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Abstract

Anemia is a frequent complication in pediatric kidney transplant recipients (KTR) with a variable 

reported prevalence estimated between 20 and 80% depending on how defined. Causes of and 

risk factors for post-transplantation anemia (PTA) are multifactorial with iron deficiency being 

the primary cause of early PTA (within the first 6 months after transplantation) and impaired 

glomerular filtration rate (GFR) commonly responsible for late PTA (after 6 months). Medications, 

viral infections, chronic inflammation and comorbidities also play a role. PTA has relevant long-

term consequences and is a potential risk factor for allograft dysfunction, cardiovascular morbidity 

and mortality. Thus, an anemia evaluation, approximately three months post-transplantation, is 

recommended in order to start early treatment and improve prognosis. Iron status, vitamin B12, 

folate, markers of hemolysis and viral PCR should be checked and medications, in particular 

combinations of medications, should be carefully evaluated. PTA treatment may be challenging 

and should be directed to the underlying causes. Iron supplementation and erythropoietin therapy, 

not extensively used in KTR, may be indicated. Every effort should be made to avoid blood 

transfusions in the pre-transplant period to avoid allosensitization. Anemia should be corrected to 

prepare candidates for kidney transplantation in order to reduce the need for peri-operative blood 

transfusions as well.
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Introduction

Erythropoiesis stimulating agents (ESA) and iron supplements remain the primary agents 

used to treat anemia in children with chronic kidney disease (CKD), both pre- and post-

dialysis. Although many children are able to stop ESA treatment after successful kidney 

transplantation, the prevalence of anemia after transplant may be underestimated [1]. Despite 

advances in transplant care, anemia is frequently present in kidney transplant recipients 
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(KTR), reported between 20 and 80% at various time points after transplantation [1–8]. 

Post-transplantation anemia (PTA), which is generally normocytic and normochromic [9], 

is more common immediately after transplantation, even in the case of early stabilization 

of graft function [5, 6, 9]. Although erythropoietin dysregulation and iron deficiency may 

contribute to PTA, there are other unique mechanisms of anemia in transplant recipients, and 

the approaches to treatment may differ (Figure 1). In this review, we will summarize the risk 

factors for, and mechanisms of, anemia after kidney transplantation in children, as well as 

the association between PTA and clinical outcomes including long-term graft function. The 

approach to prevention, diagnosis and management of PTA will also be reviewed.

Definition and prevalence of PTA

Early PTA refers to anemia diagnosed within the first 6 months after transplant, while late 

PTA is diagnosed beyond 6 months [10]. The prevalence, based on time since transplant 

in pediatric recipients, has been estimated as 80–87% at 1 month, 20–48% at 1 year and 

35–57% thereafter [5, 6, 9]. There is some variability in reported PTA prevalence, likely 

related to the variability in the definitions applied in different studies. Yorgin et al. defined 

anemia in pediatric and young adult KTA as a hematocrit level of > 2 SD below mean 

for age from population-based data [5]. Mitsnefes et al. diagnosed anemia in children if 

hemoglobin < 11 g/dl and severe anemia if hemoglobin < 10 g/dl [6], whereas Kausman et 

al. considered different hemoglobin cut-off values matching to age [7]. This is in accordance 

with the Kidney Disease: Improving Global Outcomes (KDIGO) guidelines on anemia 

management in CKD, which is also intended to guide anemia management in KTR [11]. 

Based on this, anemia is defined as hemoglobin concentration of < 11 g/dl in children 0.5–5 

years, < 11.5 g/dl in children 5–12 years, < 12 g/dl in children 12–15 years, < 13 g/dl in 

males > 15 years and < 12 g/dl in females > 15 years [11]. Mitsnefes et al. demonstrated 

in a single-center cohort of children transplanted over a 25-year period that PTA prevalence 

was lowest before 1986 (7.8%), but increased to 29% after calcineurin inhibitor use became 

standard of care and to 32% once mycophenolate mofetil was introduced into routine 

post-transplant immunosuppression regimens in children [6]. Thus, prevalence has changed 

over time as immunosuppressive agents with mechanisms of action that promote anemia 

have been introduced.

