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IMPACT OF EARLY RE-OPERATION ON THE PROGNOSIS OF PATIENTS 

OPERATED ON FOR GLIOBLASTOMA  

Abstract 

Introduction 

The prognosis for patients with glioblastoma depends particularly on the degree of tumour 

resection. Patients with tumour remnants in post-surgical MRI (<72 hours) may benefit from 

early re-operation. We present our results concerning the impact on overall survival (OS) and 

progression-free survival (PFS) of re-operation in patients who have already undergone surgery 

for glioblastoma. 

Material and methods 

This study included all patients who had undergone surgery for glioblastoma with control MRI, 

who received adjuvant therapy as per the STUPP protocol, with a minimum follow-up of 24 

months. We recorded the number of complete resections, partial resections and early re-

operations. We determined the impact on OS and PFS of the early re-operations and the 

functional status. We considered complete resection when the volume of the residual tumour 

was 0 cc.  

Results 

112 patients were diagnosed with glioblastoma between March 2014 and March 2017. The 

study included 58 patients who fulfilled all the inclusion criteria. Complete resection was 

achieved in 24 patients (41.4%) and partial resection in 34 (58.6%). Of these 34 patients, 11 

(32.35%) underwent early re-operation. The final result was complete resection in 58.62% of 

the patients. In the patients who underwent re-operation OS and PFS were 30.3 months and 

16.6 months compared to 12.7 months and 6.75 months in those without re-operation 

(p=0.013 and p=0.012). The functional prognosis was similar between the two groups. 
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Conclusion 

Early re-operation in patients with residual tumour improved OS and PFS without increasing 

the number of complications as compared with the patients who did not undergo re-

operation.  

 

Key Words: Control MRI. Glioblastoma. Prognosis. Re-operation. 
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Introduction 

Despite advances in genetic understanding, the management of glioblastoma is still surgery 

followed by oncological treatment(1). Tumour resection is the modifiable factor most 

influencing the prognosis of affected patients(2). In fact, complete resection enables 25% of 

patients to survive for over 2 years(3). 

In centres that have access to intraoperative magnetic resonance imaging (iMRI) it is possible 

to know the degree of tumour resection during surgery and decide whether to continue 

resection until complete excision is achieved (4-6). In centres where iMRI is not available, 

however, a control magnetic resonance imaging (MRI) study within 72 hours of surgery is an 

option that provides information about the degree of resection after the surgery (7,8). If this 

early study shows tumour remnants, the surgeon may decide to re-operate to try to achieve 

complete resection (9). However, few studies exist on this early re-operation based on a control 

MRI and the association of this practice with survival. The aim, therefore, of this study was to 

assess the impact of early re-operation based on the results of a control MRI and determine 

the prognosis and survival of patients with glioblastoma.  

Material and methods 

We undertook a retrospective review of all patients who underwent surgery for glioblastoma 

(WHO 2016) at the Virgen del Rocío University Hospital (Seville, Spain) between March 2014 

and March 2017. This study included all patients who also had a control MRI study within 72 

hours of surgery, received adjuvant therapy based on the STUPP protocol and had a follow-up 

of at least 24 months.  

Data were collected on epidemiological variables [age, sex, presenting signs, early (<3 months) 

and/or late (>3 months) complications, pre-operative and post-operative Karnofsky scale, as 

well as during the follow-up]; radiological variables (tumour site, hemisphere affected, 
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oedema, mass effect, intensity of the tumour contrast, pre-surgical tumour volume, post-

surgical tumour volume, pre-surgical tumour perfusion values, radiological complications, 

tumour progression); surgical variables (complete resection, partial resection, early re-

operations in the patients with tumour remnants); pathological variables (histological 

classification according to the WHO 2016, IDH determination using immuno-histochemistry 

(10)); oncological variables (adjuvant treatment, complications); functional variables (time to 

partial dependence (KPS<70) and time to total dependence (KPS<50); and prognostic variables 

[progression-free survival (PFS) in months and overall survival (OS) in months].  

