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Background - Red blood cell (RBC) transfusion in patients undergoing major
elective cranial surgery is associated with increased postoperative morbidity
and mortality. This study aims to identify the clinical outcome of transfused
glioblastoma patients undergoing primary surgical tumor resection and
identify risk factors for RBC transfusion.

Material and methods - Between 2009 and 2019, 406 patients underwent
elective primary glioblastoma resection. For multivariate analysis to assess risk
factors for RBC transfusion, logistic regression was conducted. The impact of
RBC transfusion on overall survival was assessed using Kaplan-Meier analysis.
Results - In total, 36 (8.9%) patients received RBC transfusion. Preoperative
anemia rate was significantly higher in transfused patients compared to
patients without RBC transfusion (33.3 vs 6.5%; p<0.0001). Postoperative
complications as well as hospital length of stay (LOS) (p<0.0001) were
significantly increased in transfused patients compared to non-transfused
patients. After multivariate analysis, risk factors for RBC transfusion were
preoperative anemia (p<0.0001), intraoperative blood loss (p<0.0001), female
gender (p=0.0056) and radiation (p=0.0064). Kaplan-Meier curves revealed
that RBC transfusion and being elderly (age =75 years) were relevant for
overall survival.

Discussion - RBC transfusion is associated with increased postoperative
morbidity and mortality in patients undergoing elective primary glioblastoma
resection. Preoperative anemia and intraoperative blood loss are major risk
factors for RBC transfusion. Preoperative anemia management and blood
conservation strategies are crucial in patients undergoing elective primary
glioblastoma resection.
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INTRODUCTION

Preoperative anemia is common in patients undergoing major surgery, with a prevalence

up to 50%'. A study of patients undergoing various non-neurosurgical procedures revealed
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remains the main treatment for an existing anemia’.
Focusing on the clinical outcomes of patients undergoing
elective cranial surgery, the administration of RBCs is
associated with prolonged hospital LOS, an increased
complication rate and 30-day mortality rate*. A recent
study in 423 patients undergoing elective primary
meningioma resection revealed a RBC transfusion rate of
16.1%. In transfused patients, preoperative anemia rate,
postoperative complications (e.g., pneumonia, sepsis,
pulmonary embolism and postoperative seizure) as well
as hospital LOS were significantly higher compared
to patients without RBC transfusion®. Glioblastoma
is the most frequent malignant brain tumor and
common treatment strategies include neurosurgical
tumor resection with adjuvant chemotherapy and
concomitant radiotherapy®. According to an analysis in
2022 in patients undergoing craniotomy for resection
of newly diagnosed glioblastoma, 17 out of 240 (7.0%)
patients received perioperative RBC transfusions. The
median overall survival of transfused patients was
significantly shorter than that of patients who did not
receive RBC (7 vs 18 months, p<0.0001). The authors of
the study concluded that perioperative RBC transfusion
compromises survival in patients with glioblastoma,
so the use of RBC transfusion needs to be reduced’.
Despite this study, there are no data on surgery-related
postoperative complications affecting patients’ morbidity
in association with perioperative blood transfusions in a
large population of patients with glioblastoma. Thus, this
retrospective study aimed to identify the clinical outcome
of patients undergoing elective glioblastoma resection
who receive RBC transfusions.

MATERIALS AND METHODS

Patients

We retrospectively analyzed patients who underwent
primary glioblastoma resection at the University Hospital
Frankfurt between September 2009 and October 2019.
The study protocol was approved by the ethics committee
of the University Hospital Frankfurt (Ref. 274/18) and the
requirement for written informed consent by patients
was waived. All patients analyzed received standard
perioperative care. The diagnosis of the patients in the
cohort studied corresponded to the updated 2016 World
Health Organization (WHO) classification of central

nervous system tumour®. The patient-specific data
extracted were age, sex, body mass index, the American
Society of Anesthesiologists physical status score,
comorbidities and preoperative Karnofsky performance
scale (KPS) value. A cut-off of 60% was used for all KPS,
since values above that mean independence of help for
daily living. Extracted tumor-relevant data were tumor
localization, WHO grade, conduction of radiotherapy and
chemotherapy, Methylguanine-DNA methyltransferase
promotor methylation status and histology.

