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Abstract

Background: Brain tumors are the second most common malignancy in childhood and the surgical excision

remains the cornerstone of management. The objective of this study was to analyze the factors associated

with the length of intensive care unit (ICU) and hospital stay, and postoperative outcome in such children.

Materials and Methods: Three years of data were collected, retrospectively, by detailed review of medical

records pertaining to pre-anesthetic evaluation and perioperative course of children less than 16 years of age

who underwent excision of intracranial tumors. Results: One hundred sixty-eight medical records were

analyzed. One third of the children were found to have developed various intraoperative adverse events; the

most common were hemodynamic changes following brainstem handling and brain swelling. 58% of children

required postoperative mechanical ventilation. 82.7% of patients had favorable neurologic outcome which was

comparable between the two tumor locations (supratentorial vs infratentorial). On multivariate analysis, re-

exploration surgery and electrolyte disturbances, such as serum sodium, were found to be the independent

risk factors affecting hospital stay. The amount of intraoperative blood loss and postoperative pulmonary

complications (POPCs) were independent risk factors affecting the neurologic outcome. Conclusions: Adverse

events are fairly common after excision of brain tumors in children. Intraoperative complications did not affect

the ICU stay or neurological outcome; however, the postoperative complications increased length of ICU and

hospital stays. POPC was the single most important factor responsible for poor neurologic outcome and was

more so in children who underwent infratentorial surgery, prolonged mechanical ventilation, and who had a

lower cranial nerve palsy.
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Full Text

Brain tumors are the second most common malignancies in childhood,[1] constituting approximately 35% of

all childhood malignancies. They remain as the leading cause of cancer-related deaths in children.[2] Surgical
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resection is the cornerstone of management which can be achieved with the restoration of cerebral spinal fluid

(CSF) circulation by facilitating drainage, often as the first step. The neurosurgical procedures carry significant

risks and potential morbidity. The perioperative complications may be related to tumor pathology, surgical

approaches, intraoperative patient positioning, apart from the effect of anesthetics. A large volume of

literature is available with regard to perioperative complications in adults with intracranial tumors. However,

such data in relation to children are scarce. Hence, in this study, we aimed to assess the perioperative

complications occurring in children who underwent excision of intracranial tumors and the effect of such

complications on duration of hospital stay, intensive care unit (ICU) stay, and Glasgow outcome scale (GOS)

score.

 Materials and Methods

After approval from the Institute Ethics Committee, available medical records of children (aged less than 16

years) who underwent excision of intracranial tumors between January 2012 and January 2015, in our center,

were analyzed. For each child, data was collected by detailed review of medical records pertaining to pre-

anesthetic evaluation, intraoperative and postoperative course. Preoperative data included age, sex, weight,

clinical symptoms, size, type and location of tumors, presence of midline shift and hydrocephalus (based on

standard imaging criteria), presence of lower cranial nerve (LCN) involvement and the need for

ventriculoperitoneal (VP) shunt. Intraoperative data related to surgical procedure, anesthetic techniques and

adverse events such as blood loss, fluid and blood transfusion, brain swelling (protrusion of brain beyond the

level of the dura) and the duration of surgery were noted. Postoperative data included duration of ICU and

hospital stay, complications like re-exploration, postoperative pulmonary complications (POPCs) presence of

hematomas on imaging after surgery, meningitis, seizures, hemodynamic fluctuations, electrolyte imbalances,

presence of neurological deficits, and GOS score at the time of discharge. A GOS score of 1–2 was considered

as good, whereas a score of 3–5 was considered as poor outcome. The POPC was defined as any postoperative

pulmonary alteration such as atelectasis, hospital- or ventilator-acquired pneumonia, pneumothorax,

bronchospasm, weaning failure or reintubation, and acute respiratory distress syndrome (ARDS) which could

affect the patient outcome.

Anesthetic Technique: A standard anesthetic protocol was followed for all children. Induction of anesthesia was

done by either intravenous (IV) or inhalational technique, depending on the presence or absence of an IV

cannula. Anesthesia was induced with fentanyl 2 μg/kg, propofol 2–2.5 mg/kg or thiopentone 5 mg/kg or

sevoflurane in 100% oxygen and rocuronium to facilitate tracheal intubation. Anesthesia was maintained with

O2:N2O (40:60), and isoflurane, sevoflurane, or desflurane with minimum alveolar concentration (MAC) of

0.8–1.2 and intermittent boluses of rocuronium and fentanyl. N2O was used in all children; however, it was

discontinued when venous air embolism (VAE) was suspected in children who underwent sitting craniotomy.

