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Introduction: Brain biopsy provides important histopathological diagnostic information for patients with new
intracranial lesions. Although a minimally invasive technique, previous studies report an associated morbidity and
mortality between 0.6% and 6.8%. We sought to characterise the risk linked to this procedure, and to establish the
feasibility of instigating a day-case brain biopsy pathway at our institution.
Materials and methods: This single-centre retrospective case series study included neuronavigation guided mini
craniotomy and frameless stereotactic brain biopsies carried out between April 2019 and December 2021.
Exclusion criteria were interventions performed for non-neoplastic lesions. Demographic data, clinical and
radiological presentation, type of biopsy, histology and complications in the post-operative period were recorded.
Results: Data from 196 patients with a mean age of 58.7 years (SDþ/-14.4 years) was analysed. 79% (n¼155)
were frameless stereotactic biopsies and 21% (n¼41) neuronavigation guided mini craniotomy biopsies. Com-
plications resulting in acute intracerebral haemorrhage and death, or new persistent neurological deficits were
observed in 2% of patients (n¼4; 2 frameless stereotactic; 2 open). Less severe complications or transient
symptoms were noted in 2.5% of cases (n¼5). 8 patients had minor haemorrhages in the biopsy tract with no
clinical ramifications. Biopsy was non-diagnostic in 2.5% (n¼5) of cases. Two cases were subsequently identified
as lymphoma. Other reasons included insufficient sampling, necrotic tissue, and target error.
Discussion and conclusion: This study demonstrates that brain biopsy is a procedure with an acceptably low rate of
severe complications and mortality, in line with previously published literature. This supports the development of
day-case pathway allowing improved patient flow, reducing the risk of iatrogenic complications associated with
hospital stay, such as infection and thrombosis.
1. Introduction

Brain biopsies are surgical procedures performed to secure tissue
diagnosis and allow further targeted treatment in selected patients. In
term of modality, the specimen can be acquired: via open craniotomy,
utilizing frame-based or frameless stereotactic image guided techniques
(Kitchen et al., 1993) or newly MRI-guided robot assisted approaches
(Guo et al., 2018). Both frame-based and frameless biopsy forms are
depicted in a recent meta-analysis to have similar morbidity and mor-
tality, accuracy and diagnostic yield (Dhawan et al., 2019a; Kesserwan
et al., 2021a), with the latter being the method employed more
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commonly at our institution. Significant discrepancy exists amongst
centres in reporting complication rates (Riche et al., 2021a; Dhawan
et al., 2019b; Kulkarni et al., 1998a). In particular the incidence of
asymptomatic haemorrhage along the biopsy tract or in the tumour
cavity varies widely among publications (Lara-Almunia and Hern�an-
dez-Vicente, 2021a; Mizobuchi et al., 2019; Riche et al., 2021b), hence
the introduction of complication severity classification scales has proven
beneficial (Riche et al., 2021c; Bertrand et al., 2020a; Wellmer et al.,
2012). Significant evidence supports low level of serious complications
occurring after 6 h post intervention, opening therefore the possibility for
this procedure to be performed in a day case setting. Whilst North
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American countries have been exploring this pathway (Carrabba et al.,
2008a, 2008b), less attention was received by countries world-wide
(Grundy et al., 2008a; Bertrand et al., 2020b).

The primary aims of this study were to analyse 1) the mobility and
mortality following frameless vs “open” (neuronavigation guided mini
craniotomy) brain biopsy, and 2) the timeframe of complications
occurrence post intervention at our institution. Based upon the obtained
data, the secondary objective was to determine the safety of imple-
menting a day-case pathway for these types of procedures.

2. Methods

2.1. Ethics

The study was performed in conformity with the internal institutional
guidelines and approved by the audit and quality improvement com-
mittee (66-202122-CA), which has waived the need for informed patient
consent. This project complies with the ethical principles for medical
research stipulated in the World Medical Association Declaration of
Helsinki.

