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Background and Objectives Approaches to preventing transfusion-associated cir-
culatory overload (TACO) include the use of diuretics. The purpose of this study
was to determine how commonly diuretics are prescribed in patients receiving a
red-blood-cell (RBC) transfusion.

Materials and Methods This was a retrospective study of 200 adult inpatient
RBC transfusion orders, 50 consecutive at each of four academic institutions.
Only the first transfusion order for each patient was included. Only 1 or 2 unit
orders were included. The primary outcome was the percentage of patients
receiving furosemide peri-transfusion. Secondary objectives included the dose,
route, and timing of furosemide and the association of clinical factors with
ordering furosemide.

Results The median age was 62�5 years (IQR 53, 73), and 52% were female. Peri-
transfusion furosemide was ordered in 16% (95% CI 11–21%). The most common
dose was 20 mg (55%), the route intravenous (90%) and timing post-transfusion
(74%). At least one risk factor for TACO was present in 55% of patients: renal
dysfunction (33%), older than 70 years (28%), history of congestive heart failure
(18%), ejection fraction <60% (16%) and diastolic dysfunction (5%). Low haemo-
globin as an indication for transfusion (OR 4�2; 95% CI 1�4–12�8) and diuretics
on admission (OR 3�5; 95% CI 1�5–8�0) were associated with ordering furosemide
peri-transfusion.

Conclusions Furosemide is not routinely ordered for RBC transfusion, even in
patients with risk factors for TACO. Studies assessing the safety, efficacy, optimal
dose, and timing of furosemide in preventing TACO are justified.
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Introduction

Transfusion-associated circulatory overload (TACO) is one

of the leading causes of transfusion-associated mortality

[1–3]. Its prevalence varies depending on the type of

reporting and the patient population, with estimates rang-

ing from 1 in 5932 components transfused to 1 in 28 873

components issued in passive haemovigilance systems [4,

5] to 1–11% of transfused patients with active reporting

[6–8]. Significant morbidity has been described with up

to 18% requiring transfer to intensive care [9]. Thus, find-

ing mitigating strategies is key to improving transfusion

safety.

Unlike other risks of transfusion such as infectious

risks or transfusion-related acute lung injury where miti-

gating interventions have focused on the blood supply,

risk factors for TACO appear to be inherent to the recipi-

ent or the transfusion order. These risk factors include

older age, positive fluid balance, increased number of
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units transfused, left ventricular systolic or diastolic dys-

function, history of congestive heart failure and chronic

kidney disease [9–11]. Because the recipient risk factors

are often non-modifiable, focusing on avoiding unneces-

sary transfusion and how the transfusion is administered

are key. However, even if a clinician identifies a patient

at high risk for TACO, no studies have been completed to

date to determine which interventions will help reduce

the incidence and severity of TACO in these patients [12].

Several approaches to preventing TACO have been sug-

gested [13] and include decreasing the volume of transfu-

sion, slowing the rate of infusion and prescribing

diuretics, namely furosemide. In this report, we aim to

determine how often patients are prescribed furosemide

concomitantly with red-blood-cell (RBC) transfusion so as

to understand current practices in planning for future

studies of furosemide therapy for TACO prevention.

Materials and methods

This study was a retrospective audit of 200 adult inpatient

RBC transfusion orders consisting of 50 consecutive orders

at each of four academic institutions starting July 1, 2016.

