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Abstract The objective of the present study is to assess the
influence of extent of resection (EoR), use of intraoperative
imaging, and awake surgery on health-related quality of life
(HRQoL) in high-grade glioma (HGG) patients in a prospec-
tive multicenter study. We analyzed 170 surgeries of patients
suffering from a HGG. During the first year after resection,
HRQoL was evaluated using the European Organization of
Research and Treatment of Cancer Core Questionnaire C30
and Brain Neoplasm 20 questionnaires. We assessed the in-
fluence of EoR; awake surgery; and use of 5-aminolevulinic
acid (5-ALA), intraoperative MRI (iMRI), and their combina-
tion on sum scores for function and symptoms as well as

several neurological single items. In mixed-model analyses,
adjustments for age, Karnofsky performance status (KPS),
and eloquent location were performed. In the mixed model,
EoR generally did not significantly influence HRQoL
(p = 0.10). Yet, patients receiving subtotal resection (STR)
vs. patients with biopsy showed significantly better QoL and
role and cognitive functions (p = 0.04, p = 0.02, and p < 0.01,
respectively). The combination of iMRI and 5-ALA reached
the highest EoR (95%) followed by iMRI alone (94%), 5-
ALA alone (74%), and no imaging (73%). Thereby, neurolog-
ical symptoms were lowest and functioning score highest after
combined use of iMRI and 5-ALA, without reaching signifi-
cance (p = 0.59). Despite lower scores in emotional function
(59 vs. 46, p = 0.24), no significant impact of awake surgery
on HRQoL was found (p = 0.70). In HGG patients, STR
compared to biopsy was significantly associated with better
HRQoL and fewer neurological symptoms in this series. An
escalated use of intraoperative imaging increased EoR with
stable or slightly better HRQoL and fewer neurological symp-
toms. Based on HRQoL, awake surgery was a well-tolerated
and safe method in our series.
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Introduction

High-grade gliomas (HGGs) are malignant primary brain tu-
mors with an incidence of 3–4/100,000 inhabitants per year,
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representing 5% of all solid tumors in adults. Despite being a
rare disease compared to other malignant neoplasms such as
bronchial or breast cancer, gliomas are known for their rapid,
invasive growth, and subsequent significant symptoms such
as focal neurological deficits, neurocognitive disorders, and
seizures as signs of increased intracranial pressure and infil-
tration of surrounding tissue. Even though survival of HGG is
quite short with a mean overall survival (OS) between 12 and
18 months for glioblastoma (GB) and about 41 months for
anaplastic astrocytoma, individual survival can be heteroge-
neous depending on various factors [1–3]. It is therefore inev-
itable that quality of life be considered by balancing different
treatment options to achieve a livable outcome for each indi-
vidual patient.

Patient-reported outcome (PRO) measures are the most
effective way of directly measuring patients’ well-being
and health status [4]. As one of the most common PRO
measures, health-related quality of life (HRQoL) has be-
come a frequent secondary outcome measure in random-
ized clinical trials [5].

According to the literature, the extent of resection (EoR)
and volume of the tumor remnant have a crucial impact on
survival in HGG [2]. The prognosis for HGG has improved
over the last 20 years, not least due to new intraoperative
imaging techniques allowing more radical resections before
administration of adjuvant treatment. Level 1 evidence exists
showing that the use of intraoperative MRI (iMRI) and 5-
aminolevulinic (5-ALA) acid fluorescence improves EoR
and survival in HGG patients [6, 7]. On the other hand, cura-
tive resections are impossible due to the infiltrative growth of
tumor cells in HGG, and increasing the EoR might increase
neurological deficits, as has been shown for eloquent lesions
in the early years of 5-ALA application [8]. Furthermore, a
more radical surgery might lead to subtle deficits that remain
subclinical but still affect patients’ subjective HRQoL regard-
ing social or role functioning [9, 10]. Thus, it is important to
analyze HRQoL in addition to persistent neurological deficits
to not only extend a patient’s life, but also to maintain a good
quality of life as perceived by the patient him/herself. Further,
HRQoL might be impaired by the surgical procedure itself;
e.g., for awake surgeries, there are reports of increased distress
or even symptoms of posttraumatic stress disorder [11, 12].

