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A B S T R A C T

Background: Surgical intraoperative risk factors for peritumoral infarctions are not much studied. In the present
study, we explore the possible association between intraoperative factors and infarctions diagnosed from early
postoperative MRIs.
Methods: We screened all adult patients operated for newly diagnosed or recurrent diffuse gliomas at out
department from December 2015 to October 2020 with available postoperative MRI including DWI sequences.
Patient data was prospectively collected in a local tumor registry. Immediately after surgery, the surgeon
completed a questionnaire on tumor vascularization, tumor stiffness, delineation of tumor from normal brain
tissue, which surgical tool(s) were used, and if they had sacrificed a functional artery or a significant vein.
Results: Data from 175 operations were included for analysis. Of these, 66 cases (38%) had postoperative peri-
tumoral infarctions. 24 (36%) were rim-shaped and 42 (64%) infarctions were sector-shaped. The median
infarction volume was 2.4 cm3. Surgeon reported sacrifice of a significant vein was associated with infarctions,
but we found no clear “dose-response”, as “perhaps” was associated with fewer infarctions than “no”. None of the
other studied factors reached statistical significance. However, there was a trend for more infarctions when an
ultrasonic aspirator was used for tumor resection. Subgroup analyses were done for rim-shaped and sector-shaped
infarctions, and ultrasonic aspirator was associated with sector-shaped infarctions (p ¼ 0.032). Infarction rates
differed across surgeons (range 15%–67%), p ¼ 0.021).
Conclusion: In this single center study, no clear relationships between surgeon reported intraoperative factors and
postoperative infarctions were observed. Still, risks seem to be surgeon dependent.
1. Introduction

Maximal safe resection remains the primary treatment strategy in
most diffuse gliomas (Hardesty and Sanai, 2012; Sanai and Berger,
2008). However, due to an infiltrating growth pattern in the brain pa-
renchyma (Louis et al., 2016), glioma surgery is a balance between
removing cancerous tissue while minimizing the potential damage to
functional brain tissue. Despite a wide range of aids to guide resection of
tumor tissue while sparing functional or normal brain tissue, surgically
induced deficits are unfortunately still rather common. In addition to
inadvertent resection of functional tissue, surgical contusions (e.g., from
spatulas), postoperative hematomas or postoperative infections, post-
operative deficits may also result from surgically induced brain
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infarctions (Gempt et al., 2013; Jakola et al., 2014; Ulmer et al., 2006; Bo
et al., 2019; Gogos et al., 2020; Lupa et al., 2020).

In a recent publication, we observed peritumoral infarctions after
44% of diffuse glioma surgeries (Strand et al., 2021). Infarctions were
more common in the temporal lobes and in the periventricular water
shed regions. Patient age and intraoperative bleeding were positively
associated with infarction volume. Resident surgeons did not have more
infarctions or higher median infarction volumes that consultants, but
there were still significant differences in both frequencies of infarctions
and infarctions volumes across different surgeons.

Although perioperative hemodynamic parameters, for instance mean
arterial pressure (MAP) and liquid balance, have been correlated to
infarction volume (Bette et al., 2017), little is known about surgical
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Fig. 1. A rim-shaped infarction located laterally in the operation cavity.

Fig. 2. A sector-shaped infarction located posteriorly in the operation cavity.

P. Sveino Strand et al. Brain and Spine 2 (2022) 100903
intraoperative risk factors for peritumoral infarctions. In the present
study we explore the possible association between intraoperative factors
and infarctions diagnosed from early postoperative MRIs.

2. Methods

2.1. Study population

We screened all adult patients (�18 years) operated for newly diag-
nosed or recurrent diffuse gliomas WHO grade 2–4 at the Department of
Neurosurgery at St. Olavs Hospital, Trondheim University Hospital, from
December 2015 to October 2020 with available postoperative MRI
including DWI sequences taken less than 72 h after surgery. This
department exclusively serves approximately 750 000 inhabitants in a
defined geographical catchment region.

