1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

WEALTY 4
of %,

SERVIC

%,
/f
Yeyvaaa

/ HHS Public Access

Author manuscript
Eur J Cancer. Author manuscript; available in PMC 2022 May 01.

Published in final edited form as:
Eur J Cancer. 2021 May ; 148: 103-111. doi:10.1016/j.ejca.2021.02.010.

Longitudinal associations between exposure to anesthesia and
neurocognitive functioning in pediatric medulloblastoma

M. Partanen, Ph.D.1, D.L. Anghelescu, M.D.2, L. Hall, M.S.2, J.E. Schreiber, Ph.D.3, M. Rossi,
D.0.2, A. Gajjar, M.D.2, L.M. Jacola, Ph.D.2

IPrincess Maxima Center for Pediatric Oncology, Utrecht, The Netherlands 2St. Jude Children’s
Research Hospital, Memphis, US 3The Children’s Hospital of Philadelphia, Philadelphia, US

Abstract

Aim: To examine whether anesthesia exposure is associated with neurocognitive decline in
pediatric medulloblastoma.

Methods: Patients were treated at St. Jude Children’s Research Hospital and completed =2
protocol-directed neurocognitive assessments (/7=107), as part of a multi-site clinical trial for
pediatric medulloblastoma (NCT00085202). Patients received risk-adapted craniospinal photon
irradiation, followed by four cycles of high-dose chemotherapy and stem cell rescue.
Neurocognitive testing was completed at study baseline (after surgery and <2 weeks of starting
radiation therapy) and annually for 5 years. Data on anesthesia exposure during treatment was
abstracted from medical records.
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Results: Patients were 10.2 years at diagnosis on average (SD=4.5; 37% female, 73% average-
risk). Mean cumulative anesthesia duration was 20.4 hours (SD=15.2; range 0.7-55.6 hours). In
the overall group, longer anesthesia duration was associated with greater declines in 1Q (Estimate=
-0.08, A<.001), attention (Estimate=-0.10, A<.001), and processing speed (Estimate=—0.13,
F£<.001). Similar results were shown in subgroups of patients who were <7 years at diagnosis (1Q=
-0.14, P=.027; Attention=-0.25: P=.011), =7 years at diagnosis (Attention=-0.07, P=.039;
Processing Speed=-0.08, P=.022), treated for high-risk disease (1Q=-0.09, P=.024; Attention=
-0.11, P=.034; Processing Speed=-0.13, P=.001), or treated for average-risk disease (1Q=-0.05,
P=.022; Attention=-0.08, P=.011; Processing Speed=-0.10, A<.001).

Conclusion: Greater anesthesia exposure is a risk factor for clinically significant neurocognitive
decline, in addition to factors of age at diagnosis and treatment risk arm. This result is notable as
there are evidence-based strategies that can limit the need for anesthesia. Limiting anesthesia
exposure, as feasible, may mitigate neurocognitive late effects and thus improve quality of life for
survivors.
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Medulloblastoma is the most common malignant pediatric brain tumor, which is currently
treated with surgery, risk-adapted radiation therapy, and adjuvant chemotherapy[1]. Survival
rates have increased with contemporary treatment; however, survivors show neurocognitive
decline following treatment[2, 3]. Established risk factors for neurocognitive problems
include younger age and higher intensity treatments[4, 5], and deficits may increase over
time[6].

Another risk factor for neurocognitive impairment may be exposure to general anesthesia.
Pre-clinical studies have suggested that anesthesia impacts brain development[7], which led
to warnings that repeated or lengthy use of anesthesia should be avoided in children younger
than 3 years[8]. Clinical studies generally suggest that a single, brief exposure to anesthesia
is not associated with cognitive deficits[9]. However, there have been mixed results[10, 11],
owing to methodological concerns such as using retrospective or birth cohort designs[12].
Furthermore, most studies have not examined children with complex medical conditions.
These children are particularly vulnerable because of their disease and treatment, but also
because they have multiple exposures to anesthesia. Importantly, anesthesia exposure is a
modifiable risk factor, such that children can complete some procedures without sedation
given sufficient training[13, 14]. Knowledge of whether multiple exposures to anesthesia
impacts long-term neurocognitive outcomes may help to guide current clinical practice.

