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To the Editor:
It was with great interest that I read the recent meta-analysis 
by Hovaguimian and Myles1 and the accompanying editorial 
by Beattie and Wijeysundera2 regarding liberal versus restric-
tive erythrocyte transfusion triggers for surgical patients and 
those admitted to acute care environments. Their efforts in 
addressing the importance of clinical context (e.g., surgical 
type, comorbid disease) when evaluating transfusion algo-
rithms should be congratulated. There are, however, several 
additional items deserving of mention.

First, Hovaguimian and Myles1 state that in those under-
going cardiovascular procedures, restrictive transfusion 
strategies increased the risk of mortality (risk ratio [RR], 
1.39; 95% CI, 0.95 to 2.04) and events reflecting inad-
equate oxygen supply (RR, 1.09; 95% CI, 0.97 to 1.22). 
This statement is also highlighted in the section titled “What 
This Article Tells Us That Is New” and in the “Perioperative 
and Acute Care Transfusion Strategies” figure by Wanderer 
and Rathmell.3 However, an RR crossing a threshold of 1 
does not imply statistical significance and should be labeled 
accordingly as a nonsignificant result.

A second thing to consider when interpreting the study 
results is that transfusion-related pulmonary complications, 
including transfusion-related acute lung injury and transfu-
sion-related circulatory overload, were not included in the 
analysis. As these remain the leading causes of transfusion-
related morbidity and mortality and are likely more preva-
lent than clinically diagnosed or reported,4,5 readers should 
be mindful of their exclusion and the potential implications 
with more liberal transfusion practices.

Again, I congratulate the authors on their tremendous 
contribution to this important perioperative topic. While 
there is much work to be done, this is a large step forward.
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Rephrasing the Question of Whether 
Blood Transfusion Increases Risk 
of Adverse Outcomes after Cardiac 
Surgery

To the Editor:
Some studies1,2 suggest a dose-dependent association of 
erythrocyte transfusion with postoperative morbidity, hospi-
tal stay, and early and late mortalities.1,2 However, other stud-
ies3,4 suggest that benefits of erythrocyte transfusion outweigh 
the risks. Recently, in a meta-analysis, using a prespecified 
context-specific approach and stratifying patients by charac-
teristics and clinical settings, Hovaguimian and Myles.5 dem-
onstrated that restrictive transfusion strategies were associated 
with an increased risk of complications in high-risk patients 
with major surgery. Although the evidence is robust, a limi-
tation should be noticed. Studies3–5 usually dichotomize 
patients based on restrictive or liberal trigger, but hemoglobin 
levels within each of these groups can vary widely. As a result, 
hemoglobin concentration may be higher in some patients 
in the restrictive group than in the liberal group. Therefore, 
studies to stratify patients based on actual hemoglobin lev-
els are needed. It would be nice if Hovaguimian and Myles.5 
could provide the criteria for categorizing the restrictive and 
liberal groups, and if their associated hematocrits in a supple-
mental table were added to their article. To nullify its interfer-
ence on the outcome, blood transfusion should be used as a 
confounding factor in analyzing the effect of actual hemoglo-
bin levels on outcome. To be robust, such subgroup analyses 
require adequate statistical power, so future studies should be 
large and preferably involving multiple centers. Such studies 
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would be an important step toward personalized blood trans-
fusion. The meta-analysis by Hovaguimian and Myles.5 has 
made important progress toward this goal.

Competing Interests
The authors declare no competing interests.

Yan Qiu, M.D., Changwei Chen, M.M., Lei Du, M.D.  
Sichuan University, Chengdu, Sichuan, China (L.D.). dulei@
scu.edu.cn 

References
 1. Murphy GJ, Reeves BC, Rogers CA, Rizvi SI, Culliford L, 

Angelini GD: Increased mortality, postoperative morbidity, 
and cost after red blood cell transfusion in patients having 
cardiac surgery. Circulation 2007; 116:2544–52

 2. Paone G, Likosky DS, Brewer R, Theurer PF, Bell GF, Cogan CM, 
Prager RL; Membership of the Michigan Society of Thoracic 
and Cardiovascular Surgeons: Transfusion of 1 and 2 units of 
red blood cells is associated with increased morbidity and mor-
tality. Ann Thorac Surg 2014; 97:87–93; discussion 93–4

