Neurosurgical Review (2022) 45:1327-1333
https://doi.org/10.1007/s10143-021-01633-y

ORIGINAL ARTICLE q

Check for
updates

Perioperative red blood cell transfusion is associated with poor
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Abstract

The influence of perioperative red blood cell (RBC) transfusion on prognosis of glioblastoma patients continues to be
inconclusive. The aim of the present study was to evaluate the association between perioperative blood transfusion (PBT)
and overall survival (OS) in patients with newly diagnosed glioblastoma. Between 2013 and 2018, 240 patients with newly
diagnosed glioblastoma underwent surgical resection of intracerebral mass lesion at the authors’ institution. PBT was defined
as the transfusion of RBC within 5 days from the day of surgery. The impact of PBT on overall survival was assessed using
Kaplan—Meier analysis and multivariate regression analysis. Seventeen out of 240 patients (7%) with newly diagnosed glio-
blastoma received PBT. The overall median number of blood units transfused was 2 (95% CI 1-6). Patients who received
PBT achieved a poorer median OS compared to patients without PBT (7 versus 18 months; p <0.0001). Multivariate analysis
identified “age > 65 years” (»p <0.0001, OR 6.4, 95% CI 3.3-12.3), “STR” (»p =0.001, OR 3.2, 95% CI 1.6-6.1), “unmethyl-
ated MGMT status” (p <0.001, OR 3.3, 95% CI 1.7-6.4), and “perioperative RBC transfusion” (»p =0.01, OR 6.0, 95% CI
1.5-23.4) as significantly and independently associated with 1-year mortality. Perioperative RBC transfusion compromises
survival in patients with glioblastoma indicating the need to minimize the use of transfusions at the time of surgery. Obey-
ing evidence-based transfusion guidelines provides an opportunity to reduce transfusion rates in this population with a
potentially positive effect on survival.
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Introduction

Perioperative anemia requires the transfusion of red
blood cells (RBC) after reaching an individual threshold
value, which often varies considerably for interhospital
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comparison. Due to the manifold effects of perioperative
blood transfusion (PBT) on morbidity and mortality, opin-
ions differ on the effect of PBT on the overall survival (OS)
of cancer patients. Some studies reported an association
between PBT and poorer OS, while others could not dem-
onstrate this association [14, 15, 24].

Especially in the context of (semi-)elective intracranial
surgical procedures, current efforts in patient blood man-
agement are aimed at raising the thresholds for transfusions
while maintaining patient safety, leading to a controversy
between restrictive and liberal transfusion strategies [11].
Perioperative anemia with concomitant oxygen starvation
and thus endangerment of important organ functions must
be assessed individually against a potentially harmful inter-
action or reactions of the blood transfusions that need to be
carried out [1, 16]. For this, daily perioperative and indi-
vidual risk and benefit analyses are essential to understand
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the consequences of PBT in the respective patient cohorts.
In the case of patients suffering from glioblastoma, the avail-
able data is very scarce.

In the present study, we aimed at assessing a potential
correlation of PBT and further pre- and intraoperatively
collectable variables with impaired functional outcome and
worsened overall survival in patients that had undergone
neurosurgical resection of newly diagnosed glioblastoma at
our institution.

Methods
Patients

Newly diagnosed glioblastoma patients who underwent
surgical resection at the authors’ institution between 2013
and 2018 were entered into a computerized database. Only
those patients with completely available preclinical, histo-
pathological, and perioperative data were included in further
analysis. The approval for this study was obtained from the
institutional ethics committee. Information, including patient
characteristics, radiological features, methylation status of
the MGMT promoter, age-adjusted Charlson Comorbidity
Index (CCI), functional neurological status and laboratory
values at admission and during treatment, and the need for
peri- and/or intraoperative blood transfusion, were collected
and further analyzed. MGMT promotor methylation status
was determined by the local department of neuropathology
by pyrosequencing as published in 2007 [17]. The Karnof-
sky Performance Score (KPS) was utilized to assess patients
according to their functional status as previously described
[6, 21, 22]. In this context, KPS > 70 was defined as a favora-
ble outcome at postoperative follow-up assessments.

During the weekly interdisciplinary tumor advisory board
meetings of the neuro-oncological center, individual treat-
ment decisions were made in interdisciplinary consensus at
the initial presentation of the patient and during follow-up.

The extent of resection (EOR) was evaluated in early
(<72 h) postoperative 3-T magnetic resonance imaging
(MRI). Gross total resection (GTR) was defined as the
complete removal of contrast-enhancing tissue. Preopera-
tive tumor volumes volumetrically were assessed based on
gadolinium-enhanced T1-weighted MRI using commercially
available software (TumorTracking Tool, IntelliSpace Portal
5.0, Philips, the Netherlands). In accordance to Flores et al.
[19], a cutoff value of 60 mL of tumor volume was chosen
in order to analyze for a potential correlation between tumor
volume and PBT. Every neurosurgeon in charge fulfilled the
requirements for Neuro-Oncology Centers certificated by the
German Cancer Society.