This longitudinal study examined associations between anesthesia exposure and
neurocognitive outcomes in patients treated for pediatric medulloblastoma on a clinical trial.
These patients had multiple exposures to anesthesia, such as for radiation or diagnostic
imaging. Neurocognitive functioning was followed prospectively from baseline (after
surgery and <2 weeks of starting radiation) and annually up to 5 years post-diagnosis.
Results from a cross-sectional analysis at 3 years post-diagnosis showed that cumulative
anesthesia exposure was associated with poorer performance on overall 1Q, attention,
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working memory, processing speed, and reading[15]. Anesthesia exposure predicted poorer
cognitive performance, separately from age at diagnosis, risk group, and experiencing
posterior fossa syndrome (PFS). The current study focused on a subset of neurocognitive
measures in order to evaluate changes over time that may be associated with anesthesia
exposure. We hypothesized that longer durations or frequency of anesthesia would be
associated with larger declines over time.

Methods

This research was approved by Institutional Review Board (IRB) at St. Jude Children’s
Research Hospital. All participants or their parent/guardian gave written informed consent.
Children gave their assent.

Participants

There were 155 patients (3—21 years) with histologically confirmed medulloblastoma who
were treated at St. Jude Children’s Research Hospital as part of a multi-site clinical trial
from 2003-2013 (ClinicalTrials.gov: NCT00085202). There were 38 patients who were
ineligible for testing (/=3 no consent; 7=13 limited English proficiency or sensorimotor
condition; /7=22 off study/off treatment). Of the 117 eligible patients, 107 were included in
the current analyses as they completed at least 2 time points of neurocognitive testing (i.e., at
baseline, 1, 2, 3, 4, or 5-year time points). Ten patients were excluded from analyses because
they did not complete testing due to refusal or scheduling conflicts (7=8) or they had
received prolonged sedation necessary for mechanical ventilation (7=2).

Protocol-Directed Treatment

Patients underwent surgical resection and were subsequently placed into groups of average-
risk or high-risk disease[16]. After enrollment, risk-adapted radiation therapy started within
31 days after surgery. Treatment for high-risk disease included craniospinal photon
irradiation (CSI; M0-1: 36 Gy; M2-3: 39.6 Gy) and a focal boost to the tumor bed (total
dose: 55.8 Gy). For metastatic disease, local sites received supplemental irradiation (total
dose: 50.4-54 Gy). Treatment for average-risk disease included CSI (23.4 Gy) and boost to
the tumor bed (total dose: 55.8 Gy). All clinical target volumes were 1.0 cm and all radiation
protocols were delivered over 30 fractions (~30-45 min/fraction). Patients subsequently
received four cycles of high-dose chemotherapy (cyclophosphamide, cisplatin, vincristine)
with peripheral blood stem cell rescue.

Demographic and Medical Variables

Demographic and medical information was collected as part of the clinical trial. Anesthesia
exposure was extracted from medical records, which included frequency/duration, agents/
type of anesthetic, and other related procedures for 12 months after diagnosis[15].

Neurocognitive Measures

Neurocognitive testing was obtained at baseline (after surgery and <2 weeks of starting
radiation) and annually for 5 years. We focused on index scores from the Woodcock-
Johnson 111 Tests of Cognitive Abilities (WJ-111 COG)[17], which included measures of
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overall intelligence (General Ability), attention and working memory (Broad Attention), and
processing efficiency (Processing Speed). Age standardized normative data were available
for patients =2 years for overall 1Q and attention, and >3 years old for processing speed.
Higher scores indicate better performance (M=100, SD=15).

Fisher’s exact, likelihood ratio, and Wilcoxon rank-sum tests were used to examine
differences in demographic and clinical information for eligible participants versus non-
participants. Descriptive statistics were used to describe anesthesia exposure. Relationships
between age, baseline cognitive performance, and cumulative anesthesia frequency/duration
were examined with Pearson correlations. Differences between risk groups for cumulative
anesthesia frequency/duration were examined with independent samples #tests. Non-
parametric tests were used to evaluate differences in demographic and clinical groups for
total number of completed neurocognitive tests over time.

