outcomes:

Time of outcomes measurements:

Last follow-up time:

Additional notes:

Adult patients (>18years old) scheduled for autologous blood transfusion from Day —49 to Day
—35 before major orthopedic or cardiovascular surgery, with a minimum of 3 autologous units
scheduled for collection.

Patients with general contraindications of ABD, evidence of blood loss, renal disease, chronic
and acute inflammatory or malignant disorders, pregnancy, lactation or inadequate
contraception, myelotoxic therapy as evaluated by clinical history, body weight under 50 kg,
initial ferritin <20 pg per L, and a C-reactive protein level over 0.9 mg per dL, or occult
gastrointestinal blood loss.

Participants were randomly allocated to one of the following groups

Group 2: IV iron arm who received 200 mg of iron sucrose, given after each donation. At
enrolment, at least one week before the first donation, an initial IV iron dose was given to fill
iron stores, to optimize iron availability in patients with a Hb level below 15 g per dL

Group 3: IV control arm who received no iron medication.

Outcomes reported were change in hemoglobin levels and blood transfusion requirements.

Hemoglobin was measured at enrolment, at every donation, and at surgery. Transfusion
requirement was measured postoperatively.

Hospital discharge

The trial recruited non-anemic patients.

Attempts to contact the trial authors to request more data were unsuccessful.
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6.9. APPENDIX7: THE ETHICAL APPROVAL FORM

Date: June 5, 2014
Study ID: Pro00045780
Principal Investigator: Steven Meyer

Studv Tit Role of perioperative intravenous iron therapy to correct anemia before cardiac surgery: a
udy Title: .
case series study

Approval Expiry Date: June 4, 2015

Thank you for submitting the above study to the Health Research Ethics Board - Health Panel. Your application,
including revisions received May 15, 22 and June 3, 2014, has been reviewed and approved on behalf of the
committee.

The Health Research Ethics Board assessed all matters required by section 50(1)(a) of the Health Information Act. It
has been determined that the research described in the ethics application is a retrospective chart review for which
subject consent for access to personally identifiable health information would not be reasonable, feasible or practical.
Subject consent therefore is not required for access to personally identifiable health information described in the ethics

application.
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https://remo.ualberta.ca/REMO/Personalization/MyProfile?Person=com.webridge.account.Person%5BOID%5B3FA3FDD8B1F59A46917B83E1707F3C27%5D%5D

In order to comply with the Health Information Act, a copy of the approval form is being sent to the Office of the
Information and Privacy Commissioner.

A renewal report must be submitted next year prior to the expiry of this approval if your study still requires ethics
approval. If you do not renew on or before the renewal expiry date (June 4, 2015), you will have to re-submit an ethics
application.

Approval by the Health Research Ethics Board does not encompass authorization to access the patients, staff or
resources of Alberta Health Services or other local health care institutions for the purposes of the research. Enquiries
regarding Alberta Health approvals should be directed to (780) 407-6041. Enquiries regarding Covenant Health
approvals should be directed to (780) 735-2274.

Sincerely,

Anthony S. Joyce, Ph.D.

Chair, Health Research Ethics Board - Health Panel

Note: This correspondence includes an electronic signature (validation and approval via an online system).
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