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Abstract
BACKGROUND
Anemia is considered a public health issue and is often caused by iron deficiency. Iron-deficiency anemia (IDA) often originates from blood loss from lesions in the gastrointestinal tract in men and postmenopausal women, and its prevalence among patients with gastrointestinal bleeding has been estimated to be 61%. However, few guidelines regarding the appropriate investigation of patients with IDA due to gastrointestinal bleeding have been published.

AIM
To review current evidence and guidelines concerning IDA management in gastrointestinal bleeding patients to develop recommendations for its diagnosis and therapy.

METHODS
Five gastroenterology experts formed the Digestive Bleeding and Anemia Workgroup and conducted a systematic literature search in PubMed and professional association websites. MEDLINE (via PubMed) searches combined medical subject headings (MeSH) terms and the keywords ‘gastrointestinal bleeding’ with ‘iron-deficiency anemia’ and ‘diagnosis’ or ‘treatment’ or ‘management’ or ‘prognosis’ or ‘prevalence’ or ‘safety’ or ‘iron’ or ‘transfusion’ or ‘quality of life’, or other terms to identify relevant articles reporting the management of IDA in patients over the age of 18 years with gastrointestinal bleeding; retrieved studies were published in English between January 2003 and April 2019. Worldwide professional association websites were searched for clinical practice guidelines. Reference lists from guidelines were reviewed to identify additional relevant articles. The recommendations were developed by consensus during two meetings and were supported by the published literature identified during the systematic search.

RESULTS
From 494 Literature citations found during the initial literature search, 17 original articles, one meta-analysis, and 13 clinical practice guidelines were analyzed. Based on the published evidence and clinical experience, the workgroup developed the following ten recommendations for the management of IDA in patients with gastrointestinal bleeding: (1) evaluation of hemoglobin and iron status; (2) laboratory testing; (3) target treatment population identification; (4) indications for erythrocyte transfusion; (5) treatment targets for erythrocyte transfusion; (6) indications for intravenous iron; (7) dosages; (8) monitoring; (9) indications for intravenous ferric carboxymaltose treatment; and (10) treatment targets and monitoring of patients. The workgroup also proposed a summary algorithm for the diagnosis and treatment of IDA in patients with acute or chronic gastrointestinal bleeding, which should be implemented during the hospital stay and follow-up visits after patient discharge.

CONCLUSION
These recommendations may serve as a starting point for clinicians to better diagnose and treat IDA in patients with gastrointestinal bleeding, which ultimately may improve health outcomes in these patients.
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Core Tip: Iron-deficiency anemia (IDA) is a public health issue often caused by gastrointestinal bleeding. Few clinical practice guidelines regarding the appropriate investigation of IDA due to gastrointestinal bleeding were published. Therefore, five gastroenterology experts conducted a systematic search in PubMed and medical association websites to analyze the current evidence and guidelines on IDA management in patients with gastrointestinal bleeding. From 494 search results, 13 clinical practice guidelines, 17 original articles, and one meta-analysis were analyzed. Ten recommendations were developed for screening, treatment indications, appropriate therapies, and treatment goals, being a starting point for diagnosing and treating IDA in gastrointestinal bleeding patients.


INTRODUCTION
Anemia is a public health issue affecting approximately 25% of the world’s population[1]. Several anemia etiologies exist, and of these, iron deficiency is the most widespread and is estimated to cause up to 50% of all anemia cases[1]. Iron-deficiency anemia (IDA) often originates from blood loss from lesions in the gastrointestinal tract in men and postmenopausal women[2,3]. The prevalence of IDA among patients with gastrointestinal bleeding has been estimated to be 61%[4]. However, studies have shown that IDA is often underdiagnosed, underrecognized, and undertreated in hospitalized patients with gastrointestinal bleeding[5-7]. Moreover, evidence suggests that therapeutic approaches for iron-deficiency correction have been poorly implemented[5-7], and clinical practice guidelines are not being followed[6].
Treatment options for correcting IDA in patients with gastrointestinal bleeding include the administration of oral or intravenous iron therapy and transfusion. Oral iron is often considered a first-line treatment because it is safe, inexpensive, and convenient[8]. However, many patients with gastrointestinal bleeding have a poor response to oral iron therapeutics because of gastrointestinal side effects, malabsorption, or requirements of higher supplemental iron doses to correct iron deficiency that consequently aggravate side effects[9]. In these situations, intravenous iron formulations may be a more effective and better tolerated therapeutic alternative than oral formulations[10-13]. Proper treatment of IDA alleviates symptoms of iron deficiency, such as fatigue[14], and improves quality of life[14-16].
Clinical practice recommendations and guidelines on the management of IDA in gastrointestinal bleeding patients are still scarce[12,13,17], and there is no standardization on the management of these patients[13], in which different strategies have been used in daily clinical practice. Therefore, it is urgent to develop evidence-based recommendations to better diagnose and treat IDA in patients with gastrointestinal bleeding. The main purpose of this systematic review, developed by the Digestive Bleeding and Anemia Workgroup, is to provide recommendations for simple and uniform diagnostic and therapeutic approaches for IDA in patients with gastrointestinal bleeding.