Radiological images 

Pre-surgical T1 MRI images (1.5T) were obtained (≥120 slices) with and without contrast, as 

well as T2, FLAIR and ADC images. We determined the pre-surgical tumour volume (contrast-

enhancing lesion) with the software BrainLab iPlan Stereotaxy 3.0.5 (Figure 1). We classified 

the tumour mass into 4 degrees: no mass effect (I), midline shift <0.5 cm (II), midline shift 0.5-1 

cm (III), and midline shift >1 cm (IV) (11). We classified tumour oedema in 4 variants: no 

oedema, oedema less than the contrast-enhancing tumour volume, oedema equal to the 

contrast-enhancing tumour volume, and oedema greater than the contrast-enhancing tumour 

volume (11). Finally, contrast uptake was divided into a scale of 4 points: no uptake (I), low-

intermediate uptake (II), intermediate-high uptake (III), and high uptake (IV, similar to fat) (11). 

We used the criteria of Sawaya et al (12) to define brain function: Grade I (noneloquent area), 

frontal or temporopolar, right parieto-occipital and cerebellar hemisphere areas; Grade II 

(adjacent to eloquent area), near a motor or sensory area, near Broca’s or Wernicke’s areas, 

near the calcarine sulcus or brainstem; Grade III (eloquent area), motor or sensory cortex, 

language areas, visual areas, brainstem, basal ganglia or internal capsule.  
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The MRI protocol included perfusion images, obtaining relative cerebral blood volume (rCBV) 

values comparing the area of contrast uptake with a region of interest in the contralateral 

white matter (13).  

We performed early post-operative MRI ≥1.5T within 72 hours of surgery (7,8,14). To measure 

the residual tumour volume (RTV) we used the same method as for the pre-operative volume 

study (Figure 1). We considered complete tumour resection to be when the early brain MRI 

demonstrated a resection of 100% of the enhancing portion of tumour, that is with a RTV of 0 

cc. Any remnants of enhancing portion of tumour were considered to reflect a partial resection 

(RTV>0 cc). Ultrasonography and/or neuronavigation were used to facilitate complete 

resection.  

We defined tumour progression according to the RANO criteria (15): an increase of at least 25% 

in the volume of the contrast-enhancing lesion compared to the baseline MRI images, increase 

in T2/FLAIR area with appearance of any new lesion and/or clear clinical worsening not 

attributable to causes other than tumour progression.  

Statistical Analysis  

The study outcome focused specifically on the decision to re-operate a patient with tumour 

remnants visible on the post-operative MRI and whether repeat surgery involved an increase 

in complications and a worse quality of life. In the descriptive analysis, qualitative variables are 

shown as percentages. Quantitative variables are described by the mean ± SD or by the 

median. The Kaplan-Meier and Long-Rank curve were used for survival analysis. The 

association between variables was considered to be significant when the p value was less than 

0.05. Statistical analyses were performed using the Statistical Package for the Social Sciences 

22.0 (SPSS Inc). 

Results 
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A total of 176 patients were diagnosed with brain glioma between March 2014 and March 

2017, of whom 112 underwent surgery due to suspected glioblastoma. This study included 58 

patients who fulfilled all the inclusion criteria (diagnosis of glioblastoma according to WHO 

2016, control MRI within 72 hours of surgery, adjuvant STUPP therapy and a minimum follow-

up of at least 24 months). Tables 1, 2 and 3 summarize the results of the descriptive analysis of 

our series. The mean age of the patients was 57.53 years (17.3% ≤45 years, 50% between 46 

and 64 years, 32.7% ≥65 years); 55.2% were men and 48.8% women. The most common 

presenting symptom was headache, with the temporal lobe being the most usual site and the 

left hemisphere most commonly affected. According to the eloquence, 50% of the lesions were 

