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Traditionally anaesthesiologists are specially trained to pro-
vide anaesthesia and care for patients during surgery, in critical 
care units and to provide pain management. Their particular
responsibility for patients’ lives during surgical procedures 
requires constant presence at a patient’s table, direct observa-
tion and continuous monitoring of life parameters. 

In modern radiation oncology, anaesthesia plays an 
increasingly important role. Sophisticated techniques of irra-
diation and tumour location reducing normal tissue margins 
to a minimum are of no use if the patient cannot stay still 
throughout the whole irradiation. This applies to techniques
of radiotherapy like brachytherapy, intraoperative irradiation 
and external beam treatment of unco-operative patients, for 
example young children or mentally disabled persons. The
techniques deal with specific problems for anaesthesiologists.
The care is usually provided in the shielding room which re-
quires special modification in anaesthesia equipment. During

radiation exposure a patient is left alone in the shielding room
and observed via a camera and monitors [1, 2]. 

In our Institute, the radiotherapy techniques that currently 
require anaesthesia are successfully applied in brachytherapy, 
intraoperative radiotherapy and in paediatric oncology. 
General anaesthesia is rarely applied for adults undergoing 
fractionated course of radiation therapy with the exception of 
unco-operative patients [3]. We have performed 739 anaes-
thesia procedures in radiotherapy patients, and felt it would 
be useful to critically review these cases.

Materials and methods

The Department of Anaesthesia and Intensive Care provides
anaesthesia on a daily basis for Surgical Oncology Department, 
Brachytherapy Department and Radiotherapy Department, 
all part of the Centre of Oncology – MCS Institute in Gliwice, 
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General anaesthesia is rarely applied during fractionated radiotherapy with the exception of unco-operative patients. We 
performed a retrospective study to inform our current practice in anaesthesia procedures for radiotherapy application in 
children, brachytherapy and intraoperative radiation. The records of anaesthetized radiotherapy patients between January
2000 and September 2005 were analyzed. We analysed demographic data, type and localisation of neoplasm , radiotherapy 
data, type of anaesthesia and anaesthesia – related complications. In order to provide safe and efficient anaesthesia outside
the Department of Anaesthesiology, we designed a mobile anaesthesia workstation. In total we performed 739 anaesthesia 
procedures: 267 in 16 children, 321 in 284 brachytherapy patients, and 151 as a part of intraoperative radiotherapy. Children 
age ranged from 2 – 8 years (median 4.6). All were given midazolam and atropine, then thiopental or ketamine. Neither 
muscle relaxants, nor propofol were used. Brachytherapy patients underwent: spinal block in 190 cases, general anaesthesia 
in 115, and deep sedation in 16 cases. General anaesthesia was inducted by propofol, followed by etomidate, thiopental and 
fentanyl. For spinal block the patients were given hyperbaric bupivacaine and fentanyl. Deep sedation was performed with 
midazolam and fentanyl, and thiopental or propofol when needed. Intraoperative radiotherapy was applied immediately after
breast conserving surgery. No serious complications in all 739 anaesthesia procedures occurred. In conclusion we demon-
strated the feasibility and safety of anaesthesia applied in our radiotherapy patients. The custom designed mobile anaesthesia
workstation allowed us to provide safe and efficient anaesthesia in any place outside the Department of Anaesthesiology.
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Poland. Anaesthesia is provided by the attending qualified
anaesthetist and certified registered anaesthetic nurse, and
an aesthesia resident when present. The records of patients
who required anaesthesia for their radiation therapy be-
tween January 2000 and September 2005 were retrieved and 
reviewed by an anaesthesiologist and a radiation oncologist. 
From each medical record, we abstracted demographic data, 
type and localisation of neoplasm , radiotherapy data, type 
of anaesthesia and anaesthesia – related complications. Post-
anaesthesia outcome analysis covered the period of 24 hours 
after the procedure.

The treatment procedures were performed with the ethi-
cal standards, approved by the institutional committee when 
needed and with the Helsinki Declaration. 

Results

From January 2000 through September 2005, 739 anaes-
thesia procedures were performed: 267 in children, 321 in 
brachytherapy patients, and 151 as a part of intraoperative 
radiotherapy.

