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Purpose: Red blood cell transfusion is a key element of treatment among patients with 
transfusion-dependent thalassemia (TDT). Volume overload and HCC syndrome (hyperten-
sion, convulsion, and intracranial hemorrhage) are fatal complications related to transfusion. 
Furosemide has been widely used to prevent hypertension secondary to volume overload 
with unclear supportive evidence. This study aimed to evaluate the efficacy of furosemide to 
prevent volume overload among children and young adults diagnosed with TDT.
Methods: Patients diagnosed with TDT were enrolled and randomized to receive either 
furosemide pretransfusion or no furosemide pretransfusion. After 3 weeks to 4 months of 
wash-out periods, those patients underwent the alternate regimens as per crossover design of 
the study. Clinical and laboratory parameters including blood pressure and NT-proBNP 
levels were measured before and after each transfusion. The difference of those parameters 
between two randomized groups and their potential associated factors were analyzed.
Results: In all, 30 patients undergoing 60 red blood cell transfusions were enrolled in the study. All 
were randomized and crossover was designed as receiving and not receiving furosemide pretrans-
fusion. No transfusion reactions, symptoms of volume overload and HCC syndrome were observed. 
No statistically significant correlation was found between pretransfusion furosemide and the 
difference between pre- and posttransfusion systolic blood pressure (2 mmHg systolic blood 
pressure difference in pretransfusion furosemide and 1.5 mmHg in no pretransfusion furosemide; 
p-value = 0.721), as well as between pretransfusion furosemide and the difference between pre- and 
posttransfusion NT-proBNP levels (−3.8 pg/mL NT-proBNP level difference in pretransfusion 
furosemide and −2.4 pg/mL in no pretransfusion furosemide; p-value = 0.490). No significant 
correlation was also observed even in selected patients with high NT-proBNP levels (p-value = 
0.262). Associated factors affecting the difference between pre- and posttransfusion NT-proBNP 
levels were analyzed, and none of those were affected concerning the difference in the levels.
Conclusion: Furosemide has been included in standard transfusion guidelines in many 
institutions. Our study provided important evidence of the unnecessary use of the drug in 
preventing volume overload particularly in pediatric and young adult patients with TDT.
Thai Clinical Trials Registry (Tctr) Number: TCTR20180209001. Registered 
6 February 2018, https://www.clinicaltrials.in.th/.
Keywords: NT-proBNP, furosemide, transfusion, thalassemia, volume overload

Introduction
Thalassemia is a common congenital hemolytic anemia found worldwide. The 
disease is characterized by genetic mutations of globin genes resulting in impaired 
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hemoglobin synthesis and eventually reduced hemoglobin 
level. Thalassemia can be genotypically categorized as 
alpha- and beta-thalassemia depending on types of defec-
tive globin genes (alpha versus beta globin genes).1,2 The 
prevalence of thalassemia trait varies geographically with 
approximately 40% prevalence in Thailand, including 20 
to 30% for alpha-thalassemia and 3 to 9% for beta- 
thalassemia. The hematologic manifestations of thalasse-
mia are heterogeneous, ranging from an asymptomatic 
silent carrier with normal clinical findings to patients 
with severe microcytic anemia requiring regular red 
blood cell transfusion or those with life-threatening fatal 
conditions at birth.3 The current classification of thalasse-
mia is generally based on red blood cell transfusion 
requirement in which the disease can be divided as trans-
fusion-dependent thalassemia (TDT) and nontransfusion 
dependent thalassemia (NTDT).

Although hematopoietic stem cell transplantation 
(HSCT) and gene therapy are considered curative treat-
ment for patients with transfusion-dependent type thalas-
semia, red blood cell transfusion is still considered the key 
element of care among those patients awaiting HSCT and 
gene therapy as well as the remaining patients ineligible 
for curative treatment.4,5 Transfusion strategies in treating 
thalassemia are generally divided into two types. First, 
occasional transfusions involve red blood cell transfusion 
given irregularly at a dose of 10 to 15 mL/kg when 
patients develop anemic symptoms and have hemoglobin 
level less than 7 g/dL. Second, frequent transfusion 
involves red blood cell transfusion given regularly to 
maintain high pretransfusion hemoglobin levels of 9 to 
10 g/dL with the aim to suppress erythropoiesis, decrease 
iron absorption from the gastro-intestinal tract and eradi-
cate anemic symptoms as well as their complications.6 

Unlike patients receiving an occasional transfusion, most 
patients undergoing frequent transfusion will have 
a normal level of activity, appropriate growth for their 
age as well as normal facial architecture and lower like-
lihood of requiring splenectomy.6 These findings have 
resulted in the dramatic improvement of quality of life 
among these patients and eventually, their longevity.