MATERIALS AND METHODS
Consensus meetings
The Digestive Bleeding and Anemia Workgroup was formed in 2016 by five key opinion leaders in gastroenterology in Portugal. The Workgroup members have significant experience in the management of gastroenterology departments and clinical practice in gastroenterology emergencies. Two meetings were held in Coimbra (Portugal) in March 2017, with the sole purpose of reaching a consensus among the five experts regarding the diagnosis and treatment of IDA in patients with gastrointestinal bleeding. A consensus was reached through discussions during the meetings and was further supported by a systematic literature search.

Search strategy and details
We followed the preferred reporting items for systematic reviews and meta-analyses (PRISMA) statement to report the results of this review[18]. Key research questions were established and approved a priori by the authors.
One reviewer performed a literature search in MEDLINE (PubMed) for studies published from January 1, 2003, to the present. The last search was conducted on April 2, 2019. Search strategies combined MeSH terms and the free text terms ‘gastrointestinal bleeding’ crossed with ‘iron-deficiency anemia’ and ‘diagnosis’ or ‘treatment’ or ‘management’ or ‘prognosis’ or ‘prevalence’ or ‘safety’ or ‘iron’ or ‘transfusion’ or ‘quality of life’ or other terms. Complete search strategies are available in supplemental material SM1. The electronic database search was supplemented by searching for clinical practice guidelines on the websites of worldwide professional associations and reviewing the reference lists of the guidelines for relevant articles. Additional references were included after the peer review process.

Inclusion and exclusion criteria
The inclusion criteria were as follows: (1) studies that included adults ≥ 18 years of age; (2) studies that included patients with gastrointestinal bleeding (all etiologies); (3) studies that included patients with IDA; (4) systematic reviews with or without meta-analyses, clinical trials, registry-based studies, cohort studies, population-based studies, and clinical practice guidelines; (5) studies that were written in English; and (6) studies that were published after January 1, 2003.
The exclusion criteria were as follows: (1) studies including children < 18 years of age; (2) studies including animals; (3) studies in which abstracts or full-text articles were not available; (4) studies that included patients under critical care (emergency); (5) studies that included patients who refuse transfusion treatment; and (6) review articles, surveys, case reports, case series, case-control studies, comments, letters, conference abstracts or posters, or economic evaluations.

Study selection
One reviewer screened all titles and abstracts retrieved from the electronic searches to identify potentially eligible articles. Full texts of the potentially eligible articles were retrieved, and the same reviewer classified the articles as eligible, potentially eligible, unclear, or not eligible as well as the reason for exclusion. A second reviewer screened all full-text articles and reviewed the classifications. The second reviewer also screened potentially eligible or unclear full-text articles, determined whether they were eligible or not eligible and recorded the reason for exclusion. Disagreements were resolved by consensus.

Data collection
One reviewer extracted the relevant data. The extracted data included article or guideline characteristics (author or organization, year of publication, study type, number of patients, gastrointestinal etiology, subject sex, subject age, study period, country or region), incidence of IDA, mortality, rebleeding, rate of screening, rate of diagnosis, rate of treatment, recommended tests and thresholds for hemoglobin and/or serum ferritin for the diagnosis of IDA, target population for treatment, indications for erythrocyte transfusion, indications for intravenous iron treatment, recommendations for ferric carboxymaltose treatment, and treatment targets and timepoints.

RESULTS
Study and guideline characteristics
[bookmark: OLE_LINK42][bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK45]The results of the screening and selection process are shown in the flowchart in Figure 1. Our initial search yielded 494 literature citations, of which 51 were duplicates and were removed. The remaining 443 studies were screened by title and abstract. After excluding irrelevant studies, 69 studies were further assessed by reading the full texts. Of these, 38 were excluded; the remaining 31 studies were included in our analysis and comprised 17 original articles, 1 meta-analysis (Table 1), and 13 clinical practice guidelines (Table 2). Ten additional references regarding the differential diagnosis of IDA and anemia caused by inflammation, the potential role of ascorbic acid in increasing iron absorption, and the characteristics and advantages and disadvantages of oral and intravenous iron preparations were included after the peer review process [Northrop-Clewes[19], World Health Organization (WHO)[20], Shin et al[21], Infusino et al[22], Shubham et al[23], Koulaouzidis et al[24], Muñoz et al[25], Drozd et al[26], Jimenez et al[27], McDonagh et al[28]].