Children. In children requiring external beam radiotherapy 
(EBRT), anaesthesia was the treatment of choice in very young 
patients or when educational techniques accompanied by play 
therapy failed. In our analysis we performed 267 sedative 
anaesthetics in 16 children ranging in age from 2 – 8 years 
(median 4.6 years). The patient population contained 9 (56%)
females and 7 (44%) males. Diagnoses included: neuroblas-
toma spatii retroperitonealis in 5 (31%) children, primary 
CNS tumour in 4 (25%), nephroblastoma renis in 3 (19%), 
and single cases of gangliorhabdosarcoma retroperinealis, 
LGM, LMA and LLA. The total number of external beam
treatments per course of therapy ranged from 5 to 30 (median 
16). All children were immobilized in thermoplastic casts and 
treated once daily Monday to Friday, with photon energy on 
a linear accelerator.

In order to provide anaesthesia outside the Anaesthesiol-
ogy Department, special mobile anaesthesia workstation was 
arranged. It is equipped with cardiomonitor, pulse oximeter, 
source of oxygen, instrument for suction and all first aid de-
vices as well as emergency and resuscitation drugs.

The children came every day of treatment from a paediatric
hospital to the Radiotherapy Department in Centre of On-
cology, usually accompanied by their parents and medical 
team. A central venous catheter - if not inserted earlier for 
chemotherapy - was placed to facilitate the radiotherapeuti-
cal procedure. Children were not given anything orally for 
a minimum of 6 hours prior to the procedure. 

The attending anaesthetist evaluated the patient and formu-
lated an anaesthetic approach based on clinical examination, 
current symptoms, and underlying diagnosis. For one patient, 
when possible, the same method of anaesthesia was employed 
for the whole course of radiotherapy as well as for cast forma-
tion and computed tomography for treatment planning. All 
children presenting for EBRT were given midazolam and 

atropine intravenously (iv), next either thiopental iv (216 
procedures) or ketamine iv (51 procedures) was administrated 
until the eyelash reflex ceased. Supplemental O2 was delivered
via nasal cannula to all children during procedure. The mean
thiopental, ketamine and midazolam doses (± SD) employed 
were 83 ± 37 mg, 23 ± 20 mg and 1,3 ± 0,5 mg respectively. 
Parasympaticolytics were given in 166 procedures with aver-
age amount of drug 0,1 ± 0,08 mg. Neither skeletal muscle 
relaxants nor propofol was used in our patients.

Visual monitoring method for children receiving EBRT 
under aesthesia was direct observation via video cameras 
only. Cardiopulmonary function was assessed via ECG, blood 
pressure device and pulse oximeter. Children were recovered 
in the recovery room in the Department of Anaesthesia and 
Intensive Care being discharged was when complete recovery 
was noted clinically by the attending anaesthesiologist.

There were no serious complications of 267 anaesthesia
procedures in children. In three cases the treatment was 
interrupted due to limb movement and deeper sedation with 
a supplemental dose of drugs was given. In one child it ap-
peared that the drug was administrated partially out of the 
venous access (the needle dislocated from the venous port). 
For the other two children the initial doses of sedation drugs 
appeared as not sufficient to keep the patients calm.

Brachytherapy. Between January 2000 and September 2005, 
284 patients underwent brachytherapy under various types of 
anaesthesia. There were 234 (82%) males with median age of
64 years and 50 (16%) females with median age of 56 years. 
The majority of patients (197) required one sedation per
treatment. In the rest of the group of patients the repeated 
radiation required repeated anaesthesia so the total number 
of sedation procedures was 321. All patients were evaluated 
in a multidisciplinary oncology team and treated in Brachy-
therapy Department in Center of Oncology in Gliwice, Poland. 
Radiation was delivered by a Nucletron remote afterloading
unit with a 10 Ci 192 Ir source. The initial brachytherapy plan
included type of applicator, number of needles or catheters 
and way of insertion e.c. through skin or intraabdominally. 
Anaesthesia was employed for an applicator location or needle 
placement and first HDR treatment when possible. Further
fractions were given under oral medications to reduce the pain 
except the cases where another sedation and needle placement 
were required. The type of anaesthesia (general or local) de-
pended mainly on treated topographical area and the choice 
of the attending anaesthetist. In total, anaesthesiologist was 
employed in 321 brachytherapy procedures and covered spinal 
block in 190 cases, general anaesthesia in 115 cases, and deep 
sedation in 16 cases. Spinal block was used for pelvic brachy-
therapy (recto – anal cancers and perineal tumours). General 
anaesthesia was applied in 91 head and neck cancer cases, 
9 pancreas cancers, 6 breast cancer cases, and 4 retroperitoneal 
sarcomas. Head and neck cancer patients were mainly quali-
fied for endotracheal nasal intubation. In 4 patients temporary
tracheostomy was present and in one patient the traditional 
method of tracheal intubation was performed. In 16 patients 
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qualified for deep sedation, 12 patients underwent brachyther-
apy of the lung, 2 patients – of the lip, 1 - cheek brachytherapy, 
and 1 - breast brachytherapy. The choice of a muscle relaxing
agent was left to the attending anaesthetist but it was always
administered in general anaesthesia.