Linear mixed models were used to evaluate associations between age at diagnosis, treatment
risk, and anesthesia exposure with neurocognitive functioning. Outcomes of interest
included overall 1Q, attention, and processing speed. First, separate models were estimated
for each predictor along with its” interaction with time in the overall group. This included:
age at diagnosis (continuous in years); risk category (high vs. average); cumulative duration
of anesthesia (continuous in hours); and cumulative frequency of anesthesia (continuous NV
events). Multivariate models that included all predictors together were not examined due to
the high correlations between variables. Next, we estimated models for anesthesia effects
within subgroups similar to the literature (i.e., <7 years old, =7 years old, high-risk group,
average-risk group[6, 18]). All models included random intercepts and slopes.

Primary analyses focused on the overall group (7=107). Supplementary analyses included
the non-PFS group (/7=88), as PFS is a risk factor for neurocognitive deficits[19]. All
statistical comparisons were two-tailed and were considered significant at A<.05. Analyses
were conducted in R-4.0.0 (R-Core Team, Vienna, Austria).

Demographic and Clinical Information

Eligible participants versus non-participants were older (M=10.2 vs. 7.5 years; P=.05) and

the proportion of males to females was higher (64% vs. 30%, P=.05); however, the number
of patients excluded from analyses was small (Table 1). There were no differences between
participants and non-participants for race (P=.33), risk arm (P=.47), PFS status (~>.99), or

anesthesia exposure (frequency P=.31; duration P=.28).

Anesthesia Exposure

Mean cumulative frequency of anesthesia was 19.0 events (SD=15.5; range 1-52) and mean
cumulative duration was 20.4 hours (SD=15.2; range 0.7-55.6; Table 1). Indications for
anesthesia included radiation, imaging, or procedures such as lumbar punctures. Radiation
therapy was the most common indication (52% of events, 41% of patients), followed by
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imaging (25% of events, 85% of patients). Administrations included intravenous, inhalation,
or mixed methods (Table 2). Most common agents were propofol and fentanyl for
intravenous (100% of patients) and sevoflurane for inhalation (91% of patients) methods.

Younger age at diagnosis was positively associated with frequency (r=-0.58, £<.001) and
duration (=-0.59, A<.001) of anesthesia. Patients with high-risk disease had greater
anesthesia duration compared to the average-risk group (M=26.5 vs. 18.1 hours, P=.02);
differences did not reach significance for anesthesia frequency (M=23.7 vs. 17.3 events,
P=.08). There were no significant correlations between baseline cognitive performance and
anesthesia exposure (rrange=-0.03 to 0.14, P>.20).

Anesthesia Exposure and Neurocognitive Performance in Overall Group

Most participants (80%) completed >4 neurocognitive assessments (Table Al). Patients with
PFS completed fewer baseline (£<.001) and Year 1 (P=.03) assessments than the non-PFS
group. There were no other demographic or clinical predictors for number of completed
assessments (P>.05).

Table 3 shows results from linear mixed models in the overall group. All models showed
significant interactions with time. Attention performance is illustrated as an example (Figure
1). These results suggest that older children had increasing neurocognitive performance over
time (Overall 1Q: ~<.001; Attention: ~<.001; Processing Speed: A<.001); however, graphs
illustrate that younger children also had declining performance. Declines across
neurocognitive domains were shown in patients who were treated for high-risk (vs. average-
risk) disease (Overall 1Q: P<.001; Attention: P=.029; Processing Speed: A<.001) and for
those who had greater anesthesia exposure (Overall 1Q: £<.001; Attention: ~<.001;
Processing Speed: A<.001).

Anesthesia Exposure and Neurocognitive Performance in Age and Treatment Risk Groups

In the next analyses, linear mixed models were conducted for separate age and risk groups.
Similarly to the overall group, significant interactions were shown between time and
anesthesia exposure (Table 4; Table A2). Attention performance is illustrated as an example
(Figures 2 and 3).

Children <7 years at diagnosis who had greater anesthesia durations showed greater declines
on measures of overall 1Q (P=.027) and attention (P=.011). These results did not meet
significance for anesthesia frequency (P>.10). In children =7 years at diagnosis, greater
anesthesia duration was associated with declines in attention (~=.039) and processing speed
(P=.022). A main effect was shown for overall 1Q, such that longer anesthesia duration was
associated with poorer performance across time (P=.005). Similar results were shown for
anesthesia frequency in this age group.