Recommendations for the management of IDA in patients with gastrointestinal bleeding
Diagnosis: Hemoglobin and iron status should be routinely evaluated in all patients with gastrointestinal bleeding.
Although IDA is common in patients with gastrointestinal bleeding, the rate of IDA screening is generally low[6,7]. Moreover, patients with IDA are less likely to be investigated than patients with iron deficiency according to published guidelines[6].
The recommendation that all patients with gastrointestinal bleeding should be assessed for hemoglobin and iron status is based on data from studies reporting a high prevalence of anemia and IDA and a high incidence of mortality among patients with gastrointestinal bleeding. Two retrospective studies assessed the prevalence of IDA in gastrointestinal bleeding. The first study from Bager et al[5] included 169 patients with nonvariceal acute upper gastrointestinal bleeding (AUGIB) and found that 82% of the patients had anemia at hospital discharge. The second study was a single-center study by El-Halabi et al[7],which included 307 patients with any gastrointestinal bleeding and reported that 47.4% of the patients had IDA.
Moreover, mortality among patients with gastrointestinal bleeding was reported in two observational studies[29,30]. Among patients with nonvariceal upper gastrointestinal bleeding (UGIB), 30 d mortality ranged from 4.9% to 5.4%[30,31], 1-year mortality was 13.9%, and 2-year mortality was 19.6%[30]. For patients with occult gastrointestinal bleeding, 10-year mortality was 13%[29]. In addition, a study by Rockey et al[32] found that 30 d mortality was higher among patients with acute bleeding (7%) than among patients with chronic bleeding (0%).

Laboratory tests should include determining serum hemoglobin and ferritin levels and transferrin saturation percentage
The WHO defines anemia as a hemoglobin level below 13 g/dL in men and below 12 g/dL in nonpregnant women[33]. Hemoglobin together with serum ferritin are commonly recommended by international and national guidelines as markers for IDA, and most guidelines agree with the cutoff value for hemoglobin as defined by the WHO[10,11,17,34]. According to several guidelines, the recommended serum ferritin cutoff value for diagnosing IDA ranges from 12 to 30 µg/L in the absence of inflammation and from 30 to above 100 µg/L in the presence of inflammation[10-12,17,34]. However, as serum ferritin is an acute-phase reactant, additional markers, such as transferrin saturation, may be required to confirm IDA. Three guidelines recommend measuring transferrin saturation, and the suggested cutoff for diagnosing IDA is below 16%[11,34] or below 20% in the presence of inflammation[10]. To the differential diagnosis of IDA and anemia caused by inflammation, WHO recommends to assess both the concentration of serum transferrin receptor and the serum transferrin receptor/log ferritin ratio[19,20] or log (serum transferrin receptor/ferritin) ratio[19]. Shin and colleagues reported that serum transferrin receptor/log ferritin ratio enabled an accurate diagnosis of IDA, as well as the differential diagnosis between IDA and anemia of chronic disease[21]. Infusino et al[22]. performed a meta-analysis and suggested that both serum transferrin receptor and the serum transferrin receptor/log ferritin ratio are useful to distinguish between patients with IDA and anemia of chronic disease, adding that serum transferrin receptor may be more efficient than the latter[22]. Koulaouzidis and colleagues critically reviewed the use of serum transferrin receptor as a marker for the evaluation of iron stores and suggested a cutoff value of 2.5 mg/L (29.5 nmoL/L) for the identification of IDA[24]. Nevertheless, serum transferrin receptor levels should not be used alone to distinguish between patients with or without iron deficiency in the presence of inflammation, because their levels are affected by the rate of erythropoiesis from any cause[20].

Target population for treatment
Treatment for IDA should be considered in patients with one or more of the following conditions: Evidence or clinical suspicion of gastrointestinal bleeding, i.e., the presence of melena or hematochezia or hematemesis or if there was IDA (hemoglobin < 13 g/dL in men, < 12 g/dL in women) or a positive fecal occult blood test; previously diagnosed but untreated anemia; hemoglobin levels > 7 g/dL and ≤ 10 g/dL and no indication for erythrocyte transfusion (see indications for erythrocyte transfusion); hemodynamic stability, i.e., the absence of visible active hemorrhaging, with systolic blood pressure > 100 mmHg and a heart rate < 100 beats per minute; comorbidities (for instance, heart or kidney disease); concomitant IDA with erythropoiesis-stimulating agents.
Iron deficiency should be corrected by iron treatment, with the goal of restoring hemoglobin levels, serum ferritin levels, and transferrin saturation to normal levels to avoid or reduce the need for erythrocyte transfusion. The decision to initiate iron treatment should be based on the patient’s history and symptoms and should consider comorbidities, hemodynamic stability, hemoglobin level and additional treatments. Gasche et al[11] suggested that the absolute indications for initiating intravenous iron treatment include hemoglobin levels below 10 g/dL, intolerance or inappropriate response to oral iron, severe intestinal disease activity, concomitant use of an erythropoietic agent, and patient preference. In patients who are not considered for iron treatment, other treatment options should be considered.