2.2. Study design and data collection

This is a single-institution retrospective case series study that includes
all patients that underwent a brain biopsy procedure for suspected pri-
mary central nervous system malignancy between April 2019 and
December 2021. Exclusion criteria were cryptogenic neurological dis-
eases, known to have a lower diagnostic yield (Mathon et al., 2022) and
complication rates influenced by other comorbidities such as immuno-
compromise (Layard Horsfall et al., 2020). The collected data was ob-
tained from the electronical medical records. The following variables
were registered: demographics, clinical presentation and symptom
duration, comorbidities, radiological characteristics, details of the sur-
gical procedure, post-operative complications within the first 30 days
and timing of onset, type of post-operative imaging. Primary outcomes
were 1) evaluation of the complication rate and diagnostic yield 2)
identification of factors associated with post-operative complications and
3) timing of adverse events. Secondary outcomes were.

2.3. Surgical procedure

2.3.1. Preoperative evaluation
All patients were reviewed by anaesthetists and underwent routine

pre-operative blood tests. Particular attention was given to the coagula-
tion parameters and platelet count, both normalized before the surgical
procedure. Oral anticoagulant therapy was stopped at least 72 h, in case
novel oral anticoagulants (NOAC) or 7–10 days ahead of the intervention
in case of antiplatelet therapy. Prophylactic low molecular heparin was
held 12h in advance.

2.3.2. Stereotactic frame-less and “open” (neuronavigation guided mini
craniotomy) biopsy procedures

The intervention was performed under general anaesthesia. The pa-
tients were positioned according to the chosen trajectory on the oper-
ating table, with the head fixed in a Mayfield head clamp. Volumetric,
three-dimensional contrast enhanced MRI 1.5 and 3 T images were ac-
quired prior to the surgery. Fiducials were utilized according to the
surgeon's preference. Four out of 198 patients (2%) were unable to have
MRI scans, hence contrast enhanced CT head scans were utilized instead.
For lesions located directly on the cortical surface, a neuronavigation
guided minicraniotomy was performed. In patients with an existing
cortical mantle covering the lesion the surgical method of choice was
stereotactic frame-less biopsy.

In this patient cohort, this step was performed with the assistance of
the StealthStationTM Medtronic optical navigation system which was the
only neuronavigation system used by the department for brain biopsies at
2

the time of data collection. Other neuronavigation systems such as the
BrainLab VarioGuide® Alignment system have been used in the past,
however were not included in this study. In terms of trajectory, the de-
cision was usually taken for the shortest pathway avoiding eloquent brain
areas. For deep seated lesions such as basal ganglia or thalamus, a frontal
approach was adopted. A passive Medtronic biopsy needle was intro-
duced in target and several samples were taken 360� around the target
area and also at different depths if the lesion was an appropriate size. For
smaller, active spots within a presumed low-grade lesion, advanced im-
aging such as perfusion scans were used to target that specific suspected
area. Brain tissue specimens were collected for smear and definitive
histopathology investigations at different depths and positions along the
same previously planned trajectory. The smear results were awaited
before closure or procedure sign-out.

2.3.3. Post-operative management
The patients were post-operatively observed in the recovery unit for a

minimum of 4 h following the procedure, depending on how prompt they
have returned to their baselines. CT or MRI scans were obtained ac-
cording to the surgeon's preference and post interventional cross-
sectional imaging was not routinely obtained before discharge from the
recovery unit to the wards, where the patients continued to be monitored
until their discharge home. Scans were obtained in case of neurological
deterioration or clinical concerns. Our institutional practice is to aim for
discharge within one to two days following surgery. Prophylactic low
molecular heparin, in case required, was commenced after 48h post
procedure.

