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VERSION 1 - REVIEW 

REVIEWER Chris Hyde 
Exeter Test Group, University of Exeter Medical School, University 
of Exeter, UK 

REVIEW RETURNED 26-Feb-2016 

 

GENERAL COMMENTS This is an excellent study which has been well reported. My 
congratulations to the study team  
I am perplexed why the BMJ doesn't consider something of this 
quality, clarity and relevance worthy of its main publication. Could 
the BMJ consider whether this would be better placed in their main 
journal?  
I have a three points for the authors to consider:  
a) Could you be clearer how deaths were dealt with in the quality of 
life analysis. I am assuming that where death occurred, patients 
were deemed to have 0 quality of life if this occurred before 3 
months. Given that any patients dying would have a major effect on 
the quality of life results, and we know there is an excess of deaths 
in the restrictive transfusion arm, would it be worth providing more 
detail about these participants and their effect on the quality of life 
analysis. It is equivalent to the situation with participants with 
extreme costs which you have dealt with very well. I did wonder if 
the difference in results between QALY and LYG could be 
connected with how you are treating death with respect to its impact 
on HRQoL.  
b) Extending the impact of death a little further into costs, is it 
possible that the small cost saving in the restrictive transfusion arm 
is attributable to the excess of deaths as early death might be 
paradoxically associated with reduced health care costs  
c) I think you can be more definite in your conclusions in the face of 
the uncertainty, which wholly concerns the costs. There is relative 
certainty concerning effects - there is evidence of no effect with 
respect to quality of life as the difference is trivial in either direction 
of effect and we may be cautiously against restrictive transfusion 
because of the impact on mortality. The issue is thus whether we 
would consider the maximum cost saving suggested by your results 
(£1108) c 6% of total cost, justifiable given the possibility of harm. I 
think it would reasonable for you to contend not. You might also note 
that because the cost saving occurs primarily through reduced blood 
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use which I think is not yet directly charged for in the NHS, realising 
any cost savings would be extremely difficult. It would rely on a 
notion that a transfusion service could be down-sized because less 
blood products were required, and the costs saved reinvested in 
other health services.  
 
I hope these observations help and thank you for giving me the 
opportunity of reading the paper. 

 

REVIEWER Kevin Trentino 
South Metropolitan Health Service (Western Australia), Australia 
 
KT reports non-financial support from the Medical Society for Blood 
Management, outside the submitted work 

REVIEW RETURNED 20-Mar-2016 

 

GENERAL COMMENTS (1) Major concern regarding the administration cost of RBCs used.  
 
In Appendix 3 (Unit costs for surgery, inpatient stays, and blood 
products) the authors use a product cost of 123.31 for each unit of 
RBCs and an administration cost of 22.00 (for the first unit). The 
administration cost figure is taken from “preliminary analyses” 
collected for another trial. This figure is derived from 49 minutes of 
nursing time and 6.00 of consumables.  
 
Given the cost difference between the restrictive and liberal groups 
is mainly attributable to the difference in RBC consumption for the 
results to be valid it is vital the cost of administering an RBC 
transfusion is accurate.  
 
A major concern is the 22.00 cost of administering a RBC derived 
from a preliminary analysis. Is this figure published (?) This amount 
is a substantially lower than estimates appearing in peer-reviewed 
studies. A systematic review of the literature published on the cost of 
RBC transfusions in Western Europe highlighted the cost of 
administering a RBC transfusion is several times higher than the 
RBC product cost alone [Abraham I, Sun D. The cost of blood 
transfusion in Western Europe as estimated from six studies. 
Transfusion. 2012 Sep;52(9):1983-8]. This review recommended 
that costings should apply activity-based costing methods 
recommended by the Cost of Blood Consensus Conference.  
 
One study, a prospective process cost analyses in Europe and the 
US did this [Shander A, et al. Activity-based costs of blood 
transfusions in surgical patients at four hospitals. Transfusion. 2010 
Apr;50(4):753-65.]. They mapped all major process steps, staff, and 
consumables needed to administer a RBC transfusion. They 
determined the activity-based costs of administering a RBC 
transfusion was 3.2 to 4.8 times higher than the product acquisition 
costs. Similar results have been found by others [Leahy MF, 
Mukhtar SA. From blood transfusion to patient blood management: a 
new paradigm for patient care and cost assessment of blood 
transfusion practice. Intern Med J. 2012 Mar;42(3):332-8.]. As this 
figure excludes the impact of transfusions on hospital length of stay 
and the treatment of associated complications it could be applied to 
the Stokes et al. study  
 
Worth noting, Abraham and Sun’s systematic review of the literature 
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found that the cost of transfusing 2 units of RBCs in Western Europe 
was 878 euros (2011 currency). When converted to GBP and 
inflated to 2012/13 (using the same inflation index used by the 
authors [Curtis]) the cost of a single unit of RBCs is 394.00. This 
works out to be 3.2 times higher than the product cost alone. This is 
remarkably consistent with Shander’s estimate.  
Given this, according to the peer-reviewed literature, the cost of 
“RBC administration cost” (excluding the purchase cost) as 
presented in Appendix 3 should really be approx. 270.00 not 22.00.  
As indicated by the authors, RBC transfusion was the only resource 
with a clear difference between the 2 groups compared. Therefore, 
this is a key point for the article. For the results of this cost analysis 
to be valid the cost of administering a RBC transfusion must be 
updated, requiring a major revision of this manuscripts results and 
discussion.  
 
(2) For generalizability of results exclude patients transfused RBCs 
prior to randomization  
In the Abstract the Objective is to assess the cost-effectiveness of 
restrictive versus a liberal red blood cell transfusion threshold for 
cardiac surgery patients. Major concern is patients were randomized 
to restrictive or liberal after their surgery. A significant number of 
RBCs were transfused prior to randomization. For the study results 
to be generalizable to other restrictive vs liberal scenarios patients 
transfused prior to randomization must be excluded from this cost 
study.  
 