Only the first transfusion order for each patient was

included. Transfusion orders for more than 2 units at a

time were excluded. Consecutive transfusions were identi-

fied retrospectively through the blood bank laboratory

information system, and then, the hospital electronic med-

ical record and chart were reviewed. Data collected

included patient demographics and risk factors (age, gen-

der, admitting diagnoses, comorbidities, history of heart

failure, left ventricular systolic or diastolic dysfunction,

renal dysfunction, blood components transfused in the

preceding 24 h, fluid balance if available), clinician demo-

graphics (specialty) and order details (indication, number

of units, infusion rate, furosemide prescription, dose, tim-

ing and route of administration). A history of heart failure

was deemed to be present if this was documented in the

medical chart. Systolic dysfunction was defined as an

echocardiogram or multigated acquisition (MUGA) scan

showing ejection fraction <60%. Diastolic dysfunction was

defined if noted on the echocardiogram report. Renal dys-

function was defined as a glomerular filtration rate of

<60 ml/min or a creatinine above the normal range of the

hospital site. Blood components transfused in the preced-

ing 24 h included other RBC units, platelets, plasma and

cryoprecipitate (intravenous immunoglobulin and albumin

were not included). Fluid balance for the preceding 24 h

was documented based on chart documentation and was

considered not available if the patient had been in hospital

for less than 24 h. Indications for transfusion were catego-

rized as follows: low haemoglobin without symptoms,

active bleeding, symptomatic anaemia, preoperative

transfusion (within 48 h prior to the operation), intraoper-

ative transfusion and postoperative transfusion (within

48 h after the operation). For the indication of low hae-

moglobin without symptoms, no specific haemoglobin

level was defined; this was assumed to be the indication

when no symptoms, bleeding or operation were noted in

the chart. More than one indication could be chosen for a

transfusion. The ordered infusion rate was based on the

physician’s transfusion order. In cases where the order

was written as over 2–3 h, the average time was taken (i.e.

2�5 h). The actual infusion rate was determined by the

documented start and stop time of the transfusion. Where

two units were administered, the average of the first and

second unit infusion rates was calculated. In addition,

information was collected on whether the patient was on

daily diuretics (loop, thiazide or potassium-sparing diuret-

ics) prior to admission and whether it was discontinued in

the 48 h prior to the index transfusion. For the timing of

furosemide, pre-transfusion furosemide was defined as

furosemide given within 2 h prior to transfusion (and not

part of a daily furosemide order); and post-transfusion

furosemide was defined as furosemide given within 2 h

following transfusion. The post-transfusion furosemide

was assumed to be prophylactic if no specific respiratory

symptoms were reported.

At Site A, a pre-printed transfusion order set was

mandatory for all non-urgent transfusions (exceptions

included: trauma and the operating room) and included

an option to select pre-transfusion furosemide. The order

set was used in all transfusions included for Site A. Site

A also had prospective screening by the medical labora-

tory technologist for compliance with transfusion guideli-

nes promoting single unit transfusions for non-urgent

transfusions. Sites B to D had the same transfusion guide-

lines as Site A, but no pre-printed transfusion order sets

or prospective transfusion order screening for red blood

cells was in place.

The primary objective was to determine the percentage

of patients receiving furosemide peri-RBC transfusion.

Secondary objectives included the dose, route and timing

of furosemide administration and the association of clini-

cal factors with ordering furosemide. Univariate analysis

was performed to determine whether patient age, presence

of risk factors for TACO, single unit (vs. 2 unit) transfu-

sions, indication (low haemoglobin, symptomatic anaemia

or bleeding), site or use of the pre-printed transfusion

order set were associated with ordering of furosemide for

RBC transfusion.

Descriptive variables were calculated using means with

standard deviation for continuous variables (medians and

interquartile ranges for non-normally distributed vari-

ables) and count and percentages for categorical vari-

ables. We used a sample size of 50 transfusion orders per
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site which we had previously validated to be representa-

tive of appropriateness of transfusion orders [14]. Associ-

ation of patient characteristics with the presence or

absence of furosemide peri-transfusion was calculated

using t-tests for continuous variables (or Wilcoxon rank

sum tests for those with a non-normal distribution) and

chi-square tests for categorical variables (or Fisher’s exact

tests in the case of low expected cell counts). A P-value

<0�05 was used to denote statistical significance. Logistic

regression was performed to assess the magnitude and

strength of factors associated with ordering furosemide

peri-transfusion. Based on the frequency distribution

across the outcome (patients receiving furosemide peri-

transfusion), only three factors could be selected for the

logistic regression model. All analyses were run using SAS

Version 9.4 (SAS Institute, Cary, NC, USA).