Perioperative blood transfusions were determined as any
allogeneic transfusion of red blood cells (RBC) during or
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within 5 days after surgery for glioblastoma. The threshold
values for RBC transfusions in clinically stable patients were
specified at a hemoglobin (Hb) concentration of <7 g/dL,
following the current consensus recommendations of patient
blood management [18].

Overall survival (OS) was measured from the day of glio-
blastoma surgery until death or last observation. All param-
eters were compared in terms of OS.

Statistics

Data analysis was performed using the computer software
packages SPSS (version 25, IBM Corp., Arminian, NY) and
GraphPad Prism (version 8, GraphPad Software, La Jolla,
CA). Unpaired categorical and binary variables were ana-
lyzed in contingency tables using the Fisher exact test. The
Mann—Whitney U-test was chosen to compare continuous
variables as data were not normally distributed. OS was
analyzed using the Kaplan—-Meier method and Gehan-Bres-
low-Wilcoxon test. Results with p <0.05 were considered
statistically significant. Furthermore, a backward stepwise
method was used to construct a multivariate logistic regres-
sion model in order to find independent predictors of 1-year
mortality in patients with glioblastoma who underwent sur-
gical resection.

Results
Patient characteristics

Between 2013 and 2018, a total of 240 patients with newly
diagnosed glioblastoma underwent surgery at the authors’
institution. Mean age of patients with glioblastoma was
62 + 13 years. Regarding EOR, GTR was achieved in 164
patients (68%), while subtotal resection (STR) was achieved
in 76 patients (32%). Twelve patients suffered from multifo-
cal manifestation at time of surgery (5%). Median OS for
patients with glioblastoma in the current patient cohort was
16 months (95% CI 14-18) (Table 1).

Necessity of perioperative RBC transfusion

Overall, 17 patients required PBT (7%). The overall median
unit of blood transfused was 2 units (95% CI 1-6). Of 17
patients, 2 received 1 unit (12%), 9 received 2 units (53%),
and 6 received more than 2 units (35%). The mean age of
patients who received PBT was 71 + 10 years at the time
of surgery. Therefore, patients with PBT were significantly
older compared to patients without PBT (p=0.002, 95% CI
3.5-15.8) (Table 1). Furthermore, the comorbidity burden
on admission was significantly higher in patients with the
necessity of PBT compared to patients without, according
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Table 1 Patient characteristics

Glioblastoma patients with- ~ Glioblastoma patients with p-value

out PBT (n=223) PBT (n=17)
Mean age (+SD, yrs) 61+13 71+10 p=0.001
Baseline Hb <13 (g/dL) 11 (5%) 4 (24%) n.s
Baseline KPS >70 212 (95%) 15 (88%) n.s
Age-adjusted CCI>5 35 (16%) 7 (41%) p=0.02
30-d mortality 52%) 3 (18%) p=0.01
1-yr mortality 77 (35%) 13 (77%) p=0.001
KPS > 70 after 3 mos 177 (79%) 8 (47%) p=0.0007
KPS >70 after 6 mos 157 (70%) 6 (35%) p=0.0008
KPS >70 after 1 yr 116 (52%) 0 (0%) p<0.0001
GTR 153 (69%) 11 (65%) n.s
ASA<3 162 (74%) 9 (53%) n.s
Baseline CRP >5 33 (15%) 2 (12%) n.s
Baseline WBC > 12 92 (41%) 9 (53%) n.s
Operation time (+SD, min) 239+78 283 +102 n.s
Mean blood loss (+SD, mL) 266 +255 900+ 636 p<0.0001
Intraop RBC transfusion n.a 10 (59%) n.a
Unmethylated MGMT status 120 (55%) 8 (47%) n.s