(3) Paragraph 3 (line 43)  
 
The authors state that “the trial reported no difference in the primary 
clinical outcome between transfusion groups…. This finding 
supports the use of either transfusion threshold as evaluated in the 
trial.” In the opinion of this reviewer this sentence needs to be 
corrected. If there is “no difference” between restrictive and liberal 
thresholds what benefit is there to the liberal approach? In 2012 The 
Choosing Wisely Campaign commenced, among other things, to 
avoid unnecessary procedures. At best the liberal approach 
consumed units of a scarce resource for no benefit. However, in 
their sentence, the authors ignore the fact that “avoidance of 
unnecessary transfusions” is one way to reduce transfusion-related 
mortality. [Vamvakas EC, Blajchman MA. Blood still kills: six 
strategies to further reduce allogeneic blood transfusion-related 
mortality. Transfus Med Rev. 2010 Apr;24(2):77-124.]  
 
 
(4) Paragraph 3 (line 32) reads:  
“The (TITRe2) trial was designed to test the hypothesis that a 
restrictive threshold for red cell transfusion (Hb <7.5g/dL) would 
reduce post-operative morbidity and health service costs compared 
to a liberal threshold (Hb <9g/dL).”  
Based on the TITRe2 trial this would more accurately read “The 
(TITRe2) trial was designed to test the hypothesis that a restrictive 
threshold for the red cell transfusions (Hb <7.5g/dL) administered 
post-operatively would reduce post-operative morbidity and health 
service costs compared to a liberal threshold (Hb <9g/dL).”  
 
(5) Par 3 (line 44) reads:  
“However, analyses also showed that more patients died in the 
restrictive group than the liberal group (4.2% versus 2.6%) creating 
uncertainty about recommending restrictive transfusion after cardiac 
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surgery.”  
The primary pre-defined outcomes for the TITRe2 trial was serious 
infection/ischaemic event. Death was not included as a primary 
outcome in TITRe2 because “Deaths that occurs for other reasons 
[other than primary outcome] are not hypothesised to increase 
because of RBC transfusion” [Brierley RC, et al. A multi-centre 
randomised controlled trial of Transfusion Indication Threshold 
Reduction on transfusion rates, morbidity and healthcare resource 
use following cardiac surgery: study protocol. Transfus Apher Sci. 
2014 Jun;50(3):451-61]. Therefore to be more accurate the authors 
should make comment on the increase in 90-day mortality being a 
secondary end point not seen in 30-day mortality or preceded by any 
of the complications, suggesting no “cause and effect relationship” 
[TITRe2 Trial] and the “possibility that its occurrence was due to 
chance alone” [Spertus, “TITRe”ing the Approach to Transfusions 
after Cardiac Surgery].  
 
(6) The second paragraph under “Resource use and costs” refers to 
unit costs being in Appendix 2. I think this should be Appendix 3?  
 
(7) Remove the last sentence of manuscript: “In terms of further 
research, investigating a different hypothesis that more liberal 
transfusion may be beneficial after cardiac surgery, would be useful 
to consider.” This sentence has little to do with the aim of this cost 
analysis or the interpretation of its results.  
 
(8) Appendix 3 contains no administration costs for FFP transfusion. 
See: Shander A, et al. Activity-based costs of plasma transfusions in 
medical and surgical inpatients at a US hospital. Vox Sang. 2016 
Feb 25. 

 

REVIEWER Toby Richards 
UCL 

REVIEW RETURNED 21-Mar-2016 

 

GENERAL COMMENTS This article assess the cost benefit and QALY assessment of 
TITRE2. TITRE 2 is a pivotal trial in Cardiac Surgery, ICU and 
transfusion medicine. I have very much enjoyed reading this article 
and although not a health economist this is very relevant to current 
practice and also current research.  
 
I have not specific minor or major comments to the article rather a 
more general request. I would like to see the message and direction 
of the article changed slightly, or perhaps phrased a different way, 
some features added on.  
 
TITRE 2 showed no benefit from restrictive transfusion transfusion 
following cardiac surgery. Therefore, we would not expect much cost 
difference here as LOS, complications and outcome were the same.  
 
However, int he literature at present there is a lot of discussion and 
debate over blood transfusion and no good work has been done on 
the cost of blood transfusion. This paper actually answers this 
question. In this paper it seems the total cost of a post procedural 
blood transfusion is not dissimilar to the delivery cost to the NHS 
(£124). Also even though small the authors state a hugely important 
message to the NHS -  
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'A difference of approximately £200 between the groups is a modest 
cost difference  
(approximately 1% of total costs). However, since 34,174 cardiac 
surgery procedures were  
undertaken in the UK in 2012/2013,[28] a difference of £200 in each 
procedure would have  
resulted in savings or additional costs of £6.8 million for the NHS.'  
 
In terms of NHSBT who supply blood, this would be a major saving.  
 
I would urge the authors to expand their paper to address the cost of 
blood transfusion and impact of potential cost savings to the NHS. In 
doing this perhaps reference these two papers in the introduction 
(below) and in the discussion, discuss Patient Blood Management 
and the recent NHSBT audit of PBM in surgery. If the restrictive 
pattern of BT transfusion is adopted then £6.8 million is a major 
saving (in 19 cardiac units) and would be a very valuable figure to 
doctors aiming to develop PBM programs (which they are). For 
instance for Barts a £500,000 saving would enable a huge impact.  
 
If this paper addresses and highlights this I think the number of 
citations would be dramatically increased. It would be the first paper 
to accurately quantify the cost of BT in clinical practice  
 
Increased hospital costs associated with red blood cell transfusion.  
Trentino KM, Farmer SL, Swain SG, Burrows SA, Hofmann A, Ienco 
R, Pavey W, Daly FF, Van Niekerk A, Webb SA, Towler S, Leahy 
MF.  
Transfusion. 2015 May;55(5):1082-9. doi: 10.1111/trf.12958. Epub 
2014 Dec 8.  
 
Estimating the cost of blood: past, present, and future directions.  
Shander A, Hofmann A, Gombotz H, Theusinger OM, Spahn DR.  
Best Pract Res Clin Anaesthesiol. 2007 Jun;21(2):271-89. Review.  
 
Activity-based costs of blood transfusions in surgical patients at four 
hospitals.  
Shander A, Hofmann A, Ozawa S, Theusinger OM, Gombotz H, 
Spahn DR.  
Transfusion. 2010 Apr;50(4):753-65. doi: 10.1111/j.1537-
2995.2009.02518.x. Epub 2009 Dec 9. 