Grade II (adjacent to eloquent zone), followed by 43.1% Grade I (non-eloquent lesions); a small 

percentage were eloquent (6.9%). Most of the lesions had little mass effect (43.1% did not 

displace the midline and 25.9% displaced it <0.5 cm). However, most lesions presented peri-

tumour oedema (only 7% did not have oedema) and important contrast uptake (only 3.4% had 

intermediate-low uptake). The perfusion values (rCBV) in the pre-operative tumour contrast 

area were: 2.25-15, with a mean of 6.12 and a mode of rCBV=5. The pre-surgical tumour 

volume was 39.85 cc (1.2 cc - 182.5 cc). The biopsy findings according to WHO 2016 were 

70.7% of patients with glioblastoma IDH-wild type, 1.7% with glioblastoma IDH-mutant and 

27.6% with glioblastoma IDH-NOS. Complete resection (RTV=0 cc) was achieved in 58.62% of 

cases and partial resection (RTV>0 cc) in 41.37%. The VR on discharge was 1.65 cc (0 cc – 16.2 

cc). The rate of early complications was 23%, with transient hemiparesis being the most 

common (9.6%). Late complications appeared in 13.4% of the cases, the most common being 

infection (5.8%). Most of the patients started complementary therapy at 6 weeks and 

completed the 6 weeks of adjuvant treatment, in all cases with the STUPP protocol. Of all the 

patients, 8.8% received no treatment due to death prior to the scheduled date for starting 

radiotherapy. The mean KPS for the series at diagnosis was 92.12 and on discharge it was 93.4.  

Outcome 
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The mean time to partial dependence (KPS<70) was 12.41 months (0-39 months) and to total 

dependence (KPS<50) it was 14.5 months (0-4 months). The mean PFS of the series was 13.49 

months (0.5-69 months). The main radiological finding of tumour progression was contrast 

uptake or the appearance of a new lesion. The mean OS was 20.92 months (2-69 months), with 

15.5% of the patients alive at the end of follow-up (of whom 89% had complete resection). 

Surgical outcome, early re-operations and impact on survival 

Tables 3 and 4 summarize the surgical characteristics of the series. The early MRI showed that 

24 patients (41.4%) had complete tumour resection and 34 patients (58.6%) partial resection 

(VR>0 cc). The mean residual volume after this MRI study was 2 cc (0-16.2 cc). Of the 34 

patients with partial resections 11 (32.35%) underwent re-operation during the same 

admission. After the re-operation the control MRI showed complete resection in all cases 

except one; thus representing complete resection for the series in 34 patients (58.62%) and 

partial resection in 24 (41.37%). 

Mean survival in the group that underwent re-operation (Figure 2) was 30.3 months (SD 7.16) 

compared to 12.7 months (SD 1.92) in the group that did not (p=0.013). Mean PFS in the re-

operated patients (Figure 3) was 16.6 months (SD 5.7) and in the non-re-operated patients it 

was 6.75 months (SD 1.9) (p=0.012). Table 4 shows all the means and also the medians 

comparing re-operation VS no re-operation group. 

The mean survival among the 34 patients who had complete resection at discharge was 26.4 

months compared to 12.64 months in the 24 patients who had partial resection (p=0.002) 

(Figure 4). The mean PFS in the patients with complete resection was 17.59 months versus 

6.078 months in those with partial resection (p=0.001) (Figure 5). Table 5 shows all the means 

and also the medians comparing complete resection group versus partial resection group at 

discharge. 
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In table 6 we have the differences between re-operation and non-re-operation group. The only 

variable we found statistically significant was Karnofsky scale after first surgery (p=0.004). Age, 

site, eloquence grade, initial VR and molecular biomarker were not statistically associated with 

the patients who underwent re-operation versus those who did not (p>0.05).  

 

Discussion 

Surgical excision of glioblastoma is the modifiable factor that can most influence the prognosis 

(2). A meta-analysis in 2016 confirmed that survival of patients who had a biopsy was lower 

than that of patients who had surgical resection: one year after diagnosis 75% of the patients 

with a biopsy had died compared to 44% of the patients who underwent surgical resection (3). 

Despite the many past and present studies on the genetic behaviour of these tumours, we are 

still far from being able to offer affected patients individualized treatment and surgery remains 

the fundamental pillar of treatment (10,16-18,20-24) . 

