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Abstract

Purpose Delirium is a common neurocognitive complication in cancer. Despite this, the studies examining the trajectory of the
severity of delirium symptoms and its impact on health outcome in gastric cancer is rather limited. This study examined the
trajectory of delirium symptom severity (DSS) following resection surgery for gastric cancer and its prospective association with
cognitive function.

Methods A three-wave prospective observational study was conducted with 242 gastric cancer patients admitted for resection
surgery at a teaching hospital in South Korea from May 2016 to November 2017. DSS was assessed by the clinical staff before
and 1, 2, 3, and 7 days after surgery using the Delirium Rating Scale-Revised-98. A survey including the Functional Assessment
of Cancer Therapy-Cognitive Scale (FACT-Cog) and Mini-Mental State Examination (MMSE) was administered before surgery
(TO), 7 days after (T1), and 3 to 6 months after surgery (T2).

Results Out of 242 participants, 48.8% (118) completed the survey at all three time points, 43.4% (105) did so for two time
points, and 7.9% (19) for one time point. No cases of full delirium were observed over four postoperative time points. Latent
growth curve modeling analyses indicated that DSS declined over 3 days after surgery. Age and anesthesia time were positively
associated with the initial level of DSS. A medication history for memory complaints was related to a slower recovery from
delirium symptoms. While the use of propofol as an anesthetic agent was associated with lower initial DSS, it predicted a slower
recovery from DSS. A higher initial DSS predicted a lower T1 MMSE score.

Conclusions Severity of postoperative delirium symptoms predicts a short-term and objective cognitive function post-surgery.
Monitoring and timely treatment of postoperative delirium symptoms is needed to diminish cognitive consequences in gastric
cancer patients.
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Introduction

Delirium is a common neurocognitive complication in cancer
patients [1], causing considerable distress to them and their
family/caregivers [2]. It is associated with increased mortality
[3], prolonged hospital stay [3, 4], higher need for convales-
cence or long-term care, and worse functioning after surgery
[4].

Moreover, delirium is related to cognitive function, and a
systematic review suggested a link between delirium and a
high risk of long-term cognitive impairment [5]. In fact, a
longer duration of delirium was an independent predictor of
worse cognitive functioning at the 3- and 12-month follow-up
in medical intensive care unit patients [6]. Similarly, delirium
during the acute phase of hematopoietic cell transplant (HCT)
was related to perceived neurocognitive dysfunction as well as
low health-related quality of life at 6 months and 1 year [7]. In
addition to worse cognitive functioning, a delirium episode
during the acute phase of myeloablative HCT was also related
to decreased mental health, increased anxiety, fatigue, and
cancer- and treatment-related distress symptoms at 80 days
after transplantation [8§].

Despite the significant impact of delirium symptoms on
patient-reported outcomes, prospective studies to examine
the longitudinal trajectory of the severity of delirium symp-
toms and its consequences in patients with cancer, particularly
patients with gastric cancer, are rather limited. Gastric cancer
is the fifth most frequently diagnosed cancer worldwide with
more than 1,000,000 new cases in 2018, and its incidence is
particularly elevated in Eastern Asia, with the highest rates
observed in South Korea with age-standardized incidence
rates of 32.1 for males and 13.2 for females [9].

With improved gastric cancer survival rates observed
worldwide, there is increasing concern about the long-term
impact of treatment-related symptoms such as delirium on
health-related outcomes such as cognitive function. In fact, a
decline in cognitive functioning was one of the representative
and unrecovered problems after 1 year post-surgery in a lon-
gitudinal study with 465 patients who received gastrectomy
[10], which warrants clinical attention.

Thus, the purpose of this study was to explore the trajectory
of the severity of delirium symptoms over 3 days following
surgery as well as its potential association with objective and
subjective cognitive function 3 to 6 months after surgery in a
prospective observational study with gastric cancer patients.

Methods
Participants and procedures

The participants consisted of gastric cancer patients admitted
for curative resection surgery at the surgery department of a
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teaching hospital in Seoul, South Korea, from May 2016 to
November 2017. Research nurses explained the purpose and
procedures of the study to eligible patients on the day of ad-
mission. Upon obtaining informed consent, trained research
nurses or psychiatrists assessed delirium symptoms using the
Delirium Rating Scale Revised-98 (before and 1, 2, 3, and
7 days after surgery). A survey that included the FACT-
Cognitive Scale, the Min-Mental State Examination, and the
Hospital Anxiety and Depression Scale was also administered
before (T0), 7 days after surgery (T1), and 3 to 6 months after
surgery (T2).

