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were excluded.

Background: Resective epilepsy surgery is an established and effective method to reduce seizure burden in
drug-resistant epilepsy. It was the objective of this study to assess intraoperative blood loss, transfusion
requirements and the degree of hypothermia of pediatric epilepsy surgery in our center.

Methods: Patients were identified by our epilepsy surgery database, and data were collected via retrospective chart
review over the past 25 years. Patients up to the age of 6 years were included, and patients with insufficient data

Results: Forty-five patients with an age of 3.2+ 1.6 (mean + SD) years and a body weight of 17 [14; 21.5] kg (median
[25%, 75% percentile]) were analysed. Duration of surgery was 3 h 49 min + 53 min, which was accompanied by an
intraoperative blood loss of 150 [90; 300] ml. This corresponded to 11.7 [5.2; 21.4] % of estimated total blood volume,
ranging from 0 to 75%. A minimal haemoglobin count of 8.8 + 1.4 g/dl was measured, which was substituted with
erythrocyte concentrate (100 [0; 250] ml) in 23 patients. Body core temperature dropped from 36.0 + 0.7°C at baseline
to a minimum of 35.7 + 0.7°C, and increased significantly (p < 0.001) thereafter to 37.1 +0.7°C until the end of surgery.
A significant (p = 0.0003) correlation between duration of surgery and blood loss (Pearson r=0.52) was observed.
However, age, minimal body temperature or number of antiepileptic drugs seemed to have no impact on blood loss.

Conclusion: Resective epilepsy surgery is a safe procedure even in the pediatric population, however it is associated
with significant blood loss especially during long surgical procedures.
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Background
Epilepsy surgery has become a frequent procedure in
certain neurosurgical centers [1]. Two basic techniques —
which are disconnective [2,3] and resective procedures —
can achieve seizure-freedom, depending on the location,
size, and pathology of the epileptogenic focus. For resec-
tive methods, epileptogenic lesions are removed, which in-
cludes tailored resections, lobectomies, as well as selective
amygdalohippocampectomy [4].

Irrespective of the technique chosen, epilepsy surgery
has been shown to be a safe and effective treatment
for medically intractable epilepsy [5]. This applies to
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pediatric patients as well, who represent a significant
part of the patients undergoing epilepsy surgery since
epilepsy often emerges in childhood [6].

Although there are several studies on safety and out-
come of epilepsy surgery in general [3,7-10], only little is
known about pediatric epilepsy surgery [2,11,12]. So far,
only few manuscripts on the characteristics of epilepsy
surgery in childhood and its implications for the
anesthetist have been published [13-17].

Intraoperatively, especially children are at risk for
blood loss and hypothermia, due to their low absolute
blood volume and relatively high body surface area, re-
spectively. Since hypothermia has been shown to impede
coagulation, it may further aggravate blood loss [18].
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Therefore, we performed a retrospective study to as-
sess blood loss and body temperature in pediatric epi-
lepsy surgery.

Methods

This study was conducted in compliance with the
Helsinki declaration. The responsible ethics committee
(Ethikkommission an der Medizinischen Fakultit der
Rheinischen Friedrich-Wilhelms-Universitit Bonn, Bio-
medizinisches Zentrum, Sigmund-Freud-Str. 25, D-53105
Bonn, Germany) granted an exemption from requiring
ethics approval for this retrospective chart analysis.

Patients were identified from the epilepsy surgery pro-
gram of our neurosurgical department from the year
1989 until 2011. All had received presurgical evaluation
at the Department of Epileptology, which included video
EEG monitoring, MRI imaging, and neuropsychological
testing if possible. We included pediatric patients with
resective epilepsy surgery procedures up to the age of six
years. Patients undergoing disconnective surgery and
children with missing anesthesia protocols or anesthesia
protocols with insufficient data were excluded.

In a retrospective chart review, we extracted data for
sex, age, weight, body height, preoperative Hb and coagu-
lation status, duration of surgery, duration of anesthesia,
duration of ventilation, hours of ICU stay, blood loss,
blood transfusion, administered liquids, minimal hemo-
globin count, body temperature, and numbers of antiepi-
leptic drugs. We estimated 80 ml/kg body weight total
blood volume for calculation of percentage of blood loss
[19,20]. Blood loss was measured as the volume within the
suction container minus the volume of the irrigation fluid
used. Dedicated suction containers were used for pediatric
neurosurgery which allowed us to measure blood loss with
an estimated accuracy of approximately 20 ml.