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer: 1  

Reviewer Name: Chris Hyde  

Institution and Country: Exeter Test Group, University of Exeter Medical School, University of Exeter, 

UK Competing Interests: None  

 

This is an excellent study which has been well reported. My congratulations to the study team I am 

perplexed why the BMJ doesn't consider something of this quality, clarity and relevance worthy of its 

main publication. Could the BMJ consider whether this would be better placed in their main journal?  

I have a three points for the authors to consider:  

a) Could you be clearer how deaths were dealt with in the quality of life analysis. I am assuming that 

where death occurred, patients were deemed to have 0 quality of life if this occurred before 3 months. 

Given that any patients dying would have a major effect on the quality of life results, and we know 

there is an excess of deaths in the restrictive transfusion arm, would it be worth providing more detail 
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about these participants and their effect on the quality of life analysis. It is equivalent to the situation 

with participants with extreme costs which you have dealt with very well. I did wonder if the difference 

in results between QALY and LYG could be connected with how you are treating death with respect to 

its impact on HRQoL.  

 

Response: We thank the reviewer for his positive comments. The reviewer is correct in his 

assumption, and while the footnote to Table 3 indicates that deaths were included as zero, we have 

added the following sentence to the ‘Health related quality of life (HRQoL) and QALYs’ section of the 

Methods (page 6 of the paper) to make this clearer for the reader:  

 

“For participants who died during the trial, their utility was assumed to change linearly between the 

preceding time point and the time of death, and a value of zero was given to participants from death 

onwards.”  

 

We investigated why the difference in deaths between the groups did not appear to translate into a 

difference in QALYs between the groups. It was thought that participants who died would have been 

sicker, which theoretically could have resulted in them reporting lower EQ-5D scores prior to death. 

QALY data for the following groups were plotted: all participants, for participants excluding deaths and 

only for participants who died. This investigation revealed that it was not merely the participants who 

died who had low QALYs, but also many other participants. These low EQ-5D scores for surviving 

participants had the effect of ‘diluting’ the impact on the means of imputed zero EQ-5D scores for 

participants who died. Most of the participants who died had total QALYs of 0-0.05. When these 

participants were excluded, there were a few more participants in the liberal group with QALYs <0.05 

than in the restrictive group and, overall, these low scores in the liberal group appear to have partly 

balanced out the greater number of deaths in the restrictive group. In addition, there were more 

participants in the restrictive group in the highest band for QALYs, which could also be balancing out 

the greater number of deaths in the restrictive group. It was concluded that there could genuinely be 

no real difference in QALYs between the restrictive and liberal groups, despite the difference in 

deaths, and it appears that deaths of participants do not have a major effect on the quality of life 

results. We have added the following text to the ‘Health related quality of life (HRQoL) and QALYs’ 

section of the Results (page 11) summarising these investigations:  

 

“Exploratory plots of the QALY data for survivors and non-survivors at three months revealed that it 

was not just participants who died who had low QALYs, but also many other participants, hence the 

difference in deaths did not have a major impact on the quality of life results.”  

 

 

b) Extending the impact of death a little further into costs, is it possible that the small cost saving in 

the restrictive transfusion arm is attributable to the excess of deaths as early death might be 

paradoxically associated with reduced health care costs  

 

Response: This is very plausible, but interestingly was found not to be the case. Mean total costs 

were higher in each group for participants who died compared to those who survived to 3 months. 

Mean costs of survivors were £17,319 in the restrictive group and £17,627 in the liberal group, and 

mean costs of non-survivors were £32,222 in the restrictive group and £36,932 in the liberal group.  

 

 

c) I think you can be more definite in your conclusions in the face of the uncertainty, which wholly 

concerns the costs. There is relative certainty concerning effects - there is evidence of no effect with 

respect to quality of life as the difference is trivial in either direction of effect and we may be cautiously 

against restrictive transfusion because of the impact on mortality. The issue is thus whether we would 

consider the maximum cost saving suggested by your results (£1108) c 6% of total cost, justifiable 
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given the possibility of harm. I think it would reasonable for you to contend not. You might also note 

that because the cost saving occurs primarily through reduced blood use which I think is not yet 

directly charged for in the NHS, realising any cost savings would be extremely difficult. It would rely 

on a notion that a transfusion service could be down-sized because less blood products were 

required, and the costs saved reinvested in other health services.  

 

I hope these observations help and thank you for giving me the opportunity of reading the paper.  

 

Response: We agree that we can be more definitive in our conclusions around effects, and have 

added the following sentence to the Cost-effectiveness section in the Results (page 12):  

 

“In reality, there is no difference in QALYs between the groups, the 95% confidence interval suggests 

the maximum difference is less than +/- two days.”  

 

We agree that it would be reasonable to contend that the maximum cost saving is not justifiable given 

the possibility of harm, however, we would prefer to present the evidence for decision-makers and 

leave them to make such judgements.  

 

 

Reviewer: 2  

Reviewer Name: Kevin Trentino  

Institution and Country: South Metropolitan Health Service (Western Australia), Australia Competing 

Interests: KT reports non-financial support from the Medical Society for Blood Management, outside 

the submitted work.  

 

(1) Major concern regarding the administration cost of RBCs used.  

 

In Appendix 3 (Unit costs for surgery, inpatient stays, and blood products) the authors use a product 

cost of 123.31 for each unit of RBCs and an administration cost of 22.00 (for the first unit). The 

administration cost figure is taken from “preliminary analyses” collected for another trial. This figure is 

derived from 49 minutes of nursing time and 6.00 of consumables.  

 

Given the cost difference between the restrictive and liberal groups is mainly attributable to the 

difference in RBC consumption for the results to be valid it is vital the cost of administering an RBC 

transfusion is accurate.  

 

A major concern is the 22.00 cost of administering a RBC derived from a preliminary analysis. Is this 

figure published (?) This amount is a substantially lower than estimates appearing in peer-reviewed 

studies. A systematic review of the literature published on the cost of RBC transfusions in Western 

Europe highlighted the cost of administering a RBC transfusion is several times higher than the RBC 

product cost alone [Abraham I, Sun D. The cost of blood transfusion in Western Europe as estimated 

from six studies. Transfusion. 2012 Sep;52(9):1983-8]. This review recommended that costings 

should apply activity-based costing methods recommended by the Cost of Blood Consensus 

Conference.  