Out of 357 eligible patients, 84 patients declined study
participation. Seventeen patients (3 with gastrointestinal stro-
mal tumor, 11 with palliative surgery, 2 with delayed surgery,
and 1 with refusal to surgery) were excluded, resulting in a
total of 256 participants enrolled at baseline. Data from 14
patients (1 with preoperative delirium; 8 whose MMSE score
was <19, indicative of possible dementia [11]; and 5 whose
delirium data were missing) were further excluded, resulting
in 242 patients included in analyses.

This study was approved by the Institutional Review Board
of the Seoul National University Hospital (IRB No. H-1505-
045-671).

Measures

Delirium symptom severity was assessed via the 13-item se-
verity scale from the Delirium Rating Scale-Revised-98
(DRS-R-98) [12]. Severity was assessed by parameters such
as sleep-wake cycle disturbances, perceptions and hallucina-
tions, delusions, lability of affect, language, thought process-
ing abnormalities, motor agitation or retardation, orientation,
attention, and short- and long-term memory. Clinicians rated
symptoms on a 4-point scale (0-3), and the scores ranged
from 0 to 39, with higher scores indicating greater severity.
Severity scores of 8—14 were considered to be subsyndromal
delirium and the scores of over 15 as full delirium [13]. The
Cronbach’s alpha of the DRS-R-98 severity scale was 0.87
[12].

Subjective cognitive function was assessed by the FACT-
Cognitive Scale (FACT-Cog) [14]. The FACT-Cog (Version
3) is a 37-item self-report measure of cognitive complaints in
cancer patients and composed of 4 subscales: perceived cog-
nitive impairments (20 items, CogPCI), impact of perceived
cognitive impairments on quality of life (4 items, CogQOL),
comments from others (4 items, CogOth), and perceived cog-
nitive abilities (9 items, CogPCA). Responders rate each item
on a 5-point Likert scale referring to the past 7 days (frequency
rating for the subscales of CogPCI and CogOth: 0 = “never”
to 4 =“several times a day”; severity rating for the subscales
of CogQOL and CogPCA: 0="not at all” to 4 =“very
much”). The subscale scores are calculated by summing up
the items in the respective domain (two items from CogPCI
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and two from CogPCA are not to be scored), with higher
scores corresponding to a higher level of the respective do-
main. The Cronbach’s alpha of the Korean version of the
FACT-Cog are 0.92 (CogPCA), 0.95 (CogPCI), 0.84
(CogOth), and 0.87 (CogQOL) [15].

Objective cognitive function was assessed by the Korean
version of the Mini-Mental State Examination (MMSE-K)
[11]. The MMSE is a brief measure of overall cognitive func-
tion with 11 items evaluating orientation, memory registration
and recall, attention and calculation, language, and visual con-
struction [16]. A cutoff score of 23 out of 30 is indicative of
cognitive function problems [11].

Anxiety and depression were evaluated by the respective 7-
item subscales from the Hospital anxiety and depression scale
(HADS) [17]. Patients rate each item on a 4-point Likert scale
(0-3) referring to the past week. The score of each subscale
ranges from 0 to 21. The Cronbach’s alpha of the Korean
version of the HADS was 0.89 for anxiety and 0.86 for the
depression subscale [17].

Clinical characteristics were retrieved from electronic
medical charts and operation and anesthesia records.
Comorbidities were scored by the ICD-10 version of the
Charlson comorbidity index (CCI) [18]. CCI was calculated
excluding age as it was examined separately in analyses.

Statistical analyses Chi-square analysis was conducted to ex-
amine sociodemographic and clinical characteristics of the
study participants. Pearson correlation analyses were per-
formed to identify factors associated with the scores of the
FACT-Cog subscales and the MMSE, and significant vari-
ables (supplementary Table 1) were entered as covariates in
the latent growth curve model analysis (LGM).

LGM was conducted to examine factors associated with the
initial level (i.e., postoperative day 1: POD1) and rates of
change in DSS (i.e., changes from POD 1 to POD3), and its
potential association with cognitive function. LGM allows
examination of both intra-individual changes over time and
the inter-individual differences in intra-individual changes as
well as investigation of antecedents and consequences of
change [19]. First, an unconditional LGM examining the in-
tercept (i.e., an initial level of DSS) and the slope (i.e., linear
change in DSS) was performed. Second, the conditional LGM
was run to examine the relationships of the initial level and
rates of change in DSS with the socio-demographic and clin-
ical variables, as well as the impact of the intercept and slope
of DSS on T1 and T2 cognitive functions. The goodness of fit
of the model was evaluated with the following criteria: Chi-
square statistics, a Chi-square to degrees of freedom ratio of
less than 2 or 3 [20], Comparative Fit Index (CFI: >.90),
Tucker-Lewis Index (TLI: >.90), and root mean squared error
of approximation (RMSEA: <.08 with a 90% confidence in-
terval) [21]. The robust maximum likelihood estimator was
used to account for the non-normal delirium data. Missing

data was handled with full information as maximum likeli-
hood under the missing-at-random assumption. IBM SPSS
version 23 for Windows and AMOS 23 were used for the
statistical analyses.