Given this background, the objective of this study was
to assess the impact of the EoR, intraoperative imaging,
and awake surgery on HGG patients’ HRQoL. We aimed
to compare HRQoL after varying degrees of resection
(biopsy only vs. subtotal (STR) vs. gross total (GTR)
resections). In addition to assessing the impact of using
different intraoperative imaging techniques (iMRI, 5-
ALA, neuronavigation only), we also aim to assess pro-
gressive approaches like supramaximal resections using a
combined imaging approach of iMRI and 5-ALA as well
as awake surgery on HRQoL.

Methods

Study design

We used a prospective multicenter cross-sectional design to
allow for an assessment of different surgical methods in an
unselected patient cohort. Concerning intraoperative imaging,
we concentrated on iMRI and 5-ALA, as those are the only
methods with level 1 evidence to increase the EoR and sur-
vival in GB [53, 55].

Setting

The current assessment was performed as part of the
BERASMUS^ trial (clinical trial ID: NCT02728024).
Between June 2013 and June 2016, we recruited 427 patients
for the ERASMUS trial in the following four institutions:
University of Ulm (Oncology, Ulm and Neurosurgery,
Günzburg , ) , Un ive r s i t y Medica l Cen t r e Mainz
(Neurosurgery), Katharinenhospital Stuttgart (Neurosurgery),
and the Ludwigsburg Hospital (Department of Neurology and
Neurosurgery). As part of the ERASMUS trial, glioma pa-
tients were interviewed cross-sectionally during their postop-
erative routine outpatient visits, usually every 3 to 6 months
and prior to surgery as part of routine preoperative inpatient
admission. From the collected data, we selected the patients’
first available follow-up information after surgery to assess
their postoperative HRQoL for the current analysis.

Participants and study size

Inclusion criteria were age >18 years, diagnosis of a HGG,
surgery to survey time of no more than 12 months, ability to
give informed consent, adequate knowledge of German lan-
guage, and no global aphasia. Patients who were unable to be
interviewed or fill in the questionnaire by themselves or with
assistance were excluded.

As shown in Fig. 1, 162 patients finally matched the inclu-
sion criteria for the present assessment, yielding 170 surgeries/
cases with respective postoperative assessment to be evaluated
in the mixed models. The median time of assessment for the
current study was 4 months after surgery, with a maximum of
1 year after surgery.

Bias

We used a standardized clinical and radiological assessment
protocol in all participating centers. As part of this protocol,
the patients’ HRQoL was assessed prior to consultation with
an oncologist to avoid a negative bias due to temporary dis-
tress caused by patients’ knowledge of the radiological prog-
ress. Statistically, we controlled for repeated measures and for
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the preoperative HRQoL level to minimize influence of pro-
gressive disease and individual HRQoL variation.

Assessed variables

Health-related quality of life

To assess HRQoL, we used the validated and well-established
European Organization of Research and Treatment of Cancer
Core Questionnaire C30 (EORTC QLQ-C30) [3, 13] with its
brain cancer-specific module Brain Neoplasm 20 (BN20)
(EORTC QLQ-BN20) [14]. Concerning missing values, the
standard procedure as recommended by the EORTC QLQ
C30 manual was performed: If at least half of the items con-
tributing to the subscore were present, a mean score for these
was used so that it is algebraically equivalent to using all
items.

We evaluated all functioning scores. Neurological deficits
(motor dysfunction, visual disorder, communication deficit,

seizures, and weakness of legs) were additionally assessed
as single items because they represent very common symp-
toms in brain tumor patients with a large impact on daily
living. Global health status (GHS) and QoL were evaluated
separately as single items.

Previous findings show that global assessment of HRQoL
is difficult using several single scores as in the classical
EORTC scoring system. Hence, we calculated sum scores
per Hinz et al. [15, 16]. Accordingly, three sum scores were
calculated including all functioning items (functioning score),
all symptom items (symptom score), and a total score of all 30
items in the EORTC QLQ-C30 questionnaire. In the event of
any missing values in the QLQ-C30 questionnaire, the pa-
tient’s data were not used for calculating sum scores. In the
total score and functioning score, high values represent a good
condition, while a greater symptom score correlates with a
higher symptom burden and hence poorer condition.