Surgical parameters included intraoperative blood loss
and duration of surgery. Postoperatively extracted data
were hospital LOS, LOS in the intensive care unit (ICU),
and postoperative complications (acute renal failure,
pneumonia, sepsis, pulmonary embolism, myocardial
infarction, stroke and seizures). Hematological and
transfusion-related parameters recorded were hemoglobin
value at admission to hospital, postoperatively and at
discharge from hospital, as well as the perioperative
transfusion rate of RBC, platelets, fresh-frozen plasma,
fibrinogen and prothrombin complex concentrate. RBC
transfusions were administered in accordance with the
German transfusion guidelines. The patients’ follow-up was
conducted in the neuro-oncology department or by external
oncologists at least every three months, depending on the
course of the disease.

Classification of anemia

In this study, anemia was defined, according to the WHO
definition of anemia, as a hemoglobin concentration of
<12 g/dL in women and <13 g/dL in men®.

Endpoints

The primary endpoints of this study were the prevalence of
preoperative anemia and perioperative RBC transfusion
rate. Secondary endpoints were hospital LOS and ICU
LOS, postoperative complications, anemia rate at hospital
discharge and perioperative rate of transfusion of other
blood products (platelets, fresh-frozen plasma, fibrinogen
and prothrombin complex concentrate).

Statistical analysis

Statistical analysis was performed using JMP 17.1.0
software (SAS Institute, Cary, NC, USA) and GraphPad
Prism 9 (GraphPad Software Inc., La Jolla, CA, USA).
Descriptive statistical methods, i.e., mean (+ standard
deviation [SD]) or median and interquartile range (IQR,



25%-75%) were used to analyze data. The Shapiro-Wilk
test was used to assess normality of continuous variables.
Normally distributed continuous variables (hemoglobin
value at hospital discharge) were compared with the
two-sided t-test. Non-normally distributed continuous
variables were compared with the Mood’s median test.
Categorical variables were compared with Pearson’s c¢?
test. For multivariate analysis, logistic regression was
conducted. Survival analyses were performed using
Kaplan-Meier analyses. To compare the survival curves,
we used Wilcoxon and log-rank tests for censored data. A
p-value <0.05 was considered statistically significant.

RESULTS

Patients

Between 2009 and 2019, a total of 1,121 patients underwent
any surgical procedure for glioblastoma disease. Of these,
413 patients were scheduled for biopsy only, 204 patients
had recurrent tumors and in clinical data were missing
for 98 patients who were, therefore, excluded from further
evaluation. The remaining 406 patients were included in
the final analysis (Figure 1). The median follow-up period
in this study cohort was 14 months (mean: 20.6 months,
IQR: 6-25 months, range, 0-128 months).

Patients’ characteristics in the RBC transfusion and
non-RBC transfusion group

In total, 36 out of 406 (8.9%) patients received perioperative
RBC transfusions and 370 out of 406 (91.1%) patients did
not receive RBCs. There was no significant difference
in age and any comorbidity analyzed between the RBC
transfusion group and the non-RBC transfusion group.

Patients undergoing surgery for
glioblastoma disease (No.=1,121)
(September 2009 - October 2019)

Patients excluded (No.=715)
* Biopsy (No.=413)

* Recurrent disease (N0.=204)
* Noclinical data (No.=98)

Patients undergoing primary
glioblastoma resection and included
in analysis (No.=406)

Figure 1 - Overview of the study population

The rate of cases with a preoperative KPS <60% was
significantly higher in patients in the RBC transfusion
group than in those in the non-RBC transfusion group
(33.3 V5 13.1%; p=0.0007) (Table I).

Transfusion characteristics, anemia and
postoperative complications in the RBC transfusion
and non-RBC transfusion group