Results

Patients

In July 2016, data on 200 RBC transfusion orders were

collected, 50 from each site (Table 1). The median age

was 62�5 years (IQR 53, 73) and 52% were female. The

admitting diagnoses varied and differences among the

sites reflected differences in each site’s patient popula-

tions. Overall, at least one risk factor for TACO was pre-

sent in 55% of patients (ranging from 32% to 76% at the

four sites) (Table 2). The most frequent risk factors were

the presence of renal dysfunction (33%), age older than

70 years (28%) and a history of CHF (18%). An

echocardiogram or MUGA scan was performed in 99

(50%) patients, of whom 31 (31%) had an EF less than

60% and 10 (10%) had diastolic dysfunction. Fluid bal-

ance was only documented in 48 (24%) patients of whom

32 (67%) were positive. Twenty-three per cent of patients

were on regular diuretics at the time of admission.

Transfusion order

Details of the transfusion are shown in Table 3. The most

common indication was for low haemoglobin (66%), fol-

lowed by active bleeding (17%) and symptomatic anaemia

(12%). The median pre-transfusion haemoglobin was

70 g/l (IQR 67, 75). Eighty-two per cent of orders were

single unit transfusion orders. The average infusion rate

ordered was 1 unit over 1�9 h (0�5 units/h). The average

actual infusion rate was 1 unit over 1�7 h (0�6 units/h).

Site A with the use of the pre-printed transfusion order set

had an average faster-ordered rate of 1 unit over 1�5 h

compared to other sites at 1 unit over 2�4 h (P = 0�02).
Site A also had an average faster actual infusion rate of 1

unit over 1 h compared to other sites at 1 unit over 2�3 h

(P < 0�0001). The most common ordering specialties were

oncology (26%), internal medicine (9%), critical care med-

icine (8%) and emergency (8%). No transfusion reactions,

including TACO, were reported for any of the patients.

Use of furosemide

Peri-transfusion furosemide was ordered in 16% of cases

(range 8–28% at four sites; 95% CI 11–21%). The most

Table 1 Patient demographics

All
N = 200

Site A
N = 50

Site B
N = 50

Site C
N = 50

Site D
N = 50

Median age (IQR) 62�5 (53, 73) 66�5 (57, 75) 59�0 (53, 69) 59�5 (49, 70) 64�0 (55, 79)

Female (%) 104 (52) 30 (60) 29 (58) 22 (44) 23 (46)

Admitting diagnoses (%)

Cardiac 10 (5) 1 (2) 0 (0) 8 (16) 1 (2)

Cardiac surgery 15 (8) 4 (8) 0 (0) 11 (22) 0 (0)

Cerebrovascular 9 (5) 0 (0) 0 (0) 1 (2) 8 (16)

Gastrointestinal 19 (10) 7 (14) 0 (0) 3 (6) 9 (18)

Haematologic 6 (3) 2 (4) 1 (2) 0 (0) 3 (6)

Heme-oncologic 51 (26) 3 (6) 42 (84) 4 (8) 2 (4)

Non-cardiac surgery 32 (16) 6 (12) 0 (0) 15 (30) 11 (22)

Obstetrics 2 (1) 0 (0) 0 (0) 2 (4) 0 (0)

Oncology 23 (12) 6 (12) 7 (14) 8 (16) 2 (4)

Orthopaedic 14 (7) 3 (6) 0 (0) 0 (0) 11 (22)

Renal/Urologic 4 (2) 3 (6) 0 (0) 1 (2) 0 (0)

Respiratory 8 (4) 0 (0) 0 (0) 7 (14) 1 (2)

Trauma 10 (5) 10 (20) 0 (0) 0 (0) 0 (0)

IQR, interquartile range.
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common dose was 20 mg (55%), the route was intra-

venous (90%), and timing was post-transfusion (74%)

(Table 4). Univariate analysis for association of patient

characteristics with furosemide ordering is presented in

Table 5. Patients where furosemide was ordered tended to

be older and have a history of CHF in the chart although

these associations were not statistically significant. Being

on a diuretic on admission (45% vs. 19%; P = 0�001) and
a low haemoglobin indication for transfusion (87% vs.

62%; P = 0�006) were associated with furosemide order-

ing, whereas active bleeding as an indication for transfu-

sion was associated with no furosemide order (3% vs.