In patients treated for high-risk or average-risk disease, greater anesthesia durations were
associated with declines in neurocognitive functioning over time. This result was illustrated
across domains for high-risk (Overall 1Q: P=024; Attention: P=.034; Processing Speed:
P=.001) and average-risk groups (Overall 1Q: P=.022; Attention: P=.011; Processing Speed:
F£<.001). Similar results were shown for anesthesia frequency.
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Anesthesia Exposure and Neurocognitive Performance in Non-PFS Group

The non-PFS and PFS groups did not differ in age (P=.13), sex (P=.43), race (P=.87), or
treatment risk (P>.99; Table A3). The non-PFS group had lower anesthesia frequency
(M=16.3 vs. 31.6 events, P=.001) and duration (M=17.9 vs. 32.1 hours, P=.001) than the
PFS group.

In the non-PFS group, primary indications for anesthesia included radiation therapy (47% of
events, 35% of patients) and imaging (27% of all events, 82% of patients). Propofol and
fentanyl were most common agents for intravenous (100% of patients) and sevoflurane for
inhalation (91% of patients) methods (Table A4). Similarly to the overall group, significant
correlations were shown between age and anesthesia frequency (/=-0.62, A<.001) and
duration (=-0.62, P<.001). The high-risk group had greater duration of anesthesia than the
average-risk group (M=24.4 vs. 15.5 hours, P=.03); differences were marginally significant
for anesthesia frequency (M=21.8 vs. 14.3 events, P=.054).

Table A5 shows results from linear mixed models in the non-PFS group. All models showed
significant interactions with time. Patients who were older at diagnosis showed increased
performance over time (Overall 1Q: £<.001; Attention: £=.002; Processing Speed: A<.001),
although graphs illustrate declines for younger children. Furthermore, declines across
neurocognitive domains were shown for the high-risk group (vs. average-risk; Overall 1Q:
F£<.001; Attention: P=.005; Processing Speed: A<.001) and for those who had greater
anesthesia exposures (Overall 1Q: A<.001; Attention: A<.001; Processing Speed: A<.001).

Discussion

This study examined longitudinal outcomes after exposure to anesthesia in a medically
complex pediatric population. Patients were homogeneous in terms of tumor type and risk-
adapted treatment, and their exposure to anesthesia was well-characterized. Results showed
that survivors had declines in neurocognitive functioning, particularly if a patient was
younger at diagnosis, treated for high-risk disease, or exposed to longer cumulative duration
or frequency of anesthesia. Importantly, similar results for the effect of anesthesia were
shown in the overall group as well as in age, treatment risk, and non-PFS subgroups.
Therefore, the results suggest that anesthesia may affect neural or cognitive development
with increasing time from diagnosis and treatment.

Our results are consistent with previous research, which has shown that attention and
processing speed are particularly impacted following medulloblastoma treatment[2]. In
clinical studies focusing on anesthesia exposure, larger doses, length, or frequency of
anesthesia was associated with cognitive or learning impairments in children who needed
surgery for various reasons[20-22]. Most children were exposed to anesthesia for surgical
procedures in early childhood, and the frequency or duration of anesthesia was relatively
lower than the current study (i.e., 1-4 events previous vs. 1-52 events current). We extend
this literature by including patients who were medically complex, had a broad age range, and
had varied anesthesia exposures. The current results and our previous cross-sectional
study[15] suggest that multiple anesthesia exposures are associated with poorer
neurocognitive functioning, in addition to known factors of young age and treatment
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intensity. Furthermore, lower baseline 1Q was not associated with greater frequency of
anesthesia exposure, suggesting that the need for anesthesia was not related to the cognitive
functioning of the patient. However, large, prospective trials will be needed to determine
safe limits for anesthesia dose, duration, or frequency while considering the potential
confounding factors with anesthesia exposure (e.g., shunt revisions, infections).

Few investigations have used a longitudinal design to measure changes in cognitive
functioning following anesthesia exposure (e.g., [23, 24]). Studies of young children
receiving anesthesia for inguinal surgery showed no pre- to post-surgery decline in
cognition, although the follow-up times were relatively short (4 weeks-18 months). In
contrast, one group used a prospective design to evaluate infant development following
excision of benign facial growths[25]; results showed decreased cognitive and motor
functioning over time, but this was only shown after 3 exposures to ketamine and not 1-2
exposures.