ASA, American Association of Anesthesiologists; CCI, Charlson Comorbidity Index; CRP, C-reactive
protein; d, day; GTR, gross total resection; Hb, hemoglobin; KPS, Karnofsky Performance Scale; mons,
months; PBT, perioperative blood transfusion; RBC, red blood cell; WBC, white blood cell; yr(s), year(s)

to the age-adjusted CCI (mean CCI 4.1 +2 versus CCI
2.6+2.1, p=0.005, 95% CI 0.39-2.52). Patients with the
necessity of PBT suffered from significantly increased intra-
operative blood loss (mean 900+ 616 mL) compared to
patients without PBT (mean 2664255 mL; p <0.0001, 95%
CI 483-785). Nevertheless, admission Hb concentration did
not differ between both groups (p =0.24). Median blood loss
in patients with preoperative anticoagulant medication was
200 mL (IQR 100-305) compared to 200 mL (IQR 100-390)
in patients without preoperative anticoagulant medication
(p=0.75). Preoperative intake of anticoagulant medication
did not significantly correlate to the extent of PBT: 5 out
of 17 patients (29%) with PBT exhibited preoperative anti-
coagulant intake compared to 33 out of 223 patients (15%)
without need for perioperative PBT (p=0.16). Table 1 sum-
marizes patient characteristics for patients who underwent
PBT compared to patients who did not receive PBT.
Median tumor volume was 35 mL (IQR 12-72). The
receiver operating characteristics (ROC) curve resulted
in an area-under-the-curve value of 67.9 mL. Based on
equal weighting of sensitivity and specificity, the cutoff
of 125 mL was found to be the most efficient to sepa-
rate between the two PBT groups. This cutoff leads to a
sensitivity of 50.0% and a specificity of 94.3%. Eight out
of 17 patients (47%) with PBT exhibited a tumor volume
of > 125 mL compared to 10 out of 223 patients (4%) with-
out PBT (p <0.001). The PBT group significantly more
often suffered from postoperative LAE and pneumonia:

2 out of 17 patients (12%) within the PBT group suffered
from pulmonary embolism during the postoperative hospi-
tal stay compared to 3 out of 223 patients (1%) within the
non-PBT group (p =0.04). Four out of 17 patients (24%)
within the PBT group suffered from pneumonia during
the postoperative hospital stay compared to 7 out of 223
patients (3%) within the non-PBT group (p =0.004). Post-
operative intensified treatment did not significantly differ
for the PBT and the non-PBT group: 1 out of 17 patients
(6%) with PBT received postoperative treatment according
to the CeTeG protocol compared to 16 out of 207 patients
(8%) without PBT (p=1.0). TTF treatment was present
in 0 out of 17 patients (0%) with PBT compared to 9 out
of 214 patients (4%) without PBT (p = 1.0). For detailed
information regarding the PBT group, see Supplementary
Table S1.

Influence of perioperative RBC transfusion
on functional outcome

Patients who received PBT achieved significantly less
often favorable functional outcome compared to patients
without perioperative need for RBC transfusion at fol-
low-ups 3 months (p=0.005, OR 3.8, 95% CI 1.5-9.3),
6 months (p =0.005, OR 3.9, 9% CI 1.5-10.1), and
12 months (p <0.0001, OR 37.9, 95% CI 2.3-638.9) post-
operatively (Fig. 1, Table 1).
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Fig. 1 Perioperative RBC transfusion is associated with impaired
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Fig.2 Perioperative RBC transfusion is associated with decreased
overall survival rates. Kaplan—-Meier curves for OS stratified into
glioblastoma patients with and without PBT. OS, overall survival;
PBT, perioperative blood transfusion

Influence of perioperative RBC transfusion
on survival

Overall survival in patients who received PBT was 7 months
(95% CI 3—11). In patients who received PBT, median over-
all survival was significantly reduced compared to those who
did not receive PBT (7 versus 18 months, p <0.0001). Fig-
ure 2 presents Kaplan—Meier survival estimates categorized
by transfusion status. Patients aged > 70 years who received
PBT exhibited a mOS of 6 months (IQR 2-11) compared
to 12 months (7-18) for the geriatric patients without PBT
(p=0.01).

Multivariate analysis

Multivariate analysis identified “age > 65 years” (p <0.0001,
OR 6.4, 95% CI 3.3-12.3), “STR” (p=0.001, OR 3.2, 95%
CI 1.6-6.1), “unmethylated MGMT status” (p <0.001, OR
3.3,95% CI 1.7-6.4), and “perioperative RBC transfusion”
(p=0.01, OR 6.0, 95% CI 1.5-23.4) as significantly and
independently associated with 1-year mortality, whereas
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3-, 6-, 9-, and 12-month follow-up. KPS, Karnofsky Performance
Scale; PBT, perioperative blood transfusion

tumor volume did not in patients who had undergone glio-
blastoma surgery (Nagelkerke’s R* 0.37).

Discussion

For various reasons, blood loss might be considerable during
oncosurgical cranial procedures despite the partly (semi-)
elective character of these procedures. This may require
transfusion of allogeneic red blood cells to maintain tissue
perfusion and oxygen supply. Increasingly, it has been stated
in the literature that perioperative transfusion of RBCs might
lead to a reduced overall survival for different types of can-
cer [9, 12, 23]. However, data on the impact of periopera-
tive RBC transfusion on overall survival in patients with
newly diagnosed glioblastoma is scarce. The present study
demonstrates that perioperative RBC transfusion in patients
with newly diagnosed glioblastoma constitutes a significant
and independent predictor of poor survival and correlates to
worsened functional postoperative outcome.