The median [IQR] duration of surgery was significantly
longer in patients in the RBC transfusion group
(282 [242-299] min) than in patients who did receive
RBC (238  [190-277] p=0.0001).
In addition, patients requiring RBC
transfusion had significantly greater median blood loss

transfusion min;

allogeneic

(1,016 [500-1,300] mL) compared to patients not requiring
RBC transfusion (479 [200-600] mL); p=0.0001) (Table I).
In all patients analyzed, the overall rate of preoperative
anemia was 8.9% (36 out of 406 patients) whereas 91.1%
(370 out of 406) patients did not have preoperative anemia.
The rate of anemia at hospital admission was significantly
higher in the RBC transfusion group than in the non-RBC
transfusion group (33.3 vs 6.5%; p<0.0001). Regarding the
transfusion rates of other blood products, the transfusion
rate of platelets (11.1vs 0.3%; p<0.0001), fresh-frozen plasma
(8.3 vs 0.0%; p<0.0001), fibrinogen (8.3 vs 1.9%; p=0.0173)
and platelet complex concentrate (16.7 vs 3.0%; p<0.0001)
differed significantly between the RBC-transfusion group
and the non-RBC transfusion group, respectively.
Regarding postoperative complications, median hospital
LOS was significantly longer in transfused patients
(19.3 [11-27] days) than in non-transfused patients
(12.7 [8-16] days; p=0.0039). The complication rates
were significantly higher in patients who received RBC
transfusions than in those who did not for pneumonia
(p<0.0001), sepsis (p=0.0013), pulmonary embolism
(p=0.0061) and seizures (p<0.0001). Finally, all (100.0%)
transfused patients were anemic at discharge from
hospital compared to 75.5% of patients not transfused
with RBC (p=0.0008) (Table II).

Timing of perioperative red blood cell transfusions

The majority of RBC units (No.=29; 80.6%) were
transfused between the day of surgery (day o) until 3 days
after surgery. Secondly, 11.1% of all RBC were transfused
>10 days after surgery. Between days 4-6 and days 7-10
after surgery, one (2.8%) and one (2.8%) RBC units were
transfused, respectively. In total seven (19.4%), 19 (52.8%),



Table I - Patient and tumor characteristics between the RBC transfusion and non-RBC transfusion group

Characteristics RBC transfusion, No. (%) Non-RBC transfusion, No. (%) p-value
36 (8.9%) 370 (91.1%)

Patients" characteristics
Male/female 15 (41.7%)/21 (58.3%) 228 (61.6%)/142 (38.4%) 0.0197
Age (years)* 59 (54;70) 59 (51;68) 0.7782
Elderly (=75 years) 2 (5.6%) 37 (10.0%) 0.3876
Body mass index (kg/m?)* 25.8(23.3;26.9) 26.4 (23.4;28.9) 0.9689
ASA score (I/11/111/1V) 3 (8.3%)/18 (50.0%)/15 (41.7%)/0 (0%) 22 (5.9%)/211 (57.0%)/133 (35.9%)/4 (1.1%) 0.7352

Comorbidities
Smoking 6 (16.7%) 73 (19.7%) 0.6576
Cardiovascular disease 21 (58.3%) 190 (51.4%) 0.4234
Pulmonary disease 2 (5.6%) 31 (8.4%) 0.5541
Diabetes 4(11.1%) 44 (11.9%) 0.8898
Endocrine disorder 15 (41.7%) 124 (33.5%) 0.3250
Chronic kidney injury 10 (27.8%) 145 (39.3%) 0.1747
Liver disorder 0 (0%) 11 (3.0%) 0.2942
Gastrointestinal disorder 1(2.8%) 23 (6.2%) 0.4037
Coagulopathy 2 (5.6%) 9 (2.4%) 0.2705
Preoperative seizure 10 (27.8%) 139 (37.6%) 0.2447
Intake of antiplatelet medication 6 (16.7%) 42 (11.4%) 0.0199
Intake of direct oral 5(13.9%) 18 (4.9%) 0.0199
anticoagulation

Glioblastoma
Location left/right/both sides 10 (28.6%)/25 (71.4%)/0 (0%) 145 (39.3%)/217 (58.8%)/7 (1.9%) 0.2905
MGMT methylation 20 (57.1%) 162 (44.4%) 0.3403
Radiation 24 (68.6%) 325 (89.5%) 0.0003
Chemotherapy 26 (74.3%) 310 (85.6%) 0.0754
Preoperative KPS <60% 12 (33.3%) 48 (13.1%) 0.0007

Surgical management
Surgical time (min)* 282 (242;299) 238(190;277) <0.0001
Intraoperative blood loss (mL)* 1,016 (500;1,300) 479 (200;600) <0.0001

*Results are expressed as median (interquartile range, 25%;75%); p-values in bold are statistically significant. RBC: red blood cell; BMI: body mass index;
ASA: American Society of Anesthesiologists physical status score; KPS: Karnofsky Performance Scale; MGMT: methylguanine-methyltransferase.

four (11.1%), and six (16.7% ) received one, two, three, or

more than three RBC transfusions, respectively (Table III).