 

One study, a prospective process cost analyses in Europe and the US did this [Shander A, et al. 

Activity-based costs of blood transfusions in surgical patients at four hospitals. Transfusion. 2010 

Apr;50(4):753-65.]. They mapped all major process steps, staff, and consumables needed to 

administer a RBC transfusion. They determined the activity-based costs of administering a RBC 

transfusion was 3.2 to 4.8 times higher than the product acquisition costs. Similar results have been 

found by others [Leahy MF, Mukhtar SA. From blood transfusion to patient blood management: a new 

paradigm for patient care and cost assessment of blood transfusion practice. Intern Med J. 2012 
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Mar;42(3):332-8.]. As this figure excludes the impact of transfusions on hospital length of stay and the 

treatment of associated complications it could be applied to the Stokes et al. study  

 

Worth noting, Abraham and Sun’s systematic review of the literature found that the cost of transfusing 

2 units of RBCs in Western Europe was 878 euros (2011 currency). When converted to GBP and 

inflated to 2012/13 (using the same inflation index used by the authors [Curtis]) the cost of a single 

unit of RBCs is 394.00. This works out to be 3.2 times higher than the product cost alone. This is 

remarkably consistent with Shander’s estimate.  

Given this, according to the peer-reviewed literature, the cost of “RBC administration cost” (excluding 

the purchase cost) as presented in Appendix 3 should really be approx. 270.00 not 22.00.  

As indicated by the authors, RBC transfusion was the only resource with a clear difference between 

the 2 groups compared. Therefore, this is a key point for the article. For the results of this cost 

analysis to be valid the cost of administering a RBC transfusion must be updated, requiring a major 

revision of this manuscripts results and discussion.  

 

Response: The unit costs associated with administering red blood cells used in the study will be 

published in due course in the Health Technology Assessment report for TITRe2.  

 

A very detailed costing study was undertaken in order to estimate the nursing costs of administering 

red blood cells, which followed well-established costing guidelines (Drummond et al., 2015; Gray et 

al., 2011). Two data collection forms were designed which captured the staff time and consumables 

required firstly to take a blood sample and request blood, and secondly to administer a transfusion. 

Nurses were asked to complete these forms when they undertook either task for a patient, and 

estimates are based on more than 100 completed forms. This work also forms part of a PhD thesis 

which has recently been submitted to the University of Oxford.  

 

We were aware of the paper by Shander et al. (2010) when conducting the economic evaluation of 

the TITRe2 trial. However, it was not felt appropriate to use the costs of administration reported in that 

paper in the TITRe2 analyses. Blood administration involves a number of steps and staff, and it was 

felt that this was likely to vary significantly between countries. For example, the US has a formal 

consent process for blood transfusion, which does not apply in the UK. There are also likely to be 

differences in the staff groups undertaking the various activities. There is evidence of significant 

differences between centres in the US and between countries in the Shander et al. paper: the costs 

per unit of blood administered (excluding the acquisition cost of the blood itself) ranged from $369 to 

$935. Furthermore, activity-based costs are often higher than those based on detailed micro-costing 

studies or used in economic evaluations.  

 

The cost of transfusion estimated by Abraham and Sun (2012) included the cost of the red blood cells 

as well as the administration costs. These two costs were not presented separately, and therefore it is 

not possible to extract just the administration costs. The cost of red blood cells varies between 

countries, and has also varied over time, for example the introduction of additional screening tests for 

infections, and universal leukoreduction in some countries increased the cost of red blood cells. It is 

therefore not possible to extract reliable estimates of the costs of administering blood from this paper.  

 

Given that recent reliable estimates of the costs of administering blood in the UK were not available, 

the decision was made to limit the costs of administration to the costs associated with nursing inputs 

to transfusion estimated from primary data in the UK.  

 

We recognise that this is a limitation of the costings, since the costs of other aspects of blood 

administration such as the transfusion laboratory inputs have not been included. We have therefore 

added the following text to the end of the second paragraph in the Discussion to be explicit about this 

limitation (page 14). (Some of the additional text relates to addressing point 8 below).  
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“There is one limitation to note around the unit costs of administering blood products. The unit costs of 

administering red blood cells used in this study captured the nursing costs associated with transfusion 

(based on UK data), but not other inputs such as those of the transfusion laboratory; and no costs 

associated with administration were included for other blood products. Unit costs for blood 

administration used here were much lower than those reported elsewhere.” [Reference Shander et al. 

(2010) and Shander et al. (2016)].  

 

References in full:  

Drummond MF, Sculpher MJ, Claxton K, Stoddart GL, Torrance GW (2015) Methods for the economic 

evaluation of health care programmes. 4th edition. New York: Oxford University Press.  

Gray A, Clarke P, Wolstenholme J, Wordsworth S (2011) Applied methods of cost-effectiveness 

analysis in health care. Oxford: Oxford University Press.  

 

 

(2) For generalizability of results exclude patients transfused RBCs prior to randomization  

In the Abstract the Objective is to assess the cost-effectiveness of restrictive versus a liberal red 

blood cell transfusion threshold for cardiac surgery patients. Major concern is patients were 

randomized to restrictive or liberal after their surgery. A significant number of RBCs were transfused 

prior to randomization. For the study results to be generalizable to other restrictive vs liberal scenarios 

patients transfused prior to randomization must be excluded from this cost study.  

 

Response: We have clarified the objective to state that we are comparing alternative transfusion 

thresholds after cardiac surgery (page 4):  

 

“The Transfusion Indication Threshold Reduction (TITRe2) trial was designed to test the hypothesis 

that a restrictive threshold for red blood cell transfusion after cardiac surgery (Hb <7.5g/dL) would 

reduce post-operative morbidity and health service costs compared to a liberal threshold (Hb 

<9g/dL).”  