Many studies have concluded that the degree of resection influences survival, with the first 

article showing an impact published in 2001. Between 2001 and 2014, all authors mentioned 

the extend of resection (EOR) as the percentage of resection. More recent studies mention the 

influence on survival of surgery measuring the RTV rather than the percentage resection. In 

2014 Chaichana et al. showed that resections with RTV<5 cc were associated with increased 

survival (16.3 months mean) compared to resections with RTV≥5 cc (12.1 months mean) (27). 

Grabouwski et al. studied survival according to a RTV cut point of 2 cc; 16.75 months for the 

group with RTV<2 cc and 14.6 months for the group RTV≥2cc (17). Awad et al. again highlighted 

that the lower the RTV the better the prognosis, though they failed to set a cut point (28). 

However, only a few studies have actually differentiated between resections of 100% and 

resections of <100%, with the result that the heterogeneity in the literature about what is 

considered complete resection is almost as great as the number of articles themselves 
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(2,3,16,17,26-32). Nevertheless, all the studies defend a common hypothesis: the greater the 

resection the better the prognosis, with complete resection being the goal (3). In our COX 

regression analysis (figure 6) we show the same result: the lower RTV the greater OS. 

Pesudo Martinez et at. achieved 52% complete resection (36), Orringer et al. 17.4% (2), 

Grabowski et al. 28% (17), and Li YM et al. 71% (32). A meta-analysis by Li XZ et al found a 

percentage of complete resection of 32% (29). Our percentage of complete resection (RTV=0 cc) 

was almost 59%. This figure is similar, or even better than the mean in the literature. In 

addition, the literature shows that complete resection significantly improves the prognosis. In 

our study, 26.4 months for complete resections versus 12.64 months for partial resections, 

p=0.002 (Table 5). The study most influencing the management of glioblastoma was that of 

Stupp et al. These authors demonstrated that radiotherapy plus temozolomide increased 

survival by 2.5 months compared to patients just treated with radiotherapy (37). Furthermore, 

complete resection also significantly prolonged PFS. In our study, 17.59 months after complete 

resection versus 6.02 months after partial resection, p=0.001 (Table 5). Thus, neurosurgeons 

must use all available measures to achieve complete resection. While some centres have all 

the technology to achieve this aim (navigator, 5-ALA, iMRI), this is not so in others. The use of 

early post-operative MRI within 72 hours of surgery is a useful tool to determine the degree of 

resection achieved (7,8,14) and establish a treatment plan. We might suppose that if iMRI can be 

used to assess surgical remnants and decide whether to continue surgery, post-operative MRI 

could have the same function. However, very few studies have addressed this issue. In order to 

justify the expense of iMRI some have mentioned that those patients with remnants on the 

post-operative control MRI have to undergo another operation during the same hospital 

admission (4,6,33-35). However, none of these articles mentions the protocol used based on 

control MRI, the results obtained after these re-operations, or a comparison with iMRI-guided 

resections. Schucht et al published a study based on the fact that as they did not have iMRI 

they performed control MRI within 72 hours of surgery. If resectable tumour remnants were 
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visible the patient underwent early surgery. They included 208 patients, of whom just 9 (4.3%) 

were candidates for early re-operation. A very important limitation of this study was that no 

association was studied between early re-operation and patient survival (9). The lack of this 

information in the literature led us to undertake this study to be able to ascertain whether it is 

an advisable practice, whether re-operated patients have a better prognosis and whether 

exposing the patient to another operation may increase the number of complications.  

Our results show that early re-operations improve both OS and PFS with no increase in the 

number of complications compared with the group of patients who did not undergo repeat 

surgery (Table 4 and 6). The initial rate of complete resection (RTV=0 cc) was 41.4% (24 

patients) with partial resections (RTV>0 cc) in 58.6% (34 patients). Of these 34 patients, 11 

underwent re-operation, and the other 23 were discharged with the tumour remnants. As 

seen in Figure 2, Figure 3 and Table 4, the group of patients that underwent early re-operation 

experienced greater OS and PFS than the group that did not (p=0.013 and p=0.012, 

respectively). All those who underwent re-operation had a complete resection except for one 

patient who had RTV <2 cc. Thus, of the 58 patients in the study, complete resection was 

achieved in 58.62% (34 patients) of the cases and partial resection in 41.37% (24 patients).  