Risk factors for red blood cell transfusion
The analyzed risk factors for RBC transfusion in all
patients (No.=406) are summarized in Table IV. Of all
analyzed factors, anemia at hospital admission (p<0.0001),
female gender (p=0.0197), preoperative KPS <60%

(p=0.0011), radiotherapy (p=0.0003), duration of surgery

(p<0.0001) and intraoperative blood loss (p<0.0001) were
significantly associated with the risk for RBC transfusion.
Multivariate analyses of all factors that showed significant
influence in univariate analyses (p<0.05) were performed.
After logistic regression, anemia at hospital admission
(p=0.0056),
(p=0.0064) and intraoperative blood loss (p<0.0001)

(p<o.001), sex (female) radiotherapy
remained as independent risk factors for perioperative

RBC transfusion (Table IV).



Table II - Postoperative complications, hemoglobin values and transfusion rates between the RBC transfusion and non-RBC transfusion group

Characteristics RBC transfusion, No. (%) Non-RBC transfusion, No. (%) p-value
36 (8.9%) 370 (91.1%)

Postoperative complications
Acute renal failure 2 (5.6%) 66 (17.8%) 0.0596
Pneumonia 7(19.4%) 7(1.9%) <0.0001
Sepsis 1(2.8%) 0 (0%) 0.0013
Pulmonary embolism 5(13.9%) 14 (3.8%) 0.0061
Stroke 0 (0%) 3(0.8%) 0.5876
Seizure 11 (30.6%) 31 (8.4%) <0.0001
Hospital LOS (days)* 19.3(11;27) 12.7 (8;16) 0.0039
ICU LOS (days)* 8.3 (1;14) 1.6 (1;1) <0.0001

Hb values and transfusion rates
Hb value (admission) (g/dL)* 12.9 (11.6;14.7) 14.3 (13.4;15.3) 0.0356
Anemia rate at admission 12 (33.3%) 24 (6.5%) <0.0001
Hb value (discharge) (g/dL)* 9.8 (8.8;10.5) 11.6 (10.5;12.7) <0.0001
Anemia rate at discharge 36 (100%) 280 (75.7%) 0.0008
Platelet transfusion rate 4(11.1%) 1(0.3%) <0.0001
FFP transfusion rate 3(8.3%) 0 (0%) <0.0001
Fibrinogen transfusion rate 3(8.3%) 7(1.9%) 0.0173
PCC transfusion rate 6(16.7%) 11 (3%) <0.0001

*Results are expressed as median (interquartile range, 25%;75%). p-values in bold are statistically significant. Hb: hemoglobin; RBC: red blood cell;
ICU: intensive care unit; LOS: length of stay; FFP: fresh-frozen plasma; PCC: prothrombin complex concentrate.

Table I1I - Day of RBC transfusion

Day of RBC No. (%) Total number of RBC units No. (%)
transfusion 1 RBC unit 2 RBC units 3 RBC units 4RBC units
Day 0 1(2.8%) 0 (0%) 1 (100%) 0 (0%) 0 (0%)
0-3 29 (80.6%) 5(17.2%) 16 (55.2%) 2(6.9%) 6(20.7%)
4-6 1(2.8%) 0 (0%) 0 (0%) 1(100%) 0 (0%)
7-10 1(2.8%) 1 (100%) 0 (0%) 0 (0%) 0 (0%)
>10 4(11.1%) 1 (25%) 2 (50%) 1(25%) 0 (0%)
Day 0: day of operation; RBC: red blood cell.
Table IV - Risk factors for RBC transfusion
Risk factor Univariate analysis Multivariate analysis OR 95% Cl
p-value p-value
Anemia at admission <0.0001 0.0001 10.31 -1.75;-0.58
0.0197
Sex (female) 0.0011 0.0056 4.1 -1.23-;-0.18
0.0003
Preoperative KPS <60% - 0.0856 2.5 -0.97;0.05
Radiation - 0.0064 0.19 0.25;1.4
Surgical time <0.0001 0.8414 1.47 -0.01;0.01
Intraoperative blood loss <0.0001 <0.0001 1,723.67 0.00; 0.00

Bold p-values statistically significant in multivariate analysis; RBC: red blood cell; KPS: Karnofsky performance scale; OR: odds ratio; Cl: confidence interval.




