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Abstract

Awake neurosurgical procedures for brain tumor resections are uncom-
mon in the pediatric population, and careful consideration is required
regarding the patient’s cognitive maturity, emotional readiness, and
ability to cooperate throughout the intraoperative mapping process.
The functional significance of the tumor location may demand precise
neurological monitoring, while minimizing sedation to maintain patient
responsiveness during cortical stimulation and language testing. We
present the case of a 14-year-old patient who was diagnosed with a left
temporal lobe tumor. Neuroimaging revealed a lesion with radiological
characteristics and clinical correlation highly suggestive of a low-grade
glioma. The tumor was situated within the dominant hemisphere, near
eloquent cortical regions critically involved in language processing and
memory function. These anatomical considerations posed a significant
challenge to achieving maximal resection while minimizing the risk of
neurological deficits. After thorough multidisciplinary discussion, the
neurosurgical team opted for an awake craniotomy. This approach was
chosen to facilitate intraoperative cortical and subcortical functional
mapping, allowing real-time monitoring of language and cognitive
functions. The primary objective was to achieve the greatest possible
extent of safe tumor resection while preserving essential neurological
functions and ensuring the patient’s long-term quality of life. Anesthet-
ic management of this patient was particularly challenging, as intraop-
erative seizures were a major concern due to both the tumor’s cortical
irritability and the stimulation required for functional mapping. We ad-
ministered a combination of propofol and ketamine (ketofol) to provide
monitored anesthesia care during the procedure. Preoperative planning
included seizure prophylaxis, clear communication with the neurosur-

Manuscript submitted July 28, 2025, accepted August 25, 2025
Published online September 17, 2025

aDepartment of Anesthesia and Intensive Care, American Hospital, Tirana,
Albania

®Department of Surgery, Service of Anesthesia and Intensive Care, University
of Medicine, Tirana, Albania

“Department of Clinical Sciences and Translational Medicine, Tor Vergata
University of Rome, Rome, Italy

dCorresponding Author: Rudin Domi, Department of Surgery, Service of An-
esthesia and Intensive Care, University of Medicine, Tirana, Albania.

Email: rudin.domi@umed.edu.al

doi: https://doi.org/10.14740/jmc5178

gical and neuropsychology teams, and the development of contingency
strategies for airway management in the event that conversion to gen-
eral anesthesia became necessary. This case underscores the complex-
ity of pediatric awake craniotomy and highlights the importance of a
multidisciplinary, individualized approach to optimize patient safety
and surgical outcomes.
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Introduction

Awake craniotomy (AC) is a specialized surgical technique fre-
quently employed to maximize tumor resection in cases where
the lesion is in brain regions critical for speech and motor func-
tion. By keeping the patient awake during key parts of the pro-
cedure, surgeons can perform real-time functional mapping and
monitoring, allowing them to identify and preserve essential
brain areas responsible for language, movement, and other vital
neurological functions. This approach helps maximize the extent
of lesion removal while minimizing the risk of postoperative
neurological deficits, ultimately improving patient outcomes and
quality of life. In selected cases, this technique may also be ap-
plied to supratentorial tumors without the need for mapping, aim-
ing to reduce hospital and intensive care unit stays, minimize the
risks associated with general anesthesia, lower healthcare costs,
and promote the feasibility of ambulatory neurosurgery [1].
Pediatric neuroanaesthesia represents a distinct subspe-
cialty that demands expertise in both pediatric and neuroanes-
thetic principles. Children undergoing neurosurgical procedures
exhibit age-dependent physiological and anatomical variations
that significantly influence perioperative management strategies.
These differences underscore the need for a specialized approach
distinct from adult neuroanaesthesia [2]. The anesthetic care of
pediatric neurosurgical patients encompasses unique challenges
in pharmacology, airway management, hemodynamic control,
intraoperative monitoring, and postoperative neurological assess-
ment. Moreover, communication barriers in younger children of-
ten complicate perioperative neurological evaluation. Although
the fundamental principles of neuroanesthesia such as maintain-
ing cerebral perfusion, controlling intracranial pressure, ensuring
adequate neuromonitoring, and promoting early postoperative
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Figure 1. Ketofol (ketamine and propofol) in pump continuous infusion
(intraoperative original anesthesia team photo).