2.3.4. Complication classification
Post-operative related complications were defined as complications

that occurred within 30 days following the procedure and that were
directly associated or as a consequence of the surgical intervention.
Complications within the first 6 h were considered “early” and equal or
more than 6 h “late”. The electronic patient records of all patients were
reviewed and complications following biopsy were categorised according
to a previously published classification system (Landriel Iba~nez et al.,
2011a; Riche et al., 2021d). This classification assigns grade 0 to patients
with no complications, and 1A to those with asymptomatic complications
(i.e. asymptomatic bleeding on post-operative CT scan). Patients with
symptomatic complications are categorised as grade 1B denoting a
symptomatic complication resolving without treatment; grade 2 a
symptomatic complication requiring treatment and resolving; grade 3
and 4 representing symptomatic complications persistent at 6 months
post-biopsy and biopsy-related death, respectively.

2.3.5. Statistics
Categorical variables were expressed as numbers or percentages and

compared with the Chi-square tests; for continuous variables, described
as means � standard deviation, student t-test was applied. Statistical
significance was set as p value < 0.05. The statistical analyses were
performed with the IBM SPSS software (Version 28, IBM Comp.).

3. Results

3.1. Patient characteristics

Following data collection 196 patients were identified and included
in the study. Mean age at presentation was 58.7 years (range 18–84
years, SDþ/-4.4 years). There was a high incidence of cardiovascular
disease (n¼58; 29.5%) and anticoagulant use (n¼24; 12.2%) among the
patient population. Further thirteen percent of the patients were diag-
nosed with diabetes mellitus. 23.5% of the patients had a previous un-
related cancer diagnosis. Twenty-six patients (13%) had no significant
past medical history whereas sixty-eight (34%) had two or more
comorbidities (Table 1).



Table 2
Patient characteristics including comparison of patients with and without
complications.

Characteristics All
biopsies
(%)

Without
complications
(%)

With
complication
grades 1A-4 (%)

P
value

Total 198 180 (90.9%) 18 (9.1%)
Number male:female 122:76 109:71 13:5 0.45
Mean age at biopsy
(years)

58.7
(�14.4)

58.5 (�14.6) 60.5 (�13.2) 0.58

Type of surgery
Stereotactic biopsy 156

(78.8%)
144 (80.0%) 12 (66.7% of

total
complications)

0.22

Neuronavigation
guided mini
craniotomy biopsy

42
(21.2%)

36 (20.0%) 6 (33.3% of total
complications)

0.22

Radiological appearances
Supratentorial 192

(98%)
174 (97.8%) 18 (100%) 1.00

Superficial (<2 cm
from cortical
surface)

129
(65.8%)

118 (66.3%) 11 (61.1%) 0.79

Size <1 cm3 5 (2.6%) 5 (2.8%) 0 (0%) 1.00
Size >1 cm3 191

(97.4%)
173 (97.2%) 18 (100%) 1.00

Contrast enhancing 173
(88.3%)

155 (87.1%) 18 (100%) 0.14

Unifocal 137
(69.9%)

126 (70.8%) 11 (61.1%) 0.43

Perifocal oedema 87
(44.4%)

80 (44.9%) 7 (38.9%) 0.80

Table 3
Tumour locations of patients undergoing brain biopsy.

Total

Multi-focal 20
Butterfly 18
Involving two lobes 23
Single lobe Left-sided, n (%)
Frontal 30 16 (53%)
Parietal 22 8 (36%)
Temporal 32 22 (69%)
Occipital 3 1 (33%)
Deep seated
Insula 13
Thalamus 9
Basal ganglia 7
Deep white matter (cingulum, centrum semiovale) 5

Table 1
Breakdown of presenting symptoms and their duration, and patient co-
morbidities.

n (%)

Presenting symptoms Motor deficit 68 (34.7%)
Headaches 46 (23.5%)
Seizures 44 (22.4%)
Cognition and memory problems 45 (23%)
Aphasia 36 (18.4%)
Sensory deficit 16 (8.2%)
Dizziness 20 (10.2%)
Confusion 6 (3.1%)
Visual impairment 7 (3.6%)
Incidental 12 (6.1%)

Duration of symptoms Hyperacute (1–2 days) 21 (10.7%)
Acute (3–10 days) 31 (15.8%)
Subacute (11–30 days) 56 (28.6%)
Chronic (>30 days) 81 (41.3%)