 3. Hajjar LA, Vincent JL, Galas FR, Nakamura RE, Silva CM, 
Santos MH, Fukushima J, Kalil Filho R, Sierra DB, Lopes 
NH, Mauad T, Roquim AC, Sundin MR, Leão WC, Almeida JP, 
Pomerantzeff PM, Dallan LO, Jatene FB, Stolf NA, Auler JO Jr: 
Transfusion requirements after cardiac surgery: The TRACS 
randomized controlled trial. JAMA 2010; 304:1559–67

 4. Murphy GJ, Pike K, Rogers CA, Wordsworth S, Stokes EA, 
Angelini GD, Reeves BC; TITRe2 Investigators: Liberal or 
restrictive transfusion after cardiac surgery. N Engl J Med 
2015; 372:997–1008

 5. Hovaguimian F, Myles PS: Restrictive versus liberal transfu-
sion strategy in the perioperative and acute care settings: A 
context-specific systematic review and meta-analysis of ran-
domized controlled trials. ANESTHESIOLOGY 2016; 125:46–61

(Accepted for publication December 9, 2016.)

In Reply:
We would like to thank Drs. Warner, Qiu, and colleagues for 
their valuable inputs regarding our systematic review.1

Dr. Warner rightly points out that CIs crossing the 
equality line correspond to nonsignificant results and sug-
gests that the wording of our findings may have failed to 
reflect this lack of statistical significance. Although we agree 
that “borderline” results (i.e., where one end of the CI just 
overlaps the null value) should be interpreted with cau-
tion, it is worth to note that the Cochrane Collaboration 
discourages formulations such as “nonsignificant” or “not 
statistically significant,” since these terms are commonly 
misinterpreted as an indication that “the intervention has 
no effect.”2 Although some authors would describe such 
findings as a “tendency” or a “trend” toward an effect, we 
opted for a more moderate wording (i.e., using formula-
tions such as “seemed to” or “possible increase”), as sug-
gested elsewhere.3 As for the interpretation of borderline 
findings, it might help to remember that the true effect is 
more likely to lie around the point estimate (i.e., around the 

risk ratio) than at the margins of the CI.3 The traditionally 
significant P < 0.05 may well be suitable for testing efficacy, 
but CIs rather than hypothesis testing are preferred when 
testing safety, equivalence, or noninferiority.4

A second concern of Dr. Warner’s is that our analysis did 
not include transfusion-related pulmonary complications, 
which may have resulted in an underestimation of potential 
harmful effects associated with liberal transfusion strategies. 
The rationale behind the exclusion of pulmonary complica-
tions was mainly related to the quality of the reported data 
in the original trials: in most studies, there was no distinc-
tion between transfusion-related events (such as acute lung 
injury or pulmonary edema due to circulatory overload) and 
events secondary to inadequate oxygen supply, such as left-
sided heart failure due to myocardial infarction. Including 
outcomes with opposite etiologies could have resulted in a 
dilution of the intervention effects.

Qui et al. highlight a potential issue encountered in trials 
addressing transfusion strategies, i.e., the fact that heterogene-
ity in hemoglobin levels within individual treatment groups 
may potentially dilute treatment effects. Their concern is 
based on the assumption that patients assigned to a restrictive 
strategy who received blood transfusions would eventually 
have the same (posttransfusion) hemoglobin levels as those 
from the liberal group. A similar issue may occur if some 
patients assigned to a restrictive strategy never developed 
anemia (i.e., perioperative hemoglobin levels maintained in 
the range of the liberal group). This could indeed lead to an 
underestimation of adverse events, since only a small fraction 
of patients assigned to a restrictive strategy would truly be at 
risk of developing anemia-related complications. To address 
this potential source of heterogeneity, Qui et al. propose 
to stratify the analysis according to hemoglobin levels (see 
table 1, which provides a detailed description of hemoglo-
bin levels across studies). Although the idea is very elegant, 
such exploratory analyses should be carried out with caution, 
since the quality of the reported data remains limited (data 
not extractable, heterogeneity in the frequency or duration 
of hemoglobin measurements, or use of inadequate statistics 
[e.g., Student’s t test for data correlated over time]). It is also 
worth noting that the randomized design used in the origi-
nal studies tends to protect from bias and residual confound-
ing. We certainly agree that large, well-designed randomized 
controlled trials are still needed to fully explore the effects 
of transfusion strategies and eagerly await the results of the 
ongoing Transfusion Requirements in Cardiac Surgery-III 
trial (NCT 02042898).
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