Clinical variables

As part of the prospective study protocol, the following clin-
ical data were recorded: postoperative Karnofsky performance
status (KPS), age, gender, histological diagnosis, WHO grad-
ing, eloquent and main localization, time of diagnosis, EoR,
intraoperative imaging, and awake surgeries. The EoR was
classified into three different groups. Gross total resection
(GTR) was defined as complete resection of contrast-
enhanced tumor on early postoperative imaging (MRI). The
biopsy group was defined as patients undergoing scheduled
open or stereotactic biopsies. All other patients were summa-
rized in Bsubtotal resection^ (STR). Intraoperative imaging
was only analyzed in cases with intended GTR and was di-
vided into four different subgroups: no imaging, 5-ALA,
iMRI, and iMRI and 5-ALA.

Statistical analysis

For statistical analyses, we used a general linear mixed model
(GLMM) with the independent/explanatory variables EoR
and awake surgery (model 1) as well as intraoperative imaging
(model 2) and the dependent variables from EORTC QLQ-
C30/BN20 questionnaire.We fitted the GLMMwith a random
intercept and used the Satterthwaite method to find the de-
nominator degrees of freedom. This model was utilized to
account for correlated outcomes within patients. A clinical/
hypothesis-driven approach was applied to compose the mod-
el. We decided to categorize age >=70 years and KPS <70 as
potential risk factors for diminished quality of life as they are
common cutoff values in clinical decision making.
Adjustment for KPS, age of the patient, eloquent location,
and preoperative EORTC QLQ-C30/BN20 values were per-
formed. We controlled for repeated measurements in eight
patients with recurrent surgeries. Separate models for the

427 patients harboring a
glioma were recruited
for the ERASMUS trial

333 with high grade 
gliomas

162 patients
with high grade gliomas

Received 170 surgeries

Patients excluded:
171 patients because

interview date was > 1 
year after surgery

Patients excluded:
94 patients suffering

from a low grade glioma

Fig. 1 Recruitment of patients in the multicenter trial. HGG high-grade
glioma
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EoR (model 1) and intraoperative imaging (model 2) were
calculated since they influence one another. Additionally, in
model 2, only patients with intended GTR were included. We
tested for fixed effects and calculated least square means.
Further, we performed pairwise comparisons for categorical
explanatory variables with more than two levels fitting the
GLMM. We did not adjust for multiple testing since we per-
formed an exploratory assessment.

We tested for significant differences in the EoR depending on
the intraoperative imaging technique used with chi-squared tests.

To analyze our collected data, we used the statistical soft-
ware IBM SPSS Statistics 21 (IBMCorp. 2012, Armonk, NY,
USA) and SAS 9.4 (SAS Institute Inc., 2013, Cary, NC,
USA).

Results

Patient and surgery characteristics

The characteristics of patients at the time of assessment are
illustrated in Table 1. The characteristics of the surgeries are
found in Table 2.

General mixed-model assessments

Impact of Karnofsky performance status on HRQoL (models 1
and 2)

With regard to KPS, we found a significant association with
patients’ HRQoL. Patients with a postoperative KPS above
or equal to 70 showed a significantly better total score (mod-
el 1, 45.6 vs. 64.4, p < 0.001; model 2, 50.2 vs. 72.3,
p = 0.003) and functioning score (model 1, 32.8 vs. 61.1,
p < 0.001; model 2, 37.1 vs. 68.3, p < 0.001), with a simul-
taneous reduced symptom burden in the mixed model (mod-
el 1, 38.8 vs. 30.2, p = 0.02; model 2, 35.7 vs. 21.3,
p = 0.02). Evaluating the EORTC scores, physical (model
1, 25.2 vs. 64.7, p < 0.001; model 2, 31.4 vs. 68.7,
p < 0.001), role (model 1, 14.9 vs. 54.5, p < 0.001; model
2, 41.3 vs. 67.6, p = 0.02), emotional (model 1, 44.4 vs.
58.6, p = 0.01; model 2, 41.9 vs. 62.8, p = 0.02), and social
(model 1, 30.8 vs. 61.7, p < 0.001; model 2, 41.4 vs. 75.6,
p = 0.003) functioning items were significantly higher, and
they suffered less from visual disorders (model 1, 34.7 vs.
15.2, p < 0.001; model 2, 34.0 vs. 4.8, p < 0.001), motor
dysfunction (model 1, 55.2 vs. 28.6, p < 0.001; model 2,
44.3 vs. 13.5, p < 0.001), and weakness of the legs (model