However, transfusion-related complications anticipated 
among most patients with thalassemia receiving regular 
and frequent transfusions include iron overload, volume 
overload and HCC syndrome (hypertension, convulsion, 
and intracranial hemorrhage).7–9 Transfusion-associated 
circulatory overload (TACO) is a potential fatal transfu-
sion-related complication leading to significant morbidity 

and mortality.10 Classical clinical presentations of TACO 
include dyspnea and features of fluid overload. Although 
the pathophysiology of this condition has been unclear, 
inappropriate management of patient’s volume status, pre-
existing cardiac and/or renal dysfunctions, numbers of red 
blood cell product transfused and an extreme of age are 
associated with increased risk of TACO.11–13 HCC syn-
drome is a transfusion-related complication and can be 
found among patients with thalassemia requiring either 
occasional, regular or frequent transfusion regimens.14–21 

The syndrome has been found to be associated with pro-
longed chronic anemia; however, posttransfusion hyper-
tension is more common and can be found in 16.7% of 
patients with beta thalassemia22 in which some patients 
reported headaches or even developed seizures.23 Iron 
chelation has been well studied and effectively used to 
manage iron overload. Unlike iron overload, the standard 
treatment and prevention of volume overload and HCC 
syndrome have unfortunately been unclear.

Furosemide is a loop diuretic and has been used to treat 
volume overload and high blood pressure.24 The mechan-
ism of action of furosemide is similar to other loop diure-
tics, ie, inhibiting the luminal Na+, K+, Cl2- cotransporter 
at the thick ascending segment of the loop of Henle caus-
ing inhibition of Na+, K+, Cl2- re-absorption and resulting 
in those electrolytes lost in urine. The onset of action of 
intravenous furosemide is 5 minutes with the peak effect 
of 30 minutes and duration of action of 2 hours.25 

Indications for the practical use of furosemide include 
acute pulmonary edema, chronic congestive heart failure, 
hypertension and hyperkalemia.26,27 The medication has 
been used in many institutions as a premedication to 
supplement red blood cell transfusion to promote diuresis 
and prevent high blood pressure secondary to volume 
overload as well as HCC syndrome among transfusion- 
dependent thalassemia (TDT) patients.28,29 The role of 
furosemide in preventing or treating hypertension second-
ary to red blood cell transfusion among patients with TDT 
was explored in several studies; however, the results 
remain controversial7–9,30 and its use varies among 
institutions.31–33 In addition, several side effects of furo-
semide have been reported in the literature including hypo-
tension, hyperuricemia, hypokalemia, nephrotoxicity and 
ototoxicity which make the determination of the real clin-
ical benefits of this drug truly necessary.24,34–36

N-terminal prohormone of brain natriuretic peptide (NT- 
proBNP or BNPT) is a biomarker in the blood used to 
screen, diagnose, and monitor heart failure.37,38 This 
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biomarker can be measured by rapid assay technique called 
fluorescence immunoassay. The key stimulus for increased 
synthesis and secretion of NT-proBNP is myocardial wall 
tension which could lead to abnormal left ventricular sys-
tolic ejection fraction and ventricular diastolic function.39 

Elevated plasma concentration of NT-proBNP is typically 
found among patients with asymptomatic or symptomatic 
heart failure. Given its half-life of 120 minutes, this bio-
marker represents an immediate effect of myocardial wall 
stress and has been widely used to diagnose and determine 
severity of heart failure.39 The appropriate cut-off values for 
NT-proBNP to differentiate dyspnea secondary to heart 
failure from dyspnea secondary to other causes differ 
depending on patients’ age ranges.37,40,41 The sensitivity 
and specificity of this biomarker in predicting heart failure 
are 90 and 84%, respectively, with a negative predictive 
value of 98% using the level less than 300 pg/mL to exclude 
heart failure.