Indications for erythrocyte transfusion
The decision to transfuse erythrocytes should be individualized and based on multiple factors related to the patient’s clinical status. In general, erythrocyte transfusion should be considered in patients with: Hemoglobin levels below 7 g/dL; hemoglobin levels above 7 g/dL and below 8 g/dL and comorbidities or under postoperative care; hemoglobin levels between 8 g/dL and below 10 g/dL and symptomatic anemia (i.e., resulting in asthenia and a change in attention capacity), persistent bleeding, or heart disease; in exceptional cases, in patients with hemoglobin levels above 10 g/dL.
Treatment outcomes will depend on etiology, duration, and volume of blood loss. In general, a hemoglobin target of 7 to 9 g/dL should be considered in patients with levels below 7 g/dL and no comorbidities. For patients with comorbid illnesses (cardiovascular disease), hemoglobin target levels of 10 g/dL or above should be considered.
Current clinical practice restricts erythrocyte transfusion to special situations, such as severe anemia or anemia with comorbidities. Treatment with erythrocyte transfusion in patients with UGIB was associated with an increased risk of rebleeding in a meta-analysis of three randomized controlled trials (RCTs)[35] and one observational study[31]. Moreover, erythrocyte transfusion may also be linked to increased mortality, although the evidence is less conclusive than that for rebleeding. The abovementioned meta-analysis found an association between erythrocyte transfusion and increased mortality[35], whereas the observational study did not find an association[31]. Two large RCTs studied the hemoglobin threshold for initiating erythrocyte transfusion in patients with UGIB and its association with treatment complications. The study by Jairath et al[36] did not find any association between a restrictive transfusion strategy (8 g/dL) and rebleeding or mortality. The study by Villanueva et al[37] showed that a restrictive transfusion strategy (7 g/dL) was associated with better survival, a lower rate of further bleeding, and fewer complications than a more liberal transfusion strategy (9 g/dL). Similarly, an observational study by Subramaniam et al[30] found that for patients with hemoglobin levels above 9 g/dL, there was an association between the number of red blood cell units transfused and increased odds of rebleeding.
Most guidelines recommend a restrictive transfusion strategy for patients without comorbid illnesses, although the indications to initiate transfusion vary[10,13,38-42]. Most guidelines recommend transfusion when hemoglobin levels fall below 7 g/dL[10,38,40,41] and the target hemoglobin level is above 7 g/dL[40-43]. The recommended hemoglobin threshold and target levels for the included guidelines are shown in Table 3.
In addition to the recommendations mentioned above, there are exceptions in which a more liberal transfusion strategy can be adopted, such as in patients with comorbidities such as cardiovascular disease or massive bleeding[13,40-42]. However, the threshold differs between the guidelines, such as hemoglobin concentrations above 8 g/dL in patients with a history of cardiovascular disease[40] or acute coronary syndrome[41], above 9 g/dL in patients with cardiovascular ischemia or massive bleeding[42], or between 9 and 10 g/dL in patients with symptomatic coronary artery disease[13].
The decision to initiate erythrocyte transfusion should be decided on an individual basis after carefully weighing the potential benefits and risks. Patients with heart disease, symptomatic anemia, or persistent bleeding or those receiving postoperative care generally benefit from a less restrictive transfusion strategy. Moreover, the goal of erythrocyte transfusion should be to restore the hemoglobin concentration to a safe level and should generally be followed by iron supplementation to replenish iron stores.

Indications for intravenous iron
Intravenous iron should be considered for patients undergoing oral iron supplementation but not achieving IDA correction, reporting treatment-emergent adverse events, or reporting nonadherence to oral supplementation.
The goal of iron therapy is to normalize hemoglobin levels, serum ferritin levels, and transferrin saturation to avoid the need for erythrocyte transfusion. Two treatment approaches are available for restoring iron levels in patients with gastrointestinal bleeding: Oral and intravenous iron. Oral iron is the conventional treatment for IDA but has been associated with gastrointestinal side effects, malabsorption, and nonadherence. Intravenous iron, on the other hand, is generally well tolerated and considered safe[44-48]. One of the identified studies directly compared the effects of intravenous iron with oral iron in patients with nonvariceal AUGIB and found that both treatments were equally effective in restoring hemoglobin levels[44]. These findings were supported by clinical trials and retrospective studies showing that intravenous iron (ferric carboxymaltose or iron sucrose) was effective in restoring hemoglobin levels in patients with AUGIB and acute lower gastrointestinal bleeding[45], chronic gastrointestinal bleeding[47], and gastrointestinal disorder[46]. Intravenous iron (ferric carboxymaltose), however, has been shown to be more efficient in restoring ferritin levels and iron stores in patients with nonvariceal AUGIB than oral iron[44]. Although evidence is still scarce, in cases of suspected malabsorption, the co-administration of oral ascorbic acid may be considered to increase oral iron absortion[12,13,23]. Some pharmacological characteristics of worldwide available oral and intravenous iron preparations, as well as their advantages and disadvantages are shown in Table 4.
The decision to treat patients with intravenous iron should be based on the patient’s clinical history and preference. Moreover, international guidelines recommend intravenous iron as the first-line therapy for patients with inflammatory bowel disease[10,11,13,17,34], intolerance to oral iron[10-13,17], or poor response to oral iron[13,17], or according to patient preference[11].