 

The number of units of red blood cells transfused before randomisation was very similar in both trial 

groups, and therefore this will have added a constant cost to both groups, but will not have affected 

the difference between groups. Details of red blood cells transfused prior to randomisation are 

presented in Figure S2 of the Supplementary Appendix to the TITRe2 clinical paper:  

Murphy GJ, Pike K, Rogers CA, et al. Liberal or restrictive transfusion after cardiac surgery. N Engl J 

Med 2015;372(11):997-1008. doi: 10.1056/NEJMoa1403612.  

 

For the generalisability of findings, we did not want to exclude patients who were transfused during 

the index admission before becoming eligible for randomisation because we wanted the findings of 

the trial to apply to such patients as well as to patients who had not been transfused.  

 

 

(3) Paragraph 3 (line 43)  

 

The authors state that “the trial reported no difference in the primary clinical outcome between 

transfusion groups…. This finding supports the use of either transfusion threshold as evaluated in the 

trial.” In the opinion of this reviewer this sentence needs to be corrected. If there is “no difference” 

between restrictive and liberal thresholds what benefit is there to the liberal approach? In 2012 The 

Choosing Wisely Campaign commenced, among other things, to avoid unnecessary procedures. At 

best the liberal approach consumed units of a scarce resource for no benefit. However, in their 

sentence, the authors ignore the fact that “avoidance of unnecessary transfusions” is one way to 

reduce transfusion-related mortality. [Vamvakas EC, Blajchman MA. Blood still kills: six strategies to 
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further reduce allogeneic blood transfusion-related mortality. Transfus Med Rev. 2010 Apr;24(2):77-

124.]  

 

Response: We agree that it would be helpful to qualify this statement, and have amended the text as 

follows (page 4):  

 

“This finding supports the use of either transfusion threshold as evaluated in the trial. This might 

suggest a restrictive threshold is preferred since this reduces unnecessary transfusions.”  

 

 

(4) Paragraph 3 (line 32) reads:  

“The (TITRe2) trial was designed to test the hypothesis that a restrictive threshold for red cell 

transfusion (Hb <7.5g/dL) would reduce post-operative morbidity and health service costs compared 

to a liberal threshold (Hb <9g/dL).”  

Based on the TITRe2 trial this would more accurately read “The (TITRe2) trial was designed to test 

the hypothesis that a restrictive threshold for the red cell transfusions (Hb <7.5g/dL) administered 

post-operatively would reduce post-operative morbidity and health service costs compared to a liberal 

threshold (Hb <9g/dL).”  

 

Response: We agree and as per point 2 above, have amended the sentence as follows (page 4):  

 

“The Transfusion Indication Threshold Reduction (TITRe2) trial was designed to test the hypothesis 

that a restrictive threshold for red blood cell transfusion after cardiac surgery (Hb <7.5g/dL) would 

reduce post-operative morbidity and health service costs compared to a liberal threshold (Hb 

<9g/dL).”  

 

 

(5) Par 3 (line 44) reads:  

“However, analyses also showed that more patients died in the restrictive group than the liberal group 

(4.2% versus 2.6%) creating uncertainty about recommending restrictive transfusion after cardiac 

surgery.”  

The primary pre-defined outcomes for the TITRe2 trial was serious infection/ischaemic event. Death 

was not included as a primary outcome in TITRe2 because “Deaths that occurs for other reasons 

[other than primary outcome] are not hypothesised to increase because of RBC transfusion” [Brierley 

RC, et al. A multi-centre randomised controlled trial of Transfusion Indication Threshold Reduction on 

transfusion rates, morbidity and healthcare resource use following cardiac surgery: study protocol. 

Transfus Apher Sci. 2014 Jun;50(3):451-61]. Therefore to be more accurate the authors should make 

comment on the increase in 90-day mortality being a secondary end point not seen in 30-day mortality 

or preceded by any of the complications, suggesting no “cause and effect relationship” [TITRe2 Trial] 

and the “possibility that its occurrence was due to chance alone” [Spertus, “TITRe”ing the Approach to 

Transfusions after Cardiac Surgery].  

 

Response: Mortality at 30 days was not a pre-specified outcome; mortality at 90 days was a 

secondary outcome, and we have amended the sentence to make this clear (page 4):  

 

“However, analyses of a secondary outcome, mortality at 90 days, found a borderline significant 

difference between the groups (4.2% of patients in the restrictive group died versus 2.6% of patients 

in the liberal group, p=0.045) creating uncertainty about recommending restrictive transfusion after 

cardiac surgery.”  

 

 

(6) The second paragraph under “Resource use and costs” refers to unit costs being in Appendix 2. I 
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think this should be Appendix 3?  

 

Response: Thank you, this has been amended to refer to Appendix 3 (page 6).  

 

 

(7) Remove the last sentence of manuscript: “In terms of further research, investigating a different 

hypothesis that more liberal transfusion may be beneficial after cardiac surgery, would be useful to 

consider.” This sentence has little to do with the aim of this cost analysis or the interpretation of its 

results.  

 

Response: We agree and have deleted this sentence (page 15).  

 

 

(8) Appendix 3 contains no administration costs for FFP transfusion. See: Shander A, et al. Activity-

based costs of plasma transfusions in medical and surgical inpatients at a US hospital. Vox Sang. 

2016 Feb 25.  

 

Response: The reviewer is correct that no administration costs were included for FFP. There were not 

felt to be reliable estimates relevant to a UK setting that could be used in the analysis. FFP was not 

the focus of the study, and the use of FFP was very similar between the trial groups, therefore the 

difference in costs between the groups will be largely unaffected by the exclusion of this cost. The 

Shander et al. (2016) paper was published after this paper had been submitted to BMJ Open, 

therefore the estimates contained in it, could not be used. Furthermore, we would have some 

reservations about using these costs, for the same reasons we did not use the costs of administering 

red blood cells, estimated by Shander et al. (2010) and described above under point 1. Although 

detailed work was undertaken, it was conducted in the US and there are likely to be many differences 

in practices between the US and the UK. The hospital at which the costs of administering FFP were 

estimated was also one of the hospitals in the study by Shander et al. (2010) on red blood cells. The 

costs of red blood cell administration at that centre were more than twice the estimate at the 

European centres.  