Herein, we investigated the clinical usefulness of fur-
osemide to prevent volume overload in children and young 
adults with a diagnosis of TDT using clinical and labora-
tory parameters. This is the first study to use NT-proBNP 
to assess cardiovascular volume status pre- and posttrans-
fusion among children and young adults with TDT.

Methods
Patient Selection
Thirty TDT patients who attended the Hematology Clinic, 
Department of Pediatrics, Phramongkutklao Hospital from 
February 14, 2018 to February 13, 2019 were enrolled in 
this study. Written informed consent and assent forms to 
take part in the study were obtained from all participants 
including the children and young adults themselves as well 
as their parents or legal guardians before engaging in the 
study. This randomized, open-label, pre/post, crossover 
trial was approved by the Institutional Review Board, 
Royal Thai Army Medical Department according to the 
ethical principles of the Declaration of Helsinki (1975) and 
its revision (reference number: R012h/57). The study was 
also registered and approved by the Thai Clinical Trials 
Registry (TCTR20180209001). The study’s inclusion cri-
teria included patients with TDT aged between 1 to 25 
years undergoing treatment at the Phramongkutklao 
Hospital. Patients contraindicated for furosemide such as 
those with signs or symptoms of dehydration, a history of 
sulfonamide allergy, baseline systolic blood pressure more 
than 90th percentile for their age, underlying epilepsy or 

a history of intracranial pathology, heart disease or chronic 
kidney disease and patients who had taken oral furose-
mide, other diuretics, anti-hypertensive drugs, anti- 
platelets or anti-coagulants were excluded from the study. 
The aim of this study was to evaluate the efficacy of 
furosemide to prevent volume overload in children and 
young adults with TDT. Although the study’s actual end-
point was the occurrence of volume overload and HCC 
syndrome, systolic blood pressure and NT-proBNP levels 
were used as surrogate markers to assess cardiovascular 
volume status instead according to ethical consideration, 
given the high mortality of the complications.

Randomization Strategy and Crossover 
Design
The study adhered to CONSORT guidelines. Nonblinded 
block randomization was employed in this study as shown 
in the flow diagram in Figure 1. After informed consent 
and assent were obtained, participating patients were ran-
domized to receive two different red blood cell transfusion 
regimens based on the time-points of furosemide adminis-
tration. Patients randomized to receive the first transfusion 
regimen (furosemide pretransfusion) were given furose-
mide as premedication at 1 hour before red blood cell 
transfusion. Since furosemide is practically provided for 
children and young adults with TDT in Thailand including 
our institution in order to prevent hypertension, volume 
overload and HCC syndrome, it was unethical to have an 
experimental group of patients not receiving furosemide. 
Therefore, those patients who were randomized to receive 
the second transfusion regimen (no furosemide pretransfu-
sion) were then given furosemide at the end of study (4 
hours after the initiation of transfusion) after clinical 
assessments and laboratory testing were obtained.

Crossover design was implemented for the second red 
blood cell transfusion as shown in Figure 1 in which the 
interval between first and second transfusion ranged 
from 3 weeks to 4 months (wash-out periods). Patients 
who were initially randomized to receive furosemide 
pretransfusion on the first transfusion then ”crossed- 
over” to receive no furosemide pretransfusion but were 
given furosemide at the end of study due to the ethical 
consideration described previously. On the other hand, 
those patients initially randomized to receive no furose-
mide pretransfusion, were then given furosemide as pre-
medication on the second red blood cell transfusion. Our 
pediatric nurses served as the third party who 
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administered furosemide, performed red blood cell trans-
fusion, drew blood and monitored patients during their 
participation for the study’s duration.