Data are displayed as mean + standard deviation in case
of normal distribution, or as median [25%; 75% percentile]
otherwise. Normal distribution was tested using the
Shapiro-Wilk-test, and relationship between variables was
analysed applying Pearson’s product moment correlation.
Statistical significance was assumed at a p < 0.05.

Results

Fifty-five children with resective epilepsy surgery could be
identified. Missing anesthesia protocols or charts led to
the exclusion of 10 patients, leaving 45 children for final
analysis. They consisted of 21 girls and 24 boys with an
age of 3.2 £ 1.6 years, a body weight of 17 [14; 21.5] kg
and a height of 104 [95; 113.3] cm (see Table 1 for demo-
graphic data). Children received 4 + 2 different antiepilep-
tic drugs, ranging from 1 to 9. One patient suffered from a
Sturge-Weber-Syndrome and another two from Tuberous
Sclerosis Complex. The other 42 children suffered from
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Table 1 Demographic and surgery related data

Parameter Mean + sd Range
Gender 211/24m
Age [years] 32+16 0.6
Body weight [ka] 17 [14; 21.5] 10. 32
Height [cm] 104 [95; 113.3] 65 ..120
Duration of
Surgery [hh:mm] 349+ 0:53 1:40 .. 5:40
Anesthesia [hh:mm] 5:26 + 1:06 3:10 .. 8:45
Ventilation [hh:mm] 6:15 [5:45; 6:55] 4:10 .. 12:45
ICU stay [hh:mm] 19:00 [17:27; 20:00] 7:30 .. 27:00

Data are displayed as mean + standard deviation in case of normal distribution,
or as median [25%; 75% percentile] otherwise. Data were obtained from
45 children.

seizures caused by local lesions such as focal cortical dys-
plasia, or tumors.

Preoperative values for Hb, and coagulation status could
be obtained in 33 patients. Prothrombin ratio (Quick)
and partial prothrombin time (PTT) were 12.6 £ 1.6 g/dl,
99.8 +10.7%, 27.6 £ 1.9 s, respectively.

The children received midazolam for premedication.
Anesthesia was induced with intravenous thiopental at a
dosage of 7.0 + 2.4 mg thiopental per kg body weight in 26
children. 10 children received induction with Propofol. In-
halational induction with sevoflurane was performed in 9
children, in which venous access would have been difficult
to achieve in the awake state. Anesthesia was maintained
with isoflurane except in 4 more recent cases (2010-2011)
where propofol was applied with a target-controlled infu-
sion (TCI) pump for total intravenous anesthesia (TIVA).
TIVA was guided with Bispectral Index - monitoring.
Fentanyl or remifentanil were used as opioids, and ve-
curonium or cis-atracurium for muscle relaxation. Core
temperature was monitored in all children via rectal
probes All 45 patients received arterial cannulae, and 4 re-
ceived a central-venous access.

Mean duration of surgery and anesthesia was 3:49 +
0:53 h and 5:26 h + 1:06 h, respectively. Duration of ven-
tilation (including intensive care unit) was 6:15 [5:45;
6:55] h, which was accompanied by a high variability in
length of ICU stay ranging between 7:30 h and 27:00 h
(median 19:00 [17:27; 20:00] h), see Table 1 for surgery
related data).

An absolute blood loss of 150 [90; 300] ml was observed
(see Table 2), which corresponds to 11.7 [5.2; 21.4] % of
total blood volume, with a high variability from 0 to 900
ml (corresponding to 0 up to 75%). This blood loss re-
sulted in a minimal intra-operative hemoglobin count of
8.8 £ 1.4 g/dl, which was substituted with 100 [0; 250] ml
red-cell transfusions in 23 patients (51%). The patient with
Sturge-Weber-Syndrome and the two with Tuberous
Sclerosis Complex did not differ in their blood loss from
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Table 2 Transfusion and fluid management

Parameter Mean + sd Range
Intraoperative blood loss [ml] 150 [90; 300] 0 ..900
[% of total blood volume] 11.7 [5.2; 214] 0.75
Minimal hemoglobin [g/dl]  88+14 57 .117
concentration
Transfusion of
Erythrocyte concentrate  [ml] 100 [0; 250] 0.770
Intravenous fluid [ml] 750 [500; 1000] 250 .. 1,600

administration

Data are shown as mean + standard deviation in case of normal distribution,
or as median [25%; 75% percentile] otherwise. n =45 children.