The children were mechanically ventilated without positive end-expiratory pressure (PEEP) to maintain hypo-

to-normocapnia. Monitoring modalities included heart rate, electrocardiogram (ECG), pulse oximetry (SpO2),

invasive blood pressure, central venous pressure (CVP), end tidal carbon dioxide (EtCO2), MAC for gases,

temperature, and urine output. Central venous catheter (CVC) was inserted in cases where massive blood loss,

VAE, or prolonged ICU stay was anticipated. At the end of the surgery, the trachea was extubated in the

operating room (OR), else they were mechanically ventilated with further monitoring, in the ICU.

Statistical analysis was done using STATA 9.0 (College Station, TX, USA) software. Data is expressed as mean

± SD or number (percentage). The Chi-squared test, Mann–Whitney U test and Spearman's rank correlation

coefficient was used to assess the strength of association between continuous factors and hospital and ICU

stay, GOS, and mortality; and categorical factors were tested with hospital, ICU stay, GOS and mortality using

Wilcoxon rank sum test or Fischer's exact test. For factors effecting hospital stay and GOS, a stepwise

multivariate analysis with P = 0.05 at entry and P = 0.10 at removal was carried out. A P value < 0.05 was

considered statistically significant.

 Results
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During the three-year study period, a total of 179 children underwent surgery for intracranial tumors. Data

from 167 medical records were analyzed due to incomplete information in rest of the children. The mean age

of presentation was 9.8 years (Range: 2 months to 16 years) with a slight male preponderance [Table 1].

Tumor was located in the supratentorial compartment in 90 children versus 77 in the infratentorial region. One

hundred fifty-nine (95%) presented with mass effect, 118 (70.6%) with hydrocephalus (44 supratentorial vs

74 infratentorial tumors); 26 children (15.5%) had significant (more than 5 mm) midline shift; 73 children

with supratentorial and 46 with infratentorial tumors presented with at least one neurological deficit. LCN palsy

was seen in 16 children in the infratentorial group (20%) versus 5 in the supratentorial group (5.5%). Eighty-

eight children underwent preoperative CSF diversion procedures for obstructive hydrocephalus. None of the

children were presented with the complications of intratumoral hemorrhage or reverse herniation due to CSF

diversions.{Table 1}

The most common induction agent for anesthesia was propofol followed by sevoflurane [Table 2]. Anesthesia

was maintained with sevoflurane (155), isoflurane (7), desflurane (2), and propofol (3) along with oxygen and

N2O mixture. CVC was inserted in 153 children (91%). Most of the children were operated in horizontal

(supine, prone or lateral) position (90%); 16 underwent sitting craniotomy. The mean blood loss was 25 ± 23

ml/kg; average being 18 ml/kg in supratentorial tumors [Range 50–5000 ml]; and 14 ml/kg in infratentorial

tumors [Range 100–2500 ml]. Massive blood loss of more than 40% of calculated blood volume (CBV) was

seen in 39 children; 73 children (43%) required transfusion of packed red blood cells (PRBCs) and blood

products [Table 2]. Twenty out of 73 children who required PRBCs transfusion were also transfused with fresh

frozen plasma (FFP) and platelets. Massive transfusion (>40 ml/kg) was required in 12 patients.

Perioperatively, fluids used were crystalloids with colloid boluses at the time of hypotension associated with

blood loss. The average fluid requirements in the craniotomies were 93 ml/kg with the rate of fluid

administration at 24 ± 11.5 ml/kg/hour. Most common tumor pathologies associated with massive blood loss

were ependymomas followed by meduloblastomas and pilocytic astrocytomas. Fifty-five children (33%)

developed various intraoperative complications [Table 3]; the most common were brain stem handling, brain

swelling, massive blood loss, and VAE. Two children required inotropic support for hypotension; and post-

extubation seizure occurred in one child. Postoperatively, 58% of children required mechanical ventilation with

the common indication being brainstem handling and massive blood loss [Table 4].{Table 2}{Table 3}{Table