Red Blood Cell Transfusion Regimen and 
Clinical Monitoring Procedures
Red blood cell transfusions were administered to all 
participating patients in our daycare unit in the form of 
either leukocyte depleted packed red blood cell (LDPRC) 
or leukocyte poor packed red blood cell (LPRC) accord-
ing to each individual patient’s transfusion protocol. The 
institutional guideline for red blood cell transfusion dos-
ing was calculated based on the degree of anemia in each 
individual patient. Red blood cell transfusion dosing of 
10 mL/kg, 12 mL/kg and 15 mL/kg were administered to 
children and young adults with a diagnosis of TDT who 
had pretransfusion hematocrit more than 30, 25 to 30 and 
less than 25%, respectively. The total duration of 

transfusion was 4 hours. Vital signs (body temperature, 
heart rate, respiratory rate and blood pressure) and pulse 
oximetry were measured before initiating red blood cell 
transfusion and repeated every 15 minutes during the 
first hour of transfusion, every 30 minutes during 
the second hour of transfusion and continued hourly 
thereafter. In addition, level of consciousness and other 
transfusion-related complications including headache, sei-
zure, signs and symptoms of volume overload and other 
transfusion reactions were closely monitored and 
recorded for the entire duration of transfusion. In the 
case of high blood pressure observed during red blood 
cell transfusion, furosemide at the dose of 1 mg/kg/dose 
with the maximum dosing of 40 mg would be adminis-
tered intravenously. If the blood pressure was still ele-
vated, patients would then be hospitalized and treated 
according to standard hypertensive guidelines42 until 
hypertension subsided.

Figure 1 Study flow diagram.
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Measurement of NT-proBNP and Other 
Laboratory Parameters
Laboratory tests included complete blood count (CBC) and 
NT-proBNP performed on all enrolled patients at 1 hour before 
initiating red blood cell transfusion and repeated at the end of 
transfusion (4 hours after the start of transfusion). NT-proBNP 
levels were measured using the quantitative Elecsys proBNP II 
assay on Elecsys and Cobas e immunoassay analyzers (Roche 
Diagnostics, 2019) in which the proBNP II CalSet was used to 
calibrate the assay according toRoche Diagnostics’ protocol. 
According to the study from Delaporta et al,43 the average NT- 
proBNP levels among patients with thalassemia major with 
and without cardiac hemochromatosis were 185.1±78.0 and 
128.9±20.2 pg/mL, respectively. Therefore, the cut-off NT- 
proBNP value of 129 pg/mL was used in our study.

Furosemide Administration Regimen
Furosemide dose was calculated based on patient’s weight 
and administered by our pediatric nurses at 1 mg/kg/dose 
intravenously with the maximal dosing of 40 mg either 
before red blood cell transfusion (furosemide pretransfusion 
regimen) or at the end of transfusion (no furosemide pre-
transfusion regimen) depending on the study’s 
randomization.

Statistical Analysis
The randomized, open-label, crossover study was designed 
to accrue 26 patients with 10% estimated drop out, provid-
ing 90% power to detect different risks of NT-proBNP of 
185.1 to 128.9 pg/mL at the two-sided level of signifi-
cance. Baseline values of selected variables were analyzed 
and presented as mean with standard deviation (SD) or 
median (range) for continuous variables and calculated 
using frequency and percentage for categorical variables. 
Comparison between two independent datasets was ana-
lyzed using Mann–Whitney nonparametric test. Univariate 
and multivariate analyses were performed using logistic 
regression to analyze the associated factors affecting the 
difference between pre- and posttransfusion NT-proBNP 
levels. Statistical Package for the Social Science (SPSS), 
Version 23 Software (IBM, NY, USA) was used and 
a p-value <0.05 was considered statistically significant.

Results
Patient Characteristics
Patient characteristics including age, sex, thalassemia 
type, red blood cell transfusion requirement, type of 

red blood cell product, iron status and iron chelation 
requirement are summarized in Table 1. Most participat-
ing patients were primary school aged, nonsplenecto-
mized and started on red blood cell transfusion at 
earlier ages. Males were more predominant than females 
at a ratio of 2:1. All patients with thalassemia were 
transfusion-dependent in which hemoglobin E/β- 
thalassemia was the most common diagnosis followed 
by AE Bart’s disease, homozygous β-thalassemia and 
hemoglobin H disease, by rank. Their average ferritin 
levels were above 1000 ng/mL and most patients 
required iron chelation. None of the patients experi-
enced transfusion-related complications including trans-
fusion reactions and HCC syndrome.