Undertaking a second operation during the same admission could imply an increase in the 

number of complications, as well as a worse functional status of the patient on discharge. 

However, as we see in Table 6, there were no significant differences between the two groups. 

We might think that those patients who experienced early complications after the first 

operation or who had tumours at eloquent sites or adjacent to these sites did not undergo re-

operation in order not to worsen their quality of life. However, comparison between the group 

of patients who underwent re-operation and those who did not only showed significant 

relationship between the Karnofsky scale after first surgery (p=0.004). Patients with KPS=80 

did not receive new re-operation. For the rest of variables both groups were homogeneous: 
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age, site, eloquence, histology and post-surgical tumour volume did not show statistically 

significant differences. In addition, the patients who underwent re-operation had no increase 

in complications or worse functional prognosis. Similar results have been noted by others. In 

2016, Sawaya et al. published a study involving some 400 patients and found no significant 

association between the number of craniotomies performed on the same patient and the 

presence of complications (12). Nor did Schucht et al. find a significant increase in complications 

in the patients who underwent re-operation (9).  

Study limitations and strengths 

One of the limitations of this study concerns the sample size. Most published reports include a 

greater number of patients. However, our sample was very homogenous and the inclusion 

criteria were very strict. Although the number of patients who underwent re-operation was 

also small (N=11), there were statistically significant important differences between these 11 

patients in comparison to the group that did not undergo re-operation in both OS and PFS. 

Another limitation of our study is the lack of any biomarker such as MGMT. However, the 

adjuvant treatment is the same for all patients (STUPP protocol), regardless of genetic 

biomarkers. 

 

Conclusion 

Early re-operation in patients with residual tumour detected on the early post-operative MRI 

improved OS and PFS without increasing the number of complications as compared with the 

patients who did not undergo re-operation. This protocol, based on early post-surgical control 

MRI, could substitute the use of iMRI in those centres where this is not available.  
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Captions 

Figure 1. Pre and postsurgical measurement (A, C), pre and postsurgical volume (B, D) obtained 

with Brainlab iPlan Stereotaxy 3.0.5. This patient underwent re-operation a few days later. 

Figure 2. Survival Funtions shows higher total survival at the end of follow up in the re-

operation group (blue) compared to the no re-operation group (green). 

Figure 3. Survival funtions shows higher progression free survival in the re-operation group 

(blue) compared to the no re-operation group (green). 

Figure 4. Survival funtions shows higher survival in patients with complete resection (blue) 

compared to patients with partial resection (green). 

Figure 5. Survival functions shows higher progression free survival in patients with complete 

ressection compared to patients with partial resection. PEndofFollowup: Progression end of 

follow up. 
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Table 1. Descriptive analysis, all the cases. Pre-operative variables. 

Variable     N (%)        Mean / Mode 

Age 57.53 (23-81) / 51 years 

Sex 

-Male 

-Female 

 

32 (55.2%) 

26 (44.8%) 

Presenting symptom 

-Headache 

-Language alteration 

-Crisis 

-Behaviour alteration 

-Hemiparesis 

 

18 (31%) 

10 (17.2%) 

11 (19%) 

7 (12.1%) 

3 (5.2%) 

Site 

-Frontal 

-Parietal 

-Temporal 

-Occipital 

 

14 (24.1%) 

12 (20.7%) 

25 (43.1%) 

7 (12.1%) 

Hemisphere 

-Right 

-Left 

 

27 (46.6%) 

31 (53.4%) 

Eloquence 

-Grade I (noneloquent) 

-Grade II (adjacent to eloquent area) 

-Grade III (eloquent) 

 