Co-morbidities None 26 (13%)
Cardiovascular disease 58 (29.5%)
Anticoagulant use 24 (12.2%)
Diabetes mellitus 26 (13.2%)
Epilepsy 5 (2.6%)
Previous cancer 46 (23.4%)
Autoimmune disease 6 (3.1%)

Substance abuse Tobacco use 16 (8.2%)
Alcohol misuse 3 (1.5%)
Recreational drug use 1 (0.5%)

Number of co-morbidities None 26 (13%)
One 51 (26%)
Two 46 (23%)
More than two 22 (11%)

F. Jozsa et al. Brain and Spine 3 (2023) 101763
4. Presenting symptoms

The most common presenting symptom were motor deficits (68 pa-
tients; 34.7%), followed by headaches (23.5%), memory and cognitive
impairment (23%) as well as seizures (22.4%). Aphasia (18.4%), sensory
deficits (8.2%), and visual deterioration (3.6%) were less common.
Predominantly, the patients (n¼108; 55%) displayed a single symptom at
presentation. 54 (28%) of patients reported two concurrent symptoms,
whereas only 23 (12%) had more than two complaints. In eleven patients
(6%) the diagnosis was made incidentally. In terms of symptom onset,
patients exhibited chronic symptoms (defined as >30 days) in 41% of
cases (n¼56). Subacute (11–30 days) and acute (3–10 days) onset was
found in 15.8% and 28.5% of patients, respectively. Only 21 patients
(10.7%) presented within a hyperacute period (24–48 h from onset).
Periventricular 4
Ventricular 2
Eloquent areas
Motor strip 4
Somatosensory cortex 1
Other
Brainstem 3
Falx 1
Cerebellum 1
Total 198
4.1. Characteristics of lesions on imaging

In terms of imaging, MRI led to the diagnosis of brain tumours in the
vast majority of cases and only 2% (n¼4) of brain biopsies were per-
formed based on CT scans alone. We were unable to retrieve pre-
operative scans in a single patient. Characterisation of lesions on pre-
operative imaging showed 2.6% (n¼5) measuring less than 1 cm3, with
69.9% being unifocal and 30%multifocal. 88.3% of lesions demonstrated
contrast enhancement, and 44.4% had perilesional oedema. Two-thirds
of lesions were superficial (located less than 2 cm from the cortical sur-
face; n¼129; 66%), and 34% of lesions were in deep structures. Table 3
details the tumour locations for the patients in this cohort.
4.2. Biopsies performed and rates of clinical complications

A total of 198 biopsies were performed (n¼2 patients undergoing
biopsy twice) of which 157 interventions were stereotactic (79%) and 41
neuronavigation guided mini craniotomy biopsies (21%). 178 proced-
ures (89.8%) were performed with no complications (grade 0). 67 pa-
tients underwent CT imaging post operatively, of which 9 (13.4%) had
asymptomatic haemorrhage (grade 1A). Among these 9 patients, the CT
3

head scan had been requested by the senior surgeon as routine in 6 cases.
In 4 cases this was between 3 and 4 h post-operatively, and in 3 cases this
was at 24 h post-procedure. In the remaining 3 patients, the CT scan was
requested for headache 5 h post-procedure, confusion 48 h post-
procedure, and superficial bruising around the eye at 24 h post-
procedure.

The number of patients with symptomatic complications was 4.5%
(Fig. 1). Grade 1B complications occurred in 2 patients (1%), consisting
of transient dysarthria, both with onset within 4 h postoperatively and
resolving within 12 h, and 5 days, respectively. Grade 2 complications
were reported in 3 patients (1.5%). One patient had a self-terminated
isolated episode of focal seizure on postoperative day 3 and was



Fig. 1. Breakdown of rate of complications following brain biopsy.
Symptomatic complications (4.5%; purple) are subdivided into grade 1B, 2, 3, and 4 in the column. (For interpretation of the references to colour in this figure legend,
the reader is referred to the Web version of this article.)

Table 4
Histopathology results of brain biopsy cohort.