Recommendations for intravenous ferric carboxymaltose treatment
The recommended maximum cumulative dose of ferric carboxymaltose is 1000 mg of iron (20 mL of ferric carboxymaltose) per week. Ferric carboxymaltose treatment can be administered one or two times, with an interval of at least one week (in cases in which patient iron dose requirements are > 1000 mg).
Patients should be monitored during the infusion and for 30 min after each administration of intravenous ferric carboxymaltose.
Ferric carboxymaltose treatment should not be considered in patients with one or more of the following conditions: (1) active bleeding; (2) first-trimester pregnancy; (3) active bacterial infection; (4) hemochromatosis or hemosiderosis; (5) Evidence of iron overload (ferritin levels > 800 μg/L and transferrin saturation > 50%); (6) hypersensitivity to ferric carboxymaltose preparations or any of its excipients; and (7) known severe hypersensitivity to other intravenous iron formulations.
Concentrations of ferric carboxymaltose up to 1000 mg have been administered in clinical trials without serious adverse events[44-47]. The recommendations regarding the administration of ferric carboxymaltose are based on the Digestive Bleeding and Anemia Workgroup’s clinical experience and the Summary of Product Characteristics[49]. In our opinion, the first step before administering ferric carboxymaltose is to evaluate the patients’ iron requirements. Calculations according to patient body weight and hemoglobin level are shown in Table 5. The second step is to calculate the required dosage using the criteria in Table 5 while considering the following conditions: A maximum single dose of ferric carboxymaltose containing 1000 mg of iron (without exceeding 20 mg/kg of body weight) with an infusion duration of 15 min.
The recommendation to monitor patients for 30 min after administration reflects common clinical practice and the findings from a clinical trial showing that ferric carboxymaltose may induce adverse events during drug infusion[47].

Treatment targets and monitoring of patients
After administration of intravenous iron and in the absence of persistent bleeding, the goal of IDA treatment is to increase the hemoglobin level by 1 to 2 g/dL within 2 to 4 wk and maintain a serum ferritin level ≥ 50 ng/mL (in the absence of inflammatory conditions), increase the number of reticulocytes within 3 to 5 d, and maintain transferrin saturation ≥ 30% for 4 to 6 mo after normalization of hemoglobin levels and once the etiological cause of anemia has been corrected.
Clinical trials have shown that increasing hemoglobin levels by 1 to 2 g/dL within 4 wk can be achieved with the administration of intravenous iron (ferric carboxymaltose)[44,46]. Similarly, a retrospective study of 38 patients with chronic gastrointestinal bleeding reported a median hemoglobin increase of 2.4 g/dL at 5 wk after ferric carboxymaltose treatment[47]. Moreover, an 2 g/dL increase in hemoglobin levels within 4 wk is also considered an acceptable speed of response according to several guidelines[10,11,34].
Two guidelines recommend serum ferritin target levels. Gasche et al[11] recommend maintaining serum ferritin above 100 µg/L, whereas the European Crohn’s and Colitis Organization guidelines recommend restoring serum ferritin to normal[10].
Reticulocytes are a relatively new biomarker for assessing response to iron treatment. Evidence supporting the monitoring of reticulocytes and their relevant target levels was therefore limited to one small clinical trial and recommendations in one guideline. Geisser et al[46] measured reticulocyte levels at baseline and 14 d after ferric carboxymaltose supplementation and found that the levels increased from 60 × 109/L to 89 × 109/L. Moreover, one guideline recommends measuring reticulocytes at one week after iron treatment to confirm an increase compared to the level before treatment[17]. Generally, reticulocyte levels increase within one week in response to intravenous treatment. We recommend measuring the number of reticulocytes after 3-5 d to assess whether a proper response to initial intravenous iron has been achieved to evaluate further treatment.
Only one guideline recommends measuring transferrin saturation to assess therapeutic response. This guideline recommends target levels of transferrin saturation between 16% and 50% after anemia treatment[11]. Transferrin saturation may temporarily increase in response to intravenous iron treatment and should therefore not be used for monitoring initial treatment response.

DISCUSSION
Summary algorithm for investigation and treatment
Figure 2 presents the algorithm for the diagnosis and treatment of IDA in patients with acute or chronic gastrointestinal bleeding. The algorithm is based on the literature and the experience of the members of the Digestive Bleeding and Anemia Workgroup. This algorithm should be implemented during the hospital stay and at follow-up visits after patient discharge and is not applicable for emergencies or critical care.

Limitations
This consensus recommendation had several limitations. First, the quality of the identified studies was generally low, and we found few RCTs on IDA and gastrointestinal bleeding. Therefore, the recommendations are mainly based on observational studies, guidelines, and clinical experience of the members of the Digestive Bleeding and Anemia Workgroup. Second, studies on lower gastrointestinal bleeding are scarce, and our recommendations are mainly based on studies on patients with UGIB. Third, the search strategy included only studies indexed in MEDLINE (PubMed), published from January 2003 until April 2019, and written in English.