Determination of Sufficient Red Blood 
Cell Transfusion
To evaluate the adequacy of red blood cell transfusion 
among all participating patients, hemoglobin levels before 
and at the end of red blood cell transfusion sessions were 
collected and analyzed. The median increase of hemoglo-
bin levels was at 2.45 g/dL as shown in Table 2, which 
differed significantly compared with pretransfusion levels 
with p-value <0.001.

Correlation Between Pretransfusion 
Furosemide and Systolic Blood Pressure
Vital signs were measured and recorded before red blood 
cell transfusion and during the transfusion according to our 
institutional guideline described previously. Systolic blood 
pressure measured at pre- and posttransfusion among 
patients receiving furosemide as premedication before 
red blood cell transfusion and those not receiving furose-
mide before transfusion was analyzed as shown in Table 3. 
No statistically significant difference was found of systolic 
blood pressure at pretransfusion (median systolic blood 
pressure of 107.5 mmHg in pretransfusion furosemide 
and 100 mmHg in no pretransfusion furosemide; p-value 
= 0.122), posttransfusion (median systolic blood pressure 
of 106.5 mmHg in pretransfusion furosemide and 104.5 
mmHg in no pretransfusion furosemide; p-value = 0. 223) 
as well as any difference between pre- and posttransfusion 
blood pressures (median systolic blood pressure difference 
of 2 mmHg in pretransfusion furosemide and 1.5 mmHg in 
no pretransfusion furosemide; p-value = 0.721) between 
those two groups of patients.
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Correlation Between Pretransfusion 
Furosemide and NT-proBNP Levels
NT-proBNP levels obtained at pre- and posttransfusion 
among patients receiving furosemide as premedication 
before red blood cell transfusion and those not receiving 
furosemide before transfusion were analyzed as shown 
in Table 3 and Figure 2. No significant difference was 
found of NT-proBNP levels at pretransfusion (median 
NT-proBNP level of 70.2 pg/mL in pretransfusion fur-
osemide and 64.5 pg/mL in no pretransfusion furose-
mide; p-value = 0.550), posttransfusion (median NT- 
proBNP level of 61.2 pg/mL in pretransfusion furose-
mide and 64.7 pg/mL in no pretransfusion furosemide; 
p-value = 0.590) as well as the difference between pre- 
and posttransfusion levels (median NT-proBNP level 
difference of −3.8 pg/mL in pretransfusion furosemide 
and −2.4 pg/mL in no pretransfusion furosemide; 
p-value = 0.490) between those two groups of patients. 
In addition, six patients who had high NT-proBNP 
levels, above 129 pg/mL according to the report from 
Delaporta et al43 described previously, were selected and 
analyzed. Interestingly, still no significant difference 
was found of NT-proBNP levels at pretransfusion 

Table 1 Patients’ Demographic Data

Number (%)

Patients

Number 30

Sex

Male 20 (66.7)

Female 10 (33.3)

Age (years) 2.2–23.4 (median 9.2)

11.4±6.2

Body weight (kgs) 11.8–60.3 (median 26.0)

33.6±18.0

Body mass index (kg/m2) 11.2–24.2 (median 16.2)

17.5±4.0

Splenectomy

Yes 8 (26.7)

No 22 (73.3)

Types of thalassemia

Hemoglobin E/β-thalassemia 23 (76.7)

AE Bart’s disease 4 (13.3)

Homozygous β-thalassemia 2 (6.7)

Hemoglobin H disease 1 (3.3)

Red blood cell transfusion

Age at first transfusion (years) 1–7 (median 3)

2.7±1.8

Frequency of transfusion (weekly 
interval)

3–13 (median 4)

4.6±2.4

Total duration of transfusion (years) 1–19 (median 6.5)

8.3±6.4

Types of red blood cell product

LPRC 19 (63.3)

LDPRC 11 (36.7)

Iron status and chelation

Serum ferritin (ng/mL) 386.1–2726.0 (median 
1481)

1376.5±627.5

(Continued)

Table 1 (Continued). 

Number (%)

Patients

Iron chelation

Yes 25 (83.3)

No 5 (16.7)

Note: Data are presented as mean±SD and range (median) for continuous vari-
ables and number (%) for categorical variables. 
Abbreviations: LPRC, lymphocyte poor packed red blood cell; LDPRC, lympho-
cyte depleted packed red blood cell.