4}

Serum sodium disturbances were common postoperative complications in these children [Table 3]. Other

complications like POPC, re-exploration surgery and new onset neurological deficit are as described in [Table

3]. The number of children requiring a second surgery was 6.6% (7.78% and 3.89% in supra and infratentorial

surgeries, respectively). The most common indication was CSF diversion procedure in children having CSF

leak, persistent hydrocephalus and shunt malfunction. Two cases underwent emergency decompression

craniectomy. The incidence of existing and aggravated neurological deficits, POPCs, sepsis, hydrocephalus, and

pneumocephalus was significantly higher after infratentorial tumor excisions. The mean duration of

postoperative mechanical ventilation, ICU and hospital stay was 2.6, 5 and 12 days, respectively; they were

affected by presence of postoperative complications. The factors affecting the ICU and hospital stay and GOSM

were analyzed using univariate and multivariate analyses. Except for the duration of mechanical ventilation,

which was significantly higher after infratentorial craniotomy [Table 5], all other outcome variables such as ICU

stay, hospital stay, and GOS were comparable after the supra and infratentorial craniotomies.{Table 5}

On univariate analysis, massive blood loss, re-exploration surgery, sodium disturbances, and POPCs were

found to be the risk factors affecting hospital stay [Table 6]. However, on multivariate analysis, re-exploration

surgery and sodium disturbances were observed to be the independent risk factors [Table 7]. Similarly,

presence of LCN palsy, massive blood loss, brainstem handling, re-exploration surgery, presence of sodium

disturbances and POPCs were identified as risk factors of extended ICU stay; the re-exploration surgery was

found to have an independent correlation on multivariate analysis.{Table 6}

Out of 90 patients in the supratentorial group, 78 patients had favorable and 12 had unfavorable GOSM, and in

the infratentorial group, 63 children out of 77 had favorable outcomes. There was no significant difference in

between the two tumor groups in terms of neurological outcome. Intraoperative massive blood loss and POPCs

were found to be the independent risk factors affecting the neurologic outcome as measured by GOSM [Table

6] and [Table 7]. The incidence of mortality in this study was 3%; the most common causes were sepsis,
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hypothalamic and brainstem dysfunction with a 'longer duration of disease' being the single most important

predictor of mortality.{Table 7}

 Discussion

In this study, the influence of perioperative factors on hospital stay and neurological outcome at the time of

hospital discharge were observed. Various intraoperative events affected the perioperative course of these

children.

Brain stem handling was the most common intraoperative event and was observed commonly in cerebello-

pontine angle (6%), skull base tumors (3%), and fourth ventricular tumors. Episodes of sudden bradycardia

with or without hypotension were noticed during the handling of brainstem. Previously, the central form of TCR

was shown to play an important role affecting the functional outcome, mostly after adult skull base

surgeries;[3]. However, the role of TCR in children is not well-defined. In this study, the TCR episodes were not

associated with any effect on postoperative outcomes. These patients may need postoperative elective

ventilation so that there is gradual recovery of cardio-respiratory centers and protective reflexes over a period

of time.

Massive blood loss was the second most common event observed. Bhatnagar et al.[4] reported that 31% of

neurosurgical patients, including both children and adults, require allogeneic blood transfusion during

neurosurgery, more so, with pediatric brain tumors. As per the literature, pediatric craniotomies have been

associated with massive blood loss as high as 650%.[5],[6],[7],[8] In our study, blood loss ranged from

3%–133% of circulating blood volume (CBV), with more than 100% blood loss occurring in five patients. Blood

loss in the age group of 0–2 years ranged from 20%–78% of CBV. Hemodynamic instability requiring inotropic

support was observed in two cases.

Brain swelling was another common complication that occurred in 13.6% of patients. The children were given

additional doses of mannitol, volatile anesthetics were withdrawn, and total intravenous anesthesia (TIVA) was

utilized, and hyperventilation was instituted to maintain PaCO2 of 30–32 mmHg. Despite these measures, 18

children presented with tight brain at dural closure and postoperative ventilation planned. Three of these

children underwent DC in the same sitting whereas four underwent DC during the postoperative period.