Results
Participants’ characteristics across time points

Participants’ characteristics are shown in Table 1. Out of 242
participants, 48.8% (118) completed the survey at all three
time points, 43.4% (105) did so for two time points, and
7.9% (19) for one time point. Participants who completed
the test only at one time showed a higher BMI than those
who completed all three time points (7, 237 =4.32, p<.05)
as well as a higher rate of preoperative midazolam use for
anesthesia-assisted gastroscopy (55.6% vs. 29.7%; Xz(z):
6.02, p<.05) and CCI stage of over 4 (16.7% vs. 0%;
X 5=16.68, p<.01).

No cases of full delirium were observed over four time
points. Twenty-two patients (9.1%) at postoperative day
(POD) 1, 9 patients (3.7%) at POD2, 7 patients at POD3
(2.9%), and 5 patients (2.1%) at POD7 had subsyndromal
delirium as determined by the DRS-R-98 severity subscale
scores.

Initial level and rates of change of the DSS
during the first 3 days after surgery

The unconditional LGM examining the intercept (i.e., at
POD1) and slope of DSS (changes from POD1 to POD3)
was analyzed. The results indicated good fitness of the model
to the data (X*=5.14, df=3, p=.16, X*/df=1.71, CFI= .99
TLI=.98, RMSEA = .05 with 90% CI .00—.13). The estimat-
ed mean value of the intercept was 4.52 (SE=.14, p<.001)
and that of the slope was —.91 (SE=.08, p <.001), indicating
a significant decrease of DSS over 3 postoperative days. The
variances of the intercept and slope were significant (intercept,
variance =3.65, SE = .45, p <.001; slope, variance=.71,
SE =.15, p<.001), indicating individual differences in the
initial level and rates of change of DSS. The covariance be-
tween the intercept and slope was negatively related (b=
—.60, p <.01), indicating that a higher initial level of DSS is
associated with its slower decrease over time.

Factors associated with the trajectory of the DSS

Sociodemographic and clinical factors that were associated
with the initial level and rate of change of DSS are shown in
Table 2. Indices of goodness of fit for all significant and mar-
ginally significant variables were in the acceptable range, even
though the upper value of 90% CI was over .10 which could
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Table 1. Participants’ sociodemographic and clinical characteristics across Although a laparoscopic surgery was related to a higher

time points (V=242) initial DSS with marginal significance (b=.65, SE=.36, ¢=

Variables Mean =+ SD or N (%) 1.80, p= .07), it was related to a faster recovery (b=—.38,

) — SE=.20, t=—1.89, p= .06). Subtotal or partial gastrectomy

iogzl"demogmphlc variables 62,054 10.60 was related to a lower initial level of DSS (b =—.62, SE = .33,

Gender (male) 159 (66.0). =—1.88, p= .06). In addition, depression was associated

Education level (<9 years) 168 (73.7) with a higher initial DSS (b =.07, SE=.04, t=1.79,

g[eal?gtii;t(awt‘:fh(ﬁrgri‘z‘z ﬁz(fg‘.‘g) p=.07), and the number of family members was related to a

Monthly income (Korean won) faster recovery (b=—.12, SE=.06, t=—1.86, p =.00).

~2 million KRW 52 (26.8)

ff‘; m?ﬂ?‘m gx ZZ g?‘l‘; A potential association between a trajectory of DSS
~0 million . oge .

6 million KRW ~ 44(22.7) and cognitive function

Number of family member living together 295+1.25

g““icatll"aﬁabll(‘;s 28(119) A potential association of the trajectory of postoperative DSS
urrently smoking . .

Problematic drinking 22(9.4) with the scores of the MMSE and the FACT-Cog subscales at

Body mass index (cmv/kg?) 22.92+3.10 T1 and T2 were examined.

>%§ S ?g 8313) As for the objective cognitive function, the intercept pre-

< . . . . . .