Risk factors and pathogenesis

Risk factors for PTA are multifactorial and summarized in Table 1. Some of the mechanisms 

of anemia in CKD in general, such as iron deficiency and impaired erythropoietin (EPO) 

production, also apply in PTA. In the immediate post-transplant period, iron deficiency is 

common. In particular, reduced iron stores before transplantation, poor nutritional intake, 

blood loss during surgery and frequent perioperative blood sample collection may all 

contribute to iron deficiency and consequently PTA [1, 7]. In addition, endogenous EPO 

production by the kidney allograft increases with time post-transplantation, and low EPO 

levels may be documented for at least 8 days, particularly in patients who experience 

delayed graft function or early acute rejection [12]. Medications are also important 

contributors to PTA. Both induction immunosuppressive (thymoglobulin) and maintenance 

immunosuppressive drugs (mycophenolate mofetil, azathioprine) may induce a bone marrow 
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suppression and consequent anemia [13]. Similarly, viral and bacterial infection prophylaxis 

agents (ganciclovir, trimethoprim-sulfamethoxazole) share the same mechanism and may 

contribute to PTA [14, 15]. Viral infections, including CMV, EBV, BK virus, Parvovirus 

B19 can directly cause hematological abnormalities through various mechanisms including 

production of inhibitory cytokines, decreased production of hematopoietic factors or direct 

infection of erythrocyte precursors, resulting in maturation arrest at the pro-normoblast stage 

hematopoietic factors [7, 14, 15]. Finally, some studies also reported that gender and age 

could be influencers with female and younger patients more frequently anemic, especially in 

the first months after transplantation.

Impaired GFR is the predominant contributing factor of late PTA together with iron, vitamin 

B12 and folic acid deficiency [1]. Furthermore, chronic inflammation, comorbidities, 

infections and medications are other determining factors in late PTA [10]. In particular, 

among drugs, maintenance immunosuppressives as for early PTA but also ACE inhibitors 

or angiotensin receptor blockers may be responsible for anemia in stabilized transplanted 

patients [10].

Clinical associations with PTA

Mortality and allograft dysfunction

In adults, anemia after kidney transplant has been identified as a risk factor for 

cardiovascular disease, allograft dysfunction and loss, and even mortality [16–23]. Severe 

anemia (hemoglobin < 11 g/dl) was associated with high risk for a composite outcome 

of graft failure and mortality in adults with milder anemia (hemoglobin 11–12 g/dl) [15]. 

In addition, iron deficiency has been independently associated with risk for death in adult 

transplant patients, suggesting that iron deficiency may be a link between anemia and 

mortality [24]. Other studies conducted in adults showed conflicting results regarding patient 

mortality but confirmed the significant association between anemia and graft loss [2, 25–29].

In children, analysis of data from the ESPN/ERA-EDTA Registry revealed that low 

hemoglobin levels (defined as < 9.5 g/dl in children < 2 years, < 10 g/dl in children ≥ 2 

years) increased the likelihood of a composite endpoint of kidney transplant graft failure 

or death. However, low hemoglobin was not significantly associated with the outcome of 

death only [8]. Similarly, Mitsnefes et al. in a cohort of 231 patients showed that children 

with early anemia (defined as hemoglobin < 11 g/dl) had significantly worse allograft 

survival than children without anemia [6]. However, when a Cox proportional hazards model 

was adjusted for race and transplant era, anemia was no longer an independent predictor 

of graft failure, suggesting that race may be correlated with anemia in this population, 

possibly due to increased prevalence of hemoglobinopathies in non-white children [6]. A 

more recent study performed in 128 pediatric KTR with longitudinal follow-up found that 

decreased hemoglobin levels (by age and sex-adjusted reference values) preceded decline 

in glomerular filtration rate (GFR) by several years [9], suggesting that anemia may be an 

early indicator of kidney allograft dysfunction, and raising the question of whether anemia 

contributes to allograft dysfunction rather than acting solely as a marker. They did observe 