Our results suggest that neurocognitive decline is more prominent in patients who had
greater frequency or duration of anesthesia. In pediatric brain tumor, some evidence suggests
that anesthesia exposure is associated with poorer 1Q; this association was shown in a
secondary analysis an average of 3.6 years after diagnosis[26]. We extend this literature by
evaluating a longitudinal cohort of patients who completed testing up to 5 years into
survivorship. Further studies will be needed to examine the potential interactions between
anesthetic agent, administration method, dose, frequency/duration of exposure, and related
complications in patients who have complex medical histories.

The mechanism by which anesthesia exposure could impact cognitive functioning has been
explored in pre-clinical studies. Anesthesia may induce neuroapoptosis and cell death, which
subsequently affects neural and cognitive development[27]. It may also selectively target the
hippocampus and learning performance, although other studies have shown more diffuse
changes in the brain associated with cognitive or behavioral impairment[28]. The exact
mechanisms or pathways of anesthesia-induced neurotoxicity remain an area of research.

This study retrospectively extracted anesthesia records, and there was no control group
available due to the nature of the study. However, it would not be feasible to recruit a control
group with similar diagnoses and treatment who did not receive anesthesia. Also, anesthesia
data were not available for neurosurgical procedures, as these were conducted at an outside
institution. Future studies should examine anesthesia exposure through a prospective,
longitudinal method to determine the onset and timing of cognitive deficits that may be
associated with anesthesia and related complications. The current study completed subgroup
analyses to examine outcomes in different age, treatment risk, and non-PFS groups. Due to
relatively small samples, it was not possible to examine both age and treatment risk
groupings together (i.e., younger high-risk vs. older high-risk). Furthermore, patients with
PFS had greater anesthesia exposures and they also completed fewer baseline and year 1
assessments than those without PFS; these results align with the clinical presentation and
severity of this syndrome[29]. Multi-site studies will be needed to obtain sufficient sample
sizes to examine the relationship between anesthesia exposure and cognitive outcomes
within separate age, treatment risk, and PFS groups. This study did not examine the impact
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of ototoxicity on neurocognitive performance, as there were multiple confounding variables
and a relatively small sample size to examine complex interactions between variables.
Previous studies have shown that hearing loss can impact cognitive functioning in pediatric
brain tumor [18, 30, 31], and thus future research should include this factor (along with
other complicating factors) in larger, multi-site trials. Additionally, it will be important to
examine these questions in other complex medical conditions and across multiple
institutions, which will determine if cognitive declines can be generalized to other
conditions.

This research highlights the importance of limiting anesthesia exposure in childhood
medulloblastoma, when possible and not medically contraindicated, as repetitive anesthesia
exposure may negatively impact neurodevelopment. Furthermore, higher costs and risk for
complications[32, 33] are other reasons to limit anesthesia in these groups. Children who
receive appropriate training and practice may be able to complete procedures without
exposure to anesthesia. For example, involving child life specialists[13] and incorporating
play-based behavioral training[14] can be useful ways for children to practice prior to
radiation treatments or imaging studies.
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Highlights
Children with medulloblastoma often receive anesthesia during treatment
Anesthesia exposure is associated with neurocognitive declines over time

Limiting anesthesia exposure, as feasible, may mitigate neurocognitive
decline
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Figure 1.
Association between time and age, treatment risk, and anesthesia duration on neurocognitive

decline (overall group)

Notes: Estimated performance on the WJ 111 Attention index is shown as age standardized
norms (M=100, SD=15) in the overall group (n=107). Linear mixed models showed
significant interactions between time and age at diagnosis (P<.001), time and treatment risk
group (P=.029), and time and anesthesia duration (P<.001). Colored lines represent
estimated scores for: 3, 6, 9, 12, 15, or 18 years old at diagnosis (panel a); high risk or
average risk treatment (panel b); and 0, 10, 20, 30, 40, or 50 hours of cumulative anesthesia
exposure (panel c).
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<7 years at diagnosis 2 7 years at diagnosis

P=.011 b. P=.039
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Figure 2.
Association between time and anesthesia duration on neurocognitive decline (age groups)

Notes: Estimated performance on the WJ 111 Attention index is shown as age standardized
norms (M=100, SD=15) within the <7 years old at diagnosis group (n=27, panel a) and > 7
years old at diagnosis group (n=80, panel b). Linear mixed models showed significant
interactions between time and anesthesia exposure (young age: P=.011; older age: P=.039).
Colored lines represent estimated scores for: 0, 10, 20, 30, 40, and 50 hours of cumulative
anesthesia exposure.
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Figure 3.