Histopathology results n (%)

Primary CNS tumour Total 176 (89%)
Grade 4 glioma 118 (59%)
Grade 3 glioma 6 (3%)
Grade 2 glioma 17 (8.6%)
Grade 1 glioma 1 (0.5%)
Primary CNS Lymphoma 31 (16%)
Low grade glioma (NOS) 3 (1.5%)

Metastasis Total 11 (5.6%)
Lymphoma 6 (3%)
Breast 3 (1.5%)
Melanoma 2 (1%)

Miscellaneous Total 5 (2.5%)
Primary melanoma 1 (0.5%)
Radiation necrosis 1 (0.5%)
Inflammatory demyelination 1 (0.5%)
Progressive multifocal leukoencephalopathy 1 (0.5%)
T-cell infiltration 1 (0.5%)
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treated with levetiracetam, after which no further seizure activity
occurred. A second patient reported postoperative right-sided paraes-
thesia 10 h postoperatively and was treated with intravenous levetir-
acetam. CT imaging showed a small volume subarachnoid haemorrhage,
and the patients symptoms resolved 48 h later. A third patient a devel-
oped worsening hemiparesis compared to their preoperative status, and
this resolved with intensive physiotherapy.

One patient (0.5%) had a grade 3 complication, having developed
recurrent seizures and new hemiparesis approximately 9 h following
biopsy, with no corresponding evidence of haematoma, lesion progres-
sion, or oedema on imaging. The patient was diagnosed with Todd's
paralysis and eventually supplementary motor area (SMA) syndrome and
discharged with residual left-sided weakness. Three patients died as a
result of complications following biopsy (grade 4 complication, 1.5%), all
with intracerebral haemorrhage presenting as acute drop in GCS within
the first 2 h following surgery (Table 5).

Univariate analysis of the patient cohort with Fisher's exact test and
unpaired t-tests revealed that no patient characteristics, clinical features
or imaging findings were associated with an increased risk of developing
complications. The corresponding p-values for each characteristic are
detailed in Table 2.

4.3. Histopathology results

Biopsy yielded a histopathological diagnosis in 97% of cases (n¼194).
Among the diagnostic biopsies, 176 (89%) found a primary malignancy,
of which 67% were WHO grade 4 (n¼118). Within this group the large
majority were glioblastoma (n¼111, 94.1%) while 7 patients had diffuse
midline glioma (5.4%). Thirty-one tumours were primary CNS lym-
phoma and 11 were metastasis from a distal primary malignancy (see
Table 4). Immunohistochemistry and molecular profiling were success-
fully performed on 98.9% (n¼196) of cases, with insufficient tissue
hindering these investigations in only two patients. The number of non-
diagnostic biopsies was 5 (2.5%), two of them being primary CNS
4

lymphoma patients who subsequently underwent a second intervention
for conformation of the diagnosis. Neither of these patients were on
steroids at the time of the initial biopsy. The remaining three non-
diagnostic biopsies occurred in the following scenario: insufficient sam-
pling (n¼2) and finding of normal cortical tissue (n¼1). Among patients
with a diagnosis of primary CNS lymphoma, 4 had biopsies whilst taking
dexamethasone, or had been taking within the previous 24 h. None of
these biopsies were non-diagnostic.

5. Discussion

This study indicates that symptomatic complications following brain
biopsies are an infrequent occurrence, making this type of surgery a safe



Table 5
Timeline of significant morbidity and mortality following biopsy (grade 3 and 4 complications).