20%, P = 0�03). As there was only one patient with active

bleeding in the furosemide group, active bleeding was not

included in the logistic regression model. Thus, the logis-

tic regression was conducted with two factors: diuretics

on admission and indication for transfusion of low hae-

moglobin. Low haemoglobin as an indication for transfu-

sion (OR 4�2; 95% CI 1�4–12�8) and diuretics on

admission (OR 3�5; 95% CI 1�5–8�0) were associated with

ordering furosemide peri-transfusion. Although the pre-

printed transfusion order set did not increase the use of

furosemide, patients receiving furosemide at site A were

more likely to receive furosemide pre-transfusion than at

other sites (four of six patients (67%) at site A vs. three

of 25 patients (12%) at other sites; P = 0�01).

Table 2 Patient risk factors for TACO

All
N = 200

Site A
N = 50

Site B
N = 50

Site C
N = 50

Site D
N = 50

At least one risk factor for TACO (%) 110 (55) 26 (52) 16 (32) 38 (76) 30 (60)

Renal dysfunction (%) 65 (33) 16 (32) 8 (16) 22 (44) 19 (38)

Age >70 (%) 56 (28) 18 (36) 6 (12) 12 (24) 20 (40)

History of CHF (%) 35 (18) 6 (12) 2 (4) 15 (30) 12 (24)

Echo or MUGA performed (%) 99 (50) 15 (30) 32 (64) 33 (66) 17 (38)

Ejection fraction <60% 31 (16) 2 (4) 5 (10) 14 (28) 10 (20)

Diastolic dysfunction 10 (5) 1 (2) 0 (0) 5 (10) 4 (8)

Other blood products transfused in past 24 h (%) 37 (19) 7 (14) 16 (32) 11 (22) 3 (6)

Fluid balance documented (%) 48 (24) 16 (32) 14 (28) 12 (24) 6 (12)

Fluid balance positive (%) 32 (16) 13 (26) 7 (14) 7 (14) 5 (10)

Regular diuretics prior to admission (%) 46 (23) 10 (20) 6 (12) 14 (28) 16 (32)

Diuretics discontinued in 48 h prior to transfusion (%) 26 (13) 6 (12) 2 (4) 7 (14) 11 (22)

CHF, congestive heart failure; MUGA, multigated acquisition scan; TACO, transfusion-associated circulatory overload.

Table 3 Transfusion details

All
N = 200

Site A
N = 50

Site B
N = 50

Site C
N = 50

Site D
N = 50

Indication for transfusion (%)a

Low Hb 132 (66) 24 (48) 48 (96) 33 (66) 27 (54)

Active bleeding 34 (17) 11 (22) 1 (2) 6 (12) 16 (32)

Symptomatic anaemia 23 (12) 13 (26) 1 (2) 4 (8) 5 (10)

Intraoperative transfusion 17 (9) 7 (14) 0 (2) 3 (6) 7 (14)

Postoperative transfusion 11 (6) 1 (2) 1 (2) 7 (14) 2 (4)

Median pre-transfusion Hb (g/l) (IQR) 70 (67, 75) 69 (67, 76) 72 (70, 74) 69 (67, 75) 68 (62, 75)

Pre-transfusion Hb <80 g/l (%) 170 (85) 40 (80) 48 (96) 42 (84) 40 (80)

Number of single unit transfusions (%) 164 (82) 41 (82) 48 (96) 40 (80) 35 (70)

Number of orders with infusion rate (%) 87 (44) 37 (74) 13 (26) 17 (34) 20 (40)

Infusion rate ordered (units/h) (SD) 0�5 (0�4) 0�6 (0�6) 0�4 (0�1) 0�4 (0�1) 0�4 (0�2)
Actual infusion rate documented (%) 109 (55) 29 (58) 17 (34) 27 (54) 36 (72)

Actual infusion rate (units/h) (SD) 0�6 (0�7) 1�0 (1�2) 0�4 (0�1) 0�5 (0�3) 0�4 (0�2)
Furosemide ordered, N (%) 31 (16) 6 (12) 14 (28) 4 (8) 7 (14)

Hb, haemoglobin; IQR, interquartile range; SD, standard deviation.
aPatients could have more than one reason for indication.
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Discussion

In this study of 200 consecutive patients at four academic

sites, furosemide was ordered for RBC transfusion in 16%

of cases. When ordered, the most common prescription

was 20 mg given intravenously post-transfusion.