an inverse correlation between hemoglobin and serum EPO and erythrocyte sedimentation 

rate (ESR) level as a marker of inflammation, but no correlation between hemoglobin 
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and hepcidin, interleukin-6, or levels of C-reactive protein [9]. Protocol biopsies in these 

patients demonstrated that anemia correlated with interstitial fibrosis, and low hemoglobin 

was observed in 50% of those with significant interstitial scarring but in only 17% of 

those without [9]. Fibrosis is certainly associated with damage to EPO-producing peritubular 

fibroblast cells resulting in decreased EPO production and anemia, but the sequence of 

development of fibrosis and anemia is not entirely clear. One proposed mechanism is that 

low hemoglobin results in decreased oxygenation of the kidney interstitium, leading to 

perpetuation of inflammation and fibrosis [30].

Cardiovascular morbidity

Anemia in adult kidney transplant recipients is associated with several adverse 

cardiovascular outcomes including left ventricular hypertrophy (LVH) and heart failure [31, 

32]. Although pediatric kidney transplant recipients have a lower burden of cardiovascular 

disease than adult recipients overall, some adverse associations with anemia have been 

observed in children as well. In a study conducted with 73 KTR, LVH was observed in 

47.9% of patients and anemia remained a significant risk factor for LVH in multivariate 

analysis [33].

Diagnostic approach to PTA

KTR should be screened frequently for anemia. Recommendations include frequent 

hemoglobin monitoring following transplant (weekly for 1–2 months, then every other 

week for months 3–4, spacing to monthly for months 4–12, and then spacing further as 

clinically indicated) [34]. Furthermore, a full anemia evaluation at approximately 3 months 

post-transplantation is recommended in order to optimize anemia detection and treatment 

(2).

The diagnostic evaluation of PTA is outlined in Table 2. The process should include 

evaluation of red blood cell indices, reticulocyte count, measurement of biomarkers 

of iron status, folate, vitamin B12, and testing for the presence of hemolysis if 

clinical suspicion is high (lactate dehydrogenase, haptoglobin) [2]. If iron deficiency is 

diagnosed, other nutritional deficiencies should be ruled out and investigation for possible 

gastrointestinal bleeding performed, if indicated. In a study by Krause et al. comparison of 

hematologic parameters between pediatric pre-transplant and transplanted patients revealed 

iron saturation and serum ferritin levels significantly lower in CKD children compared to 

transplanted and similar EPO levels between the groups [35]. These results may suggest 

good iron storage and availability and EPO resistance in transplanted patients [35].

Specific attention to medications is also important with regard to immunosuppressive drugs, 

viral and bacterial prophylaxis agents, and ACE inhibitors or angiotensin receptor blockers. 

In particular dapsone, used for the prevention of Pneumocystis carinii pneumonia in 

KTR who cannot receive trimethoprim-sulfamethoxazole. is contraindicated because it can 

cause methemoglobinemia. In a study of 31 KRT children receiving dapsone, only 41.9% 

were screened for acquired methemoglobinemia, and of those, 77% tested methemoglobin-

positive [36]. Combinations of medications increasing risk for anemia should also be 

considered. Bone marrow suppression caused by azathioprine (AZA) and allopurinol used 
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in combination has been reported secondary to inhibition of xanthine oxidase by allopurinol 

and consequent impairment of AZA metabolism [37]. Evaluation for viral infections must 

be included in the assessment of PTA. Pure red cell aplasia may suggest parvovirus B19 

infection, but other viruses including cytomegalovirus (CMV), BK virus, Epstein-Barr virus 

(EBV), hepatitis B and C, and human immunodeficiency virus (HIV) can cause aplastic 

anemia. Unexplained anemia with reticulocytopenia or pancytopenia should raise clinical 

suspicion of viral infection, which requires serologic testing for specific immunoglobulin 

IgM or IgG and PCR in blood or tissue for diagnosis [38].