non-syndromic patients. A hemoglobin-threshhold of 9.5
g/dl was usually trigger for red-cell transfusion, although
in 3 cases hemoglobin was below 9.5 and no blood was
transfused. 230 to 330 ml of fresh frozen plasma (FFP)
were given in 3 patients, usually whenever the estimated
blood loss exceeded one third of the total blood volume.
However, platelets were transfused in none of the patients.
There was great variation in the amount of isotonic fluids
used ranging from 250 to 1,600 ml, median 750 [500;
1000] ml. Fluids were constantly replaced during surgery
at different rates. We did not observe any significant
changes in heart rate or blood pressure indicating begin-
ning hypovolaemia.

Body core temperature dropped slightly from 36.0 + 0.7°C
at baseline to a minimum of 35.7 £ 0.7°C (range 34.0 ..
37.1°C), and increased significantly (p <0.001) thereafter
to 37.1 £0.7°C at the end of surgery (see Figure 1). The
temperature nadir was reached approximately one hour
after induction of anaesthesia. Rewarming was performed
via a heating blanket.

Pearson product moment correlation indicated a sig-
nificant (p =0.0003) correlation between duration of

Page 3 of 6

surgery and relative blood loss (in percent of total blood
volume, Pearson r=0.52, see Figure 2). In addition,
duration of surgery correlated significantly with minimal
haemoglobin concentration (r=-0.42, p=0.006) and
with the volume of erythrocyte concentrate transfusion
(r=0.50, p=0.0005). However, no correlations were
found between age, minimal body temperature, or num-
ber of antiepileptic drugs and relative blood loss. There
was also no significant relationship between age and
minimal body temperature.

No vasopressors had to be used, and no resuscitation
or deaths occurred in any of the cases.

Discussion

While there is some literature regarding neuroanesthesia
and even literature dealing with pediatric epilepsy surgery,
complications of standard procedures in epilepsy surgery
remain largely unknown [14,15]. To our knowledge, this is
the first report on blood loss and hypothermia in a re-
latively large cohort of children undergoing epilepsy

surgery.

Blood loss

We found that blood loss is one major factor compro-
mising the safety of surgery, which is in accordance with
Pietrini et al. who reviewed neurosurgical procedures on
pediatric epilepsy patients. Whereas Pietrini et al. focused
on hemispherectomies [15], we were able to show that
resective epilepsy surgery is associated with considerable
blood loss as well. We observed that long lasting operating
times are associated with high intraoperative blood loss,
which has been described by Seruya et al. for a different
kind of pediatric surgery (frontoorbital advancements)
[21]. Data about blood loss in general intracerebral surgery
in children is scarce. In our retrospective study, we cannot
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Figure 1 The body temperature, as obtained during baseline (left side) and the end of surgery (right side). In addition, the minimum
intraoperative temperature is displayed in between. Body temperature increased significantly from minimum to end of surgery by forced-air
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regression revealed: blood loss = 0.081 x duration of surgery — 0.163.

Figure 2 The relation between intraoperative blood loss (expressed as fraction of the total blood volume) and the duration of surgery:
a significant positive correlation (Pearson r=0.52, p = 0.0003) was observed between the duration of surgery and blood loss. Linear

duration of surgery [h]

discern whether this correlation was caused by surgical
difficulties or anatomical anomalies, the amount of re-
sected tissue, coagulation disorders, or a combination of
these factors. Pietrini et al. stress the importance of con-
sidering coagulation disorders, especially when there is
massive blood loss and the amount of blood transfusion
approaches or even exceeds total blood volume [15]. In
any case, a highly efficient neurosurgical strategy is neces-
sary to avoid unnecessary loss of time, which could put
the patient at risk. During the long study period of 22
years, members of the surgical team were replaced by less
experienced personnel. It is possible that the experience of
the surgical team may correlate with length of surgery and
blood loss.

Antiepileptic medication could impede coagulation,
thus putting the patient at an increased risk of intraoper-
ative bleeding. For instance, an association between anti-
epileptic medication and coagulation disorders has been
reported for valproate, carbamazepine, and gabapentin
[22-24]. In contrast, Psaras et al. reported that under
medication of valproate no increased bleeding could be
observed [25]. We analysed whether the number of dif-
ferent antiepileptic drugs would affect intraoperative
blood loss, but were unable to find any correlation
which confirms earlier reports by Manohar et al. [26].