Propofol, etomidate or thiopental were used for induction 
of general anaesthesia, following by required doses of fentanyl. 
For inhalation maintenance a mixture of nitrous oxide and 
oxygen with sevoflurane was used. The use of skeletal muscle
relaxants was left to the attending anaesthetist’s discretion.

Spinal block was always preceded with premedication 
given one hour before the procedure and consisting of 7.5 
mg of midazolam orally and 500 cc infusion of crystalloids. 
The patient was placed in a sitting position. Lumbar area was
cleaned and anaesthetized with 1 cc of 1% lidocaine. After
5 minutes spinal block was performed with 0,5% hyperbaric 
bupivacaine and fentanyl. Immediately after the injection the
patient was placed in lithotomy position.

Deep sedation was performed with midazolam and fentanyl, 
and additional thiopental or propofol when needed.

Due to radioprotection laws, medical and technical staff
must leave the shielding room when radiation is on. That
applies to anaesthetic team as well. The attending anaesthesi-
ologist observed the patient from control room via monitors 
and video camera system. ECG, blood pressure, O2 saturation 
(pO2), respiratory pressure, tidal volume, fraction of inspired 
O2 (FiO2), respiratory frequent and end tidal CO2 were con-
tinuously monitored during the procedure. Usually the patients 
stayed in the shielding room for a 10 – 20 minute treatment. 
After the treatment all patients remained in the recovery room
in the Department of Anaesthesiology and Intensive Care until 
they recovered from anaesthetic.

During 321 brachytherapy procedures we did not observe 
any serious complications related to anaesthesia. In one patient 
with head and neck cancer after external beam radiotherapy,
endotracheal intubation via mouth failed so immediate tra-
cheotomy was performed. 

IORT. Intraoperative Radiotherapy (IORT) was performed 
in 151 breast cancer patients as a part of a treatment protocol 
that includes initial breast conserving surgery followed by 
whole breast radiotherapy and / or chemotherapy and hormo-
nal treatment where applicable. All surgeries were performed 
in the Department of Oncological Surgery in the Centre of 
Oncology – Institute in Gliwice. Anaesthesia was employed 
for surgical procedure and extended for radiation treatment. 
Each patient underwent wide local excision and axillary 
lymph nodes dissection, and then the appropriate applicator 
was placed in the tumor bed and attached to the radiation 
emitter. The technique employs a miniature electron-beam
X-ray source that delivers soft X-rays within the tumour bed in
breast. Four methods of anaesthesia were administrated: Total 
Intra Venous Anaesthesia (TIVA) with propofol and remifen-
tanyl in 25 patients, propofol infusion with fentanyl bolus in 
41 patients, iv thiopental in 73 patients and iv etomidate in 12 
patients. In the last 85 cases the anaesthesia was maintained 

by iv fentanyl and inhalational sevoflurane in N2O2 / O2.
The choice of a muscle relaxant was left to the anaesthetist
except in patients undergoing TIVA, where iv atracurium was 
administered as a part of the procedure. Before starting the 
irradiation the attending anaesthetist checked the breathing 
circuit, intravenous lines and monitoring devices and then, 
after anaesthetic medications had been given, all staff left the
operating room. The patient was observed through a portable
lead glass window and monitored via set of devices covering: 
ECG, non-invasive blood pressure, SpO2, respiratory pressure, 
end-tidal CO2, FiO2, respiratory frequency and end-tidal 
CO2. IORT extended surgical procedure and anaesthesia for 
about 10 to 30 minutes. After the surgery all patients were
transferred to the recovery room of the Department of An-
aesthesiology and Intensive Care until complete recovery was 
confirmed by the attending anaesthesiologist.

In 151 patients undergoing intra-operative radiotherapy, 
anaesthesia proceeded without serious complications. 