Anemia prevention

Special attention should be paid to pre-transplant anemia as a risk factor for early PTA, and 

early PTA as risk factor for late PTA. Effective anemia treatment before transplant helps 

to mitigate the effects of surgical bleeding and high-volume fluid administration, reducing 

the requirement for a packed red blood cell infusion [39]. In a pediatric retrospective cohort 

study of recipients < 30 kg, pre-transplant hemoglobin was the only independent predictor 

of post-transplant transfusion, and pre-transplant hemoglobin > 12 g/dl provided protection 

from transfusion [40]. A study in adults examining 0-hour transplant biopsies found that 

patients who had interstitial fibrosis and tubular atrophy in > 5% of the sampled area had 

increased prevalence of anemia at 12 months post-transplant (53%) compared to patients 

who did not (35%) [41]. The presence of interstitial fibrosis and tubular atrophy may 

identify patients at high risk for PTA and may require treatment with ESA sooner.

Treatment of PTA

In the absence of specific guidelines for the treatment of anemia after kidney transplant, 

use of ESA and iron supplements are the mainstay of management [42, 43], although the 

optimal target hemoglobin level for KTR remains poorly defined. The optimal timing of 

intervention for anemia is debated, but even mild (hemoglobin between 10 and 11.9 g/dl) 

anemia in patients > 3 months following successful transplantation has been associated with 

increased mortality risk in the post-transplant years [22]. Consideration of medications that 

may be contributing to anemia is critical, as use of alternative drugs, if appropriate, may be 

helpful in modifying anemia risk. Anemia-associated viral infections, if present, should be 

treated e.g. with IVIG for parvovirus B19 infection or reduction in immunosuppression for 

BK virus or EBV [14].

Iron supplementation

Iron deficiency is the one of the most easily treatable causes of anemia. Although there 

is substantial evidence for the efficacy of iron supplementation in CKD and dialysis 

patients, data in KTR are more limited. The same criteria to define iron deficiency in 

CKD children, ferritin < 100 ng/ml and TSAT < 20%, are usually employed in transplant 

recipients [44]. Using these biomarker thresholds to define iron deficiency, pre-transplant 

rate of iron deficiency of 20% in children and adolescents with CKD and kidney failure, 

has been reported, which increased to 80% within 2 weeks post-transplant [45]. Both orally 

administered or intravenous iron can successfully replete iron stores [46]. In addition, a diet 

rich in iron should also be encouraged, including iron-fortified whole grains, dried beans, 
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red meats, liver and spinach [47]. Vitamin B12 and folate supplementation may also be 

required based on results of the laboratory evaluation.

If oral supplementation is adopted, the dose range is 2–6 mg/kg elemental iron daily 

divided in two doses given on an empty stomach or with vitamin C-containing foods. An 

interaction between oral iron and mycophenolate mofetil causing a remarkable decrease 

in mycophenolate mofetil adsorption has been suggested but not confirmed in a larger 

randomized study [48, 49]. However, gastro-intestinal side effects (especially in case of 

concomitant therapy with mycophenolate mofetil) may limit oral iron adherence in children, 

making IV iron supplementation an attractive and relatively safe option [44, 50, 51]. There is 

some evidence that in iron-deficient women specifically, alternate-day iron supplementation 

may be associated with enhanced fractional iron absorption compared to a daily supplement 

regimen, without any difference in reported gastro-intestinal side effects [52]. The proposed 

mechanism for this effect is that iron ingestion transiently increased serum concentration 

of the iron-regulatory protein hepcidin, which subsequently blocks enteral iron absorption 

[53]. However, this modified dosing regimen has not been studied in children or transplant 

recipients.