Survival

Kaplan-Meier curves revealed that RBC transfusion had
a significant influence on overall survival (Wilcoxon,
p=0.0242) as did age (elderly patients >75 years). None of
the other variables analyzed had a significant influence on

survival (Figure 2).
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DISCUSSION

The present study examined the clinical outcome
and risk factors for perioperative RBC transfusion in
patients undergoing elective primary glioblastoma
resection. Overall, 36 out of 406 (8.9%) patients received
RBC transfusion. The rate of preoperative anemia was
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significantly higher in the RBC transfusion group than in
the non-RBC transfusion group. Furthermore, patients
who were transfused with RBC had increased rates of
postoperative complications, anemia at hospital discharge
and prolonged hospital LOS. Multivariate analyses
revealed that preoperative anemia, gender (female) and
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for RBC transfusion. Last, Kaplan-Meier curves revealed
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influence on overall survival.
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Figure 2 - Kaplan-Meier curves of overall survival of subgroups of the study population

(A) Kaplan-Meier curve illustrates the overall survival in the cohort divided according to whether the patients had or had not been given a red
blood cell transfusion. (B) Overall survival according to whether the patients were elderly patients (=75 years) or not (<75 years). (C) Overall
survival according to whether the patients had preoperative anemia or not. (D) Overall survival according to whether the patients had Karnofsky
performance scale value of >60% or <60%. (E) Overall survival according to whether the patients were smokers or not. (F) Overall survival
according to whether the patients did or did not have cardiovascular disease. (G) Overall survival according to whether the patients had or did not
have pulmonary disease. (H) Overall survival according to whether the patients had or did not have diabetes. (I) Kaplan-Meier curve illustrating
the overall survival according to whether the patients had or did not have an endocrine disorder. (J) Overall survival according to whether the
patients had or did not have a chronic infection. (K) Overall survival according to whether the patients did or did not have a liver disorder.
(L) Overall survival according to whether the patients did or did not have coagulopathy. (M) Overall survival according to whether the patients did
or did not have a gastrointestinal disorder. The p values were obtained from log-rank tests/ Wilcoxon tests.



glioblastoma resection. In comparison, a study by Bydon
et al. documented an anemia rate of 21.4% in patients
undergoing neurosurgical operation (e.g., craniotomy,
surgery of intracranial arteriovenous malformation).
However, patients undergoing various neurosurgical
procedures and patients who had undergone surgery
within the preceding 30 days were included in their
study. The selection of the study population might
explain the higher rate of preoperative anemia in the
study by Bydon et al.’.

It is worth noting that the definitions of anemia vary
between studies. In some studies anemia is defined
by hematocrit®’, whereas in the present study we used
the WHO definition of anemia based on hemoglobin
values®. Therefore, comparisons between studies should
be conducted carefully. In a recent study of patients
undergoing elective primary resection of skull base and
only non-skull base meningioma, the preoperative anemia
rate was comparable to this study, being 8.0% in all
patients. In this study, pre-operative anemia was defined,
as in ours, by hemoglobin value in accordance with the
WHO definition®.

Preoperative anemia in patients undergoing elective
cranial neurosurgery is independently associated with
increased 30-day morbidity and mortality compared
to patients without preoperative anemia’. In addition,
a study on 1,728 patients undergoing major surgery
revealed that anemic surgical patients are transfused
more frequently than non-anemic surgical patients®.
The fact that anemic patients are at higher risk of
allogeneic blood transfusion is also reflected by the results
of the present study. The rate of anemia was significantly
higher in transfused patients (33.3%) compared to patients
without perioperative RBC transfusion (6.5%; p<0.0001).
A recent systematic review, including seven studies on
RBC transfusion in brain tumor surgery demonstrated
that RBC transfusion is associated with multiple
postoperative major and minor complications, including
longer hospital LOS, increased return to the operating
room and elevated 30-day mortality”. In our study,
transfused patients suffered from significantly more
postoperative complications (e.g., pneumonia, sepsis,
pulmonary embolism and seizures) as well as increased
ICU LOS and hospital LOS. Transfused patients also
received significantly more blood products such as

platelets (p<0.0001), fresh-frozen plasma (p<0.0001),
platelet complex concentrates (p<0.0001) and fibrinogen
(p=0.0173). In this context, special consideration should
be given to the potential complications of allogeneic
RBC, which may explain the association of increased
postoperative morbidity and RBC transfusion'.