Agsociation between time and anesthesia duration on neurocognitive decline (treatment risk
groups)

Notes: Estimated performance on the WJ 111 Attention index is shown as age standardized
norms (M=100, SD=15) within the high risk treatment group (n=29, panel a) and average
risk treatment group (n=78, panel b). Linear mixed models showed significant interactions
between time and anesthesia exposure (high risk: P=.034; average risk: P=.011). Colored
lines represent estimated scores for: 0, 10, 20, 30, 40, and 50 hours of cumulative anesthesia
exposure.

Eur J Cancer. Author manuscript; available in PMC 2022 May 01.



Page 15

Partanen et al.

Author Manuscript

'$)158) WINS-YuRJ UOXOI]IAN UO paseq sdnolB usamiag aousiayig

't

"1S8] O11E1 POOUI|8X1] 0 1$81 10BX® S, Jaysi4 U0 paseq sdnolb ussmiaq sousisyiq

4

‘Buipunos 03 anp QT [enba 10u Aew sabejuadiad “elep aAniuboooinau Jo syulod awi g 1ses] e pey Asyy 41 sasAjeue ul papnjoul alam syuediollied :SeloN

1018d :94 ‘8z1s B|dwes ;0N ‘UOIRIASD PIepUEls :dS SUONRIABIGQY

8¢’ (zsn) vve (z'sT) ¥'02 (sInoH) uoneIng sAeINWND
¢ (e'91) 622 (§'sT) 0'6T Aousnbai4 aaeinwng | 8insodx3 e1sayisauy
S0° (Te)sL (sv)zotr SIBaA sisoubelq 1e aby
d (as) ueaiy (as) uesy
(omt (81) 6T EIN (S4d) swoipuhs
66'< (06) 6 (28) 66 ON sS04 J0113)S0d
(on) v (22) 62 yb1H
na (09) 9 (e) 8L abesany dnoio sty
(ont 02 18Y10/99Y PaxIN
(ont W v UeISy
(og) e (en et xoelg
ee (09) & (82) €8 aluM aoey
(o) € (9) 89 afeN
S0° (01) L (28) 6 alewad XS
+d (%) oN (%) oN
(0T = "oN) stuedidnued-uoN | (20T = "ON) siuedionaed Kiobered 3|qelien

siuedionued-uou pue syuedionJed Joj uonew.loul [esaiuld pue alydesbowsq

‘Tal1qeL

Author Manuscript

Author Manuscript

Author Manuscript

Eur J Cancer. Author manuscript; available in PMC 2022 May 01.



Page 16

Partanen et al.

Author Manuscript

'sisouBelp Jage Jeak 1S114 8} 10 SPJOJBI [2IIPBL WOIY PSIOBIIXS SBM 8INS0dXa BISAUISBUY :SSI0N

1u018d :94 ‘8z1s B|dwes 0N ‘UOIRIASD PIepUElS :dS SUONRIABIGQY

(00)ot M auelIoeH
(00ot (99 aueinysad
(90 et (1) ST aueIN|os|
(80 ¥'T (6v) 25 apIX0 SNIIN
(z1 oz (16) L6 3UBINJJOAIS
pafeyul
(0000 (00 (6>/Bw) suIpIwolepawxaq
(0o T0 Mt (B>/6w) sutptuo|y
(CRIRN: (@¢ (B51/6w) auoydiowoipAH
TV 9s (B>1/Bu) wedazeion
(5962) T0L2 (®6 (B>1/6) auiLueayy
(€28) 8'60T (sT) 91T (6%/6w) sutpuiadis|
(5€12) 8°682 (o) 2z (B51/B) jongeqoludd
(0129 eTT (ve) 9z (B>1/6w) surydion
(szn)os (29) 99 (B54/Bu) wejozepiy
(zeoe) Teee (0oT) L0T (63/6r1) 1AueIUa4
(2€6¢€5) 9209 (o0T) 20T (B54/6w) jojodoid
SnousAeIIU|
(as) uesy (%) "oN
1uaed Jad aunsodx3 aaneinwinD | 1usby panladay jusied
(20T = "ON) dnou9 ||esnO Jusby onsyIssuy

(dnoub jjeian0) sisoubelp Jaye Jeak 151y Bulinp ainsodxs eIsaylsauy

‘¢ 9|qeL

Author Manuscript

Author Manuscript

Author Manuscript

Eur J Cancer. Author manuscript; available in PMC 2022 May 01.