A 2019 Cochrane systematic review, examining the efficacy of intravenous iron vs. oral 

iron therapy for adults and children with kidney disease, did include some studies of KTR 

and demonstrated superior performance of intravenous iron over oral therapy in terms of 

iron store repletion, but overall there have been limited studies examining the efficacy of 

parenteral iron supplementation in transplant recipients specifically [54]. In a retrospective 

observational study published in 2020, Iorember et al. reported a comparison of 37 children 

and adolescents who received a single infusion of 1–2 mg/kg IV iron sucrose within 2 weeks 

of kidney transplantation to a historical control group of 42 pediatric transplant recipients 

who did not receive parenteral iron therapy [45]. They reported decreased frequency of 

iron deficiency and low hemoglobin by 3 and 6 months, and lower frequency of transplant 

dysfunction (defined as eGFR < 60 mL/min/1.73 m2) at 1 and 2 years in those who 

received post-transplant parenteral iron compared to those who did not [50]. However, 

safety concerns about intravenous iron in KTR exist including adverse reactions/anaphylaxis 

associated with hypotension and the consequent risk of graft thrombosis, and the risk of 

using parenteral iron during active infections due to impairment of neutrophil and T- and 

B-lymphocyte function [55, 56]. Attention to dosing and rate of infusion may mitigate these 

risks, but no prospective studies in pediatric KTR have been performed to evaluate the 

effectiveness and safety of IV iron [54].

Erythropoiesis stimulating agents (ESA)

Optimal management of the anemia of CKD prior to kidney transplantation may help to 

minimize the need for red blood cell transfusions after transplant. However, although anemia 

is frequent, ESA use post-transplant is low, used in fewer than 10% of patients [5, 8]. In 

addition, the optimal timing of ESA initiation and the effectiveness in the peri-transplant 

period remain unclear. There is evidence from animal studies that erythropoietin given peri-

transplant may be protective against ischemia-reperfusion injury but there have been few 

studies examining this in humans [57]. Proposed mechanisms for this include EPO-induced 
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recruitment of endothelial progenitor cells (required for vascular repair), and promotion of 

cell survival and anti-apoptosis via JAK2, STAT5, and NFΚB [58]. But concerns about 

potential adverse effects of ESA used in the peri-transplant period remain. In a meta-analysis 

of clinical trials conducted in a total of 356 adult KTR which examined efficacy and safety 

of ESA treatment at the time of transplant, there was no difference in the occurrence 

of thromboembolic events, acute rejection, or hypertension between patients randomized 

to receive ESA pre- or intra-operatively and control subjects [57]. Notably, the optimal 

target hemoglobin level in KTR treated with ESA may be higher than that suggested in pre-

transplant kidney disease. In a retrospective study conducted in transplanted adults, lower 

mortality risk was observed with hemoglobin increase up to 12.5 g/dl [59]. Furthermore, 

in the Correction of Anemia and Progression of Renal Insufficiency in Transplant patients 

study in adults, correction of hemoglobin to 13–15 g/dl with epoetin-beta preserved GFR 

and improved graft survival and quality of life without an increase in cardiovascular 

events over 2 years of follow-up [60]. According to Purroy et al., recombinant human 

erythropoietin (rHuEPO) may have immunomodulatory properties with significant impact 

in transplanted patients. ESA treatment may improve kidney transplant outcomes through 

regulation of immune tolerance inhibiting conventional T cells and promoting regulatory T 

cell function [61].

In children, limited data on ESA therapy after kidney transplantation are available. In 

Yorgin et al., the number of patients receiving ESA after transplantation ranged between 

1.5% and 13.3% up to 6 years after transplant, despite anemia severity very similar to 

that at the time of transplant [5]. ESA use was reported in 15% of patients with PTA 

at 1-year post-transplant in one single-center retrospective study, and the prevalence of 

PTA has increased over time, suggesting that secular trends in immunosuppressive agent 

use contribute to this change [6]. In 2007, Nagarajan et al. reported, in a retrospective 

case-control study conducted on pediatric KTR, an increased risk of hypertension and 

renovascular stenosis in children who received ESA treatment for anemia in the first week 

after kidney transplantation [62]. However, the number of patients studied was small (only 

11 children received ESA) and similar observations have not been reported in adults; 

additional studies would be needed to confirm this [58].