recovery are like those in adults, their application in the pediatric
population requires a careful adaptation [3]. Further considera-
tions include age-specific variations in airway anatomy, vascular
access challenges, differential blood volume management, and
tailored anesthetic drug dosing. These factors collectively differ-
entiate pediatric neuroanaesthesia from its adult counterpart and
highlight the importance of dedicated training and experience in
this field. In our institution, we adapted total intravenous anes-
thesia using the combination of ketamine and propofol and moni-
tored anesthesia care (MAC) protocol. In addition, ketamine has
proven to be both safe and effective in pediatric patients across
diverse clinical contexts, reinforcing its utility as a flexible anes-
thetic agent in neuroanesthesia and critical care practice [4]. We
present the case of a 14-year-old patient with a left temporal lobe
low-grade glioma who underwent AC for maximal safe resec-
tion. Anesthetic management with a ketamine-propofol infusion
ensured stable sedation, preserved spontaneous ventilation, and
enabled reliable intraoperative mapping. This case highlights the
feasibility and benefits of ketamine-propofol combination in the
challenging context of pediatric AC.

Case Report

Investigations

A 14-year-old male (his weight was 45 kg and height 155 cm),
previously healthy and physically active as a soccer player, was

Figure 2. Standard monitoring and invasive blood pressure monitoring
through left radial artery cannulation (intraoperative original anesthesia
team photo).

referred to our center with radiological findings suggestive of a
low-grade glioma in the dominant temporal lobe. He was born
at term after an uneventful pregnancy and had normal psycho-
motor development. Ten days prior to admission, he began ex-
periencing partial epileptic seizures, which prompted imaging
studies confirming the diagnosis. Preoperative evaluation, in-
cluding detailed neurological and psychological assessments,
demonstrated no contraindications for AC. Given the tumor’s
location within eloquent cortex, the surgical plan consisted of
resection under the MAC technique with intraoperative lan-
guage and motor mapping to maximize safe tumor removal.

Diagnosis

Upon arrival in the operating room, standard monitors were
applied, and premedication with 2 mg of midazolam was ad-
ministered for anxiolysis and seizure prophylaxis. Anesthesia
induction included 60 mg of propofol followed by continuous
infusion of ketamine (100 mg) and propofol (500 mg) at a rate
of 15 - 20 mL/h (Fig. 1). A radial arterial line was inserted for
continuous blood pressure monitoring (Fig. 2). A scalp block
with lidocaine 2% was performed by the surgical team, and the
patient’s head was positioned in a Mayfield head holder.

Treatment

The procedure was conducted using the MAC protocol, with
supplemental oxygen delivered via a nasal cannula and continu-
ous monitoring to ensure adequate oxygenation and patient safe-
ty (Figs. 3-5). After craniotomy and dural opening, anesthetic
agents were tapered, and the patient emerged smoothly. Intra-
operative neurological examination was conducted by a neu-
rologist, and language mapping was performed through direct
cortical stimulation. Tumor resection proceeded without compli-
cations or seizure activity. Following tumor removal, anesthesia
was reinitiated using the same ketamine-propofol infusion.
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Figure 3. Monitored anesthesia care technique (intraoperative original
anesthesia team photo).

Follow-up and outcomes

Surgical closure was completed uneventfully. The patient
emerged from anesthesia without new neurological deficits
and was transferred to the post-anesthesia care unit in stable
conditions, before being admitted to the ward for continued
monitoring. His postoperative course was favorable, with no
complications, and follow-up imaging confirmed adequate tu-
mor resection. He was discharged home in good neurological
condition.

Figure 4. Awake phase and patient interaction with physicians (intraop-
erative original anesthesia team photo).

Figure 5. Patient interaction during awake phase procedures with phy-
sicians (intraoperative original anesthesia team photo).

Discussion

AC represents a highly complex and technically demanding
neurosurgical procedure. Its success relies not only on surgi-
cal expertise but also on meticulous perioperative management
aimed at maximizing efficacy while ensuring patient safety.
This necessitates the coordinated involvement of a multidis-
ciplinary team, typically including an anesthesiologist, neu-
rologist, neurophysiologist, and neurosurgeon. Effective and
precise communication among team members is critical, par-
ticularly during functional mapping and tumor resection, as it
directly impacts intraoperative decision-making and neurolog-
ical outcomes. The multidisciplinary approach allows for real-
time assessment of patient function, facilitates the preservation
of critical neurological structures, and ultimately enhances the
safety and effectiveness of the procedure.