Blood transfusion strategy is a subject which is con-
stantly under discussion [27]. Since rapid changes in
blood pressure of heart rate could not be observed, we
can assume that volume management with istonic fluids
was adequate leaving the Hb value as the main param-
eter for blood replacement. Recently the threshold for
transfusion in pediatric patients has become much more
restrictive since it has become evident that a more
liberal strategy results in worse outcomes. A transfusion-
trigger of 7 g/dl has been suggested for pediatric patients

in intensive care units [28]. While this can be applied to
stable conditions, intra-operative conditions with mas-
sive blood loss in a short period of time may necessitate
more liberal strategies in order to avoid critical anaemia
and hypovolaemia. In our series, a trigger of 9.5 g/dl has
usually been used even in recent operations. This re-
flects not only historical transfusion strategies, but also
the dynamic intra-operative setting that may demand
earlier blood transfusion.

As in red-cell transfusion, FFP transfusion practices
remain controversial. According to recommendations,
FFP should be given to correct microvascular bleeding
in the presence of coagulation test disorders or to cor-
rect microvascular bleeding during massive blood trans-
fusion [29]. However, in the pediatric setting even small
blood losses can result in disseminated intravascular
coagulopathy (DIC). Performing a coagulation test and
defrosting of FFPs takes approximately 60 to 90 minutes
(including transportation of blood sample and FEP) in
our hospital. Given the fast dynamic of DIC, awaiting
the coagulation test results in a situation of profound
blood loss would have put the children in jeopardy.
Therefore, fresh frozen plasma was given whenever the
estimated blood loss exceeded one third of the total
blood volume.

Temperature management

There is evidence that hypothermia is frequent especially
in small children which can have adverse effects such as
surgical site infections and coagulation disorders [30]. In
adults, already mild hypothermia (<36°C) has been re-
ported to significantly increase blood loss and trans-
fusion requirements in adults [18]. Mild hypothermia
occurred in our study too, however we observed no as-
sociation between body temperature and intraoperative
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blood loss. All children were sufficiently rewarmed until
the end of surgery using forced air warming blankets,
which have been shown to be effective in maintaining
intraoperative hypothermia [31]. Hence, intraoperative
hypothermia is of concern in children, however modern
heating devices seem to have resolved this issue in the
majority of patients. This seems to especially true in the
neurosurgical setting, where the entire patient (except
for the head) could be covered with heating blankets.

Induction and monitoring

In our series, thiopental and, more recently, propofol were
used for intravenous induction of anesthesia. We did not
observe an effect of antiepileptic drugs on the dosage of
thiopental for induction, which has been described to be
between 5 and 8 mg/kg body weight, depending on age
[32]. Propofol was administered via TCI pump for 4 recent
cases. This reflects the fact that TIVA has become popular
in the field of pediatric anesthesia especially when com-
bined with monitoring depth of anesthesia [33]. Sevo-
flurane has become a standard agent for inhalational
induction of anesthesia in children. However, excessive
high sevoflurane concentrations are to be avoided due to
its epileptogenic potential [34].

Intraoperative fluid management can be challenging
especially in the pediatric setting, especially when there
is significant blood loss that has to be restored. hence,
sufficient invasive or non-invasive monitoring is neces-
sary, and arterial cannulation is recommended in intra-
cranial resections. In fact, all of our patients received
arterial cannulae.

In contrast, the use of central venous catheters is con-
troversial in the pediatric setting [14]. Only 4 of our
patients received a central venous catheter. Since no va-
sopressors had to be used, it seems that fluid manage-
ment was adequate without central venous catheters.
However, invasive monitoring including methods such
as PiCCO might be advantageous in certain major resec-
tions as it has been suggested by Pietrini et al. [15].
None of children required cardiopulmonary resuscita-
tion, and no no case fatalities occurred. We therefore re-
gard resective epilepsy surgery as a safe procedure even
in small children.

Conclusion

We conclude that resective epilepsy surgery is associated
with a significant blood loss, especially during surgery
with long operating times. This has to be taken into
consideration by the anesthetist and the neurosurgeon
especially in pediatric patients where fluid and blood
management is more critical than in the adult popula-
tion. Intraoperative hypothermia is of concern in chil-
dren, however forced air warming seems to be effective
in restoring normothermia in pediatric epilepsy surgery.

