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To the editor,
Anemia is a common clinical condition in patients suf-

fering from traumatic brain injury (TBI). As low
hemoglobin level may increase the risk of poor brain
oxygen delivery and secondary ischemic injury in TBI,
red blood cell (RBC) transfusion is often applied in post-
operative intensive care. However, the benefits remain
debated. Dozens of cohort studies were performed to in-
vestigate the association between RBC transfusion and
clinical outcomes, such as mortality and long-term
neurological function. However, the conclusions were
conflicting which is largely due to the great heterogen-
eity. For instance, the hemoglobin targets vary greatly,
from 6 to 12 g/dl, using one hemoglobin value to repre-
sent the whole hemoglobin level; there is no specific
RBC transfusion protocol and unadjusted confounding
factors. Of course, aiming to address these limitations,
randomized controlled trials (RCT) were also conducted.
Aiming to provide a systematic review, we conducted a
literature search on PubMed and Embase, without
limitations. Only three RCTs were identified investigat-
ing the RBC transfusion efficacy in patients with TBI,
and several limitations should be noticed. First is the
mortality rate. All the three RCTs reported the mortality
rate, and McIntyre et al. [1] and Robertson et al. [2]
found no significant difference in overall mortality, while

in Gobatto et al.’s [3] study, 44 TBI patients were in-
cluded and a significant reduction of mortality was
found (7/23 vs. 1/21, p = 0.048). In the meta-analysis,
the pooled outcome also showed a non-significant con-
clusion, with significant heterogeneity. Noteworthy, we
noticed all the death in Gobatto et al.’s study occurred
during ICU stay. However, in clinical practice, a signifi-
cant proportion of TBI patients may die shortly after ad-
mission because of severe brain damage which may also
explain the fact that in the other two RCTs, 60% [1] of
death occurred during ICU stay and more than 60% of
death [2] occurred within 13 days after admission (Fig. 3
in Robertson et al.’s [2] study). Furthermore, despite 7 g/
L and 9 g/L were defined as the restrictive and liberal
transfusion targets, the hemoglobin levels are almost the
same within the first 4 days in Gobatto et al.’s study (Fig.
2). Thus, the timing of death of these patients should be
presented as the inclusion of these patients may lead to
a biased conclusion. Second, the GOS was commonly
used as an index for long-term neurological outcome
(Fig. 1). In our meta-analysis, no significant improve-
ment was found both in subgroups including and ex-
cluding death. Based on the current evidence, the debate
of RBC transfusion remains unsettled. Well-designed
multicenter investigations are needed to reach a stable
conclusion.
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To the editor,
The letter from Dr. Zhang et al. is very interesting and

gives us the opportunity to explore some details regarding

the relationship between transfusion and mortality in pa-
tients with traumatic brain injury (TBI).
To date, only three randomized clinical trials (RCTs)

have evaluated blood transfusion strategies in patients
with TBI, with different results. The trials by McIntyre et
al. [1] and Robertson et al. [2] found no significant
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difference in overall mortality, while in our study [3] a sig-
nificant reduction of mortality was found (7/23 vs. 1/21,
p = 0.048). Part of these results might be explained by dif-
ferent design, inclusion criteria, and patient populations.
The trial by McIntyre et al. [1] is actually a sub analysis of
the TRICC trial, evaluating 67 TBI patients from the main
838 patients cohort, randomized to a liberal (Hb > 7.0 g/
dL) or conservative (Hb > 10 g/dL) transfusion strategy.
The trial included stable, resuscitated patients in the in-
tensive care unit (ICU) and was not designed to study TBI
patients. Moreover, in the trial by Robertson et al. [2],
anemia was not an inclusion criterion and the patients in
both groups had average hemoglobin concentrations (Hb)
greater than 9 g/dL at all reported time points (e.g., Hb
9.7 vs. 11.4 g/dL at day 9, in restrictive and liberal groups,
respectively), which may have precluded adequate assess-
ment of the effects of the restrictive transfusion strategy.
By contrast, in TRAHT, by including only TBI patients

with a hemoglobin concentration under 9 g/dL, we cre-
ated a difference between the groups, using a real restrict-
ive transfusion strategy in the control group. Most TBI
patients are not severely anemic at ICU admission and de-
velop anemia during ICU stay. In our trial, the mean
hemoglobin concentration during the first 14 days after
hospital admission was 9.3 ± 1.3 g/dL in the liberal group
and 8.4 ± 1.0 g/dL in the restrictive group (p < 0.01),

giving a mean difference of 0.9 ± 0.2 g/dL. This difference
gradually increased after the fourth day, to a peak on the
tenth day, when the difference was 1.8 ± 0.4 g/dL (CI 95%
1.0–2.6, p < 0.01). The mean Hb at ICU admission was
10.2 ± 1.4, similar between groups, as well as during the
first 3 days. The median time from ICU admission to
randomization was 3 [2–4] days, which is compatible with
the difference in Hb levels between groups being clearer
from the 4th day on.
In our trial, most deaths occurred during ICU stay (7/

23 vs. 1/21, p = 0.048). At 6-month follow-up, one pa-
tient from the liberal group died (7/23 vs. 2/21). In a
post hoc analysis, the hospital deaths occurred at a me-
dian of 9 [7.5–14.5] days, a similar time point as com-
pared to the Robertson’s study. At the 6-month follow-
up, the restrictive group mean survival was 117.7 ± 18.7
vs. 169.2 ± 9.6 days for the liberal group (log-rank test,
χ² = 3.223, p = 0.073) (Fig. 2).
TRAHT was a pilot trial, aimed at evaluating the feasi-

bility of a randomized clinical trial comparing liberal and
restrictive blood transfusion strategies in patients with
moderate and severe TBI. Although its secondary analysis
in favor of the liberal transfusion strategy were note-
worthy, we agree the study results should be interpreted
cautiously and well-designed multicenter RCT are still
necessary.

Fig. 1 Forest plot of subgroup comparisons of mortality and GOS. GOS Glasgow Outcome Scale
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Fig. 2 Survival analysis for the 180-month follow-up
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