Venous air embolism was seen in 31% of cases operated in sitting position. All the incidents were diagnosed by

sudden fall of EtCO2 more than 2 mmHg. A lower incidence of VAE was reported previously.[9],[10],[11] One

out of 16 (6.3%) cases had multiple events of VAE and was associated with hypotension. All five cases were

seen in children >10 years of age. Relatively high dural sinus pressures in children as compared with

adults[12] might be the reason for lower incidence of VAE in children.

The overall incidence of postoperative elective ventilation was quite high, in 97 (58%) patients. Fifty-eight

were extubated within 24 h (median 16 h), another eight in 48 h, and seven during the next 48–72 h. The

remaining 18 children (18.5%) underwent prolonged ventilation ranging from 7 to 30 days. Out of 90 children

with supratentorial tumors, seven were subjected to prolonged ventilation (>7 days). Similarly, in the

infratentorial group, 17 children out of 77 required ventilation for >7 days (P = 0.008). The most common

causes of prolonged ventilation were POPCs (12), sepsis (5), a second surgery for hydrocephalus, brain

edema, venous infarct and hematoma (5), meningitis (1), and hypothalamic dysfunction (1). Prolonged

mechanical ventilation was attributed to ventilator-associated pneumonia (VAP) though there is not enough

literature to suggest such an association in pediatric neurosurgical patients.[13]

The most common indication for elective ventilation was brainstem handling. However, 30 out of 41 patients

who had significant brainstem response after manipulation were extubated uneventfully during first 48 h after

surgery. The remaining 11 patients had postoperative LCN dysfunction, were tracheostomized, and required

prolonged ventilation; all of them underwent surgery for infratentorial tumors. Similarly, preoperative LCN

palsy was also an indication for elective ventilation in 10 patients, out of which seven required tracheostomy

and three had VAP.
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Presence of brain swelling at dural closure is at risk of developing into malignant brain edema. Postoperative

edema may be severe in the presence of residual tumor due to autoregulatory failure inside tumor tissue.[14]

It is considered prudent to electively ventilate such patients until the edema resolves.

Patients having massive blood loss or transfusion also require elective ventilation as they may cause

hemodynamic instability and dilutional coagulopathy, which increases the risk of hematoma. Seven out of 15

patients who had massive blood loss were extubated within 48 h; the rest had prolonged yet insignificant ICU

and hospital stay.

Delayed awakening was observed in four children (2.4%) after anesthetic overdose was ruled out. The two

causes attributed to delayed awakening were brain edema on computed tomography (CT) scan and

hypothalamic dysfunction (presence of temperature fluctuations and hemodynamic changes). These children

were extubated in the ICU after ascertaining satisfactory awake state.

The morbidity rate in the form of postoperative complications was 51% in this study. Previous similar

observations[15],[16],[17] in pediatric neurosurgery suggested complications in the range of 30%–70%. The

difference in the morbidity rates could be due to different definitions of complications, duration of observation

adapted apart from the quality of surgery offered in different studies.

Postoperative seizures portend a poor outcome. The incidence in our study was about 2.4%, occurring almost

equally in children who underwent either supra or infratentorial surgeries.

Sodium disturbance was another common complication seen in this study with an incidence of 16.7%. It

occurred commonly in children operated for craniopharyngioma, pituitary adenoma, and ependymoma; the

incidence of sodium and water imbalance in craniopharyngioma was 59% with hyponatremia being the

commonest finding. Hyponatremia among children undergoing surgery for brain tumors is more common with

young age, tumor located deep or spread to multiple locations (medulloblastoma), and those with

hydrocephalus.[18],[19] In our study, the strongest intraoperative predictor for sodium disturbances was

massive blood loss (LR 7.2, P = 0.04) which could be due to massive fluid shifts and the ensuing changes in

serum osmolality. Belzer et al.[20] found an incidence of 55% for hyponatremia in patients undergoing first

surgery for intracranial neoplasms, with a time pattern in between days 0 and 1 and days 5 and 6,

postoperatively. Hyponatremia has been associated with increased morbidity in children.[20] In our study,

eight out of 44 children (18%) who underwent primary resection for craniopharyngioma had a triphasic

response of diabetes insipidus (DI) and hyponatremia, which is similar to that of adult data reported.