Table 2 Difference of Pre- and Posttransfusion Hemoglobin 
Levels

Hemoglobin (g/dL) Patients (n=30) p-value

Pretransfusion 8.9 (6.2–12.6) 0.49

Posttransfusion 11.3 (8.5–15.3) <0.05

Difference 

(pre- and posttransfusion)

2.5 (0.5–4.6) <0.05

Notes: Data are presented as median (range) for continuous variables. 
Comparison between two independent datasets was analyzed using Mann– 
Whitney U-test. p-value <0.05 is considered as statistical significance.
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(median NT-proBNP level of 141.1 pg/mL in pretrans-
fusion furosemide and 143.5 pg/mL in no pretransfusion 
furosemide; p-value = 0.631), posttransfusion (median 
NT-proBNP level of 133.7 pg/mL in pretransfusion fur-
osemide and 140.0 pg/mL in no pretransfusion 

furosemide; p-value = 0.522) as well as the difference 
between pre- and posttransfusion levels (median NT- 
proBNP level difference of −30.0 pg/mL in pretransfu-
sion furosemide and −2.4 pg/mL in no pretransfusion 
furosemide; p-value = 0.262) among those selected 
patients with high NT-proBNP levels when they under-
went red blood cell transfusion with and without furo-
semide administered pretransfusion (Table 3 and 
Figure 3).

Associated Factors Affecting the 
Difference Between Pre- and 
Posttransfusion NT-proBNP Levels
Potential relevant factors correlated with the difference of 
pre- and posttransfusion NT-proBNP levels from all partici-
pating patients with thalassemia were examined using uni-
variate analysis as shown in Table 4. Interestingly, patient’s 
age and total duration of red blood cell transfusion were 
found to be influential factors affecting the difference 
between pre- and posttransfusion NT-proBNP levels. 
However, multivariate analysis was used, revealing no asso-
ciated factors affecting any differences of those levels.

Figure 2 Difference of pre- and posttransfusion NT-proBNP levels in patients who 
received furosemide prior to red blood cell transfusion compared to those who did 
not receive furosemide prior to transfusion.

Table 3 Effect of Pretransfusion Furosemide on Systolic Blood Pressure and NT-proBNP

Systolic Blood Pressure 
(mmHg)

Furosemide 
(N=30)

No Furosemide 
(N=30)

p-value

Pretransfusion 107.5 (92–139) 100 (94–200) 0.122

Posttransfusion 106.5 (94–144) 104.5 (86–142) 0.223

Difference 

(pre- and posttransfusion)

2 (−16 – 15) 1.5 (−99 – 17) 0.721

NT-proBNP levels 
(pg/mL)

Furosemide 
(N=30)

No furosemide 
(N=30)

p-value

Pretransfusion 70.2 (5.5–257.5) 64.5 (9.5–304.0) 0.55

Posttransfusion 61.2 (7.9–167.5) 64.7 (7.6–282.5) 0.59

Difference 

(pre- and posttransfusion)

−3.78 (−90.0–31.5) −2.37 (−40.8–27.3) 0.49

NT-proBNP levels above 129 pg/mL Furosemide 
(N=6)

No furosemide 
(N=6)

p-value

Pretransfusion 141.1 (137.4–257.5) 143.5 (129.3–304.0) 0.631

Post transfusion 133.7 (83.6–167.5) 140.0 (88.5–282.5) 0.522

Difference 

(pre- and posttransfusion)

−30 (−90.0–18.6) −2.37 (−40.8–12.5) 0.262

Notes: Data are presented as median (range) for continuous variables. Comparison between two independent datasets was analyzed using Mann–Whitney U-test. p-value 
<0.05 is considered as statistical significance. 
Abbreviation: NT-proBNP, N-terminal prohormone of brain natriuretic peptide.
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Discussion
Overt cardiac disease including heart failure can be found 
in 6.9% of patients with thalassemia major44 and heart 