Table 1 Characteristics of
patients at assessment Characteristics Surgeries Percent

Age (years) Mean (standard deviation) 55.0 (13.5)

Range 20–85

≥70 years 26/170 15.3

Gender Female 69/170 40.6

Family situation Single 34/170 20.0

In partnership/married 133/170 78.2

Missing data 3/170 1.8

Diagnosis Glioblastoma WHO IV 123/170 72.4

Anaplastic astrocytoma WHO III 27/170 15.9

Anaplastic oligoastrocytoma WHO III 14/170 8.2

Anaplastic oligodendroglioma WHO III 6/170 3.5

Time surgery to interview (months) Median 4.1

Range 0–12

KPS Mean (standard deviation) 77.9 (15.3)

<70 36/170 21.2

State of disease Progressive disease 27/170 15.9

Stable disease or partial response 143/170 84.1

Other severe medical conditions none 138/170 81.2

Cancer 10/170 5.9

Cerebrovascular disease 3/170 1.8

Heart disease 7/170 4.1

Psychiatric disease 3/170 1.8

Other 9/170 5.3

SD standard deviation, KPS Karnofsky performance status
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1, 50.3 vs. 31.0, p = 0.01; model 2, 42.7 vs. 16.2, p = 0.01)
compared to patients with a KPS below 70 in both mixed
models.

Impact of patients’ age on HRQoL (models 1 and 2)

Social functioning was significantly higher in patients
≤70 years of age (model 2, 40.2 vs. 76.7, p = 0.002). In the
mixed model adjusted for intraoperative imaging (model 2),
patients >70 years of age reported motor dysfunction more
often (model 2, 37.9 vs. 19.9, p = 0.05). Apart from this, in
the mixed-model assessment, we did not find any significant
differences based on patient age.

Impact of eloquent location on HRQoL (models 1 and 2)

Eloquent location was significantly associated with
HRQoL. In particular, GHS (model 2, 4.4 vs. 3.8,
p = 0.02), QoL (model 2, 4.8 vs. 3.8, p < 0.001), role
(model 2, 67.9 vs. 40.9, p < 0.001), cognitive (model 2,
62.9 vs. 48.7, p = 0.04), and social functioning (model 1,
53.1 vs. 39.4, p = 0.02; model 2, 67.2 vs. 49.8, p = 0.02)
and the sum score for functioning outcome (model 2, 56.9
vs. 48.5, p < 0.001) were lower if the tumor location was
eloquent. Further, we found significantly higher levels of
motor dysfunction (model 2, 23.4 vs. 34.5, p < 0.001),
communication deficit (model 1, 29.1 vs. 48.1, p < 0.001;
model 2, 17.3 vs. 41.6, p < 0.001), and weakness of the
legs (model 2, 22.4 vs. 36.4, p = 0.04) in this subgroup.

Except for social functioning and communication deficit,
significant differences were only seen in model 2.

Impact of the EoR on quality of life (model 1)

Table 3 shows a detailed assessment of estimated means
in model 1. One hundred seventy cases were included in
the respective analysis. Figure 2 shows estimated means
of sum scores for GTR, STR, and biopsy. Concerning the
sum scores, we found no significant differences between
GTR, STR, and biopsy. Nonetheless, the total score for
biopsy showed lowest values compared to both, GTR and
STR.

We found a significant influence of the EoR on role and
cognitive functioning (p = 0.03; p = 0.04) Post hoc assessment
showed that the difference between STR and biopsy was sig-
nificant for these two scores (p = 0.02, p = 0.01) and for
quality of life (p = 0.04). Weakness of the legs was signifi-
cantly lower in GTR and STR compared to biopsy in post hoc
tests (p = 0.03; p = 0.02).