Page 17

Partanen et al.

sisouBeip 1e abe Jo $198448 81BN[LAS 0 PBIINPUOD BJBM S[3pOW d)eledas “paads Buisseoold pue ‘uonusne ‘Of [|eI8A0 JO S80Ipu

"sisouBeIp 30Uls sJeak papn|oul W} Y SUORIRISIU|
*(snonunuog) eisayisaue Jo Aouanbaly aAllRINWND 2101 pue ‘(SINOY Ul SNONUIIUOD) BISAYISAUE JO UOIRIND SAIIRINWND [210} ‘(YS1i-abklane "sA s1-ybiy) wie ysi pajdalip-jodoiold ‘(sJeak ul snonuiuod)

| CAA 10} paleLuIIse a1sm s|apow paxiw Jesul] ‘(20T=u) dnoib |jesano ays u|

4
:S310N

10118 plepuess 13 ‘azis a|duwies :0N :SUOIBIABIGYY

100> | (c00)ero- | 100" | (€00) 600~ | TOO> | (20°0) LOO- aLuI} « eISayIsaUY
100> | (95°0) LT°€ 8T’ (65°0) 62°0 100° (9v'0) ¥S'1 awiL
L0 (ero)ezo- | svor | (tro)ezo- | 900 | (0T°0)8C0- AKouanbayy e1sayissuy
100> | (1627)€z's8 | 100> | (6v2) 996 | 100> | (T¥'2) 92'T0T 1dedsaul | (20T="0N) Aouanbaly eisayisauy
100> | (c00)€T’0- | 100> | (200)0T'O- | TOO> | (20°0) 80°0- aLuI} « eISayIsaUY
100> | (85°0) 05°€ 050’ (09°0) 02T 100> | (8v'0)9L'T awiL
L0 (er0) zzo- 80’ (tro)ero- | €10 | (01°0) 92°0- uoljeINp BISaYIsaUY
100> | (80'¢) 2968 | TOO> | (S9'2) €296 | 100> | (15°2)2z'T0T 1deosaul | (20T = "ON) uoleINp eISaYISaUY
100> | (980)2se- | 620" | (680)86'T- | 100> | (L9°0) €€e- BN L fSIY
100> | (ev'0)SLT 0s' (sv'0) 1€0- | TCO (¥€'0) 18'0 awiL
€20 (eTv) 156 09 (89'€) 96'T T4 (g5€) 90y | (abesane 'sn ybiy) sty
100> | (WTo)ee8L | 100> | (16T)95°T6 | 100> | (S87T)2L¥6 1daosau| (L0T="0N) dnoub xs1y
100> | (800)v¥0 | TOO> | (600)0c0 | TOO> | (L000)S20 awn « aby
100> | (68°0)T9¢- | 100> | (26'0)T6'€- | 200° (rL0) Tre- awiL
8g’ (ev0) vzo 6v'0 | (L€0)9z0- 98 (s€'0) 900 sisoubelp ye aby
100> | (ezv)19'8L | TOO> | (ST'¥)T0'G6 | 100> | (96°€) 62'S6 1daasel (201="0N) 3By
+d | @s)ereumsg | 4d | @s)erewnsg | 19 | (39)erewns3
paads Buissadoad uonuany Ol [[e49nO

3|qelIeA 8WoaINQO

a|qelIeA 10101paid

(‘oN) 13poN

(dnoub jjesan0) aulaap aAIUBo20INaU JO SI0101pald se Aouanbalj/uoiieinp BISaYISaUR SAIRINWIND puUR ‘¥SI Juswieal] ‘aby

Author Manuscript

‘€ 9l1qeL

Author Manuscript

Author Manuscript

Author Manuscript

Eur J Cancer. Author manuscript; available in PMC 2022 May 01.