ECOG status dicted TI MMSE (b=-.30, SE= .08, p<.001), indicating

0 143 (68.8) higher initial DSS predicting lower MMSE scores at T1
1 60 (28.8) (X’ =45.19, df=28, p<.01, X*/df=1.61, CFI=.96,

§/4 ‘I‘E(‘)zg TLI=.92, RMSEA =.05 with 90% CI .02—.08), and its pre-

Medication history for depression 13 (6.2) dictive ability remained significant even after controlling for

Medication history for memory complaints 314 preoperative MMSE scores (b=—.19, SE= .07, p<.01)

CCI (except age) (Fig 1)

23 19(7.9) e » ,

>4 7(2.9) As for subjective cognitive function, the slope (b =—1.86,

Pre-op midazolam use for anesthesia-assisted gastros- 87 (36.0) SE = .86, p <.05) predicted the CogPCI subscale scores at T2,

T s‘;‘;’pg’ indicating faster recovery from delirium symptoms predicting

e 170 (70.8) higher T2 PCI (X° =52.88, df=25, p=.001, X*/df=2.16,

T2 or more 70 (29.2) CFI=.93, TLI=.84, RMSEA = .07 with 90% CI .04-.09).

Eurglcal procedure 201 83.8) However, on controlling for its preoperative scores, it became
aparoscopic . . . .

Opl?:n P 39 (16.3) non-significant (b=—1.27, SE =.80, p=.11) (Fig. 2).

Resection type

Total gastrectomy 48 (20.0)

Subtotal or partial gastrectomy 192 (80.0) . .

Anesthesia time (min) 274.71 £58.84 Discussion

Main anesthetic agent

TIVA (prol”f‘ﬂ()1 37 (154) This study examined the trajectory of DSS over 3 days after

Isrf;;fpfgizranigssiracn:gem 203 (84.6) surgery, and its association with objective and subjective cog-

Remifentanil 228 (95.0) nitive function at 7 days (T1) and 3 to 6 months after surgery

Fentanyl 12 (5.0) (T2) in patients with gastric cancer.

Anxiet 5.60+3.68 . Lo .

D:;;ZsZion 444334 DSS declined significantly over the 3 postoperative days.

Note. Monthly income: 2 million KRW equivalent to 1864 USD
ECOG Eastern Cooperative Oncology Group, CCI Charlson comorbidity in-

dex, op operative, TIVA total intravenous anesthesia
“p< .05, p< .01

be due to the small degrees of freedom [22]. Age and anesthe-
sia time were positively related to an initial level of DSS. A
medication history for memory complaints was related to a
slower recovery from delirium symptoms. In addition, while
use of propofol as the main anesthetic was associated with a
lower initial DSS, it predicted a slower recovery from delirium

symptoms.

@ Springer

The overall DSS level in patients with gastric cancer was not
high. Delirium is more common in the advanced or terminal
stage of cancer [1], and the fact that our participants were at a
relatively early stage receiving curative surgery might explain
the low level of DSS. In fact, a previous finding from a
Japanese study with elderly patients with gastric cancer indi-
cated that surgery-related complications such as delirium were
not common even in elderly patients at the early stage of
gastric cancer, with only four out of 141 patients experiencing
delirium [23]. However, previous studies suggest that even
features of subsyndromal delirium are significantly related to
prolonged hospital stays and worsened functional status [4] or
worse cognitive outcomes [24], warranting clinical attention.
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The longitudinal trajectory of DSS was associated with a
few socio-demographic and clinical factors. Age [25, 26] and
anesthesia time were positively associated with the initial
DSS. A probable association between time of anesthesia and
the DSS has been suggested. In a study with esophageal can-
cer patients, the occurrence of postoperative delirium was not
significantly associated with the duration of anesthesia, but the
duration of anesthesia was longer in patients with delirium
than in those without, with a marginal significance [25].

Furthermore, a medication history for memory complaints
was related to a slower recovery from delirium symptoms,
which is understandable with decline in memory being one
of the symptoms of delirium [12]. A similar association be-
tween preoperative subjective memory complaints and an in-
creased risk of postoperative delirium was previously noted
[27].

In addition, while the use of propofol as the main anes-
thetics was associated with a lower initial DSS, it predicted a
slower recovery from delirium symptoms. A previous study
with elderly patients receiving laparoscopic surgery indicated
that patients on propofol scored higher on the delirium rating
scale at postoperative days 2 and 3 than those on sevoflurane
anesthesia, whereas the incidence of postoperative delirium
during the first 3 days showed no significant intra-group dif-
ferences [28]. Related to this, early postoperative cognitive
dysfunction was higher with propofol as compared with
desflurane in patients receiving coronary artery bypass sur-
gery [29] although this association was no longer observed
at 3 months after surgery. Yet, previous studies show discrep-
ant results regarding the association between propofol and
delirium depending on the studied population or treatment or
other clinical characteristics, warranting caution in its interpre-
tation and further investigation into the issue.