Influence of awake surgery on quality of life (model 1)

We compared patients after awake surgery (n = 18) with
patients after general anesthesia (n = 152) in model 1.
Evaluating sum scores, we did not see significant differ-
ences between the two groups (Fig. 3, Table 3). Assessing
functioning and symptom scores, patients undergoing
awake surgery reported seizures significantly more often

Table 2 Characteristics of
surgeries Characteristics Surgeries Percent

Number of surgeries Primary surgery 117/170 68.8

One recurrent surgery 38/170 22.4

Two recurrent surgeries 9/170 5.3

Three recurrent surgeries 6/170 3.5

Eloquent Yes 91/170 53.5

Main localization Frontal 65/170 38.2

Temporal 58/170 34.1

Parietal 26/170 15.3

Others 22/170 12.4

Extent of resection GTR 83/170 48.8

STR 70/170 41.2

Biopsy 17/170 10

Awake surgery Yes 18/170 10.6

Intraoperative imaging (only intended GTR) No imaging 45/101 44.6

5-ALA 19/101 18.8

iMRI 17/101 16.8

5-ALA + iMRI 20/101 19.8

GTR gross total resection, STR subtotal resection, 5-ALA 5-aminolevulinic acid, iMRI intraoperative magnetic
imaging
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(p = 0.04). No other significant findings were seen in this
model (Table 3).

Impact of intraoperative imaging on quality of life (model
2)

We compared the impact of intraoperative imaging
methods in cases with an intended GTR (n = 101).
Table 2 shows the distribution of the imaging techniques
used. The rate of GTR by type of applied imaging tech-
nique is shown in Table 4. The highest rates were found
for iMRI alone and combined use of iMRI and 5-ALA
(94; 95%) compared to no imaging (73%) and 5-ALA
(74%). For the combined use of iMRI and 5-ALA, the
rate of achieved GTR was significantly improved com-
pared to no intraoperative imaging.

The impact of intraoperative imaging on HRQoL was
assessed in model 2. One hundred one cases were entered
into the model (Table 3). Sum scores showed no signifi-
cant disparities between the different modalities.
Nonetheless, we saw a general upward trend in function-
ing and total score while escalating intraoperative imaging

from no imaging to 5-ALA and iMRI up to a combination
of both (Fig. 4). Correspondingly, symptom score was
worst after surgeries without the use of intraoperative im-
aging (Table 5).

Assessing functioning and symptom scores, visual
disorder was significantly influenced by intraoperative
imaging (p = 0.04). In post hoc assessments, the com-
bined use of 5-ALA and iMRI showed significantly
less visual disorder than no imaging (p < 0.01) or 5-
ALA (p = 0.04). All other scores showed no significant
difference. In general, the highest estimated mean
scores for functioning and the lowest for symptoms
were found using iMRI alone or combined with 5-
ALA (Table 3).

Discussion

Patients suffering from a HGG show distinctly lower
HRQoL than the general population, irrespective of any
therapy [17]. Considering this fact, patients’ postoperative
HRQoL should be in our focus to the same extent as OS.

Table 3 Model 1: HRQoL scores of EORTC QLQ-C30 and BN20 of the mixed-model calculation for extent of resection and awake surgery adjusted
for age, Karnofsky performance status, and eloquent location