Indications and contraindications of AC

AC is commonly performed to enable intraoperative functional
mapping during the resection of brain tumors located near elo-
quent cortical regions, with the goal of maximizing tumor remov-
al while preserving neurological function in the postoperative
period. During AC, the patient remains conscious during the map-
ping and tumor resection phases, allowing for real-time neuro-
logical assessment at critical stages of the procedure. Indications
for AC include resection of tumors and epileptogenic foci located
in eloquent areas of the cortex regions responsible for motor,
sensory, and language functions that are essential to the patient’s
daily activities and professional life [5, 6]. Contraindications to
AC include sleep apnea, low tolerance to pain, claustrophobic
patients, difficult airways, morbid obesity, persistent coughing,
uncooperative behavior, and raised intracranial pressure. Table 1
summarizes indications and contraindications of AC.

Our patient underwent a comprehensive preoperative evalua-
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Table 1. Indications and Contraindications of AC

Indications

Contraindications

Tumor localized near eloquent brain
Epileptic foci in motor/sensor/speech zones

Ambulatory neurosurgical facilitation

Sleep apnea

Decreased pain tolerance
Claustrophobia

Anticipated difficult airways
Active persistent cough
Morbidly obesity

Preoperative increased intracranial pressure

AC: awake craniotomy.

tion, including neurological, anesthetic, and psychological as-
sessments, and was deemed an appropriate candidate for AC.
He met all anesthetic and surgical criteria, with imaging and
clinical findings confirming the need for resection of a low-
grade glioma in the dominant temporal lobe. Considering his
young age and active lifestyle as a soccer player, the preserva-
tion of cognitive, language, and motor functions was of para-
mount importance. AC provided the unique advantage of real-
time intraoperative functional mapping, allowing the surgical
team to identify and preserve eloquent cortical areas while
achieving maximal tumor resection. This approach signifi-
cantly reduces the risk of postoperative neurological deficits,
thereby optimizing the patient’s quality of life and increasing
the likelihood of returning to high-level physical activity. The
procedure was completed uneventfully, and the patient was
safely transferred to the ward postoperatively.

Anesthesia techniques of AC

There are two main anesthetic approaches for AC: the asleep-
awake-asleep (AAA) technique and MAC protocol. Following
standard monitoring and local anesthetic infiltration performed
by the surgeon, either approach may be selected based on institu-
tional protocols or practitioner preference. The AAA technique
involves the induction of general anesthesia with endotracheal
intubation or insertion of a laryngeal mask during the initial
phase (up to dural opening) and the final phase (after tumor
resection and hemostasis). The patient is awakened during the
intermediate phase for cortical mapping and tumor resection. In
contrast, the MAC technique involves continuous sedation with
planned awakening during the second phase for intraoperative

Table 2. Advantages of Ketamine in AC Procedures

Advantages of ketamine

Antiepileptic
Analgesic
Hemodynamic stability
Opioid sparing effect

Neuroprotection

AC: awake craniotomy.

mapping and tumor removal, like the AAA approach.

At our center, MAC technique has been utilized in approxi-
mately 23 AC procedures between 2019 and 2025, all conducted
in accordance with our institutional anesthesia protocol. Nota-
bly, this case represents the first application of this approach in
the pediatric population at our institution, underscoring both its
feasibility and clinical relevance in this age group. Our institu-
tional anesthesia protocol for AC begins with the administration
of an intravenous bolus of midazolam (0.03 mg/kg), primarily
for anxiolysis and as a prophylactic measure against intraop-
erative seizures. This is followed by an intravenous bolus dose
of propofol (1 mg/kg) to initiate sedation and facilitate patient
comfort during the preparatory surgical phase and Mayfield
fixing in the skin after local anesthesia made by the surgeon.
Subsequently, a continuous infusion of propofol and ketamine
is commenced, prepared in a standardized propofol-to-ketamine
ratio of 5:1 (corresponding to 500 mg of propofol and 100 mg
of ketamine in a single infusion pump). The use of this com-
bination, commonly referred to as “ketofol” provides several
clinical advantages. Propofol ensures rapid onset of sedation
and favorable recovery characteristics, while ketamine contrib-
utes potent analgesia and maintains respiratory drive, thereby
reducing the risk of hypoventilation or airway compromise.
Moreover, ketamine’s sympathomimetic properties counterbal-
ance the dose-dependent hypotension associated with propofol,
promoting greater hemodynamic stability throughout the proce-
dure. The combined effect allows for lighter yet effective seda-
tion, minimizing the need for high doses of either drug alone or
ensuring that patients remain cooperative during intraoperative
neurological testing. Standard monitoring modalities, including
electrocardiography, pulse oximetry, and capnography, were
continuously applied, complemented by invasive arterial blood
pressure monitoring via radial artery cannulation to enable pre-
cise and continuous hemodynamic assessment during all phases
of the procedure. After craniotomy and safe dura mater open-
ing, the patient was awakened to enable neurological monitor-
ing and real-time communication with the neurosurgical team.
Upon completion of tumor resection and meticulous hemostasis,
sedation was resumed for wound closure.