Page 5 of 6

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

MT and MS designed the study and drafted the manuscript, MT, MvL, CW,
and JCSB were responsible for data acquisition. All authors revised the
manuscript critically for important intellectual content. All authors read and
approved the final manuscript.

Acknowledgements
The authors state that no support was received. All authors deny any conflict
of interest.

Author details

'Department of Anesthesiology and Intensive Care Medicine,
Sigmund-Freud-Str. 25, 53105 Bonn, Germany. “Department of Pediatrics,
University of Freiburg Medical Center, Heiliggeiststrale 1, 79106 Freiburg im
Breisgau, Germany. *Department of Neurosurgery, University of Bochum,
Knappschaftskrankenhaus, In der Schornau 23-25, 44892 Bochum, Germany.
“Department of Neurosurgery, Sigmund-Freud-Str. 25, 53105 Bonn, Germany.

Received: 7 June 2014 Accepted: 13 August 2014
Published: 18 August 2014

References

1. Kunieda T, Kikuchi T, Miyamoto S: Epilepsy surgery: surgical aspects. Curr
Opin Anaesthesiol 2012, 25:533-539.

2. Schramm J, Kuczaty S, Sassen R, Elger CE, von Lehe M: Pediatric functional
hemispherectomy: outcome in 92 patients. Acta Neurochir (Wien) 2012,
154:2017-2028.

3. Althausen A, Gleissner U, Hoppe C, Sassen R, Buddewig S, von Lehe M,
Schramm J, Elger CE, Helmstaedter C: Long-term outcome of hemispheric
surgery at different ages in 61 epilepsy patients. J Neurol Neurosurg
Psychiatry 2013, 84:529-536.

4. Schramm J, Clusmann H: The surgery of epilepsy. Neurosurgery 2008,
62(Suppl 2):463-481. discussion 481.

5. Health Quality Ontario: Epilepsy surgery: an evidence summary. Ont Heal
Technol Assess Ser 2012, 12:1-28.

6. Hauptman JS, Mathern GW: Epilepsy neurosurgery in children. Handb Clin
Neurol 2012, 108:881-895.

7. Téllez-Zenteno JF, Dhar R, Wiebe S: Long-term seizure outcomes following
epilepsy surgery: a systematic review and meta-analysis. Brain J Neurol
2005, 128:1188-1198.

8. Téllez-Zenteno JF, Dhar R, Hernandez-Ronquillo L, Wiebe S: Long-term
outcomes in epilepsy surgery: antiepileptic drugs, mortality, cognitive
and psychosocial aspects. Brain J Neurol 2007, 130:334-345.

9. Téllez-Zenteno JF, Herndndez Ronquillo L, Moien-Afshari F, Wiebe S:
Surgical outcomes in lesional and non-lesional epilepsy: a systematic
review and meta-analysis. Epilepsy Res 2010, 89:310-318.

10.  Englot DJ, Wang DD, Rolston JD, Shih TT, Chang EF: Rates and predictors
of long-term seizure freedom after frontal lobe epilepsy surgery: a
systematic review and meta-analysis. J Neurosurg 2012, 116:1042-1048.

11. Kral T, Kuczaty S, Blimcke 1, Urbach H, Clusmann H, Wiestler OD, Elger C,
Schramm J: Postsurgical outcome of children and adolescents with
medically refractory frontal lobe epilepsies. Childs Nerv Syst 2001,
17:595-601.

12. Von Lehe M, Kim H-J, Schramm J, Simon M: A comprehensive analysis of
early outcomes and complication rates after 769 craniotomies in
pediatric patients. Childs Nerv Syst 2013, 29:781-790.

13. Arango MF, Steven DA, Herrick IA: Neurosurgery for the treatment of
epilepsy. Curr Opin Anaesthesiol 2004, 17:383-387.

14.  Soriano SG, Eldredge EA, Rockoff MA: Pediatric neuroanesthesia.
Neuroimaging Clin N Am 2007, 17:259-267.

15. Pietrini D, Zanghi F, Pusateri A, Tosi F, Pulitano S, Piastra M:
Anesthesiological and intensive care considerations in children
undergoing extensive cerebral excision procedure for congenital
epileptogenic lesions. Childs Nerv Syst 2006, 22:344-851.