Extent of resection Awake surgery

Estimated mean p = p (post hoc) = Estimated mean p value

GTR STR Biopsy GTR vs. STR GTR vs. biopsy STR vs. biopsy Not awake Awake

EORTC sum scoresa

Functioning score 46.9 53.5 40.4 0.14 0.15 0.38 0.08 47.4 46.5 0.91

Symptom score 34.3 30.0 39.1 0.14 0.17 0.35 0.08 37.7 39.1 0.18

Total score 55.0 60.7 49.3 0.10 0.12 0.34 0.06 56.6 53.4 0.59

EORTC QLQ-30

Quality of life 3.7 3.9 3.1 0.11 0.38 0.12 0.04* 3.6 3.5 0.79

Global health status 3.7 3.8 3.1 0.16 0.82 0.09 0.06 3.6 3.5 0.66

Physical functioning 45.3 51.0 38.7 0.15 0.18 0.35 0.08 47.5 42.5 0.48

Role functioning 36.0 44.7 23.4 0.03* 0.09 0.16 0.02* 36.3 33.1 0.73

Emotional functioning 48.0 55.4 51.1 0.26 0.10 0.66 0.55 56.8 46.2 0.15

Cognitive functioning 50.0 56.0 34.4 0.04* 0.23 0.07 0.01* 46.6 47.0 0.97

Social functioning 45.5 48.2 45.1 0.87 0.62 0.97 0.73 44.9 47.7 0.76

EORTC QLQ-BN20

Visual disorder 20.6 24.6 29.7 0.36 0.34 0.19 0.46 28.8 21.2 0.25

Motor dysfunction 37.9 37.7 50.3 0.27 0.97 0.13 0.12 38.5 45.4 0.36

Communication deficit 40.0 35.0 41.0 0.52 0.29 0.91 0.49 37.6 39.7 0.81

Seizures 13.0 16.5 15.7 0.63 0.35 0.67 0.90 8.2 21.8 0.04*

Weakness of legs 33.7 32.3 55.9 0.06 0.80 0.03* 0.02* 399 41.4 0.88

GTR gross total resection, STR subtotal resection,EORTCQLQ-C30 and BN20 European Organization for Research and Treatment of Cancer Quality of
Life Questionnaire Core 30 and Quality of Life Questionnaire Brain Neoplasm 20, QoL quality of life

*Significant at p < 0.05
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In surgical decision making for patients suffering from a
HGG, we must balance the risks and benefits for the pa-
tient. Deterioration in HRQoL may negatively influence
OS and progression-free survival (PFS) [18], leading to
psychological distress and increased requests for support-
ive care [19].

Generic HRQoL measures like the short-form health
survey questionnaire (SF-36) or the EuroQol-5D allow
for a comparison between several groups of cancer pa-
tients, e.g., the HRQoL of patients with breast cancer vs.
patients with prostate cancer. Disease-specific question-
naires (e.g., EORTC QLQ BN20 for brain tumors) have
been validated to assess disease-specific symptoms and
concerns. Measurement of global HRQoL in disease-
specific questionnaires may seem comparable to results
obtained with generic measures, but the disease-specific

scores provide a better assessment of symptom burden
tailored to the respective cancer type [20]. Thus, for our
series, we used a disease-specific, well-established ques-
tionnaire: the EORTC QLQ-C30/BN20.

In GB, deciding between STR and biopsy can be controver-
sial based on the present literature [2, 21]. Therefore, we eval-
uated the impact of the EoR on HRQoL.We further focused on
intraoperative imaging in an unselected multicenter cohort. To
the best of our knowledge, for the first time, we provide data on
HRQoL after resection with a combined iMRI and 5-ALA
imaging approach and for patients after awake surgery.

Influential variables

In our series, HRQoL was mostly dependent on KPS.
Patients with a KPS above or equal to 70 suffered from
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Fig. 2 a Estimated mean of
summary scores with mixed-
model calculation for the extent of
resection according to Hinz et al.
[15] GTR gross total resection,
STR subtotal resection. b
Estimated mean of summary
scores with mixed-model
calculation for the extent of
resection according to Hinz et al.
[15] GTR gross total resection),
STR subtotal resection
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neurological symptoms significantly less often and main-
tained good functioning, global health, and QoL com-
pared to patients with a KPS below 70. This is in accor-
dance with prior publications [22].

Both our models did not show significant associations be-
tween HRQoL and patient age, as shown previously in a
pooled analysis of the EORTC concerning age in cancer pa-
tients in general [23].

Previous publications showed no general association of
HRQoL and laterality [24]. We observed a significant
negative association of eloquent location with global
QoL, functioning scores, and neurological symptoms like
motor dysfunction, communication deficit, and weakness
of the legs.

Impact of the EoR on patients’ QoL

Interestingly, patients in our series receiving biopsy showed
worse HRQoL compared to those receiving GTR or STR—
adjusted for KPS and age. As well, QoL, role, and cognitive
functioning were significantly lower following biopsy, and
these patients suffered significantly from more weakness of
the legs. By adjusting for age, KPS, and eloquent location in
the mixedmodel, we controlled for the major clinical selection
bias between the STR and biopsy groups. Thus, we conclude a
most likely clinical relevant association of STR compared to
biopsy for several relevant aspects of HRQoL. By further
comparing GTR to STR, no crucial disparities were observed.
While the impact of a STR vs. a biopsy on survival is viewed
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Fig. 3 a Estimated mean of
summary scores with mixed-
model calculation for awake
surgery according to Hinz et al.
[15] b Estimated mean of
summary scores with mixed-
model calculation for awake
surgery according to Hinz et al.
[15]
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controversially by some authors [21], our data on HRQoL
support the approach of a maximal safe resection, even if it
is subtotal. A STR may reduce pressure and edema-related
symptoms compared to a biopsy, potentially leading to a
higher HRQoL.