The novel application of ketamine in AC

Ketamine, a phencyclidine-derivative dissociative anesthetic,
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primarily exerts its pharmacological effects via non-competi-
tive antagonism at N-methyl-D-aspartate (NMDA) receptors,
conferring sedation, analgesia, neuroprotection, and antiepi-
leptic activity. Beyond its NMDA receptor blockade, ketamine
may also modulate opioid, monoaminergic, and cholinergic
pathways, enhancing its multimodal action profile [7]. Histori-
cally, ketamine’s use in neurosurgical and neurocritical care
has been limited by concerns about increased intracranial pres-
sure (ICP). However, several clinical studies report statistical-
ly significant decreases in ICP following ketamine bolus ad-
ministration in patients with traumatic brain injury (TBI) [8].
These findings have been supported by a systematic review
concluding that ketamine does not elevate ICP in sedated, ven-
tilated TBI patients, and may even reduce it in specific cases
[8].

A further advantage of ketamine is its stimulatory effect

on the sympathetic nervous system, which supports systemic
blood pressure and cardiac output, thereby preserving cer-
ebral perfusion pressure particularly critical in hemodynami-
cally compromised patients. Preclinical and clinical research
has also highlighted ketamine’s ability to attenuate cortical
spreading depolarizations (SDs) pathologic electrophysiologi-
cal waves associated with secondary neuronal injury. Early
electrocorticography in two acute brain injury cases (traumatic
and spontaneous intracranial hemorrhage) demonstrated that
ketamine inhibited SDs, restoring cortical electrical activity [9,
10]. Table 2 summarizes the advantages of ketamine in AC
procedures.
Clinical evaluations of ketofol have demonstrated favorable
outcomes. In procedural sedation, ketofol has been shown to
maintain better cerebral oxygenation and hemodynamic stabil-
ity compared to propofol alone [11]. A focused study on AC re-
ported safe and efficient sedation with a 1:1 ketamine-propofol
infusion: patients experienced rapid recovery, minimal hemo-
dynamic/respiratory events, high satisfaction, and short post-
anesthesia care unit transfer times [12].

AC in adults and in pediatric age

AC has become a cornerstone of modern neurosurgical prac-
tice, particularly in the context of functional preservation. Ini-
tially developed to enable maximal resection of tumors located
within or adjacent to eloquent cortical regions, AC relies on
intraoperative electrical stimulation and real-time neurologi-
cal testing while the patient remains responsive. This strategy
markedly decreases the likelihood of permanent neurological
deficits while optimizing the extent of tumor removal, an im-
portant prognostic factor in diffuse gliomas and other infiltra-
tive brain neoplasms [13].

In recent years, the scope of AC has broadened beyond
functional mapping. Reports indicate that in carefully selected
cases involving tumors in non-eloquent regions, the procedure
may be performed without mapping. The absence of general
anesthesia in such cases reduces physiological stress, acceler-
ates recovery, and permits immediate neurological assessment.
These advantages closely align with the principles of enhanced
recovery after surgery (ERAS) and have made AC an integral

component of the evolving paradigm of ambulatory neurosur-
gery, where discharge within 24 h is feasible under strict perio-
perative criteria [14]. Patient eligibility is crucial for success.
AC is generally indicated for supratentorial lesions involving
motor, sensory, or language areas, as well as for epilepsy sur-
gery. Conversely, conditions such as morbid obesity, obstruc-
tive sleep apnea, psychiatric instability, poor cooperation, or
markedly raised intracranial pressure represent contraindica-
tions [5]. Careful preoperative assessment by a multidiscipli-
nary team is therefore mandatory.