16.  Soriano SG, Bozza P: Anesthesia for epilepsy surgery in children. Childs
Nerv Syst 2006, 22:834-843.

17. Koh JL, Egan B, McGraw T: Pediatric epilepsy surgery: anesthetic
considerations. Anesthesiol Clin 2012, 30:191-206.



Thudium et al. BMIC Anesthesiology 2014, 14:71
http://www.biomedcentral.com/1471-2253/14/71

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Rajagopalan S, Mascha E, Na J, Sessler DI: The effects of mild perioperative
hypothermia on blood loss and transfusion requirement. Anesthesiology
2008, 108:71-77.

Raes A, Van Aken S, Craen M, Donckerwolcke R, Vande Walle J: A reference
frame for blood volume in children and adolescents. BMC Pediatr 2006, 6:3.
RUSSELL SJM: Blood volume studies in healthy children. Arch Dis Child
1949, 24:88-98.

Seruya M, Oh AK, Rogers GF, Boyajian MJ, Myseros JS, Yaun AL, Keating RF:
Factors related to blood loss during fronto-orbital advancement.

J Craniofac Surg 2012, 23:358-362.

Pan C-F, Shen M-Y, Wu C-J, Hsiao G, Chou D-S, Sheu J-R: Inhibitory
mechanisms of gabapentin, an antiseizure drug, on platelet aggregation.
J Pharm Pharmacol 2007, 59:1255-1261.

Finsterer J, Pelzl G, Hess B: Severe, isolated thrombocytopenia under
polytherapy with carbamazepine and valproate. Psychiatry Clin Neurosci
2001, 55:423-426.

Gerstner T, Teich M, Bell N, Longin E, Dempfle C-E, Brand J, K6nig S:
Valproate-associated coagulopathies are frequent and variable in
children. Epilepsia 2006, 47:1136-1143.

Psaras T, Will BE, Schoeber W, Rona S, Mittelbronn M, Honegger JB:
Quantitative assessment of postoperative blood collection in brain
tumor surgery under valproate medication. Zentralbl Neurochir 2008,
69:165-169.

Manohar C, Avitsian R, Lozano S, Gonzalez-Martinez J, Cata JP: The effect of
antiepileptic drugs on coagulation and bleeding in the perioperative
period of epilepsy surgery: the Cleveland Clinic experience. J Clin
Neurosci 2011, 18:1180-1184.

Secher EL, Stensballe J, Afshari A: Transfusion in critically ill children: an
ongoing dilemma. Acta Anaesthesiol Scand 2013, 57:684-691.

Lacroix J, Hébert PC, Hutchison JS, Hume HA, Tucci M, Ducruet T, Gauvin F,
Collet J-P, Toledano BJ, Robillard P, Joffe A, Biarent D, Meert K, Peters MJ,
TRIPICU Investigators, Canadian Critical Care Trials Group, Pediatric Acute Lung
Injury and Sepsis Investigators Network: Transfusion strategies for patients in
pediatric intensive care units. N Engl J Med 2007, 356:1609-1619.

Hume HA, Limoges P: Perioperative blood transfusion therapy in
pediatric patients. Am J Ther 2002, 9:396-405.

Kim P, Taghon T, Fetzer M, Tobias JD: Perioperative hypothermia in the
pediatric population: a quality improvement project. Am J Med Qual
2013, 28:400-406.

Ng S-F, Oo C-S, Loh K-H, Lim P-Y, Chan Y-H, Ong B-C: A comparative study
of three warming interventions to determine the most effective in
maintaining perioperative normothermia. Anesth Analg 2003, 96:171-176.
table of contents.

Jonmarker C, Westrin P, Larsson S, Werner O: Thiopental requirements for
induction of anesthesia in children. Anesthesiology 1987, 67:104-107.

Mani V, Morton NS: Overview of total intravenous anesthesia in children.
Paediatr Anaesth 2010, 20:211-222.

Constant |, Seeman R, Murat I: Sevoflurane and epileptiform EEG changes.
Paediatr Anaesth 2005, 15:266-274.

doi:10.1186/1471-2253-14-71

Cite this article as: Thudium et al.: Safety, feasibility and complications
during resective pediatric epilepsy surgery: a retrospective analysis. BMC
Anesthesiology 2014 14:71.

Page 6 of 6

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central




	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Results
	Discussion
	Blood loss
	Temperature management
	Induction and monitoring

	Conclusion
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