Dose of rHuEPO used to treat PTA has been reported to range from 100–300 IU/kg/week 

1–3 times weekly as initial dose and 100 IU/kg/week weekly as maintenance dose [5, 

63]. In order to enhance treatment adherence, methoxy polyethylene glycol (MPG)-EPO 

has been developed. MPG-EPO is a continuous EPO receptor activator with an extended 

half-life compared to either epoetin or darbepoetin which allows a longer interval between 

doses. MPG-EPO has been used in PTA treatment with success. In a small study, conducted 

in 12 pediatric KTR with anemia, a once-monthly intravenous injection of MPG-EPO 

administered at a median dose of 2.5 μg/kg achieved successfully corrected and maintained 

hemoglobin over a period of 6 months [64]. To date, there have been no studies evaluating 

the safety and efficacy of hypoxia inducible factor inhibitors, which induce endogenous 

erythropoietin production via an ESA-independent pathway, for the treatment of PTA in 

children.
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Physical activity

The benefits of regular physical activity, which include positive cardiovascular and 

metabolic effects, may extend to improving the biochemical markers of anemia in transplant 

recipients [65]. In particular, physical exercise may improve peak VO2 (oxygen uptake 

during peak exercise) which is correlated to the increase in hemoglobin and the prevention 

of anemia [66]. Recently, a systemic review including 24 studies and more than 600 adult 

KTR failed to demonstrate a relevant impact on anemia of exercise intervention despite 

improved quality of life [67]. No data on anemia-related benefits of exercise in pediatric 

KTR are available.

Blood transfusion after transplantation

In clinical practice every effort to avoid red blood cell transfusion in children with 

chronic kidney disease is made, but transfusions are common especially in the immediate 

post-transplant period. Verghese et al. examined blood transfusions after transplant and 

associated outcomes in children < 18 years in a retrospective analysis. They found that 

the frequency of transfusions increased over time; 60% of those transplanted 2002–2014 

received transfusions compared to 31% transplanted from 1984–1995 and 53% from 1995–

2002 [66]. This trend in anemia prevalence may be explained by increased use over time of 

immunosuppressive medications which cause more severe anemia, including mycophenolate 

mofetil. Furthermore, of those who received packed red blood cells, 39% were received 

within 1 month of transplant, 13% from 1–12 months, and 48% beyond 12 months [65]. 

Reassuringly, there was no observed association between transfusion and the prevalence of 

donor-specific antibody or acute cell- or antibody-mediated rejection compared to children 

who did not receive transfusions, although those who received transfusions did demonstrate 

lower eGFR at 12 months from transplant [68]. Thus, PTA may be a marker of poorer graft 

function rather than a cause. Similarly, in a retrospective single center study examining 42 

transplants, 50% of pediatric KTR 1–17 years of age received blood transfusions in the 

first week after transplant with most transfusions administered during surgery or within the 

first 24 h post-transplant [40]. In a cohort of 390 non-HLA sensitized adults transplanted 

2008–2012, 64% received a blood transfusion within one year of transplant, with nearly 

95% of those requiring a transfusion within the first post-transplant month [69]. Blood 

transfusion was independently associated with new donor-specific antibody formation (7.2% 

in transfused patients vs. 0.7% in those without transfusion), but not for antibody mediated 

rejection [69].

Conclusion

Anemia remains a common complication after kidney transplantation in children, and 

as in children with pre-transplant anemia, the mainstays of management remain iron 

supplementation and ESA therapy. Many medications used after transplantation confer 

additional risk of anemia in this population. Red blood cell transfusion is frequently 

required after transplant and may be associated with increased incidence of donor-specific 

antibody. Thus, attention to optimal anemia management prior to transplantation is required 
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to minimize need for transfusion. There have been no clinical trials to assess ESA safety in 

the immediate post-transplant period in children.
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Key summary points

• Anemia is a frequent and underestimated complication of kidney 

transplantation

• PTA has been associated with increased morbidity and mortality in KTR, in 

particular with allograft dysfunction

• Despite a high prevalence of PTA, the number of patients receiving 

ESA therapy in the post-transplant period is very low and there are no 

contraindications to its use
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Multiple choice questions (answers provided following the reference list)