This study characterizes the real-world use of furose-

mide peri-transfusion for TACO prevention at four aca-

demic institutions with a high percentage of single unit

transfusions and slow infusion rates as suggested by the

AABB guidance document [13]. Overall, the use was low

with a range from 8% to 28% (95% CI of 11–21%). This

low use may have been due to the inclusion of consecu-

tive adult RBC transfusion orders (as opposed to restrict-

ing orders to older patients or high-risk patients for

TACO), but we did this intentionally so as to understand

the current use of furosemide in routine transfusion prac-

tice. Including consecutive RBC transfusion orders also

allowed us to hypothesize whether patient risk factors for

TACO were associated with the decision to order furose-

mide. Based on the limited data, being on diuretics on

admission and low haemoglobin as an indication for

transfusion were associated with whether or not furose-

mide was ordered. Age and a history of CHF in chart may

have an impact but were not statistically significant.

Our findings are consistent with other published work

although there is a large variation in the use of diuretics

depending on the population being studied. Fry et al. [15]

examined transfusion premedication practices and found

that only two (0�6%) of 324 patients were treated with

furosemide before transfusion although it was not

reported how many received furosemide during or after a

transfusion. Lieberman et al. [9] reported on 100 consecu-

tive TACO events and found that the rate of furosemide

use was 29%, with the most common practice being

20 mg intravenous midway or at the end of transfusion.

This rate was likely higher than what we observed as

these were selected cases of TACO where providers may

have anticipated a higher risk of TACO. Tseng et al. [16]

were able to increase the use of diuretics in general inter-

nal medicine patients at high risk for TACO from 37% to

64% with the aid of a physician pre-transfusion checklist

that specifically addressed risk factors for TACO in

Table 4 Furosemide order details

All Site A Site B Site C Site D

Furosemide ordered, N 31 6 14 4 7

Dose (%)

10 mg 6 (19) 1 (17) 2 (14) 1 (25) 2 (29)

20 mg 17 (55) 4 (67) 8 (57) 2 (50) 3 (43)

40 mg 5 (16) 1 (17) 2 (14) 0 (0) 2 (29)

Other 3 (10) 0 (0) 2 (14) 1 (25) 0 (0)

Route (%)

Oral 2 (6) 2 (33) 0 (0) 0 (0) 0 (0)

Intravenous 28 (90) 4 (67) 13 (93) 4 (100) 7 (100)

Unknown 1 (3) 0 (0) 1 (7) 0 (0) 0 (0)

Timing (%)a

Pre-transfusion 7 (23) 4 (67) 0 (0) 1 (25) 2 (29)

Between 3 (10) 0 (0) 1 (7) 0 (0) 2 (29)

Post-transfusion 23 (74) 2 (33) 13 (93) 3 (75) 5 (71)

aTwo patients at Site D received furosemide at two time-points.

Table 5 Comparison of patients receiving furosemide vs. no furosemide

Furosemide ordered N = 31 No furosemide ordered N = 169 P-value

Age (median, IQR) 70 (60, 76) 62 (51, 72) 0�07
Female (%) 17 (55) 87 (51) 0�73
At least one risk factor for TACO (%) 17 (55) 93 (55) 0�98
Renal dysfunction (%) 8 (26) 57 (34) 0�39
History of CHF in chart (%) 9 (29) 26 (15) 0�07
Ejection fraction <60% (%) 7 (23) 24 (14) 0�56
Diastolic dysfunction (%) 1 (3) 9 (5) 0�68
Other blood products transfused in past 24 h (%) 5 (16) 32 (19) 0�71
Fluid balance positive (%) 5 (16) 27 (16) 0�62
Diuretics on admission (%) 14 (45) 32 (19) 0�001
Diuretics discontinued in 48 h prior to transfusion (%) 4 (13) 22 (13) 0�98
Number of single unit transfusions (%) 27 (87) 137 (81) 0�42
Indication for transfusion (%)

Low haemoglobin 27 (87) 105 (62) 0�006
Active bleeding 1 (3) 33 (20) 0�03

Pre-transfusion haemoglobin (median, IQR) 69 (66, 73) 70 (67, 76) 0�34
Use of pre-printed transfusion order set (%) 6 (19) 44 (26) 0�43

CHF, congestive heart failure; IQR, interquartile range; TACO, transfusion-associated circulatory overload.
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addition to a pre-printed transfusion order set that recom-

mended pre-transfusion intravenous furosemide if risk

factors were present. Furosemide use may also be higher

in paediatric populations with one report of 40 patients

where 43% received furosemide [17].