Impact of intraoperative imaging on quality of life

To the best of our knowledge, there is so far only one pub-
lished study in which the influence of intraoperative imaging
on HRQoL was analyzed [25]. No alteration by use of intra-
operative ultrasound and neuronavigation was observed in
this previous analysis. Consequently, our assessment of the
impact of iMRI, 5-ALA, and especially the combination of
both methods provides the first prospective multicenter data
on this topic. We analyzed the influence of intraoperative

imaging only in patients with primarily intended GTR. We
confirmed the previously published results, showing that the
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Fig. 4 a Estimated mean of
summary scores with mixed-
model calculation for
intraoperative imaging according
to Hinz et al. [15] 5-ALA 5-
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mean of summary scores with
mixed-model calculation for
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Table 4 Extent of resection due to intraoperative imaging in intended
GTR

Rate of GTR (%) Chi-square test
(compared to no
imaging) p =

No imaging 73

5-ALA 74 0.98

iMRI 94 0.07

5-ALA and iMRI 95 0.04*

GTR gross total resection, 5-ALA 5-aminolevulinic acid, iMRI intraoper-
ative magnetic resonance imaging

*Significant at p < 0.05
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highest rate of GTR is achieved with a combined imaging
approach using iMRI and 5-ALA, followed by iMRI and 5-
ALA alone [6, 7, 13]. The impact of the imaging technique
used on the EoR was not the focus of the current trial. No final
conclusion can be drawn about the impact of 5-ALA alone or
in a combined use with iMRI. Previously reported data on the
EoR without intraoperative imaging are similar to our series
[6], while the GTR rates using 5-ALA vary between 65 and
89% [7, 26]. Previous volumetric data on the combined use of
5-ALA and iMRI (99.7%) show a significant difference in the
EoR compared to iMRI (97%) alone [13].

Concerning sum scores, in the mixed-model assessment,
there was no significant association of intraoperative imaging
on HRQoL. We found a general tendency towards increased
total and functioning score and a reduced symptom burden
with ‘escalation’ of intraoperative imaging, yet without
reaching significant levels. In the brain tumor-specific mod-
ule, our patients reported significantly fewer visual disorders
after application of the combined use of iMRI and 5-ALA
compared to the sole use of 5-ALA or no imaging.

Our results show an important new finding: a potentially
better, or at least no decrease, PRO after an escalation of in-
traoperative imaging methods. Additional control might lead
to higher safety levels during resection. Especially, given the
novel data on the significant positive impact of supramaximal
resection on survival in patients harboring a GB, a positive or
at least not a negative influence of increased resection is very
important for clinical decision making [27]. It must be stated
that use of intraoperative neurophysiological monitoring is
part of the standard surgical procedure in all centers taking
part in this study. From the authors’ point of view, the use of
intraoperative monitoring is crucial when using intraoperative
imaging, especial ly in procedures with intended
supramaximal resection.

Impact of awake surgery on quality of life

To the best of our knowledge, this is the first prospective
analysis evaluating the impact of awake surgery on HRQoL
compared to surgery under general anesthesia. Interestingly,
we observed neither significant positive nor negative associa-
tions in sum scores. Analyzing the functioning and symptom
scores, we also could not verify differences, except for sei-
zures, which were reported significantly more often after
awake surgery. A selection bias is most likely the reason for
this finding, as tumor location usually is more prone to serve
as the epileptogenic focus in this subgroup. Posttraumatic
stress disorder (PSD) is a controversially discussed topic in
earlier publications [11, 12, 28]. Even though we did not as-
sess PSD directly, we can state that our data showed no sig-
nificant differences in emotional functioning or a decrease in
QoL. However, the results are based on a careful selection of
patients suitable for awake surgery in each participating

center. Due to this selection bias, no general conclusion can
be drawn about a potential benefit of awake surgery compared
to surgery under general anesthesia for eloquent tumors.