Patient 1 Patient 2 Patient 3 Patient 4

Age, sex 61, M 36, F 74, M 60, M
Co-morbidities nil Alcohol misuse, on

anticoagulation
Hypertension, on anticoagulation nil

Biopsy type Stereotactic Neuronavigation guided mini
craniotomy

Stereotactic Neuronavigation guided mini
craniotomy

Lesion location Right temporal lobe Falx Bilateral periventricular Right frontal lobe
Lesion characteristics Unifocal, superficial Multifocal, superficial Deep, multifocal Unifocal, superficial
Final histology Glioblastoma Metastasis from primary

melanoma
PCNSL Glioblastoma

Complication Death Death Death Persistent hemiparesis and
focal seizures

Complication grade 4 4 4 3
Post-biopsy scan findings Large volume parenchymal and

intraventricular haemorrhage
Haemorrhage in biopsy bed
with oedema

Intracerebral and intraventricular
haemorrhage

No haemorrhage or ischaemia

Time from biopsy to
deterioration

2 h 1.5 h 2 h 9.5 h
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procedure. Fatal complications were found only in a minority of patients
(n¼3; representing 1.5%) as well as post-interventional new neurological
deficits (n¼1; 0.5%). This raises the number of severe incidents to an
overall of 2%. Further transient neurological symptoms, that spontane-
ously regressed or required medication and consequently corresponding
to severity grades 1b and 2 respectively, were present in 5 patients (2%).
These rates are in line with those reported in a recent meta-analysis of
patients undergoing frame based stereotactic procedures. Rieche et al.
(Riche et al., 2021e) estimated the mortality rate of stereotactic,
frame-based, performed brain biopsies to 1% (with a range in between
0% and 4%), whereas 3.5% (range 0–8.6%) of the patients were reported
to have developed symptomatic complications. In a further recent
meta-analysis, comparing the safety and diagnostic yield of frame-based
versus frame-less brain biopsies. Kesserwan et al. (2021b), found no
significant difference between these two modalities, with an estimated
mortality of 2% for frame-base and 2.2% for the frame-less performed
procedures. As depicted in Tables 2 and in our cohort of patients there
were no significant differences in terms of symptomatic complications or
fatality rate between open and frame-less stereotactic interventions.

The use of a complication severity score (Landriel Iba~nez et al.,
2011b; Riche et al., 2021f) has facilitated reporting the rate of asymp-
tomatic haemorrhage detected in post interventional performed CT head
scans in a systematic fashion. We emphasize with this occasion the ad-
vantages brought by such a grading score in the view of a widely variable
rate described in the literature, ranging between 7% and 60% (Riche
et al., 2021g; Kulkarni et al., 1998b; Kesserwan et al., 2021c; Pasternak
et al., 2021a). Just above one third of our patients underwent a routine
CT head scan with 13.4% (n¼9) having a confirmed asymptomatic
bleeding. The decision to obtain a post-operative scan was made ac-
cording to the preference of the senior operating surgeon and not based
on clinical deterioration or complaints. When compared with the patients
who had no haemorrhage on postoperative imaging, there were no sta-
tistically significant differences in age (p¼0.182), comorbidities such as
hypertension (0.46), or anticoagulant use (p¼0.291). Furthermore, there
was no significant difference in the rate of asymptomatic haemorrhage
following stereotactic (n¼6) versus open (n¼3) biopsy (p¼0.35).

Lara-Almunia et al. (Lara-Almunia and Hern�andez-Vicente, 2021b),
have looked into factors that could drive asymptomatic haemorrhage in
stereotactic brain biopsies, concluding that the literature shows variable
and discrepant data with regards to the risk of bleeding according to
location (deep versus superficial brain lesions) or histological grade
(benign versus malignant). On the other hand, Riche et al. (2021h), has
found that patients diagnosed with glioblastoma, and lymphoma are
overall more prone to post interventional complications. Histopatho-
logical diagnosis confirmed high-grade tumours in 83.6% of our patients,
which accounts for the vast majority in this cohort. Low-grade tumours
represent as expected a minority, as brain biopsies are not routinely
5

indicated this subgroup of patients. High grade tumours are well vascu-
larized lesions, known to dispose over a significant capacity of angio-
genesis (Ahir et al., 2020), increasing at least theoretically the
susceptibility towards bleeding. Kesserwan et al. (2021d), describe in
their meta-analysis a higher and statistically significant rate of asymp-
tomatic haemorrhage in frame-less performed procedures compared to
frame-based brain biopsies (20% versus 15.7%). This difference however
became insignificant when the authors excluded the study conducted by
Michaud et al. (2013), which assumes that the above-described higher
rate could be attributed to the post-operative CT head scan being per-
formed earlier in the included patients that underwent frame-based
procedures. Further risk factors correlated with a higher complication
rate as identified by Rieche et al. (Riche et al., 2021i,j) were age above 65
years, gadolinium enhanced and infratentorial lesions as well as per-
forming a second intervention; with gadolinium-enhanced lesions being
a sign of malignancy and subsequently of increased lesion
vascularisation.