Page 18

Partanen et al.

‘sisoubeip

30UIS SJeak PapN|oUL BLUI YIIM SUONORIBIU| "SISOUBRIP Jalye 1eak 1811y UIYHAM (SINOY Ul SNONUIIUOD) BISBYISAUE JO LUOIIRIND SAIIRINWIND [210} PAPN[OUI SBICRLIBA J0JOIPald “JUsWIeal) st abelane pue ‘Jusuwies

s ybiy ‘(sseak 2=) sisoubelp e abe Jap|o ‘(sreak/>) sisoubelp e abie 1oBunoA Jo sdnosbans uiyym paads Buissadoid pue ‘uousie ‘Of |[eJaA0 JO Sadlpu

Author Manuscript

| CAA J0} PaIeLISS 819M S|8pOW PaxIW Jesul

4
:S310N

10118 plepuess 13 ‘azis a|duwies :0N :SUOIBIABIGGY

100> | (e00)or0- | TIO° | (€00)80°0- | ¢zo | (20°0) S0°0- LI « BISaUISBUY
100> | (S9°0) ¥9°€ 60° (e90)0T'T 100> | (6v°0)9L'T awiL
Lo (91°0) 62°0- 113 (wT0)zzo- | 1600 | (21°0) L2'0- | uome.np eIsayisauy
100> | (8v'e)voes | 100> | (€6'2)29'G6 | 100> | (6L2)2L'66 1dadsaiul | (82="0N) st abesany
100" | (€00)ero- | veo | (so0)tTO- | v2o | (vO'0)6OO- LI « BISaUISBUY
ST (€0'1) 85T vy’ (L8T)SL0 o’ (81'T) 88°0 awiL
60 (0z'0) Ge'0- 1A (te0) e0- L0 (0Z'0) 850~ | uoneinp eissyisauy
100> | (0T'9)8'26 | TOO> | (95°9) T2'00T | 100> | (6T°9) 18'80T 1daausul (62="0N) >ist1 UBIH
ceo | (e00)so0- | 680 | (0°0) LOO- 8 (€0'0) 00— LI « BISaUISBUY
100> | (€9°0) v0'E €C (09°0) 220 120° (05°0) 6T'T awiL
100> | (81°0)890- | 610" | (9T°0)8€0- | S00° | (ST°0) ¥¥0- | uoneInp BISAUISOUY
100> | (ec€)o6'68 | TOO> | (€6'2) 2086 | 100> | (1872)0T'€0T 1dadsaiul | (08="ON) plo sIedk /=2
850" | (Loo)sto- | t10° | (60°0)GC0- | 2o | (90°0) ¥TO- LI « BISAUISBUY
8z (282 0z’ 90 (6€'€) 0L'9 8T’ (ze2) oz awiL
9%’ (te'0) 200 8’ (0g'0) 900 66 (82°0) T0°0~ | uoneinp eissyisauy
100> | (L121) 28'v8 | TOO> | (87'TT)S6'68 | TOO™> | (99°0T) L¥'v6 1dadsaul | (Lg="ON) plo sieak />
+d | @s)ereumsg | 4d | @s)erewnsg | 19 | (39)srewns3
paads Buissadoad uonuany Ol I[e49n0
9|geldeA awodnQ 3|gelieA 410101paid ("ON) 13po\

(sdnoub ys14 uawieall pue sisoubelp e abe) suijosp aAnIUBO20INBU JO J0121pald Se uoIeINp BISAYISAUR aAlR|INWND

‘v al|qeL

Author Manuscript

Author Manuscript

Author Manuscript

Eur J Cancer. Author manuscript; available in PMC 2022 May 01.



	Abstract
	Methods
	Participants
	Protocol-Directed Treatment
	Demographic and Medical Variables
	Neurocognitive Measures
	Analysis

	Results
	Demographic and Clinical Information
	Anesthesia Exposure
	Anesthesia Exposure and Neurocognitive Performance in Overall Group
	Anesthesia Exposure and Neurocognitive Performance in Age and Treatment Risk Groups
	Anesthesia Exposure and Neurocognitive Performance in Non-PFS Group

	Discussion
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Table 1.
	Table 2.
	Table 3.
	Table 4.

