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Abstract
Background: Near-infrared spectroscopy (NIRS) is a com-
monly used technique to evaluate tissue oxygenation and 
prevent harmful cerebral desaturation in the perioperative 
setting. The aims of the present study were to assess wheth-
er surgery-related anemia can be detected via NIRS of cere-
bral oxygen saturation and to investigate the effects of dif-
ferent perioperative transfusion strategies on cerebral oxy-
genation, potentially affecting transfusion decision-making. 
Study Design and Methods: Data from the ongoing multi-
center LIBERAL-Trial (liberal transfusion strategy to prevent 
mortality and anemia-associated ischemic events in elderly 
noncardiac surgical patients, LIBERAL) were used. In this sin-
gle-center sub-study, regional cerebral oxygenation satura-
tion (rSO2) was evaluated by NIRS at baseline, pre-, and post-
RBC transfusion. The obtained values were correlated with 
blood gas analysis-measured Hb concentrations. Results: 
rSO2 correlated with Hb decline during surgery (r = 0.35, p < 
0.0001). Different RBC transfusion strategies impacted rSO2 
such that higher Hb values resulted in higher rSO2. Cerebral 

desaturation occurred  at lower Hb values more often. Dis-
cussion: Cerebral oxygenation monitoring using NIRS pro-
vides noninvasive rapid and continuous information regard-
ing perioperative alterations in Hb concentration without 
the utilization of patients’ blood for blood sampling. Further 
investigations are required to demonstrate if cerebral rSO2 
may be included in future individualized transfusion deci-
sion strategies. © 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

Transfusion of allogeneic red blood cell (RBC) units is 
frequently required during major surgery with elderly pa-
tient being at risk due to higher incidence of comorbidi-
ties including preoperative anemia and vascular disease 
predisposing to myocardial and cerebral ischemia [1–3]. 
Transfusion of RBC is the standard therapy of periopera-
tive anemia with a broad Hb treatment range between 6 
and 10 g/dL. However, existing evidence does not support 
a single criterion for transfusion and justification should 
depend on patients comorbidities, potential or actual on-
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going bleeding (rate and magnitude), volume status, car-
diopulmonary reserve, and most notably signs of organ 
ischemia resulting in impaired tissue oxygenation [4].

Near-infrared spectroscopy (NIRS) is a commonly ap-
plied, noninvasive technique that uses the different ab-
sorption and dispersion spectrum of near infrared light to 
distinguish between oxygenated and deoxygenated hemo-
globin, indicative of tissue oxygenation, in different tis-
sues approximately 25 mm below the skull [5]. Therefore, 
any given NIRS presents a relative value that reflects a bal-
ance between oxygen demand and supply, within the eval-
uated tissue at current conditions. Furthermore, the as-
sessed value depended on patient’s individual baseline but 
also affected by various covariates including perfusion, 
oxygenation, and hemoglobin concentration [6]. While 
tissue perfusion is influenced by blood pressure and car-
diac function, oxygenation is controlled during general 
anesthesia through the ventilatory settings. Hemodynam-
ics and oxygenation are continuously monitored and kept 
within predefined ranges during anesthesia. Although he-
moglobin concentrations commonly change during the 
course of major surgery with increased probability of 
blood loss, affecting tissue oxygenation, noninvasive tech-
niques continuously evaluating hemoglobin concentra-
tion tend to be inferior to invasive blood gas analyses 
(BGAs). However, BGA is usually performed in response 
to clinical signs including blood loss and volume compen-
sation and thus provides only intermittent information.

Most studies investigating the perioperative impact of 
cerebral oxygenation saturation (rSO2) on postoperative 
outcome are performed in cardiac or vascular surgery and 
report a correlation between rSO2 and central venous oxy-
genation saturation. Current guidelines recommend moni-
toring of cerebral oxygenation during cardiac surgery to de-
tect cerebral desaturation early, to increase oxygen supply, 
and thereby to improve neurological outcome [7]. Al-
though, investigation showed that NIRS can be used for the 
detection of anemia in intensive care patients, no study has 
yet investigated the perioperative usage of NIRS for the de-
tection of intraoperative bleeding and consecutive anemia 
and deoxygenation to potentially consider transfusion of 
RBC in adult patients undergoing major noncardiac sur-
gery. Therefore, we hypothesize that anemia occurring dur-
ing noncardiac surgery can be detected via NIRS evaluation 
of cerebral oxygen saturation and RBC transfusion im-
proves cerebral oxygenation, potentially affecting transfu-
sion decision-making (TDM) in elderly patients.