Transfusion-related immunomodulation (TRIM) is con-
sidered to be the leading factor for poor oncological out-
comes related to transfusion [9]. Various studies suggest an
immunosuppressive effect of RBC transfusion and have indi-
cated that TRIM appears to be largely due to the presence of
donor white blood cell (WBC) populations in the transfused
RBCs, which then negatively affect the immune system of
the recipient [8]. However, with regard to potential cancer-
promoting effects of RBC transfusions, aged erythrocytes
rather than leukocytes, soluble factors, or storage time are
also up for debate [2].

Besides eventual immunomodulatory aspects, the
necessity of PBT should also consider the patient’s pre-
existing comorbidity burden as well as the complexity
and expected amount of blood loss within the procedure.
Furthermore, elevated tumor volumes have been reported
to correlate to higher intraoperative blood loss [13, 20]
which might provide an additional rationale for PBT in
patients with larger tumor burden. In the present study,
glioblastoma patients with a perioperative necessity
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of RBC transfusion suffered a significantly increased
intraoperative blood loss. Thus, 59% of all PBT in the
selected study cohort were performed in a direct intra-
operative context. Therefore, it might be assumed that
in the significantly older, morbid patients with elevated
tumor bulk, who were additionally weakened by the
intraoperatively increased blood loss, an optimization of
oxygen supply through RBC transfusions was attempted.
Indeed, in the present series, we could observe a trend
of a higher comorbidity burden in the patient group who
received PBT though significantly different levels were
not achieved. Patient blood management (PBM), in terms
of implementing evidence-based guidelines for the use of
blood products, aims to achieve optimal results based on
the risk and benefit ratio for the patient. Current trends in
PBM encourage the use of more conservative transfusion
thresholds with a hemoglobin concentration of 7-8 g/dL
in most clinical situations [7, 18]. These more restrictive
strategies allow for a significant reduction in blood con-
sumption, resulting in lower patient exposure to alloge-
neic RBCs. The oncological literature favors rather more
restrictive transfusion strategies, although in numerous
studies, a threshold value of 7 g/dL seems to be accept-
able [3, 5]. In the current study, a restrictive transfusion
strategy with a threshold value of 7 g/dL has been used
in accordance with the hospital’s transfusion recommen-
dation. It is plausible that such restrictive transfusion
regimes may lead to a higher rate of PBT in the patient
cohort with preoperative hemoglobin levels just above
the defined threshold as very slight intraoperative blood
loss will result in falling below these threshold values.
In line with this, we could see a trend of lower baseline
hemoglobin in the PBT compared to the non-PBT group.
Nevertheless, there are various efforts and indications to
expand the restrictive transfusion strategies in a patient-
centered manner [4, 16]. RBC transfusion represents the
most common therapy option for perioperative anemia
in oncological patients. The blood-sparing technique of
autologous cell harvesting is often not utilized in onco-
logical surgery as a precautionary measure to avoid (re)
introduction of tumor cells into the bloodstream. How-
ever, this safety concept seems to be increasingly ques-
tioned in some areas of oncological surgery [10].

Nevertheless, the influence of perioperative RBC
transfusion on the postoperative neurological outcome
and overall survival has been evaluated as independent of
potential confounding factors in the present multivariate
analysis. While to the best of our knowledge this effect
has now been demonstrated for the first time in glioblas-
toma patients, it is consistent with results from similar
studies in other cancer entities [9, 12, 23].

Limitations

The present study has several limitations. Data collection
was conducted retrospectively and reflects only the expe-
rience of one center. Therefore, an additional risk arises
in this selected, retrospectively evaluated patient group in
order to underestimate the influence of either the patient’s
comorbidity, the severity of the disease, the complexity of
the surgery, different postoperative treatment modalities, or
the cumulative blood loss in relation to the observed results.
Nevertheless, the present study provides a first-time descrip-
tion of a potential association of perioperative RBC transfu-
sion with outcome and survival in patients with glioblastoma
and should spark the demand for larger, multicenter studies.

Conclusions

The present study indicates perioperative RBC transfu-
sion to adversely affect functional neurological outcome
and overall survival in patients with glioblastoma. Further
studies will be needed in order to corroborate a potential
need to seek options to reduce transfusion use at the time
of surgery. Following evidence-based transfusion guide-
lines might offer an opportunity to minimize transfusion
rates, which could have a positive impact on outcome and
overall survival in glioblastoma patients.
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