In the present study, glioblastoma patients with a
perioperative need for RBC transfusion had a significantly
greater intraoperative blood loss (p<0.0001) and longer
surgical time (p<0.0001). In total, 80.6% of all RBC
transfusion were conducted in a direct surgical context
(day 0-3). It may —therefore— be assumed, that due to the
greater intraoperative blood loss, optimization of oxygen
supply bythetransfusionof RBCwasattempted. Ingeneral,
patients who receive RBC transfusion are typically morbid
patients with a higher number of comorbidities than those
who do not receive RBC*. However, in the present study
we did not observe a trend of a higher comorbidity burden
in the group of patients who received RBC transfusion.

In our study, multivariate analyses revealed preoperative
anemia(p<o0.0oo01)andintraoperative bloodloss (p<0.0001)
as independent risk factors for RBC transfusion. So far,
this has not been investigated in a large cohort (No.=406)
of glioblastoma patients. In a study by Lagman et al.
another risk factor for blood transfusion was a longer
operative time'.

With the aim of reducing risks associated with
perioperative RBCtransfusion, Patient Blood Management
(PBM) has evolved within the last decade®. PBM is an
evidence-based, patient-centered, multidisciplinary
approach based on three pillars: reduction of preoperative
anemia (pillar 1), minimization of iatrogenic blood loss
(pillar 2) and optimization of patients’ specific tolerance
of anemia (pillar 3)*. In accordance with the results
of the present study, special attention should be paid
to the management of preoperative anemia and blood
conservation strategies, as preoperative anemia and
surgical blood loss represent independent risk factors for
RBC transfusion in glioblastoma patients.

Regarding the minimization of iatrogenic blood loss,
efforts should focus on optimization of coagulopathy,
surgical hemostasis and management of coagulation”.
With focus on states of anemia, preoperative anemia
management should be considered in glioblastoma
patients and the cause(s) of the anemia should be



addressed accordingly. Iron deficiency is a main cause
of preoperative anemia and can be addressed easily
with intravenous iron supplementation®®. In the case
of preoperative iron-deficiency anemia, recent studies
prove that the administration of intravenous iron reduces
the need for RBC transfusion and is associated with
fewer postoperative complications and shorter hospital
LOS®®2°_ The correction and avoidance of perioperative
anemia are especially crucial in neurosurgical patients®.
An existing anemia is associated with reduced cerebral
oxygen delivery and thus secondary hypoxic insults to the
injured brain?.

The present study has several limitations. Data collection
was conducted retrospectively and only data from one
center are presented. In addition, with this database
the cause of anemia remains unknown. However, iron
deficiency is a potential, as well as the most common,
cause of preoperative anemia in patients undergoing
major surgery. Furthermore, it is noteworthy that despite
406 patients being included in the study, only 36 (8.9%)
received RBC transfusion. Nonetheless, this analysis
provides a first description of the outcome of a large cohort
of surgical patients undergoing primary glioblastoma
resection who received perioperative RBC transfusion. In
the future, larger prospective multicenter studies should
be conducted to increase knowledge about the association
of RBC transfusion and clinical outcome in patients with
glioblastoma.

CONCLUSIONS

Anemic patients were transfused more frequently than
patients without preoperative anemia. In addition, RBC
transfusion was associated with increased postoperative
morbidity in patients undergoing elective glioblastoma
resection, as demonstrated by the longer ICU and hospital
LOS as well as increased postoperative complications.
Identified risk
preoperative anemia and intraoperative blood loss. Future

factors for RBC transfusion include
prospective studies need to evaluate the clinical benefit of
preoperative anemia management in the context of PBM
in glioblastoma patients in order to increase the safety of
patients and improve their outcomes.
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