CONCLUSION
Diagnosing and treating patients with IDA is challenging in clinical practice. IDA in patients with gastrointestinal bleeding should be diagnosed and treated promptly to improve the quality of life and reduce morbidity and, eventually, mortality. This consensus recommendation provides a starting point for diagnosing and treating IDA in patients with gastrointestinal bleeding by gastroenterologists and other physicians in daily clinical practice and should serve to optimize the decision-making process for the management of these patients. We believe that this guideline may facilitate improvements in the management of IDA in patients with gastrointestinal bleeding, which ultimately translates to improved health outcomes for these patients.

ARTICLE HIGHLIGHTS
Research background
Anemia is a public health issue affecting approximately 25% of the world’s population, being often caused by iron deficiency. Iron-deficiency anemia (IDA) often originates from blood loss from lesions in the gastrointestinal tract in men and postmenopausal women, and its prevalence among patients with gastrointestinal bleeding has been estimated to be 61%. However, studies have shown that IDA is often underdiagnosed, underrecognized, and undertreated in hospitalized patients with gastrointestinal bleeding, and that therapeutic approaches for iron-deficiency correction have been poorly implemented, and clinical practice guidelines are not being followed. Furthermore, clinical practice recommendations and guidelines on the management of IDA in gastrointestinal bleeding patients are still scarce and there is no standardization on the management of these patients. Therefore, standardized recommendations on the management of IDA in gastrointestinal bleeding patients, based on a systematic review of the current evidence, are needed.

Research motivation
Given the scarcity of clinical practice recommendations and guidelines on the management of IDA in gastrointestinal bleeding patients, and the need of standardization regarding the management of these patients, it is urgent to develop evidence-based standardized diagnostic and therapeutic approaches on the management of patients with IDA due to gastrointestinal bleeding.

Research objectives
With this study, we aimed to review the current evidence and guidelines concerning IDA management in gastrointestinal bleeding patients to develop recommendations for its diagnosis and therapy.

Research methods
Five gastroenterology experts formed the Digestive Bleeding and Anemia Workgroup and conducted a systematic literature search in PubMed and professional association websites. MEDLINE (via PubMed) searches combined MeSH terms and the keywords ‘gastrointestinal bleeding’ with ‘iron-deficiency anemia’ and ‘diagnosis’ or ‘treatment’ or ‘management’ or ‘prognosis’ or ‘prevalence’ or ‘safety’ or ‘iron’ or ‘transfusion’ or ‘quality of life’, or other terms to identify relevant articles reporting the management of IDA in patients over the age of 18 years with gastrointestinal bleeding; retrieved studies were published in English between January 2003 and April 2019. Worldwide professional association websites were searched for clinical practice guidelines. Reference lists from guidelines were reviewed to identify additional relevant articles. The recommendations were developed by consensus during two meetings and were supported by the published literature identified during the systematic search.

Research results
From 494 Literature citations found during the initial literature search, 17 original articles, one meta-analysis, and 13 clinical practice guidelines were analyzed. Ten additional references were included after the peer review process. Based on the published evidence and clinical experience, the workgroup developed the following ten recommendations for the management of IDA in patients with gastrointestinal bleeding: (1) evaluation of hemoglobin and iron status; (2) laboratory testing; (3) target treatment population identification; (4) indications for erythrocyte transfusion; (5) treatment targets for erythrocyte transfusion; (6) indications for intravenous iron; (7) dosages, (8) monitoring; (9) indications for intravenous ferric carboxymaltose treatment; and (10) treatment targets and monitoring of patients. The workgroup also proposed a summary algorithm for the diagnosis and treatment of IDA in patients with acute or chronic gastrointestinal bleeding, which should be implemented during the hospital stay and follow-up visits after patient discharge.

Research conclusions
Ten evidence-based recommendations were developed for screening, treatment indications, appropriate therapies, and treatment goals of IDA in patients with acute or chronic gastrointestinal bleeding. An algorithm for the diagnosis and treatment of these patients was also developed, based on the literature and on the experience of the members of the Digestive Bleeding and Anemia Workgroup. Therefore, this work serves as a starting point for diagnosing and treating IDA in patients with gastrointestinal bleeding by gastroenterologists and other physicians in daily clinical practice and should serve to optimize the decision-making process for the management of these patients. This guideline may facilitate improvements in the management of IDA in patients with gastrointestinal bleeding, which ultimately may improve health outcomes in these patients.

Research perspectives
This consensus recommendation provides a starting point for clinicians to better diagnose and treat IDA in patients with gastrointestinal bleeding. Nevertheless, more studies, specially RCTs on IDA and gastrointestinal bleeding are needed to further improve the management of these patients.
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[bookmark: OLE_LINK36][bookmark: OLE_LINK37]Figure 2 Algorithm for the diagnosis and treatment of iron-deficiency anemia in patients with acute or chronic gastrointestinal bleeding. Hb: Hemoglobin; TSAT: Transferrin saturation; CRP: C-reactive protein; FCM: Ferric carboxy maltose; RET: Reticulocyte.