2.2. Data collection

Patient characteristics and questionnaires were prospectively collected
in a local tumor registry, and the study was retrospectively designed.
Tumor grading was done by a neuropathologist. Gliomas operated prior to
the second half of 2016 were classified according to the 2007-WHO clas-
sification of central nervous system tumors and tumors operated in the
latter half of 2016 through 2018 were classified according to the 2016
WHO-classification. The operating surgeon filled out a questionnaire
immediately after the operation, where the following parameters were
retrieved: 1) Was a normal artery sacrificed during surgery (yes/perhaps/
no) 2)Was a significant vein sacrificed during surgery (yes/perhaps/no) 3)
Was the tumor heterogeneous (yes/no) 4) How was the tumor vasculari-
zation (avascular/medium vascular/very vascular) 5) How was the tumor
delineated from normal brain tissue (easily delineated/possible, but
difficult to delineate from normal brain/impossible to delineate tumor
borders 6) What was the stiffness of the tumor tissue? (softer than normal
brain, like normal brain, harder than normal brain) 7) Which tools were
used for tumor resection (ultrasonic aspirator, suction/micro scissors). The
name of the operating surgeon was also acquired and anonymized in the
analyses. At our institution, there is variability in surgical techniques and
tool preference between surgeons. In many cases, a combination of tools
and techniques are in use in individual patients, tailoring the use of tools
and techniques to the location and tumor characteristics. Moreover,
combinations of inside-out and outside-in resections and suction-based or
ultrasonic aspirator-based resections are often used. In many cases, espe-
cially in softer tumors, suction onlymight be preferred for tumor resection.

Our postoperative MRI-protocols have been described in detail earlier
(Strand et al., 2021). All patients in the study had an early postoperative
MRI control before 72 h after surgery. Infarctions were detected using
postoperative B100-sequences on diffusion-weighted images (DWI) and
apparent diffusion coefficient (ADC) maps. Areas with high signals on
B1000-images and corresponding low values on ADC-maps, which could
not be explained by other diffusion abnormalities, were defined as in-
farctions. As done in previous studies, infarctions were classified as either
rim-shaped (ischemic lesions surrounding the operation cavity),
sector-shaped or a combination of sector-and rim-shaped, and a 3 mm
radial cutoff was used to distinguish normal postoperative changes from
infarctions (Loit et al., 2019; Jakola et al., 2014).Examples of rim- and
sector-shaped infarctions are presented in Figs. 1 and 2, respective-
ly.Extent of resection was scored as either gross total tumor resection (all
radiologically visible tumor was removed) or subtotal tumor resection,
based upon early postoperative MRI controls.

2.3. Statistical analyses

Statistical analyses and descriptive statistics were performed with
IBM SPSS Statistics version 27.0 (IBM, Armonk, New York). Q-Q-plots
were used to determine normal distribution of data. Differences between
categorical and continuous variables were assessed using Fisher's exact
2

tests and Mann-Whitney U tests, respectively. Statistical significance
level was set to P � 0.05.

2.4. Ethics and approval

The study protocol was approved by the Regional Ethical Committee



Table 1
Patient characteristics at baseline.

Characteristic Value (%)

Number of operations 175
Median age in years (IQR) 56.0 (41–63)
Sex

Male 109 (62.3)
Female 66 (37.7)

Tumor histology
WHO grade 2 33 (18.9)
WHO grade 3 31 (17.7)
WHO grade 4 111 (63.4)

Primary operation
Yes 117 (66.9)
No 58 (33.10)

Table 2
Association between peritumoral infarctions and surgical risk factors.

Infarction No
infarction

P-
value

WHO grade
WHO grade 2 10

(29.4%)
24 (70.6%) 0.205

WHO grade 3 9 (29.0%) 22 (71.0%)
WHO grade 4 47

(42.7%)
63 (57.3%)

Sacrifice of functional artery during surgery
Yes 6 (30.0%) 14 (70.0%) 0.444
No 52

(40.3%)
77 (59.7%)

Perhaps 7 (29.2%) 17 (70.8%)
Sacrifice of significant vein during surgery
Yes 4 (80.0%) 1 (20.0%) 0.0290
No 58

(38.2%)
94 (61.8%)

Perhaps 2 (14.3%) 12 (85.7%)
Heterogenous tumor
Yes 40

(39.6%)
61 (60.4%) 0.513

No 25
(34.7%)

47 (65.3%)