25 (43.1%) 

29 (50%) 

4 (6.9%) 

Mass effect 

0 cm midline shift 

<0.5 cm midline shift 

0.5-1 cm midline shift 

>1 cm midline shift 

 

25 (43.1%) 

15 (25.9%) 

13 (22.4%) 

5 (8.6%) 

Oedema 

- No oedema 

- Oedema < contrast-enhancing tumour volume  

- Oedema = contrast-enhancing tumour volume  

- Oedema > contrast-enhancing tumour volume  

 

4 (7%) 

25 (43.9%) 

13 (22.8%) 

15 (26.3%) 

Intensity of the tumour contrast 

-Low-intermediate uptake 

-Intermediate-high uptake 

-High uptake 

 

2 (3.4%) 

29 (50%) 

27 (46.6%) 

Tumour perfusion values  6.12 (2.25-15) / 5 

Mean pre-surgical tumour volume  39.85 cc (1.2-182.5) 

 



Table 2. Descriptive analysis, all the cases. Post-operative variables. 

Variable  N (%)   or     Mean / Mode 

Biopsy 

-IDH wild type 

-IDH mutant 

-IDH NOS 

 

41 (70.7%) 

1 (1.7%) 

16 (27.6%) 

Early complications 

-Transient hemiparesis 

-Language alteration 

-Infection 

-Hemianopia 

-Medical complication 

12 (23%) 

5 (9.6%) 

4 (7.7%) 

1 (1.9%) 

1 (1.9%) 

1 (1.9%) 

Late complications 

-Infection 

-Hydrocephalus 

-Medical complication 

7 (13.4%) 

3 (5.8) 

2 (3.8%) 

2 (3.8%) 

Adjuvant treatment  

-STUPP 

-Nothing 

 

52 (91.2%) 

5 (8.8%) 

Start of adjuvant treatment 8.19 (3-20) weeks / 6 weeks 

Functional status  

-KPS on diagnosis 

-KPS on discharge  

-KPS on recurrence 

 

92.12 (70-100) /100 

93.4 (60-100) /100 

86.43 (30-100) /100 

Time to dependence 

-Partial 

-Total 

 

12.41 (0-39) months 

14.5  (0-44) months 

Outcome 

-Overall survival 

-Progression free survival 

 

20.92 (2-69) months 

13.49 (0.5-69) months 

 



Table 3. Residual tumour volume pre and post early re-operation. 

 Variable N (%)     Mean / Mode 

Results of first operation 

Complete resection 

Partial  resection  

24 (41.4%) 

34 (58.6%) 

Mean residual volume 2 cc (0-16.2 cc) / 0 cc 

Management of tumour 

remnants 

Early re-operation 

No early re-operation 

11 (32.35%) 

23 (67.64%) 

Final result on discharge 

(includes patients with and 

without re-operation)  

Complete resection  

Partial resection: discharge with 

remnants 

34 (58.62%) 

24 (41.37%) 

Mean residual volume on discharge 1.65 cc (0-16.2 cc) / 0 cc 

Residual volume on discharge  

0 cc   

0.1-2 cc 

>2 cc 

 

34 (57.7%) 

14 (25%) 

10 (17.3%) 



 

Table 4. Outcome comparison between re-operation and no re-operation. 

 PFS: progression free survival.Re-op: re-operation. Not necessary:complete resection at first surgery 

 

  Mean (St. Error) Median (St. Error) P 

Overall survival 

Early re-operation 

No early re-operation 

Not necessary 

30.3 months (7.16) 

12.7 months (1.92) 

23.21 months (3.44) 

21 months (1.45) 

10 months (1.49) 

14 months (7.3) 

0.013 

PFS 

Early re-operation 

No early re-operation 

Not necessary 

16.6 months (5.7) 

6.75 months (1.9) 

15.84 months (2.94) 

12 months (4.7) 

4 months (0.36) 

10 months (4.54) 

 

0.012 



Table 5. Overall survival and progression free survival related to complete or partial resection, 

all the cases. 