Lu et al systematically reviewed the outcomes of AC in
pediatric patients [15]. Four observational studies including
57 children (median age 14 years; 60% male) were analyzed.
Lesions were predominantly left-sided (80%). Pooled results
showed intraoperative complications in 17% of cases, con-
version to general anesthesia in 2%, immediate postoperative
complications in 18%, and long-term complications in 6%,
with seizures being the most common intraoperative issue.
Overall, AC in children appears feasible, with complication
rates comparable to adults, though certainty is low due to lim-
ited data. Careful neuropsychological preparation and follow-
up may improve patient selection and outcomes [15].

Fudhaili et la in their systematic review had analyzed 16
studies on pediatric AC, primarily for tumor resection, in chil-
dren with a mean age of 12.2 years (53% male). Nearly half of
the patients achieved complete recovery postoperatively, while
7.5% experienced speech deficits among those with complica-
tions. The findings suggest that AC in children is feasible and
safe, effectively helping to preserve motor and language func-
tions [16].

Long et al described a 16-year-old male who underwent an
AC with language mapping for excision of a left antero-tempo-
ral brain arteriovenous malformation. Using an AAA approach
and tailored perioperative modifications, the procedure prior-
itized speech preservation while maintaining patient comfort.
The case highlights that AC in children is feasible for select
patients, emphasizing multidisciplinary preparation, flexible
workflows, and individualized care [17].

Labuschagne et al reported data from an 11-year-old girl
with a right motor cortex tumor who underwent a simulated
theatre experience to assess her suitability for AC, despite con-
cerns about distractibility. The simulation successfully evalu-
ated her ability to cope, and she subsequently underwent an
AAA procedure with cortical and subcortical mapping. She
remained cooperative throughout, and postoperative imaging
confirmed complete tumor removal. The case demonstrates
that preoperative simulation can help identify pediatric candi-
dates for awake surgery, even when initial concerns exist [18].

Interesting data come from the study by O’Leary et al.
His group examined eight studies of AC in 85 patients under
18 years of age, focusing on psychological impact. Eligibility
was assessed based on cognitive maturity rather than age, and
interventions to reduce anxiety varied widely, with no stand-
ardized protocols. Most children tolerated the procedure well,
though some experienced postoperative disruptions, such as
effects on school attendance. The review highlights the need
for standardized pre- and post-surgical psychological assess-
ments to monitor anxiety, trauma, and functional recovery in
pediatric AC patients [19].
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Approximately the same conclusions came from the study
by Lohkamp et al, which included 18 pediatric patients (me-
dian age 14.8 years), who underwent AAA brain surgery for
central nervous system (CNS) lesions. Intraoperative electro-
cortical mapping enabled functional preservation, with com-
plete tumor removal achieved in 65% of cases. Postoperative
neurological deficits were mostly transient, and severe psy-
chological reactions were rare. The findings suggest awake
brain surgery is feasible and beneficial in children, highlight-
ing the importance of thorough psychological preparation and
preoperative and postoperative neuropsychological testing to
monitor cognitive outcomes [20].

Recently Henry et al published their review article regard-
ing AC [21]. They reported that AC with functional cortical
mapping is increasingly used in selected pediatric patients to
minimize postoperative deficits. Their paper shows “asleep-
awake-asleep” anesthesia with agents like propofol and
remifentanil is most common. The review concludes that, with
careful selection and planning, AC is safe and feasible in chil-
dren [21].

A retrospective study of 28 children (30 procedures; medi-
an age 14) demonstrates that AC with intraoperative mapping
is feasible in the pediatric population, with 96.7% of cases
completed without conversion to general anesthesia. Serious
but transient complications occurred in a small number of pa-
tients, and new neurological deficits were mild or moderate,
resolving by 6 months. The study highlights the importance
of careful patient selection and multidisciplinary collaboration
for safe and effective pediatric AC [22].