failure can present at any time after the age of 10 years. 
Circulatory overload and HCC syndrome are fatal compli-
cations anticipated among most patients with TDT and 
highly associated with significant morbidity and mortality. 
According to the Thalassemia International Federation 
(TIF) guidelines for the management of transfusion depen-
dent thalassemia,45 furosemide infusion is indicated for 
alleviating congestive symptoms of acute heart failure in 
patients with TDT; however, prophylactic strategies for 
volume overload and HCC syndrome using loop diuretics 
premedication prior to or during transfusions are routinely 
performed in many institutions worldwide with insufficient 
supportive evidence. It was poorly understood how single 
pre-transfusion furosemide has an impact on HCC syn-
drome, which could occur as late as two weeks after 
transfusion. However, pathophysiology of HCC syndrome 
in TDT patients is believed to be from accumulated effect 
of patient’s elevated baseline intravascular pressure during 
each repetitive cycle of red blood cell transfusion. The 
syndrome could then be aggravated by blood pressure 
surge during red blood cell transfusion while patients are 
in hospital or with high-risk physical activities/exercises 
while patients are outside of hospital. The surge of blood 
pressure could result in elevated intracranial pressure and 
eventually lead to headache or convulsion.46 Therefore, 
a single pre-transfusion dose of furosemide administered 
prior to each repetitive cycle of red blood cell transfusion 
is believed to lower the patient’s baseline intravascular 
pressure and minimize the likelihood of development of 
HCC syndrome.

However, loop diuretics are presently not recom-
mended as first-line treatment in current hypertension 
guidelines largely due to the lack of outcome data.47 In 
addition, several side effects of loop diuretics have been 
reported which make the determination of the real thera-
peutic advantage of these drugs truly necessary.24,34–36 

Herein, we evaluated the clinical benefits of furosemide 
to prevent volume overload among children and young 
adults with TDT. Because most of the transfusion practices 
and guidelines in Thailand including our institution require 
furosemide to be administered before red blood cell trans-
fusion in all thalassemia cases, participating patients not 
receiving furosemide as premedication before transfusion 
would have the medication given at the end of the study (4 
hours after the initiation of transfusion) instead. A wash- 
out period was required among all patients depending on 
their actual transfusion requirements before switching to 
another furosemide regimen according to the crossover 

Figure 3 Pretransfusion and posttransfusion NT-proBNP levels in patients with 
high NT-proBNP levels (>129 pg/mL) who received furosemide prior to red blood 
cell transfusion compared to those who did not receive furosemide prior to 
transfusion.

Table 4 Factors Affecting the Difference Between Pre- and 
Posttransfusion NT-proBNP Levels

Coefficients 
B

Crude OR 
(95% CI)

p-value

Serum ferritin (ng/mL) −0.001 −0.009–0.007 0.780

Age (years) 0.858 0.070–1.646 0.033*

Frequency of 
transfusion (weekly 

interval)

0.747 −1.372–2.866 0.483

Age at first 

transfusion (years)

0.394 −2.401–3.189 0.779

Total duration of 

transfusion (years)

0.777 0.009–1.544 0.047*

Sex −7.159 −17.509–3.192 0.172

Types of Thalassemia 1.979 −3.174–7.132 0.445

Splenectomy −7.484 −18.490–3.594 0.182

Types of red blood 

cell product

5.386 −4.806–15.579 0.295

Iron chelation −8.912 −22.010–4.187 0.179

BMI (kg/m2) 0.757 −0.501–2.016 0.233

Notes: Univariate analysis was calculated using logistic regression. *p-value <0.05 is 
considered as statistical significance.
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design of the study. Thirty TDT patients with different 
globin gene mutations were enrolled in this study and 
randomized to receive either pre- or posttransfusion furo-
semide. A total of 60 red blood cell transfusions were 
analyzed in this study. Adequate red blood cell transfusion 
was affirmed by having significant elevation of posttrans-
fusion hemoglobin. None of the patients experienced 
transfusion-related complications including transfusion 
reactions and HCC syndrome. Clinical assessments and 
laboratory parameters including NT-proBNP level were 
performed and recorded. Given the half-life of 120 min-
utes which represents an immediate effect of myocardial 
wall stress,39 NT-proBNP level was obtained at 4 hours 
after starting the transfusion. Interestingly, no significant 
differences were observed in clinical and laboratory para-
meters associated with volume overload consisting of sys-
tolic blood pressure and NT-proBNP levels between 
patients receiving furosemide before red blood cell trans-
fusion and those who did not. In addition, patients at risk, 
with high NT-proBNP levels, were chosen and re- 
analyzed. Again, no significant differences were found in 
NT-proBNP levels among selected patients (N = 7) receiv-
ing furosemide before transfusion and those who did not. 
48of 7 patients. According to the study from Menis et al,49 