 

We recognise that excluding the costs of FFP administration is a limitation of the costings, and as 

described above under point 1, have added the following text to the end of the second paragraph in 

the Discussion (page 14) to be explicit about this limitation. (Some of the additional text relates to 

addressing point 1 above).  

 

“There is one limitation to note around the unit costs of administering blood products. The unit costs of 

administering red blood cells used in this study captured the nursing costs associated with transfusion 

(based on UK data), but not other inputs such as those of the transfusion laboratory; and no costs 

associated with administration were included for other blood products. Unit costs for blood 

administration used here were much lower than those reported elsewhere.” [Reference Shander et al. 

(2010) and Shander et al. (2016)].  

 

 

Reviewer: 3  

Reviewer Name: Toby Richards  

Institution and Country: UCL, UK  

Competing Interests: None  

 

This article assess the cost benefit and QALY assessment of TITRE2. TITRE 2 is a pivotal trial in 

Cardiac Surgery, ICU and transfusion medicine. I have very much enjoyed reading this article and 

although not a health economist this is very relevant to current practice and also current research.  
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I have not specific minor or major comments to the article rather a more general request. I would like 

to see the message and direction of the article changed slightly, or perhaps phrased a different way, 

some features added on.  

 

TITRE 2 showed no benefit from restrictive transfusion transfusion following cardiac surgery. 

Therefore, we would not expect much cost difference here as LOS, complications and outcome were 

the same.  

 

However, int he literature at present there is a lot of discussion and debate over blood transfusion and 

no good work has been done on the cost of blood transfusion. This paper actually answers this 

question. In this paper it seems the total cost of a post procedural blood transfusion is not dissimilar to 

the delivery cost to the NHS (£124). Also even though small the authors state a hugely important 

message to the NHS -  

 

'A difference of approximately £200 between the groups is a modest cost difference (approximately 

1% of total costs). However, since 34,174 cardiac surgery procedures were undertaken in the UK in 

2012/2013,[28] a difference of £200 in each procedure would have resulted in savings or additional 

costs of £6.8 million for the NHS.'  

 

In terms of NHSBT who supply blood, this would be a major saving.  

 

I would urge the authors to expand their paper to address the cost of blood transfusion and impact of 

potential cost savings to the NHS. In doing this perhaps reference these two papers in the 

introduction (below) and in the discussion, discuss Patient Blood Management and the recent NHSBT 

audit of PBM in surgery. If the restrictive pattern of BT transfusion is adopted then £6.8 million is a 

major saving (in 19 cardiac units) and would be a very valuable figure to doctors aiming to develop 

PBM programs (which they are). For instance for Barts a £500,000 saving would enable a huge 

impact.  

 

If this paper addresses and highlights this I think the number of citations would be dramatically 

increased. It would be the first paper to accurately quantify the cost of BT in clinical practice  

 

Increased hospital costs associated with red blood cell transfusion.  

Trentino KM, Farmer SL, Swain SG, Burrows SA, Hofmann A, Ienco R, Pavey W, Daly FF, Van 

Niekerk A, Webb SA, Towler S, Leahy MF.  

Transfusion. 2015 May;55(5):1082-9. doi: 10.1111/trf.12958. Epub 2014 Dec 8.  

 

Estimating the cost of blood: past, present, and future directions.  

Shander A, Hofmann A, Gombotz H, Theusinger OM, Spahn DR.  

Best Pract Res Clin Anaesthesiol. 2007 Jun;21(2):271-89. Review.  

 

Activity-based costs of blood transfusions in surgical patients at four hospitals.  

Shander A, Hofmann A, Ozawa S, Theusinger OM, Gombotz H, Spahn DR.  

Transfusion. 2010 Apr;50(4):753-65. doi: 10.1111/j.1537-2995.2009.02518.x. Epub 2009 Dec 9.  

 

 

Response: We thank the reviewer for his thoughtful comments.  

While the main difference between the two trial groups in terms of resource use is one unit of red 

blood cells, and therefore the main cost difference is the cost of one unit of red blood cells; given that 

patients in both arms of the trial do get transfusions, the difference in costs between the groups 

cannot necessarily be considered the cost of a post-procedural transfusion. The total cost of a blood 
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transfusion is a very interesting topic, but we feel it is beyond the scope of this paper to address this 

rather different point.  

 

A reference to the Shander et al. (2010) paper has been added (see our response to Reviewer 2, 

point 1 above).  

 

We have added the following text to the end of the fourth paragraph of the Discussion (page 14):  

 

“While there is a growing body of evidence that restrictive transfusion thresholds are safe for most 

patient groups,[Holst, 2015] there is recognition that patients with acute or chronic cardiovascular 

disease, may benefit from more liberal transfusion.[Docherty, 2016; Patel, 2015]”  

 

We have added the following text to the end of the paragraph about the difference of £200 that the 

reviewer highlights above (the fifth paragraph of the Discussion, page 15):  

 

“If there is a saving of approximately £200 per patient, and this is largely attributable to savings in the 

cost of blood, this would substantially reduce the amount paid to NHS Blood and Transplant for blood 

products. These savings could be used to support Patient Blood Management (PBM) initiatives, to 

optimise care for patients who might need a transfusion. A recent audit of PBM in surgery highlighted 

considerable variation in practice, and the need for hospitals to develop single unit transfusion policies 

with clearly defined transfusion triggers.[NHSBT, 2016]”  

 

 

Additional references added:  

 

Docherty AB, O'Donnell R, Brunskill S, Trivella M, Doree C, Holst L, et al. (2016) Effect of restrictive 

versus liberal transfusion strategies on outcomes in patients with cardiovascular disease in a non-

cardiac surgery setting: systematic review and meta-analysis. BMJ 352:i1351.  

 

Holst LB, Petersen MW, Haase N, Perner A, Wetterslev J (2015) Restrictive versus liberal transfusion 

strategy for red blood cell transfusion: systematic review of randomised trials with meta-analysis and 

trial sequential analysis. BMJ 350:h1354.  

 

NHS Blood and Transplant. (2016) 2015 Audit of Patient Blood Management in adults undergoing 

elective, scheduled surgery. http://hospital.blood.co.uk/audits/national-comparative-audit/  

 

Patel NN, Avlonitis VS, Jones HE, Reeves BC, Sterne JA, Murphy GJ (2015) Indications for red blood 

cell transfusion in cardiac surgery: a systematic review and meta-analysis. Lancet Haematol 

2(12):e543-53. 