[21],[22],[23]

POPCs are frequent in the early post-craniotomy period with an incidence of 23% in adults. They manifest as

pneumonia, bronchitis, atelectasis and respiratory failure.[24] The incidence in this study was 8.4% (3.3%

supratentorial vs 18% infratentorial). The most important predictor of POPCs was preoperative LCN palsy (LR

= 3.4, P = 0.05). Out of the 46 patients with intraoperative brain stem handling, four developed POPCs; and

six out of 21 patients with a drop in postoperative GCS had developed POPCs.

New-onset neurological deficit at discharge was seen in 15.5% of children (4% supratentorial vs 28.5%

infratentorial surgery). Neurological complications have been reported to be much higher in children, in the

range of 36%–54% (in infants).[25],[26] In our study, neurological complications occurred in the form of

weakness in one or more limbs, LCN palsies, oculomotor weakness, vision loss and mutism. The importance of

these deficits should be weighed against the benefits of radical excision of tumors. There is now convincing

evidence that a greater extent of excision improves survival in most of the children with brain tumors (e.g.,

ependymoma),[27],[28] and hence, obviates the need of adjuvant radiotherapy. Twenty of them required

postoperative ventilation, 19 stayed in ICU beyond 72 h, and 25 of them had a hospital stay of >7 days.

Meningitis, though not common, is a dreaded complication, observed in 4.8% in this series; four of them were

due to shunt infection (50%). This finding was also similar to that by Drake et al.,[16] who observed

meningitis after shunt infection in 58% of cases. There is good evidence that prophylactic antibiotics can

reduce the incidence of meningitis, which remains >5% in most pediatric centers despite usage.[29] CSF

leakage is a significant risk factor of shunt infection; therefore, meticulous attention should be paid for wound
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closure.[30] The other factors like presence of preoperative hydrocephalus without CSF diversion in posterior

fossa tumors, development of intraventricular hemorrhage leading to hydrocephalus, and surgical site infection

also lead to CSF leak.

The most common indication for a second surgery was CSF diversion procedure in children having CSF leak,

persistent hydrocephalus and shunt malfunction. Two cases underwent emergency DC. Lindert et al.[17] found

CSF disturbances to be the most common cause (50%) for a second surgery in pediatric neurosurgical

patients.

The GOS was found to be significantly associated with massive blood loss during the intraoperative period, and

also, on the incidence of POPCs, which was an independent factor for predicting the GOS. Similar findings were

reported by Bharti et al.[31] Factors such as massive blood loss, sodium imbalances, re-exploration surgery,

and POPCs were significantly associated with increased hospital stay; however, on multivariate analysis,

sodium imbalances and re-exploration were found to be independent predictors of increased length of hospital

stay in our study.

Surgical mortality in patients (aged 0–18 years) with brain tumors vary greatly (Range 0–20%).[32],[33],

[34],[35] In our study, it was 3%. The common causes were postoperative sepsis and DIC in two children,

hypothalamic dysfunction in two cases of craniopharyngioma, and brain stem dysfunction in one. No mortality

was noticed in the age group of less than 2 years.

 Conclusions

Perioperative complications are common in pediatric neurosurgical patients. Anticipation and timely

intervention of such events can improve mortality and morbidity. In our study, the most common

intraoperative complications were brainstem handling and brain swelling; however, none of them had any

effect on hospital and ICU stay or GOS scores. In the postoperative period, sodium disturbances and

pulmonary complication were the two most significant factors for extended ICU and hospital stay. Occurrence

of POPCs significantly affected the neurological outcome of children in terms of GOS scores. Preoperative LCN

palsy was the single most important predictor VAP. The duration of postoperative ventilation was significantly

higher in children undergoing excision of infratentorial tumors. This study was limited by its retrospective

nature apart from exclusion of the emergency cases; hence, further prospective studies are required to

validate the above conclusions.
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Table 1: Demographic data
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Table 2: Intraoperative management
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Table 3: Intra- and postoperative complications
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Table 4: Indications for elective postoperative ventilation
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Table 5: Postoperative outcome variables
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Table 6: Factors affecting modified Glasgow outcome scale (GOSM) score
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Table 7: Factors affecting hospital stay and modified Glasgow outcome scale (GOSM) score on

multivariate analysis
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