Discussion

Modern radiotherapy is based on team work and an anaes-
thetist plays an increasingly important role in the treatment. 
Sophisticated techniques of irradiation and tumor location 
reduce normal tissue margins to a minimum but also require 
almost ideal patient immobilization and significantly prolong
the irradiation time [4]. The potential consequences of inad-
equate immobilization have been reported in the literature [5]. 
There are certain groups of patients referred to a Radiotherapy
Department that are not able to stay still throughout the whole 
irradiation. This applies to unco-operative patients (e.c. men-
tally disabled) and very young children. Such patients rarely 
do well with sedation and often require general anaesthesia
[6–9]. Other group of patients requiring an anaesthetist for 
their treatment are those referred for special techniques in 
radiotherapy such as brachytherapy (mostly interstitial) or 
intraoperative irradiation. During both techniques an anaes-
thetist helps the patient cope with the stress and pain. For 
brachytherapy application an anaesthetist may use general or 
regional anaesthesia [2, 10, 11]. The intra-operative irradiation
is part of the surgical procedure so patients stay under general 
anaesthesia throughout [12, 13].

Many local attempts have been made to develop institu-
tional protocols and guidelines for anaesthetists providing 
sedation or anaesthesia for radiotherapy patients, there are few 
published articles on the subject. Among the published ones, 
the majority apply to safe and effective sedation in children.
However there are guidelines published by the American 
Academy of Pediatrics but they refer mainly to single pro-
cedures [14]. In the available literature we have found only 
single reports on the role of anaesthesia in brachytherapy or 
intra-operative irradiation [2, 15]. 

The sedation of children for radiation therapy has received
greater attention in the medical literature however there are 
no prospective randomized trials in the setting of anaesthesia 
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for paediatric radiotherapy. Sedation is routinely used in chil-
dren undergoing non-invasive procedures [7, 9, 16, 17]. Very 
young patients often require general anaesthesia when they are
referred for radiotherapy. Deep sedation with preserved spon-
taneous breathing may be an alternative to general anaesthesia 
with intubation and controlled ventilation. Intravenous anaes-
thesia without endotracheal intubation eliminates the risk of 
laryngeal trauma from repeated instrumentation [6]. Because 
patients frequently undergo a series of treatments, they require 
repeated anaesthesia. Many authors recommend intravenous 
anaesthesia with propofol during radiation therapy. Propofol 
is a recently released intravenous anaesthetic with quick onset, 
short duration, low incidence of nausea and vomiting and rapid 
metabolism to inactive substances but it may cause significant
respiratory depression [6, 8, 16, 17]. The risk of propofol
induced depression should always be considered before ad-
ministration. In our study no propofol – based anaesthesia was 
performed. According to our experience thiopental is effective
and safe agent in all radiotherapy patients, not only with brain 
tumours when ketamine is contraindicated. Ketamine efficacy,
when compared with thiopental, is lower due to higher risk 
of agitation, disorientation or hallucination and involuntar-
ily movements observed in the patients. The administration
of ketamine with midazolam may significantly diminish or
even abolish these adverse symptoms. In our group of paedi-
atric patients ketamine was not applied routinely due to the 
risk of drug related side effects. The choice of a satisfactory
anaesthetic for the use outside the operating room depended 
on anaesthetist’s experience, type of procedure, availability of 
equipment and possibility of monitoring the patient [16, 18, 
19]. The most of short lasting intravenous anaesthetic tech-
niques do not require a ventilating machine which may be seen 
as an advantage over inhaled anaesthesia [20].

Brachytherapy presents the anaesthetist with numerous 
challenges. In this form of radiotherapy the radioactive sources 
are placed as close as possible to the tumor or tumor bed. The
advantage of brachytherapy is an extremely high dose of radia-
tion received by the tumor / tumor bed while the surrounding 
healthy tissues are spared. The disadvantage is the way of
a source placement. Interstitial and very often intracavitary
implantation are potentially very painful and the source or 
special catheters can remain in situ for several hours or even 
days [2, 21]. Patients vary from highly distressed young adults 
to the elderly with co-morbidities usually precluding surgery. 
Treatment in isolated rooms reduces radiation exposure to 
staff, but makes the monitoring difficult, so the analgesic
technique should involve minimum risk to the patient. There
is very little published evidence on specific analgesic tech-
niques in brachytherapy. The technique of anaesthesia usually
depends on a treated anatomical region. General anaesthesia 
is a common method in interstitial treatment and usually is 
restricted to head and neck, thoracic and abdominal regions. 
In head and neck cancer patients the difficulties with ventila-
tion and endotracheal intubation are observed. This is due to
past surgery and / or external beam treatment that may change 