The question of whether or for which patients furose-

mide peri-transfusion is required remains unanswered.

The use of furosemide to prevent TACO is a rational sug-

gestion. Gupta et al. [18] first demonstrated in a study of

20 patients that furosemide 40 mg intravenously pre-

transfusion prevented an increase in pulmonary capillary

wedge pressure that occurred with transfusion when no

furosemide was administered. Furosemide is a routine

treatment for fluid overload and congestive heart failure.

The side-effects of furosemide even given intravenously

are small. In a pharmacovigilance study of 585 medical

inpatients treated with a combination of oral and intra-

venous furosemide, the risk of hyponatremia and hypoka-

lemia was only 1�0% and 3�6%, respectively [19]. Among

patients treated with a dose less than or equal to 40 mg

of furosemide, the incidence of hypokalemia was only

1�7% and would likely be considerably lower in patients

also receiving RBC transfusion support, as the blood pro-

duct itself may provide a small degree of potassium sup-

plementation [20]. In Tseng et al. [16], no cases of

hypokalemia or acute kidney injury attributable to furo-

semide were seen. On the other hand, it is not clear what

the added benefit of furosemide would be in the setting

of optimal transfusion practice, that is single unit transfu-

sions given restrictively and with a slow infusion rate.

This is the basis of the TACO-BEL pilot randomized study

which has recently been completed [21]. In this current

report, we did not observe any TACO events, although we

did not specifically collect changes in vital signs during

the audit. We also hypothesize that the lack of TACO

events may have been related to the high rate of single

unit transfusions and not restricting orders to those with

risk factors for TACO. There may also have been underre-

porting of transfusion reactions with current rates of

reaction reporting at our institutions in 2016 ranging

from one report in 128–206 components (including RBC,

platelet, plasma and cryoprecipitate units) transfused (per-

sonal communication, Ana Lima, Sunnybrook Health

Sciences Centre and Christine Cserti-Gazdewich, Univer-

sity Health Network, 15 December 2017).

One of the sites had a mandatory pre-printed order for

non-urgent transfusions. We noted that the pre-printed

order alone did not increase the use of furosemide. How-

ever, use of the pre-printed order did increase the timing

of furosemide as pre-transfusion because ‘prior to trans-

fusion’ was the default choice for timing of furosemide.

The transfusion rate was also more frequently docu-

mented with the pre-printed order although we noted that

the actual infusion rate administered by the nurse was

often faster than the documented transfusion order. It is

also curious why the most common timing of furosemide

is post-transfusion. Could clinicians be concerned about

the vasodilatory effects of furosemide and possible

hypotension from furosemide? Could this just be a resid-

ual practice from the days of 2 unit transfusions when

furosemide was given in between transfusions?

Limitations of this study include its small sample size;

however, the confidence interval around the point estimate

of 16% (95% CI 11–21%) suggests that furosemide is not a

routine practice. Our study occurred in academic centres

where trainees often prescribe transfusion and so may not

be generalizable to other practice settings. In order to look

at whether this practice is generalizable, our group is plan-

ning on doing a larger multicentre audit to look at the fre-

quency of furosemide use. Finally, because this study was

retrospective, some risk factors such as echo results and fluid

balance were not well documented. In fact, we noted that

fluid balance was so poorly documented outside of intensive

care units that its inclusion as a criterion for the diagnosis of

TACO may not be useful in the daily practice setting.

In conclusion, furosemide is not routinely ordered peri-

transfusion, even in patients with risk factors for TACO.

Questions remain about who should receive furosemide

and about what the optimal dose and timing should be.

This study supports further investigation of the role of

peri-transfusion furosemide in clinical trials as an inter-

vention to help mitigate the risk and severity of TACO.
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