Multimodal analgesia in AC

Effective scalp anesthesia is a critical component of AC, nec-
essary for multiple phases of the procedure. It ensures patient
comfort during skull pinning and skin incision in cases per-
formed under conscious sedation and helps reduce pain dur-
ing emergence in AAA protocols. Local infiltration with 1-2%
lidocaine is commonly used to anesthetize the pin sites prior
to head fixation in a Mayfield clamp. However, for more com-
prehensive and long-lasting analgesia, a regional approach is
often preferred [23]. Scalp anesthesia may be achieved either
through field infiltration around the surgical incision and pin
sites or via a scalp nerve block. The scalp block involves tar-
geted infiltration of local anesthetic around six paired sensory
nerves: the supraorbital, supratrochlear, auriculotemporal,
zygomaticotemporal, greater occipital, and lesser occipital
nerves. This technique provides dense, symmetric analgesia to
the entire scalp, significantly improving intraoperative com-
fort and reducing the need for systemic analgesics or sedatives.
Additionally, an effective scalp block can attenuate the hemo-
dynamic response to nociceptive stimuli such as skull pinning
and skin incision, contributing to intraoperative cardiovascular
stability. Given its safety, simplicity, and efficacy, the scalp
block is widely used in both adult and pediatric populations
undergoing awake neurosurgical procedures and is often in-
corporated as a standard component of anesthetic management
in institutions performing AC [24, 25]. In our case, the neuro-

surgeon performed a scalp infiltrative block using diluted 2%
lidocaine, targeting the incision site and pinning areas prior to
Mayfield head clamp application. This local anesthetic tech-
nique provided effective analgesia, enabling atraumatic posi-
tioning and reducing patient discomfort during skull pinning.
As a result, the need for systemic sedatives and analgesics was
minimized during the initial phase of the procedure, contribut-
ing to greater hemodynamic stability and facilitating smoother
intraoperative neurological monitoring. The use of local infil-
tration also aligned with our institutional protocol to enhance
patient cooperation and minimize the depth of sedation during
AC.

ERAS protocols have been recently introduced into neu-
rosurgical practice, with implementation efforts increasingly
supported by both anesthesiologists and neurosurgeons. Ini-
tially developed and validated in colorectal and other gen-
eral surgical procedures [26], ERAS protocols are structured,
multidisciplinary perioperative care pathways designed to
standardize best practices, minimize physiological stress, and
promote faster recovery. In the context of neurosurgery, the
adaptation of ERAS principles seeks to reduce perioperative
complications, enhance patient safety, and shorten hospital
length of stay [27, 28]. Key components include preoperative
optimization, minimally invasive surgical techniques, goal-
directed fluid therapy, multimodal analgesia, and early mo-
bilization [29]. When appropriately applied, these strategies
can support the transition of selected neurosurgical procedures
such as craniotomies for tumor resection or spinal surgeries
toward ambulatory or short-stay models of care [30]. Ongoing
research and refinement are essential to tailor ERAS protocols
to the unique physiological and neurological considerations
inherent to neurosurgical patients [27, 31]. In our patient, a
combined approach utilizing scalp infiltration with local anes-
thetics and an analgesia-sedation regimen was implemented to
enhance intraoperative stability, minimize the need for deeper
general anesthesia, and improve overall patient comfort. This
strategy contributed to optimal surgical conditions, reduced
intraoperative stress responses, and supported a smoother and
more rapid postoperative recovery.

Limitations

This study has several limitations, including the paucity of
available evidence, small patient cohorts, and the predomi-
nance of single-center studies. Apart from our own series of
adult awake craniotomies, this represents our first reported
pediatric case. Accordingly, further studies and additional re-
ports from other centers are warranted to expand the current
knowledge base.

Conclusions

AC in pediatric patients is complex, requiring multidiscipli-
nary coordination and careful patient selection. In this case, the
use of a combined ketamine-propofol infusion provided ad-
equate sedation while preserving airway reflexes and allowing
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smooth emergence for neurological assessment. MAC protocol
proved effective, facilitating intraoperative mapping without
complications. This case demonstrates that AC is feasible and
safe in selected pediatric patients with lesions in eloquent brain
regions. Careful anesthetic planning and interdisciplinary col-
laboration are essential for optimizing outcomes in this setting.

Learning points

MAC with ketamine-propofol is a safe and effective strategy
in pediatric AC, providing opioid-sparing effects, stable hemo-
dynamics, and favorable conditions for intraoperative map-
ping and tumor resection.
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