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Author’s response
We read with great interest the database study by Aoki 
et  al. [1], published in Critical Care. As highlighted in 
this article, whole blood (WB) transfusion for patients 
with trauma or severe hemorrhage has recently attracted 
worldwide attention for its promising potential in reduc-
ing mortality [2–4]. This study examines the association 
between the whole blood rate (WBR), defined as the 
number of WB units divided by the sum of WB units 
and packed red blood cells (PRBCs), and 24-h mortal-
ity in trauma patients requiring massive transfusion. 
The results suggest that a higher WBR is associated with 
improved survival and a lower risk of acute kidney injury 
(AKI) in patients who received whole blood transfusion 
within 4  h of hospital arrival. The study utilized gen-
eralized estimating equations to adjust for covariates, 
including clustering, and conducted sensitivity analy-
ses that accounted for the heterogeneity of the lowest 
WBR group, further enhancing the robustness of the 
results. Therefore, this study has significant implications 
for current trauma resuscitation strategies. However, 
we believe there are some untreated biases, particularly 
time-dependent intervention bias, which warrant careful 
consideration.

Firstly, the intervention in this study design is time-
dependent; that is, the risk of mortality could continu-
ously influence the physician’s decision to administer WB 
transfusion, and WB transfusion, in turn, could influence 
the risk of mortality. The risk of mortality and transfu-
sion decisions interact dynamically over time during 
early trauma care. Component transfusion is routinely 
administered and readily available at many trauma cent-
ers, whereas WB transfusion often depends on the insti-
tution’s system or regional blood bank, typically making 
it available later. In many cases, component transfusion 
is administered first, followed by WB transfusion. Under 
this assumption, WBR would be zero in the early phase 
when only component transfusion is being used, and 
would gradually increase once WB transfusion begins, 
ranging from zero to one. If, as the authors assume, the 
intervention, expressed as a continuous variable, affects 
outcomes, then the time-dependent WBR would impact 
outcomes differently over time. Thus, evaluating the 
relationship between a time-dependent intervention like 
WBR and outcomes at a specific point in time may not 
fully capture the true relationship.

Additionally, the relationship between WBR and out-
comes may introduce immortal time bias. This bias 
occurs in epidemiological and clinical studies when there 
is a period during which participants cannot experience 
the outcome of interest, such as death [5]. Patients with 
severe trauma are at high risk of early death. Assum-
ing that WBR increases over time, patients with a lower 
WBR may be those who died early due to severity, while 
patients with a higher WBR may have survived longer.
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Statistical models that account for time-dependent 
interventions and immortal time bias, such as Marginal 
Structural Models with Inverse Probability of Treatment 
Weighting (MSMs with IPTW), may be more appropri-
ate [6, 7]. If the current data source does not sufficiently 
describe time-dependent interventions, prospective stud-
ies may be necessary to generate a more suitable dataset.

In conclusion, prospective studies or database studies 
that account for time-dependent interventions and biases 
such as immortal time bias are necessary. Future research 
incorporating these considerations will ensure results 
that are both statistically robust and clinically meaning-
ful, ultimately contributing to improved trauma resusci-
tation strategies.
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