Tumor vascularization
Avascular 24

(30.8%)
54 (69.2%) 0.0820

Medium vascular 35
(47.3%)

39 (52.7%)

Very vascular 6 (30.0%) 14 (70.0%)
Delineation of tumor from normal brain tissue
Easily demarcated 3 (20.0%) 12 (80.0%) 0.316
Possible, but difficult to delineate from
normal brain

32
(40.5%)

47 (59.5%)

Impossible to delineate tumor borders 30
(39.0%)

47 (61.0%)

Tumor stiffness
Harder than normal brain tissue 10

(23.3%)
33 (76.7%) 0.0560

Like normal brain tissue 23
(46.9%)

26 (53.1%)

Softer than normal brain tissue 23 (33.3) 46 (66.7%)
Surgical tool
Suction/bipolar/scissors/forceps 13

(26.0%)
37 (74.0%) 0.0880

Ultrasonic surgical aspirator 13
(38.2%)

21 (61.8%)

Both 40
(44.9%)

49 (55.1%)

Gross total resection
Yes 28

(30.8%)
63 (69.2%) 0.930

No 38
(45.2%)

46 (54.8%)
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for Health Region Mid-Norway (REK), (REK reference 2018/1187). All
patients provided written informed in the Health Region Mid-Norway
Brain Tumor Registry (REK reference 2015/215). The data collection
was done according to the guidelines of the Helsinki Declaration.

3. Results

Patient characteristics at baseline are presented in Table 1. 188 op-
erations were eligible, but 13 were excluded from analyses due to missing
questionnaires, leaving 175 operations for inclusion. In 16 cases the
questionnaire was incomplete as one or more items were missing.
Following the 175 operations, 66 cases (38%) had postoperative peri-
tumoral infarctions, 24 (36%) were rim-shaped and 42 (64%) infarctions
were sector-shaped. The median infarction volume was 2.4 cm3 (inter-
quartile range [IQR]) 0.9–4.0). A comparison of patients with versus
without infarctions is presented in Table 2. As seen, surgeon reported
sacrifice of a significant vein was statistically associated with infarctions,
but there is no clear “dose-response” as “perhaps” was associated with
fewer infarctions than “no”. There was no difference in the frequencies of
infarctions across different WHO grades or between patients with versus
without a gross total tumor resection. None of the other studied factors
reached statistical significance, but there was a trend for more infarctions
when an ultrasonic aspirator was used for tumor resection.

Separate subgroup analyses were done for both rim-shaped and
sector-shaped infarctions, but the results were similar to the unselected
data as presented in Table 2. However, use of ultrasonic aspirator was
associated with sector-shaped infarctions (p ¼ 0.032). As a post hoc
analysis, we assessed frequencies of infarctions and volume of infarctions
from individual surgeons at our institution in the study period. The total
frequencies of infarctions across individual surgeons were different
(range 15%–67%, p¼ 0.021) and there was a statistically non-significant
trend that infarction volumes differed across surgeons (range median
infarction volume 0.6–3.2 cm3, p ¼ 0.065).

4. Discussion

In this prospective single-center cohort study, no clear relationships
between surgeon reported intraoperative factors and peritumoral in-
farctions were observed. Still, risks may be dependent on surgical tech-
nique as infarction rates differ across surgeons. Surprisingly,
intraoperative artery damage reported by the operating surgeon was not
predictive of postoperative infarctions as seen on early postoperative
MRIs. This might reflect collateral arterial supply in some brain regions
and a more unpredictable nature of peritumoral infarctions. There was a
trend towards more infarctions in patients where the ultrasonic aspirator
was used for resections.

The main finding of our study is that postoperative infarctions are not
easily predicted based on intraoperative events. Previous studies have
found that perioperative hemodynamic monitoring and tumor location
are associated with risk of peritumoral infarctions (Bette et al., 2017;
Dutzmann et al., 2012), but intraoperative risk factors are not known.
Still, as risks may be surgeon dependent, surgical technique or ap-
proaches may play a role. For instance, an anatomical study demon-
strated that trans-gyral, para-sulcal and trans-sulcal approaches pose
different challenges in relation to functional vessels (Latini and Ryt-
tlefors, 2015). As the technical practice of glioma surgery varies greatly
(Chang et al., 2005), further research on how surgical techniques impact
the risk of peritumoral infarctions is warranted.