anatomical proportions in the upper respiratory tract or direct 
tumor invasion on the airways [22–24]. In our material study 
we noted one case of impossible endotracheal intubation so 
immediate tracheotomy was done. In 4 patients temporary 
tracheotomy was performed prior to brachyterapy. Epidural 
or spinal anaesthesia is a useful and safe method for pelvic 
brachytherapy. The advantage of these methods is low risk
of cardiopulmonary complications. The patient, left alone in
shielded room during radiation exposure, is conscious and 
artificial ventilation and additional doses of drugs are not
necessary [11, 25, 26]. For patients with catheters left in situ for
a few days the anaesthetist offers appropriate systemic analge-
sics and regional blocks to provide safe and effective pain relief.
The anaesthetist cooperating with the brachytherapy team
must know the range of brachytherapy treatments, predict 
dangerous complications as well consider potential influence
of brachytherapy procedure on anaesthesia drugs intake. In 
cases when difficult ventilation or tracheal intubation can be
predicted it is necessary to prepare adequate equipment for 
immediate tracheotomy. From our experience it has been 
noted that better and safer tracheal intubation is performed in 
spontaneously ventilated patients so muscle relaxants should 
be abandoned.

In our Institute intraoperative radiotherapy in breast cancer 
patients is performed in the operating theatre immediately 
after the surgical procedure. There is no need to transport the
patient to a shielding room (soft X-ray beam) however the ad-
dition of radiotherapy extends the total time of anaesthesia by 
10 to 30 minutes. When we started intraoperative irradiation 
no guidelines for anaesthetists were available. Thus four meth-
ods of anaesthesia have been used. The results of anaesthesia
in these groups have been described in detail previously [13]. 
Summarizing the study we concluded that all four methods 
of anaesthesia are equally efficient and safe, and the choice
of particular technique is left to the attending physician. The
only restriction is for older patients in which propofol dose 
should be reduced.

The gold standard of anaesthetic care is never leave the
patient unattended, even for a short period of time unless 
replaced by an appropriate professional. From the other side, 
due to radioprotection laws an exemption must be made for the 
period when the radiation is on. Historically, no direct access 
to the patient prohibited any anaesthesia procedure. At present, 
the lack of direct observation of the patients represents a real 
challenge for modern anaesthesia and may be very stressful, 
especially for inexperienced doctors. An anaesthetist has to 
control the vitals relaying on a set of monitors. However the 
number of monitors employed by anaesthetists has proliferated 
in recent years, they must not substitute for personal attention 
of a skilled anaesthetist [27]. The anaesthetist is responsible
for the anaesthetized patient’s safety also when anaesthesia 
for radiation therapy is a necessary addition, but cannot be 
dangerous. 

During intraoperative radiotherapy the patient is supervised 
through a portable lead glass window, in brachytherapy and 
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external beam irradiation only via video cameras. In case of 
emergency the treatment is stopped to allow direct access to 
the patient. In other medical centres leaden gowns for whole 
team are recommended [12].

In our Institute brachytherapy is performed in specially 
designed shielded rooms fully equipped and served as an 
operating theatre when needed. External beam irradiation is 
provided in shielded rooms with no anaesthesia equipment 
and located close to the Anaesthesia Department. These radia-
tion sites are often constructed without consideration for the
provision of anaesthesia, thus the absence of medical gases, 
wall suction, insufficient electrical installation and adequate
scavenging capability create a difficult task for the anaesthesia
[16, 28]. Outside the shielding room, the anaesthetist usually 
is left alone in the environment where no one else may un-
derstand the complexities of anaesthesia [29]. All these agents 
may reduce the margin of the patient’s safety. Such situations 
forced us to arrange a special mobile anaesthesia workstation. 
Initially it was designed for paediatric patients, but presently it 
allows us to provide anaesthetic care almost for any patient in 
any place outside the Department. The mobile workstation is
the principal and sole anaesthesiological insurance during all 
anaesthetic procedures for external beam irradiation.

In conclusion, for uncooperative cancer patients (children) 
and patients requiring interstitial brachytherapy or intraop-
erative irradiation we have demonstrated the feasibility and 
safety of any form of anaesthesia applied in our Institute

Remote observation of the anaesthetized patient during 
radiotherapy did not influence patient’s safety. Immediate
access to the patient eliminates negative emotions in the 
anaesthesia team induced by lack of direct contact with the 
anaesthetized patient.

Our home designed mobile anaesthesia workstation allows 
us to provide safe and efficient anaesthesia in any place outside
the Department of Anaesthesiology. 
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