VERSION 2 – REVIEW 

REVIEWER Chris Hyde 
Exeter Test Group  
Institute of Health Research  
University of Exeter Medical School  
UK 

REVIEW RETURNED 24-May-2016 

 

GENERAL COMMENTS The authors have satisfactorily addressed all the peer reviewers 
concerns about the first version of the paper. 

 

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-011311 on 1 A

ugust 2016. D
ow

nloaded from
 

http://bmjopen.bmj.com/


REVIEWER Kevin Trentino 
South Metropolitan Health Service (Western Australia) 
 
KT reports non-financial support from Medical Society for Blood 
Management, non-financial support from The Health Roundtable, 
outside the submitted work 

REVIEW RETURNED 22-May-2016 

 

GENERAL COMMENTS A major concern with the initial revision was the “administration cost” 
of RBCs used in this cost analysis. The authors have made the 
decision to limit the cost of administering a transfusion to the “costs 
associated with nursing inputs.” A figure of 22.00 (for the first unit). 
The authors have provided some justification as to why it is not 
possible to accurately state the “administration cost” of RBCs that go 
beyond the nursing inputs.  
The authors acknowledge that between the two trial groups the 
“main cost difference is the cost of one unit of red blood cells.” 
Getting as close as possible to the “true” cost of administering blood 
is important to this study’s conclusion. This would assist the authors 
in conveying to the reader what financial outcomes they can 
reasonably expect to see if applied to their centres. The authors 
have added some sentences in the discussion to account for this 
limitation. To assist with clarity around this point, some additional 
comments are suggested below.  
 
Major comments:  
On Page 3 the manuscript lists dot points of The Strengths and 
Limitations. Given the objective of this article, the administration cost 
used is an important limitation to the interpretation of results. Adding 
the cost inputs missing to calculate the full cost of administering an 
RBC transfusion as a limitation would improve the manuscript. Could 
the authors also indicate the potential impact on key findings (ie.. 
would one expect the actual cost difference to be greater? By 
much?)  
In the Discussion the authors have been explicit about this limitation 
(page 14). This is an encouraging addition to the manuscript and 
adds clarity. This limitation would benefit from some interpretation. 
For example what impact does missing RBC administration input 
costs have on results/conclusions? How should “having 
administration costs much lower than reported elsewhere” influence 
the reader’s interpretation?  
Considering both a systematic review of the literature (Abraham and 
Sum) and a 4 hospital study (Shander et al.) found similar results- 
total rbc transfusion costs 3-times higher than product purchase 
cost… I would encourage the authors to state what the potential cost 
difference between the 2 groups would be if the total rbc transfusion 
costs were similar to that published. This would assist the reader in 
applying the results of this study to their hospital.  
 
Minor comments:  
Abstract: The Objective reads: “To assess the incremental cost and 
cost effectiveness of a restrictive versus a liberal red blood cell 
transfusion threshold for cardiac surgery patients.” Suggest 
changing “for cardiac surgery patients” to “after cardiac surgery”.  
 
Paragraph 4 of the Introduction. Suggest changing “in cardiac 
surgery” to “after cardiac surgery” to keep consistent with other 
changes made.  
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Paragraph 2 of the Discussion. Suggest adding a reference to 
Abraham and Sun’s systematic review.  
 
Paragraph 4 of the Discussion reads: “While there was no difference 
in the primary clinical outcome, there was a borderline difference in 
mortality between the groups, favouring a liberal threshold. It is 
difficult to recommend restrictive transfusion after cardiac surgery, 
given that more patients died in the restrictive group.” I would 
suggest removing these sentences for the below reasons:  
1) Are they consistent with the authors comments published in the 
trial protocol: “Deaths that occur for other reasons [other than 
primary outcome] are not hypothesised to increase because of RBC 
transfusion”?  
2) It potentially distracts from the stated objective of the manuscript. 
The sentence prior to this makes the point regarding the economic 
perspective. Readers can draw their own clinical conclusions from 
the TITRe2 Trial published in NEJM 

 

VERSION 2 – AUTHOR RESPONSE 

Reviewer: 1  

Reviewer Name: Chris Hyde  

Institution and Country: Exeter Test Group, Institute of Health Research, University of Exeter Medical 

School, UK Competing Interests: None  

 

The authors have satisfactorily addressed all the peer reviewers concerns about the first version of 

the paper.  

 

Response: We thank the reviewer for his positive response.  

 

 

Reviewer: 2  

Reviewer Name: Kevin Trentino  

Institution and Country: South Metropolitan Health Service (Western Australia) Competing Interests: 

KT reports non-financial support from Medical Society for Blood Management, non-financial support 

from The Health Roundtable, outside the submitted work  

 

A major concern with the initial revision was the “administration cost” of RBCs used in this cost 

analysis. The authors have made the decision to limit the cost of administering a transfusion to the 

“costs associated with nursing inputs.” A figure of 22.00 (for the first unit). The authors have provided 

some justification as to why it is not possible to accurately state the “administration cost” of RBCs that 

go beyond the nursing inputs.  

The authors acknowledge that between the two trial groups the “main cost difference is the cost of 

one unit of red blood cells.” Getting as close as possible to the “true” cost of administering blood is 

important to this study’s conclusion. This would assist the authors in conveying to the reader what 

financial outcomes they can reasonably expect to see if applied to their centres. The authors have 

added some sentences in the discussion to account for this limitation. To assist with clarity around 

this point, some additional comments are suggested below.  

 

Major comments:  

On Page 3 the manuscript lists dot points of The Strengths and Limitations. Given the objective of this 

article, the administration cost used is an important limitation to the interpretation of results. Adding 

the cost inputs missing to calculate the full cost of administering an RBC transfusion as a limitation 

would improve the manuscript. Could the authors also indicate the potential impact on key findings 
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(ie.. would one expect the actual cost difference to be greater? By much?) In the Discussion the 

authors have been explicit about this limitation (page 14). This is an encouraging addition to the 

manuscript and adds clarity. This limitation would benefit from some interpretation. For example what 

impact does missing RBC administration input costs have on results/conclusions? How should 

“having administration costs much lower than reported elsewhere” influence the reader’s 

interpretation?  

