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To the Editor:

We were intrigued by the work of Takahashi et al. on the 
effects of acute normovolemic hemodilution (ANH) in car-
diac surgery under remimazolam anesthesia [1]. ANH is a 
method in which blood is quickly withdrawn after induc-
tion of general anesthesia in the operating room, an equal 
volume of extracellular fluid is transfused, and autologous 
whole blood is returned at the time of bleeding or before 
the end of surgery. One of the advantages of this method 
is a significant reduction in hemoglobin loss during bleed-
ing due to hemodilution. Another advantage is that it allows 
the return of whole blood, including not only hemoglobin 
but also platelets, fibrinogen and other clotting factors. If 
the fibrinogen level is low, the incidence of major bleeding 
increases [2].

Takahashi et al. had performed ANH in 27 patients in car-
diac surgery under remimazolam anesthesia [1]. The average 
amount of blood removed was 740 ml (12.3 ml/kg). In their 
study, the application of ANH was associated with decreases 
in the intraoperative use of allogeneic blood transfusions, 
number of postoperative blood transfusions, and blood loss. 
The volume of whole blood drawn from the patient would 
be key for the impact of ANH. In a randomized controlled 
study comparing 12–15 ml/kg of blood draw (n = 55) with 
5–8 ml/kg of blood draw (n = 55) in ANH, it was shown 
that a larger volume of the blood drawn was associated with 
lower incidences of transfusion and postoperative excessive 
bleeding [3]. The clinical practice guidelines for patient 
blood management [4] conclude that the benefits of ANH 
are directly related to the volume of whole blood drawn from 

the patient. Specifically, the greater is the volume of blood 
removed without hemodynamic instability, the greater is the 
benefit of ANH.

However, it is not easy to draw a large volume of blood 
in ANH during general anesthesia because it may cause 
hemodynamic instability. Takahashi et al. [1] evaluated the 
efficacy and safety of ANH in patients undergoing cardiac 
surgery under remimazolam anesthesia. Remimazolam is 
a short-acting benzodiazepine intravenous anesthetic that 
causes fewer hypotensive adverse reactions than does propo-
fol [5–8]. Therefore, general anesthesia with remimazolam 
may reduce the risk of hypotension during blood withdrawal 
in ANH compared to that with propofol and may stabilize 
the patient’s circulatory dynamics. In the study by Taka-
hashi et al. [1], blood collection was completed in all of the 
patients in the ANH group before the start of surgery, despite 
the relatively large volume of ANH, low body weight, and 
high proportion of patients who had aortic stenosis. There 
were no significant differences in hemodynamic parameters, 
including mean arterial blood pressure between the ANH 
group and the group without ANH. In addition, no patients 
required continuous infusion of vasopressors or catechola-
mines before the start of cardiopulmonary bypass (CPB). 
Their study suggested that the choice of remimazolam as 
an anesthetic agent could lead to hemodynamic stability in 
ANH and thereby increase the amount of blood that can 
be removed. Consequently, this may enhance the effects of 
ANH such as the effects on amount of postoperative blood 
transfusions and overall blood loss.

There may be other than the choice of anesthetic that can 
enhance the effect of ANH, especially with the strategy for 
storing blood in ANH to maintain the quantities and quality 
of red blood cells, platelets and coagulation factors. Indeed, 
our in vitro prospective observational study suggested the 
potential of a bag for storing blood with good oxygen per-
meability [9] and cold storage temperature [10] to maintain 
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high platelet function in stored blood through inhibiting 
platelet damage.

The efficacy of ANH has long been limited by the large 
heterogeneity of ANH methods among studies and institu-
tions. To establish the validity of ANH, it is necessary to 
standardize the optimal ANH protocol. In addition, anes-
thetic management with hemodynamic stability should be 
one of key factors for improving the efficacy of ANH, as the 
study by Takahashi et al. suggested.

Data availability  As this is editorial, there is no available data related 
with this manuscript.
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