Material and Methods

Study Design
The present analysis contains data of 67 consecutive patients, 

undergoing spine or hip surgery, recruited within the ongoing 
LIBERAL-Trial from 2020 to 2021. The LIBERAL-Trial is a pro-

spective, multicenter, randomized, open, phase 4 trial, investigat-
ing the effects of a liberal transfusion strategy of RBCs on mortal-
ity and anemia-associated ischemic events in elderly patients un-
dergoing noncardiac surgery [8]. In brief, patients ≥70 years 
scheduled for intermediate- or high-risk noncardiac surgery 
were included. Hemoglobin levels were monitored during the 
surgery and daily after surgery. If Hb level dropped below ≤9.0 g/
dL during surgery or in the postoperative phase until postopera-
tive day 3, patients were randomized either to the LIBERAL (re-
ceiving one single RBC unit each time Hb reaches ≤9.0 g/dL) or 
restrictive transfusion regime (a single RBC unit each time Hb 
reaches ≤7.5 g/dL). To investigate the impact of anemia severity 
on RBC transfusion-induced changes of cerebral NIRS, we 
grouped patients according to their pre-transfusion Hb concen-
tration irrespective of their randomization group assignment: Hb 
<7.5 g/dL, Hb 7.5–8.5, and Hb ≥8.5 g/dL. This sub-study did nei-
ther unblind any data nor analyze any group differences of the 
large LIBERAL trial.

Anesthesia Protocol
Pulse oximetry, electrocardiogram, noninvasive blood pres-

sure measurement, and a peripheral line were established upon 
arrival at the introduction room. Anesthesia was induced using 
fentanyl, propofol (2 mg/kg), and rocuronium (0.5 mg/kg). Fol-
lowing intubation, ventilation was adjusted to 8–10 mL/kg and 
respiratory rate was set to maintain etCO2 at 35–40 mm Hg. Sub-
sequently, the radial artery was cannulated for invasive blood pres-
sure measurement and BGAs. Oxygen concentration was adjusted 
to pO2 between 120 and 150 mmHg to maintain SpO2 above 95%. 
Anesthesia was maintained using propofol and sedation dept was 
monitored using bi-spectral index monitoring (XP-sensor, Covi-
dien plc, Dublin, Ireland) and bi-spectral index values were kept 
between 40 and 60, ensuring an appropriate anesthesia level. Dur-
ing the surgery, phenylephrine infusion has been used to maintain 
mean arterial blood pressure within 20% of pre-anesthesia level. 
To assess regional tissue oxygenation, the probe of an INVOSTM 
5100C (Medtronic Inc., Minneapolis, MN, USA) was placed on the 
right forehead and cerebral oxygenation saturation (rSO2) was 
continuously monitored throughout the surgery. Anesthesia re-
gime and NIRS evaluation was performed in the present sub-study 
according to institutional standard and not specified in the LIBER-
AL-Trial study protocol [8]. Patients with carotid artery stenosis 
were not included due to its potential impact on cerebral perfu-
sion. rSO2 values were assessed through NIRS prior to and 10 min 
after transfusion of each RBC unit to investigate the impact of RBC 
transfusion on cerebral tissue oxygenation at different Hb concen-
trations.

Statistical Analyses
Statistical analyses were performed using Graph Pad PRISM 8. 

Data are expressed as mean ± standard deviation for normally dis-
tributed continuous variables. Differences between groups were 
determined using one-way ANOVA and Bonferroni post hoc anal-
yses. Baseline, pre-, and post-transfusion differences were ana-
lyzed using two-way ANOVA and Bonferroni post hoc analyses.

Results

The present study included 67 patients that received 
RBC transfusion during elective hip or spine surgery. 
Age, height, weight, and BMI were not different between 
groups (Table 1).
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Cerebral regional oxygen saturation (rSO2) and Hb 
concentrations were evaluated after induction of anesthe-
sia, prior to RBC transfusion, and 10 min after transfu-
sion. As both hemoglobin concentrations and NIRS val-
ues changed during the surgery, the association between 
cerebral rSO2 values and Hb concentrations at baseline, 
pre-transfusion, and post-transfusion were analyzed us-
ing Spearman’s correlation. Our data indicate a positive 
correlation between Hb concentration and cerebral tissue 
oxygenation (r = 0.35, p < 0.0001) (Fig. 1).