The histopathological diagnosis of the three patients deceased in our
study revealed three different types of malignant tumours: glioblastoma,
lymphoma and metastasis. Consequently, it is impossible to draw an
adequate conclusion in this respect from our data.
5.1. Precision and diagnostic yield

In terms of accuracy and precision, we were able to secure histo-
pathological diagnosis in 97% (n¼194) of the performed brain biopsy
interventions. These figures are comparable to those published in 2019 in
a metanalysis written by Dhawan et al. (2019c), that attributed a diag-
nostic yield between 84 and 100% to the frame-based and between
86.6% and 100% to the frame-less procedures. Our cohort consisted of 67
cases (34.2%) deep seated lesions, defined as located below 2 cm from
the cortical surface and 5 (2.6%) cases of tumours below 1 cm in size.
Five brain biopsies (2.5%) were non-diagnostic. Broken down according
to the surgical technique and depth of the tumours: one lesion was
located superficially and biopsied via a neuronavigation guided mini
craniotomy; the rest four patients underwent a frame-less stereotactic
procedure. The latter group comprised of two superficial and two
deep-seated tumours. Overall, this results in a 2.5% (4 out of 156 cases)
inaccuracy or incapacity to obtain diagnosis for the frame-less technique
and 2.4% (one out of 42 cases) for neuronavigation guided mini crani-
otomy surgery; two out of 67 patients with deep seated lesions received
initial negative results, corresponding to a 5.85% rate of unsuccessful
biopsies for this location. In terms of histology, it is worthy to mention
that 2 out of 5 non-diagnostic cases were primary CNS lymphomas,
subsequently confirmed following a second surgical intervention. None
of these patients had been on steroids before surgery. The remaining
three non-diagnostic biopsies occurred in the following scenario:
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insufficient sampling (n¼2) and finding of normal cortical tissue (n¼1).
We have deliberately excluded from our study patients with cryptogenic
neurological conditions, considering the higher reported rate of com-
plications and non-diagnostic samples (Pasternak et al., 2021b).

5.2. Brain biopsy for primary CNS lymphomas and steroids treatment

In our cohort, 31 patients had a final diagnosis of primary CNS lym-
phoma, four of which had taken dexamethasone within 24 h prior to
biopsy. Despite widely accepted beliefs in neurosurgical practice about
the detrimental effects of dexamethasone administration of the diag-
nostic yield of brain biopsy, several studies indicate that this assumption
is not always supported (Bullis et al., 2020; Porter et al., 2008; Binnahil
et al., 2016). In line with these results, all 4 patients taking steroids at
time of biopsy yielded a pathological diagnosis. Two patients with a final
diagnosis of primary central nervous system lymphoma (PCNSL) under-
went repeat biopsies following non-diagnostic histopathology results,
however, neither of these patients were taking steroids at the time of
biopsy. Additional cases where the MRI lesion regressed and became
unsuitable for biopsy after steroid administration are not captured in this
series.