While it is evident that arterial damage cause infarctions, we still
found no association between surgeon reported sacrifice of presumed
functional arteries and postoperative infarctions. Several pre-and peri-
operative tools are available to plan careful dissection around major
brain vessels, and vessels in relation to the tumormay also be appreciated
3
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on preoperative T2-weighted MRI-sequences (Del Bene et al., 2018; Saito
et al., 2009). However, the cortical microvasculature is more intricate
than seen macroscopically during tumor resection (Moody et al., 1990),
and it may not be obvious for a surgeon that he or she has damaged a
functional small blood vessel. This may be further complicated by
intraoperative bleeding, making it more difficult to distinguish patho-
logical tumor vessels from functional vessels, and in an earlier study we
found that peritumoral infarction volume is positively associated with
intraoperative bleeding (Strand et al., 2021). In a publication on motor
evoked potentials (MEP) during resection of insular gliomas, it was found
that MEP correctly identifies areas of ischemia, which may help the
surgeon to correct his or her technique or surgical approach during tumor
resection (Neuloh et al., 2007). However, there are no prospective trials
that have shown better outcomes as a result of MEP.

Ultrasonic aspirators are used in a variety of neurosurgical procedures
(Henzi et al., 2019), and consists of an oscillating tip that causes tissue
fragmentation, in addition to aspirate cellular debris (Brock et al., 1984;
Epstein, 1983). Ultrasonic aspirators are designed to spare larger blood
vessels due to a higher concentration of collagen (Henzi et al., 2019;
Ramazanov et al., 1999; Tang et al., 2014), abut smaller vessels may be
destroyed during resection (Brock et al., 1984). Animal studies have
found that blood flow and nervous tissue are not affected more than 1
mm from the operation cavity using ultrasonic aspirators (Young et al.,
1981; Tamburus et al., 1984), but caution should be taken as higher
power settings in the ultrasonic aspirators may be associated with
increased damage (Bagley et al., 2001).

Although the reported incidence varies (Kageyama et al., 1996;
SAITO et al., 1998), it is known that larger venous infarctions may occur
after sacrifice of cerebral veins during surgery (Nakase et al., 2005). Yet,
due to much collateral venous circulation, and the absence of venous
valves, the relationship between common peritumoral infarctions and
sacrifice of veins is not so clear (Savardekar et al., 2018). A vein was
damaged more often in the group with infarctions and this difference
reached statistical significance; yet, the total number of events is very
small, and there was no clear dose-response relationship between “yes”,
“maybe”, and “no”, and the clinical interpretation is thus difficult.

Although we failed to detect clear explanations of infarctions seen on
early postoperative MRIs from the studied intraoperative factors, this
should motivate further studies as the clinical significance of infarctions
may be important, not at least in eloquent regions. For instance, xenon
light from modern operation microscopes have been reported to cause
damage to patients (Choudhry et al., 2013; Latuska et al., 2014; Lopez
et al., 2016), yet it does not necessarily have a significant impact on the
brain temperature under craniotomies (Gayatri et al., 2013). However,
little is known of its potential effect on cortical damage during surgery.
Moreover, it is possible that coagulation using bipolar coagulation in the
resection bed, as opposed to passive hemostasis using hemostatic agents,
which is more time-consuming, may play a role.

The main strengths of our study are the prospective collection of
variables, and the relatively large sample size. There are several limita-
tions to our study. The single center setting may result in somewhat
homogenous surgical techniques that may reduce power to detect dif-
ferences. Still, surgical techniques vary somewhat among our surgeons.
Furthermore, the questionnaire in use is not validated, which may impact
the external validity of the study. Also, the surgeon reported on their own
surgical events which may result in a reporting bias. The odd number of
alternatives in the questionnaire may have resulted in an excess of
neutral or indecisive answers for several questions. The difference in
infarctions among surgeons may also be affected by selection bias, as
different surgeons are selected for different cases.

5. Conclusion

In this single center study, no clear relationships between surgeon
reported intraoperative factors and postoperative infarctions were
observed. Still, risks seem to be surgeon dependent.
4
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