Table 1 Characteristics of included original articles and meta-analyses
	[bookmark: _Hlk12342676]Ref.
	Year
	Study type
	No of patients
	GI etiology
	No of males/females
	Age
	Study period

	Bager et al[5]
	2013
	Retrospective
	169
	Nonvariceal AUGIB
	86/83
	70 (22-95)1
	2009

	Bager et al[44]
	2014
	Double-blind, randomized, placebo-control
	97
	Nonvariceal AUGIB
	51/46
	70 (23-95)2
	2010-2013

	Bager et al[50]
	2014
	Double-blind, randomized, placebo-control
	97
	Nonvariceal AUGIB
	51/46
	70 (67.4-73.1)3
	-

	Ballester et al[45]
	2019
	Retrospective, single-center
	84
	Acute GIB
	58/26
	68.0 (16.9)2
	2012-2015

	Bosch et al[51]
	2017
	Prospective cohort
	2818
	GI diseases known to cause GIB
	1398/1420
	63.4 (15.7)2
	2015-2016

	Bosch et al[29]
	2017
	Prospective cohort
	4552
	Occult bleeding
	2266/2286
	63.7 (17.6)2
	2005-2015

	Brooklyn et al[6]
	2003
	N/A
	153
	Occult bleeding
	51/102
	66 (45-96)2
	2000

	Cheng et al[52]
	2010
	Prospective
	390
	Ulcers
	263/127
	63 (16)2
	-

	El-Halabi et al[7]
	2016
	Retrospective, chart review, single-center
	307
	Any GIB
	130/177
	66.2 (18.6)2
	2011-2012

	Geisser et al[46]
	2010
	Phase I/II, multicenter, open-label, multiple-dose
	46
	Bleeding due to GI disorder
	10/36
	42.9 (11.0)2
	2003-2004

	Jairath et al[35]
	2010
	Meta-analysis
	-
	AUGIB
	2731/1710
	early RBC 67.9 (16.51)2; no early RBC 63.4 (19.19)2
	2007

	Jairath et al[36]
	2015
	Pragmatic, multicentric, open-label, randomized feasibility trial
	936
	AUGIB
	566/370
	liberal 60.4 (20.0)2; restrictive 58.0 (20.3)2
	2012-2013

	Restellini et al[31]
	2013
	Observational, registry-based
	1677
	Nonvariceal AUGIB
	1035/642
	66.2 (16.8)2
	1999-2002

	Rockey et al[32]
	2017
	Prospective cohort
	1460
	Acute or chronic GIB
	899/561
	53 (14)2
	2006-2011

	Salvadori et al[47]
	2016
	Retrospective
	38
	GI chronic blood loss
	22/16
	78 (54-94)4
	2014-2015

	Schröder et al[48]
	2004
	N/A
	31
	GI blood loss
	12/19
	43.8 (18.0)2
	-

	Subramaniam et al[30]
	2016
	Retrospective cohort
	2360
	Nonvariceal AUGIB
	1505/852
	70 (56-81)4
	2008-2010

	Villanueva et al[37]
	2013
	RCT
	889
	Severe AUGIB
	-
	-
	2003-2009


1The median (range); 2The mean (range) or mean (standard deviation); 3Mean 95% CI; 4The median (Interquartile range). AUGIB: Acute upper gastrointestinal bleeding; GI: Gastrointestinal; GIB: Gastrointestinal bleeding; RBC: Red blood cell; RCT: Randomized controlled trial; SD: Standard deviation. 


Table 2 Characteristics of the included guidelines
	Guideline organization/society/authors
	Year
	GI etiology
	Origin
	Level of development

	Iron-Deficiency Anemia Working Group Consensus Report[34]
	2017
	IBD and GIB
	Turkey
	Scientific committee/expert group

	The International Consensus Upper Gastrointestinal Bleeding Conference Group[38]
	2010
	Nonvariceal UGIB
	International
	Scientific committee/expert group

	Dahlerup et al[17] Guideline approved by the Danish Society of Gastroenterology and Hepatology
	2014
	GIB, various etiologies
	Denmark
	Independent authors and approved by a professional organization/society

	Baveno IV Consensus Workshop[43]
	2015
	Variceal bleeding
	International
	Scientific committee/expert group

	European Crohn's and Colitis Organization[10]
	2015
	IBD
	Europe
	Professional organization/society

	Gasche et al[11]
	2007
	IBD
	Europe
	Scientific committee/expert group

	British Society of Gastroenterology[12] 
	2011
	-
	United Kingdom
	Professional organization/society

	Hong Kong Society of Gastroenterology, the Hong Kong IBD Society, the Hong Kong Society of Digestive Endoscopy, and the Hong Kong Red Cross Blood Transfusion Service[13]
	2018
	Acute and chronic GIB
	Hong Kong
	Professional organization