the risk of TACO was correlated with the number of red 
blood cell units transfused with odds ratio (OR) of 2.00 for 
2–4 red blood cell units, OR of 3.10 for 5–19 red blood 
cell units and OR of 3.55 for more than 9 red blood cell 
units. However, potential associated factors affecting the 
difference between pre- and posttransfusion NT-proBNP 
levels including total duration of red blood cell transfusion 
were analyzed and none of those factors affected any 
difference in the levels.

This is the first study to use non-invasive surrogate 
markers including systolic blood pressure and NT- 
proBNP to assess cardiovascular volume status pre- and 
posttransfusion among children and young adults with 
TDT. According to the results from this study, no real 
evidence was found of clinical benefits of furosemide 
administered before red blood cell transfusion to prevent 
volume overload among children and young adults with 
TDT, given no significant differences of pre- and post-
transfusion systolic blood pressure as well as NT-proBNP 
levels. These results are consistent with the systematic 
review of Sarai and Tejani,29 which reported no sufficient 
evidence to support therapeutic advantages of prophylactic 
furosemide to prevent transfusion-related morbidity. 
Moreover, the medication also failed to prevent 

hypertension during perioperative splenectomy in thalas-
semic children.30 Besides patients diagnosed with TDT, 
minimal clinical benefits of pretransfusion administration 
of furosemide were also observed in preterm infants.48 

Therefore, revising the transfusion guideline should be 
considered to eliminate the risks of developing serious 
side effects from this medication by omitting furosemide 
used as premedication in patients with low risk thalasse-
mia with normal cardiac function and preserving the use of 
this drug only for patients at high risk such as those with 
cardiac iron overload or a history of transfusion-associated 
circulatory overload (TACO) or HCC syndrome.

The limitation of this study included small sample size 
of participating patients which might have resulted in no 
significant differences found among clinical and laboratory 
parameters between patients receiving furosemide as pre-
medication before red blood cell transfusion and those 
who did not. Therefore, the small patient numbers might 
preclude a final conclusion on the effect of pre-transfusion 
furosemide on NT-proBNP levels and blood pressure. In 
addition, more comprehensive and precise measurements 
of volume overload such as pulmonary capillary wedge 
pressure, extravascular lung water index or pulse contour 
cardiac output (PiCCO) system were not performed and 
used in this study since those measurements were invasive 
and associated with serious complications. Moreover, this 
study could not have an experimental group of patients not 
receiving furosemide since this diuretic has been routinely 
used for children and young adults with TDT in Thailand 
including our institution in order to prevent hypertension, 
volume overload and HCC syndrome. Therefore, it was 
unethical to have a group of patients truly not receiving 
furosemide. Thus, those patients who were randomized to 
receive no furosemide pretransfusion were then given fur-
osemide at the end of study after clinical assessments and 
laboratory testing were obtained.

Conclusion
Thalassemia disease has been considered one of the major 
global health concerns especially in developing countries 
where their abilities to control and treat the disease are 
restricted due to a lack of general knowledge of the dis-
ease’s true prevalence, and limited financial support.50,51 

More understanding of pathophysiology of the disease and 
its complications is important because treatment-related 
side effects could be avoided thereby optimizing economic 
burdens nationally by securing budget cuts from unneces-
sary treatment with no real evidence of clinical benefits 
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and allocating those funds to essential treatment. Although 
the use of furosemide is included in the standard transfu-
sion practices and guidelines in many institutions, our 
study provided important evidence of the unnecessary 
use of this drug in preventing volume overload particularly 
in pediatric patients with TDT. Due to the study’s limita-
tions previously described, further well-designed and con-
structed study with a larger sample size in patients with 
broader age ranges is required to affirm the role of fur-
osemide in this specific indication.
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