1. Early post-transplant anemia is defined as anemia diagnosed

a. Within 12 months after kidney transplant

b. Within 6 months after kidney transplant

c. Within the first month after kidney transplant

d. At the 3 month post-transplant visit

e. Any time after transplant

2. Which of the following is NOT a risk factor for post-transplant anemia?

a. Pre-transplant anemia

b. Delayed graft function

c. Iron deficiency

d. Corticosteroids

e. Viral infection

3. Post-transplant anemia has been associated with a variety of clinical outcomes 

in adults including

a. All-cause mortality

b. Allograft dysfunction

c. Left ventricular hypertrophy

d. Congestive heart failure

e. All of the above

4. The initial diagnostic evaluation for PTA in children should include all of the 

following EXCEPT

a. Measurement of biomarkers of iron status including ferritin and 

transferrin saturation

b. Review of medications to identify those associated with increased 

risk for anemia

c. Measurement of reticulocyte count

d. Ultrasound to assess for intra-abdominal hematoma

e. Testing for the presence of hemolysis if clinical suspicion is high

5. The optimal post-transplant hemoglobin level in children

a. Has not been defined

b. Is the same as the optimal hemoglobin level in adult kidney 

transplant recipients
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c. Depends on the dose of erythropoiesis stimulating agent they are 

treated with

d. Is lower for those receiving iron supplementation

e. Is > 11 g/dl
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Answers

1. b; 2. d; 3. e; 4. d; 5. a
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Figure 1. 
Major contributors to anemia after kidney transplantation
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Table 1.

Risk factors for early and late PTA

Early PTA (<6 months) Late PTA (>6 months)

Pre-transplant anemia Early PTA

Poor nutrition - Iron deficiency pre-Tx Impaired GFR

      - B12 deficiency Iron deficiency

      - Folate deficiency Maintenance immunosuppression (MMF, AZA)

Frequent phlebotomy, surgery blood loss Ace-inhibitors

Induction immunosuppression Acute rejection

Virus and bacterial prophylaxis Infections

Infections Comorbidities

Delay graft function Chronic inflammation

Acute rejection Hyperparathyroidism

Hyperparathyroidism

Female gender

Younger age

Tx transplantation, MMF micophenolate mofetil, AZA azathyoprine
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Table 2.

Diagnostic work-up of PTA

Labs Medications Viral infections

Complete blood count
Reticulocyte count
Serum Iron
Percent transferrin saturation
Serum ferritin
Folate
Vitamin B12
LDH
Haptoglobin
PTH
PCR
Blood stool test

Maintenance immunosuppression
(MMF, AZA)
ACE-inhibitors
Angiotensin receptor blockers
Viral prophylaxis agents (gancyclovir)
Bacterial prophylaxis agents
(sulfamethoxazole and
trimethoprim)
Allopurinol (combined with AZA)

PCR and IgM, IgG:
Parvovirus B19
CMV
EBV
BK virus
Hepatitis B
Hepatitis C
HIV

LDH MMF micophenolate mofetil, AZA azathyoprine
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Table 3.

Treatment of PTA

Treatment Dosage

Oral iron supplementation 2–6 mg/kg/day of elemental iron in 2–3 doses

Vitamin C 500 mg-2 g/day in 2–3 doses

IV iron supplementation

 Sodium ferric gluconate (SFG) 1–1.5 mg/Kg diluted in 50 ml of 0.9% sodium chloride over 60 minutes

 Iron sucrose 1–2 mg/Kg diluted in 25 ml of 0.9% sodium chloride over 60 minutes

 Ferric carboxymaltose 2–8 mg/Kg in 20 ml of 0.9% sodium chloride over 15 minutes

Epoetin alfa Initial dose: 100–300 IU/Kg/week, 1–3 times weekly
Maintenance dose: 100 IU/Kg/week, weekly

Darbepoetin 0.45 mcg/kg/week or 0.75 mcg/kg/every 2 weeks

Methoxy polyethylene glycol-EPO 0.6 mcg/Kg ever 2 weeks, or based on manufacturer’s conversion factor if converting from other ESA

Folic acid 5–10 mg/day

Vitamin B12 0.5–1 mg/week
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