PFS: progression free survival. 

 

  Mean (St. Error) 95% CI Median (St. Error) 95% CI p 

Overall survival 
Complete resection 

Partial resection 

26.4 months (3.62) 

12.64 months (1.84) 

19.3- 33.5 

9.02-16.26 

21 months (2.057) 

 

10 months (1.25) 

16.95-25 

 

7.6-12.4 

 

0.002 

PFS 
Complete resection 

Partial resection 

17.59 months (3.49) 

6.708 months (1.79) 

10.75-24.4 

3.18-10.23 

12 months (3.82) 

 

4 months (0.38) 

4.05-19.4 

 

3.25-4.74 
0.001 



Table 5. Comparison between early surgery and non-early surgery. 

Variable Early re-intervetion No early re-intervention p 

Sex 

-Male 

-Female 

 

6 (31.6) 

5 (33.3%) 

 

13 (68.4%) 

15 (66.7%) 

 

0.914 

Age 

 ≤45 

 46-64 

 ≥65 

 

2 (50%) 

7 (35%) 

2 (20%) 

 

2 (50%) 

13 (65%) 

8 (80%) 

 

 

0.54 

Hemiphere 

-Right 

-Left 

 

6 (37.5%) 

5 (27.8%) 

 

10 (62.5%) 

13 (72.2%) 

 

0.545 

Eloquence 

-Grade I (noneloquent) 

-Grade II (near eloquent) 

-Grade III (eloquent) 

 

6 (54.5%) 

4 (21.1%) 

1 (25%) 

 

5 (45.5%) 

15 (78.9%) 

3 (75%) 

 

 

0.159 

Early complication 

-Yes 

-No 

 

1 (11%) 

10 (40%) 

 

8 (89%) 

15 (60%) 

 

0.253 

Late complication 

-Yes 

-No 

 

1 (25%) 

10 (33%) 

 

3 (75%) 

20 (67%) 

 

0.316 

KPS post 1º surgery 

 80 

 90 

 100 

 

0 (0%) 

1 (7.7%) 

10 (58.8%) 

 

4 (100%) 

12 (92.3%) 

7 (41.2%) 

 

 

0.004 

IDH 

 Wild type 

 NOS 

 

8 (32%) 

3 (33.3%) 

 

17 (68%) 

6 (66.6%) 

 

0.942 

RTV post 1º surgery 3.65cc 3.85cc 0.920 

 



Figure 1. Pre and postsurgical measurement (A, C), pre and postsurgical volume (B, D) obtained 

with Brainlab iPlan Stereotaxy 3.0.5. Initial MRI (E), control MRI with residual volume (F). This 

patient underwent re-operation a few days later. Control MRI with complete resection (G). 

Figure 2. Survival Funtions shows higher total survival at the end of follow up in the re-

operation group (blue) compared to the no re-operation group (green). 

Figure 3. Survival funtions shows higher progression free survival in the re-operation group 

(blue) compared to the no re-operation group (green). 

Figure 4. Survival funtions shows higher survival in patients with complete resection (blue) 

compared to patients with partial resection (green). 

Figure 5. Survival functions shows higher progression free survival in patients with complete 

ressection compared to patients with partial resection. PEndofFollowup: Progression end of 

follow up. 

Figure 6. COX regression residual volumen and survival. The graphic show a clear relation 

between residual volumen and survival. The lower the residual volumen the greater the 

survival. 
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Highlights 

Complete resection in glioblastoma improve the prognosis of patients. 

Some patients have residual tumour volumen after first surgery. 

Early control MRI can shows the residual tumour. 

Patients with residual tumour can be re-operated as soon as posible. 

When there is residual tumour, early-reoperation improve prognosis compared with patients 

without re-operation. 



Abbreviation list 

iMRI: intraoperative magnetic resonance imaging. 

KPS: Karnofsky scale 

MRI: magnetic resonance imaging. 

OS: overall survival. 

PFS: progression-free survival. 

rCBV: relative cerebral blood volume. 

Re-op: re-operation 
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