Hb concentrations increased in all groups after trans-
fusion of 1 RBC unit. However, post-transfusion Hb con-
centration remained lower in patients with pre-transfu-
sion Hb concentrations <7.5 g/dL compared to 7.5–8.5 g/
dL and >8.5 g/dL groups. Statistical analyses indicated ef-
fects of pre-transfusion Hb concentrations, transfusion, 
and an interaction of pre-transfusion Hb and RBC trans-
fusion on post-transfusion Hb concentrations (Fig. 2).

Cerebral rSO2 was lower prior to transfusion com-
pared to baseline in patients transfused at Hb concentra-
tions <7.5 g/dL, while there was no difference observed 
in other groups prior to transfusion compared to base-
line values. Pre- to post-transfusion increases in rSO2 
were observed in all groups. Furthermore, rSO2 was in-
creased after transfusion compared to baseline values in 
7.5–8.5 g/dL and >8.5 g/dL groups, while there was no 
difference observed in patients transfused at Hb concen-
trations <7.5 g/dL rSO2 was not different between groups 
at baseline or post-transfusion. However, rSO2 was sig-
nificantly lower in patients transfused at Hb concentra-
tions <7.5 g/dL compared to patients transfused at Hb 
concentrations >8.5 g/dL prior to transfusion. Two-way 
ANOVA indicated effects of transfusion, Hb concentra-
tions pre-transfusion, and an interaction on rSO2 
(Fig. 3).

Delta rSO2 baseline to pre-transfusion values were 
negative and significantly lower in patients transfused at 
Hb concentrations <7.5 g/dL compared to other groups. 
rSO2 reduction from baseline values prior to transfusion 
was 12% in <7.5 g/dL, while 3% in 7.5–8.5 g/dL and >8.5 
g/dL groups. Furthermore, delta pre- to post-transfusion 
rSO2 was greater in patients transfused at Hb concentra-
tions <7.5 g/dL compared to other groups (p < 0.001). 
However, neither baseline to pre- nor pre- to post-trans-
fusion rSO2 values were different between patients trans-
fused at 7.5–8.5 g/dL and >8.5 g/dL (Fig. 4).

Oxygenation parameters including arterial pO2 and 
pCO2 were not different between subgroups at any time-
point. Blood pressures were not different between groups 
but were higher after transfusion in patients transfused at 
Hb concentrations >8.5 g/dL (Fig.  5). Norepinephrine 
dosages were not different between groups pre- and post-
transfusion (Table 2).

Discussion

The findings of the present study indicate a correlation 
between cerebral tissue oxygenation and blood loss-in-
duced anemia and the subsequent effects of transfusion-
induced changes of Hb concentrations in elderly patients 
undergoing intermediate- or high-risk noncardiac sur-
gery. Substantial hemorrhage can occur during spine and 
hip surgeries.

Blood loss needs to be closely monitored through ob-
servation of the surgical field and calculations based on 
used sponges and collected volumes, but assessments are 
highly variable and affected by individual estimation [9]. 
Our study provides evidence that blood loss during hip 
and spine surgery and subsequent volume resuscitation 

<7.5 g/dL 7.5–8.5 g/dL >8.5 g/dL p value

Age, years 79±1 79±1 78±1 ns
Height, cm 170±2 167±2 171±2 ns
Weight, kg 78±4 72±3 81±4 ns
BMI, kg/m2 27±1 26±1 27±1 ns

Table 1. Patients characteristics were 
analyzed using one-way ANOVA with 
Bonferroni post hoc analyses and are 
expressed as mean ± SEM (p < 0.01)

Fig. 1. Correlation between Hb concentration and NIRS-derived 
rSO2 measured after anesthesia induction, pre-transfusion, and 
posttransfusion. Data were analyzed using Spearman r test (n = 
129, r = 0.3479, p < 0.0001).
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using the corresponding volume led to a reduction of Hb, 
resulting in moderate to severe anemia that correlated 
with a reduction of NIRS-evaluated cerebral oxygen satu-
ration.

TDM is based on the occurrence of transfusion trig-
gers such as hemodynamic instability, lactemia, reduced 
mixed venous oxygenation, and reduced perfusion or de-
oxygenation of vital organs. However, anemia monitor-

Fig. 2. Pre- and post-transfusion Hb con-
centrations in patients; RBC transfusion 
starting at Hb <7.5 g/dL, n = 21; 7.5–8.5 g/
dL, n = 21; or >8 g/dL, n = 25. Data were 
analyzed using two-way ANOVA with 
Bonferroni post hoc analyses and expressed 
as mean ± SD. Lines indicate significant 
post-transfusion differences between 
groups (p < 0.01).