Limitations

Our study has the following limitations due to the applied
cross-sectional, observational study design: Analysis of clini-
cal data, e.g., estimation of the EoR, as well as the intended
EoR (STR, biopsy, GTR), might be biased by local specialists
or methods. Although an assessment protocol was used in all
institutions, no central review was performed. Concerning in-
traoperative imaging methods, randomization was not possi-
ble since not all imaging techniques were available in all cen-
ters. Due to the cross-sectional design, follow-up varies be-
tween patients. Thus, the potential influence of progressive
disease or a potential bias of low preoperative QoL scores
could not be adjusted for in all patients. Our results are limited
by the heterogeneity of the study population based on diagno-
sis and different adjuvant treatment regimes. Due to the limit-
ed samples size, we cannot control for potential confounding
variables at the time of assessment, e.g., ongoing chemother-
apy, progressive disease, and severe medical conditions. We
used an exploratory approach to data assessment. Thus, we
did not account for cumulating alpha error.

Patients in very poor condition were primarily excluded
based on the study’s selection criteria, so an additional selec-
tion bias exists. We did not assess the number of patients who
refused to take part in the study or patients that were unable to
be followed up further due to progressive disease. Further,
patients with primary lower KPS tend to drop out earlier from
studies, resulting in a relatively higher mean HRQoL in later
states of disease [29]. This bias will also be found in our series.
The calculated sum scores per Hinz et al. [15] do not include
BN20 scores, which mainly assess neurological symptoms.
Thus, greater differences in neurological symptoms as seen
in biopsy patients or after no use of intraoperative imaging
might not be reflected in the sum scores. Finally, our patient
cohort was quite heterogeneous, and the overall number of
cases was too small to make final statements about small sub-
groups, e.g., patients with awake surgeries.

The clinical impact of the HRQoL assessment results must
be interpreted keeping in mind the minimal clinically impor-
tant difference (MID) of the scores. These scores are disease
specific and EORTC QLQ C30 subscore specific. In general,
for brain tumor patients, a difference of around 10 points is
considered as the MID [30, 31]. Thus, in our series, all signif-
icant findings reached the MID. Yet, we did not account for
potential response shift phenomena. This may lead to an in-
crease or decrease of the MID based on whether a positive or
negative effect is found for the patient, leading to a subjective
recalibration, reprioritization, and reconceptualization of the
patient’s internal standards [32]. As in most contemporary
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research onHRQoL, we cannot control for this effect based on
our study design. Additional tests would be needed [33],
which could be an important aspect for future research.

Interpretation and generalizability

Being based on the cross-sectional cohort of HGG patients of
four German neurooncological centers, we find our data to be
representative for many centers worldwide using contempo-
rary treatment approaches. Due to the previously mentioned
limitations, especially response shift phenomena and a general
selection bias for patients with a higher KPS, causality should
not be deduced. Yet, our results can be interpreted as signifi-
cant associations important for clinical practice.

We found a significantly positive association of STR com-
pared to biopsy for several relevant factors of HRQoL. Hence,
our data support existing literature favoring an STR over a
biopsy, if the KPS is equal to or above 70.

Despite there being no significant difference between STR
and GTR concerning HRQoL, we found a potential associa-
tion of better outcome after an escalation of intraoperative
imaging methods, with best results for a combined imaging
approach using iMRI and 5-ALA. Given potential limitations,
at least no decrease of HRQoL or increase of reported neuro-
logical deficits was found.

In our series, awake surgery seems to be a well-tolerated,
safe method for tumor resection in eloquent areas which did
not negatively affect patients’ HRQoL in general or result in
specific emotional dysfunctions.

Conclusion

In HGG patients, STR compared to biopsy was significantly
associated with better HRQoL and fewer neurological symp-
toms in this series. An escalated use of intraoperative imaging
increased the EoR with stable or slightly better HRQoL and
fewer neurological symptoms. Based on HRQoL, awake sur-
gery was a well-tolerated and safe method in our series.
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