	The 2018 Patient Blood Management International Consensus Conference[39]
	2019
	Acute GIB
	Germany
	Scientific committee/expert group

	British Society of Gastroenterology[40]
	2019
	ALGIB
	United Kingdom
	Professional organization

	National Institute for Health and Care Excellence[41]
	2015
	-
	United Kingdom
	Professional organization

	Strate et al[42]
	2016
	ALGIB
	United States and Israel
	Independent authors

	World Health Organization[33]
	2001
	-
	International
	Professional organization


ALGIB: Acute lower gastrointestinal bleeding; GIB: Gastrointestinal bleeding; IBD: Inflammatory bowel disease; UGIB: Upper gastrointestinal bleeding.

Table 3 Erythrocyte transfusion: Guidelines for hemoglobin thresholds and targets
	Professional association
	GI etiology
	Threshold Hb, g/dL
	Threshold Hb cardiovascular disease, g/dL
	Target Hb, g/dL
	Target Hb cardiovascular disease, g/dL

	The International Consensus Upper Gastrointestinal Bleeding Conference Group[38]
	Nonvariceal UGIB
	< 7
	-
	-
	-

	Baveno IV Consensus Workshop[43]
	Variceal bleeding
	7-8
	-
	-
	-

	European Crohn's and Colitis Organization[10]
	IDA in IBD
	< 7
	-
	-
	-

	Hong Kong Society of Gastroenterology, the Hong Kong IBD Society, the Hong Kong Society of Digestive Endoscopy, and the Hong Kong Red Cross Blood Transfusion Service[13]
	Acute UGIB
	7-8
	9-10
	-
	-

	The 2018 Patient Blood Management International Consensus Conference[39]
	Acute GIB
	7-8
	-
	-
	-

	British Society of Gastroenterology[40]
	Acute LGIB
	< 7
	8
	7-9
	10

	National Institute for Health and Care Excellence[41]
	N/A
	< 7
	8
	7-9
	8-10

	Strate et al[42]
	Acute LGIB
	-
	9
	> 7 
	> 9


GIB: Gastrointestinal bleeding; Hb: Hemoglobin; IBD: Intestinal bowel disease; IDA: Iron-deficiency anemia; LGIB: Lower gastrointestinal bleeding; UGIB: Upper gastrointestinal bleeding.




Table 4 Pharmacological characteristics, advantages and disadvantages of worldwide available oral and intravenous iron preparations
	[bookmark: _Hlk44695175]Type of  preparation
	Advantages
	Disadvantages

	Oral 
	Safe; readily available (does not require a prescription); administered at home; inexpensive; effective when intestinal absorption is not impaired; no need for venous access and infusion monitoring; eliminates the risk of infusion reactions
	Slower repletion of iron stores; Intestinal absorption is relatively low, and may be impaired by concomitant food and medications; gastrointestinal adverse events, including constipation, dyspepsia, bloating, nausea, diarrhoea, heartburn, reducing tolerance and adherence to treatment; compliance difficulted by high pill burden (typically three tablets/day) and gastrointestinal intolerance; diminished efficacy when the uptake is impaired (eg, in celiac disease, autoimmune gastritis, anemia of chronic disease, or post–gastric or duodenal resection)

	Ferric hydroxide polymaltose complex
	
	

	Sodium ferric gluconate
	
	

	Ferrous gluconate
	
	

	Ferrous sulfate
	
	

	Ferrous fumarate
	
	

	Intravenous 
	Fast repletion of iron stores; safe when avoiding preparations with dextran; very effective; gastrointestinal adverse events less frequent; ferric carboxymaltose, iron isomaltoside 1000, and ferumoxytol are considered more stable/
	Administration by a health care professional, requiring clinic visits; increased costs per dose, but fewer doses required; risk of iron overload and transient increase in oxidative stress; risk of anaphylactic reactions with dextran-containing preparations; risk of hypersensitivity reactions

	Ferric gluconate
	
	

	Iron sucrose
	
	

	Low molecular weight iron dextran
	
	

	Ferric carboxymaltose
	
	

	Iron isomaltoside 1000
	
	

	Ferumoxytol
	
	


[bookmark: _Hlk44695216]Adapted from Muñoz et al[25], Drozd et al[26], Jimenez et al[27], McDonagh et al[28].
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Table 5 Calculation of iron requirement according to patient body weight and hemoglobin level
	Hemoglobin (g/dL)
	Hemoglobin (mmoL/L)
	Patient body weight (below 35 kg)
	Patient body weight (35 kg to 70 kg)
	Patient body weight (70 kg and above)

	< 10
	< 6.2
	500 mg
	1500 mg
	2000 mg

	10 to 14
	6.2 to 8.7
	500 mg
	1000 mg
	1500 mg

	≥ 14
	≥ 8.7
	500 mg
	500 mg
	500 mg


Adapted from Infarmed[49], 2015.
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