Fig. 3. rSO2 values at baseline, pre-, and 
post-transfusion in patients; RBC transfu-
sion starting at pre-transfusion Hb <7.5 g/
dL, 7.5–8.5 g/dL, or >8.5 g/dL. Data were 
analyzed using two-way ANOVA with 
Bonferroni post hoc analyses and expressed 
as mean ± SD (<7.5 g/dL, n = 21; 7.5–8.5 g/
dL, n = 21; >8.5 g/dL, n = 25; p < 0.01; *com-
pared to >8.5 g/dL pre-transfusion; lines 
indicate significant post-transfusion differ-
ences between groups).

Fig. 4. rSO2 changes from baseline to pre-
transfusion (left panel) and pre- to post-
transfusion (right panel) in patients receiv-
ing RBC transfusion starting at Hb <7.5 g/
dL, 7.5–8.5 g/dL, or >8.5 g/dL. Data were 
analyzed using one-way ANOVA and ex-
pressed as mean ± SD (<7.5, n = 21; 7.5–8.5, 
n = 21; >8.5, n = 25; lines indicate signifi-
cant post-transfusion differences between 
groups; p < 0.01).
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ing includes hemoglobin/hematocrit measurements pri-
or to transfusion that is performed in a point-of-care 
fashion using BGAs that provide stable Hb and Hct values 
using 1-2 mL blood volume [4, 10]. Although Hb can be 
frequently determined during major surgery with high 
amounts of blood loss, BGA are still irregularly performed 
upon clinical assessment. In contrast, NIRS-based perfu-
sion and oxygenation monitoring provides a continuous 
and high granular evaluation of cerebral tissue oxygen-
ation in the absence of any blood utilization. Most nota-
bly, information regarding the oxygenation status of this 
crucial tissue may help TDM and in the absence of cere-
bral desaturation and subsequent transfusion triggers po-
tentially prevent unnecessary transfusion. High expenses 
of the NIRS optodes compared to BGAs need to be ad-
dressed. However, tissue oxygenation monitoring may be 
a great adjunct to Hb concentration in making a clinical 
decision for RBC transfusion, or most importantly against 
a transfusion within currently recommended limits. Pre-
vention of RBC transfusion reduces the risk for postsurgi-
cal complications, and improves outcomes, all according 
to current WHO recommendations on PBM [11]. Subse-
quent studies are required to evaluate the impact of tissue 
oxygenation monitoring on the reduction of periopera-
tive RBC transfusion.

While baseline NIRS values were not different between 
groups, cerebral oxygenation was significantly declined in 

patients with pre-transfusion Hb <7.5 g/dL compared to 
7.5–8.5 and >8.5 g/dL. After transfusion, rSO2 increased 
and no differences were observed between subgroups. 
These data suggest that a restrictive transfusion strategy in 
elderly patients may result in minor cerebral deoxygen-
ation episodes prior to RBC transfusion while patients re-
ceiving RBC transfusion at higher pre-transfusion Hb lev-
els did not show rSO2 decrease. These findings are in ac-
cordance with previous studies performed in neonatal 
critical care and perioperative pediatric patients that re-
port a RBC transfusion-induced increase in cerebral oxy-
genation and correlation between Hb concentration and 
tissue oxygenation [12, 13]. Alternatively, Aktas and col-
leagues did not observe a transfusion-induced increase in 
cerebral oxygenation in neonatal intensive care patients, 
while abdominal and renal rSO2 values increased after 
transfusion [14]. However, according to their study pro-
tocol NIRS values were assessed 24 h after transfusion and 
compared to pre-transfusion values, and cerebral changes 
could be more pronounced in the acute setting. Also, com-
pensatory mechanisms may initiate within hours that 
maintain cerebral oxygenation at lower level. Our sub-
analysis focused on acute anemia due to acute surgery-
related blood loss and transfusion in the perioperative set-
ting where observed differences in cerebral oxygenation 
are likely to occur before compensatory mechanism is ef-
fective. Similar to the studies in neonatal intensive care 

Fig. 5. Systolic, mean, and diastolic blood pressures assessed pre- and post-transfusion in patients receiving RBC 
transfusion starting at Hb <7.5 g/dL, 7.5–8.5 g/dL, or >8.5 g/dL. Data were analyzed using two-way ANOVA with 
Bonferroni post hoc analyses and expressed as mean ± SD (<7.5 g/dL, n = 21; 7.5–8.5 g/dL, n = 21; >8.5 g/dL,  
n = 25; lines indicate significant differences between pre- and post-transfusion; p < 0.01).