Considering both a systematic review of the literature (Abraham and Sum) and a 4 hospital study 

(Shander et al.) found similar results- total rbc transfusion costs 3-times higher than product purchase 

cost… I would encourage the authors to state what the potential cost difference between the 2 groups 

would be if the total rbc transfusion costs were similar to that published. This would assist the reader 

in applying the results of this study to their hospital.  

 

Response: We thank the reviewer for his careful consideration of the revisions made to the 

manuscript.  

 

We have added an additional bullet point to the “Strengths and limitations of this study” section on 

page 3 to highlight the limitation around the unit costs of administering red blood cells:  

• “The unit costs of administering red blood cells used in this study captured the nursing costs 

associated with transfusion, but not other inputs such as those of the transfusion laboratory.”  

 

As the reviewer states, we have provided a justification of why it was not possible to use accurate 

estimates of the costs of administering red blood cells that go beyond the nursing costs. We did not 

feel it was appropriate to use the costs of administration reported in the Shander et al. (2010) paper, 

and it was not possible to extract reliable estimates of the costs of administering red blood cells 

(excluding the cost of the blood products) from the Abraham and Sun (2012) paper; for further details 

of the reasons for this, please see page 5 of our response to reviewers’ comments on the original 

version of the manuscript. Given that the estimates of the costs of administering red blood cells in 

these two papers were not considered appropriate to use in the TITRe2 analyses, for the same 

reasons, we also do not feel it is appropriate to use these unit costs to try to estimate the cost 

difference between the two transfusion groups, accounting for the total costs of red blood cell 

transfusion. We do not feel that recent reliable estimates of the costs of administering blood in the UK 

are available, and therefore do not think that it is possible to reliably estimate the difference in costs 

between the two transfusion groups, accounting more fully for the costs of red blood cell transfusion.  

 

At the end of the second paragraph of the discussion (pages 13-14), we have added the following 

sentence to describe the likely impact of the limitation around the unit cost of blood administration on 

the results:  

“Given there was only a difference of one unit of red blood cells between the transfusion groups, (and 

a very small difference in total costs), it is unlikely that the inclusion of additional blood administration 

costs would alter the conclusions.”  

 

 

Minor comments:  

Abstract: The Objective reads: “To assess the incremental cost and cost effectiveness of a restrictive 

versus a liberal red blood cell transfusion threshold for cardiac surgery patients.” Suggest changing 

“for cardiac surgery patients” to “after cardiac surgery”.  

 

Response: We agree, and have amended the text in this way (page 2):  

“To assess the incremental cost and cost effectiveness of a restrictive versus a liberal red blood cell 

transfusion threshold after cardiac surgery.”  
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Paragraph 4 of the Introduction. Suggest changing “in cardiac surgery” to “after cardiac surgery” to 

keep consistent with other changes made.  

 

Response: We agree, and have amended the text in this way (pages 4 and 5):  

“We are unaware of any previous trial-based economic evaluation assessing the cost-effectiveness of 

alternative transfusion thresholds after cardiac surgery.”  

 

 

Paragraph 2 of the Discussion. Suggest adding a reference to Abraham and Sun’s systematic review.  

 

Response: We agree, and have added the reference to paragraph 2 of the discussion (page 13):  

“Unit costs for blood administration used here were much lower than those reported elsewhere.[23, 

24, Reference Abraham and Sun (2012)]”  

 

 

Paragraph 4 of the Discussion reads: “While there was no difference in the primary clinical outcome, 

there was a borderline difference in mortality between the groups, favouring a liberal threshold. It is 

difficult to recommend restrictive transfusion after cardiac surgery, given that more patients died in the 

restrictive group.” I would suggest removing these sentences for the below reasons:  

1) Are they consistent with the authors comments published in the trial protocol: “Deaths that occur for 

other reasons [other than primary outcome] are not hypothesised to increase because of RBC 

transfusion”?  

2) It potentially distracts from the stated objective of the manuscript. The sentence prior to this makes 

the point regarding the economic perspective. Readers can draw their own clinical conclusions from 

the TITRe2 Trial published in NEJM  

 

Response: We have carefully considered the reviewer’s comments about these two sentences, but 

would prefer to leave the sentences unchanged.  

 

Paragraph 4 of the discussion (page 14) summarises the conclusions from the cost-effectiveness 

analyses of the TITRe2 trial, and then considers these results in the wider context of the results of the 

clinical analyses of the trial. We feel that it is helpful to consider and comment briefly on the results of 

the clinical analyses of the TITRe2 trial alongside the cost-effectiveness results in the discussion of 

this paper – a healthcare decision-maker would consider all the available evidence from a study.  

 

The trial protocol does state that deaths for other reasons [other than relating to the primary outcome] 

are not hypothesised to increase because of red blood cell transfusion; however, it also states that all-

cause mortality at three months is a pre-specified secondary outcome, and it is the results of this pre-

specified secondary outcome that are reported. We feel more comfortable making the reader aware of 

a potential difference between the groups in the most serious of outcomes, i.e. death. 

VERSION 3 - REVIEW 

REVIEWER Kevin Trentino 
South Metropolitan Health Service (Western Australia) 
 
KT reports non-financial support from Medical Society for Blood 
Management, non-financial support from The Health Roundtable, 
outside the submitted work. 

REVIEW RETURNED 17-Jun-2016 

 

GENERAL COMMENTS The authors have addressed the major comments in this revision of 
the manuscript and provided a more detailed explanation around 
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limitations.  
No further major comments, just one final observation on the authors 
response:  
“Given there was only a difference of one unit of red blood cells 
between the transfusion groups, (and a very small difference in total 
costs), it is unlikely that the inclusion of additional blood 
administration costs would alter the conclusions.”  
Readers outside the UK interpreting the results of this manuscript 
will likely attempt to assess what the cost difference of 1 unit of red 
blood cell transfusion means to them. Given the references 
discussed earlier I would think that for these hospitals the inclusion 
of the comprehensive blood administration costs would significantly 
add to the cost difference between groups? 
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