5.3. Complications timeline

Significant amounts of evidence, emerging both from prospective and
retrospective studies supports the fact that severe or lethal post proced-
ure complications arise in the first 6–12 h, with the majority occurring
within the first 2 h following intervention (Riche et al., 2021i,j; Lar-
a-Almunia and Hern�andez-Vicente, 2021c). Our study enforces these
findings, with grade 4 complications in our cohort occurring with pre-
dilection in the first 2 h (Table 5). Table 6 details the timeline and evo-
lution of less severe and non-fatal complications following biopsy (grade
1B and 2). Of the 5 patients in this group, 2 presented within 6 h
post-biopsy, whereas a third presented at 9 h. The remaining 2 patients
presented with dysphasia on day 3 post-biopsy. We emphasize that
infection was not an encountered complication in this study, with no
post-operative infections reported within 30 days, and furthermore, no
procedure-related readmissions following biopsy in this period. These
findings, consequently, advocate that major adverse events are unlikely
to arise later than a few hours, making brain biopsies a potentially
appropriate procedure for a day-case pathway given the correct initial
clinical observation period and correct patient safety netting.

5.4. Developing brain biopsy as an elective day-case procedure

The use of day-case pathways in elective brain biopsy patients has
been previously reported (Grundy et al., 2008b; Vallejo et al., 2022;
Boulton and Bernstein, 2008), however it has been rarely integrated in
the UK neurosurgical practice (https://www.gettingi-
trightfirsttime.co.uk/surgical-specialty/cranial-neurosurgery/a). The
recent Getting It Right First Time Cranial Neurosurgery report
(https://www.gettingi-
trightfirsttime.co.uk/surgical-specialty/cranial-neurosurgery/b) high-
lighted the need to perform procedures as a day-case where possible,
reducing patient risks of iatrogenic infection, thromboembolism, and
delirium, as well as improving system costs and logistical management
issues. Our study outlines that severe or fatal post interventional com-
plications have a low rate of occurrence following brain biopsy.
Furthermore, severe complications were found to occur predominantly
within the first 2 h post-procedure, and, in our cohort, not later than 10 h
(Table 5).

This is in line with previously published results showing prompt
presentation of post-procedure complications within 4–8 h (Kaakaji
et al., 2001; Warnick et al., 2003; Bhardwaj and Bernstein, 2002). In
order to safely identify and treat and such complications that arise,
pathways recommend a) post-operative CT scanning at 2–4 h, and b)
6
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observation and clinical review for a further 2 h to ensure vital signs are
stable and the patient is eating and drinking. Successful and safe insti-
gation of a day case biopsy pathway must also include adequate
pre-operative planning with up-to-date pre-operative neuroimaging,
screening by the anaesthetic team and routine blood tests, as well as
ensuring patients stop anticoagulation medication within an appropriate
time frame before admission. Fig. 2 outlines a proposed pathway for
integration of a day case brain biopsy pathway within the hospital
neurosurgical multi-disciplinary team.

6. Limitations

This study has several limitations. In the first instance there are the
inherent disadvantages of a retrospective case-series study, for example
the occasional loss of imaging data (n¼1 in our study), or the inability to
entirely control for confounding factors among the observed group.
Secondly our institution is a tertiary centre, which brings with itself a
predisposition towards selection bias. It is worthy to mention however
that the advantage of such a centre is the experience and the high-volume
Fig. 2. Proposed day case
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case load. Further, there are differences in practice amongst neurosur-
geons both in the surgical technique preferred and in the post-operative
care. In example, we have highlighted the fact that only a proportion of
the patient undergoing brain biopsied had post-operative imaging.
Hence, we were not able to completely report how many patients from
our cohort had asymptomatic haemorrhage along the biopsy tract, which
may or may not be regarded as a significant complication. Finally, we
have reported the complication rate in a simple, standardized manner
utilizing a previously published grading scale. Nevertheless, it cannot be
conclusively and unanimously stated what exactly it is defined to be a
post brain biopsy complication.

7. Conclusion

We report our data on 198 brain biopsies and demonstrate that in our
series frameless stereotactic biopsy or neuronavigation guided mini-
craniotomy brain biopsy is a procedure with a low rate of severe com-
plications and mortality. We demonstrate that all complications occurred
within a 10-h period and therefore this supports the development of
brain biopsy pathway.
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short-stay pathway allowing improved patient flow, and with the po-
tential to reduce the risk of iatrogenic complications associated with
hospital stay, such as infection and thrombosis.
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