Table 2. Phenylephrine dosages in microgram per kilogram body weight pre- and post-transfusion were analyzed 
using one-way ANOVA with Bonferroni post hoc analyses and expressed as mean ± SEM (p < 0.01)

<7.5 g/dL 7.5–8.5 g/dL >8.5 g/dL p value

Pre-transfusion norepinephrine dosage, μg/kg BW 0.08±0.02 0.10±0.03 0.08±0.02 ns
Post-transfusion norepinephrine dosage, μg/kg BW 0.06±0.01 0.07±0.02 0.08±0.02 ns
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patients [14, 15], the most pronounced transfusion-in-
duced increases in cerebral oxygenation were observed in 
patients with lower pre-transfusion Hb level <7.5 g/dL, 
potentially indicating physiologic severe anemia levels.

The observation that reduction in blood pressure was 
accompanied by a reduction in cerebral oxygenation has 
been reported in previous studies and the autoregulatory 
mechanisms of cerebral perfusion may be involved in this 
observation [16]. Furthermore, vasopressor treatment af-
fects hemodynamics and tissue oxygenation in anesthe-
tized patients [17]. However, the herein used norepi-
nephrine dosages were not different between groups pre- 
and post-transfusion and are therefore unlikely to be 
responsible for rScO2 differences, but the assessment of 
physiological mechanisms of cerebral autoregulation is 
beyond the scope of our investigation.

NIRS evaluation of rScO2 provides an individual trend 
of tissue oxygen availability. Although the individual trend 
is precise, interindividual measurements are markedly vari-
able; thus, this method has its limitations in the ratio of 
oxygen supply to oxygen consumption that need to be ad-
dressed. However, NIRS-evaluated tissue oxygenation has 
been proposed as an alternative method for TDM in pedi-
atric intensive care patients [18]. However, the impact of 
NIRS on tissue oxygenation in the elderly patients has not 
yet been evaluated. Although noninvasive methods for Hb 
measurement tend to be inferior to invasive BGA, our data 
indicate that NIRS provides continuous information of ce-
rebral oxygenation and has the potential to detect rapid 
changes during major surgery potentially being related to a 
critical Hb concentration without frequent utilization of 
patients’ blood. TDM is an individual assessment that is 
based on the occurrence of distinct transfusion triggers and 
should not be made based on Hb values only [19, 20]. 
Therefore, a continuous monitoring that is not only provid-
ing changes in Hb concentration but also postulating infor-
mation concerning the oxygen saturation and more impor-
tant critical desaturation of a vulnerable tissue such as the 
brain seems reasonable as an individualized perioperative 
RBC transfusion strategy.

While acute severe normovolemic anemia at hemoglo-
bin level between 6 and 5 g/dL is associated with cognitive 
dysfunction [21], intraoperative decreases in NIRS have 
also been shown to correlate with postoperative cognitive 
dysfunction, and a patient-specific algorithm that incor-
porates cerebral NIRS monitoring and a restrictive RBC 
transfusion threshold improve clinical outcomes while 
reducing costs [22, 23]. Further studies are required to 
investigate the potential of perioperative NIRS evaluation 
and prevention of cerebral deoxygenation through RBC 
transfusion on postoperative cognitive dysfunction in el-
derly patients undergoing major noncardiac surgery.

There are some limitations that need to be addressed. 
First of all, this is a sub-study to the ongoing multicenter 

LIBERAL-Trial. Therefore, the sample size was not calcu-
lated for the primary outcome and our results are explor-
atory. Second, the data are just from one single center and 
the number of patients is limited. However, our results 
show a stable and significant effect and to the best of our 
knowledge this is the first study reporting a correlation 
between perioperative anemia and NIRS in elderly pa-
tients undergoing noncardiac surgery. Further studies are 
required to investigate the potential prevention of post-
operative cognitive dysfunction through the prevention 
of perioperative cerebral desaturation.

Conclusions

In conclusion, cerebral oxygenation monitoring by 
NIRS indicates cerebral desaturation, but also provides 
valuable information regarding perioperative alterations 
in Hb concentration, implying blood loss-induced ane-
mia, potentially providing the clinician information when 
anemia-related impaired oxygenation is still compensat-
ed or transfusion may be indicated, in the context of in-
dividualized medicine. Transfusion-induced increases in 
cerebral oxygenation are more pronounced at lower pre-
transfusion Hb level. Further studies are required to in-
vestigate the impact of cerebral oxygenation measure-
ment on individual TDM in the perioperative setting, po-
tentially preventing postoperative cognitive dysfunction.
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