Higher initial DSS predicted lower MMSE scores indica-
tive of objective cognitive function at 7 days after surgery
even after controlling for its preoperative scores, but not at 3

to 6 months after surgery, consistent with a significant asso-
ciation between postoperative delirium and postoperative
cognitive decline assessed by the MMSE, observed in elder-
ly patients with gastric cancer [30]. Similarly, a postoperative
delirium was associated with a more pronounced decline in
the MMSE scores immediately after cardiac surgery, but the
differences of MMSE scores between elderly patients with
and without delirium episodes were not seen at 6 and
12 months after surgery [31]. Yet, a delayed recovery of
preoperative cognitive functioning was observed in patients
with delirium not recovering their previous functions by
1 year after surgery compared to those without delirium re-
covering their previous level by about 1 month after surgery
[31].

As for a subjective cognitive function, the rates of change
of DSS predicted a perceived cognitive impairment at 3 to
6 months after surgery, although it became non-significant
on controlling for its preoperative level. A prior study com-
paring perceived cognitive impairments using the same
FACT-Cog between survivors of critical illness and their
family member controls found no significant differences in
FACT-Cog subscale scores 3 and 6 months after discharge
[32].

Related to this, a prior study with patients from a cancer
rehabilitation unit found a weak association between subjec-
tive and objective assessments of cognitive functioning. This
was explained by significant associations of emotional status
with subjective cognitive functioning versus only weak asso-
ciations with objective ones [33]. This was also observed in
the current study and HADS anxiety and depression scores
were correlated to most of the FACT-Cog subscale scores,
but only depression was related to the MMSE scores at T1.
Significant associations of DSS with objective cognitive func-
tion but not with subjective ones found in this study might
suggest these varying degrees of influences of various factors
on cognitive function.

Table 2 Predictors of the initial level and the rates of change of DSS

Predictors Estimate (b) SE t p
Regression of initial delirium on

Age .05 .01 4.01 <.001
Anesthesia time .01 .00 321 <.001
Use of propofol as main anesthesia -.97 37 —2.65 < .01
Regression of rate of change in delirium on

Memory Hx 1.48 .66 225 <.05
Use of propofol as main anesthesia .66 .20 3.26 <.001

Note. Education =<9 vs. <9; Memory Hx medication history for memory complaints

Model fit indices for age, X = 16.94, df=5, p< .01, X /df=3.39, CFI=.95, TLI=.91, RMSEA =.09 with 90% CI .05-.15; model fit indices for
anesthesia time, X° = 16.91, df=5,p<.01, X /df=3.38, CF1=.95, TLI=.90, RMSEA =.10 with 90% CI .05-.15; model fit indices for memory HX,
X =15.33, df=5,p<.01 Xz/df= 3.06, CFI=.96, TLI=.91, RMSEA =.09 with 90% CI .04—.15; model fit indices for continuous use of propofol,
X2 =13.94, df=5,p<.05 X /df=2.79, CF1=.96, TLI=.93, RMSEA =.08, 90% CI=03-.14
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Fig. 1 The trajectory of DSS and
objective cognitive function
(MMSE). Note: age, education,
monthly income, number of
family members, ECOG,
depression, and preoperative

Delirium symptoms
severity
POD1

Delirium symptoms
severity

POD2

Delirium symptoms
severity
POD3

MMSE were entered as covariates

MMSE T1

- MMSE T2

X?=86.82, df = 33, p<.001, X?/df =2.63, CFl = .91, TLI = .79, RMSEA = .08 with 90% CI .06-.10

This study has several limitations. Above all, the use of the
MMSE as a measure of objective cognitive function might be
insufficient to capture subtle cancer treatment-related cogni-
tive deficits, and detailed formal assessment is needed. In
addition, the follow-up period was relatively short, and an
extended period of follow-up is needed to examine a long-
term impact of DSS.

Fig. 2 The trajectory of DSS and

Although postoperative DSS declined after surgery, it pre-
dicted worse objective cognitive function 7 days after surgery,
warranting the need for monitoring and timely treatment of
delirium symptoms following surgery to diminish cognitive
consequences. Evidence suggests pharmacological and non-
pharmacological interventions for delirium. Evidence for
pharmacological interventions for delirium is limited.

subjective cognitive function
(FACT-Cog). Note: gender,
religion, anxiety, depression,
memory_hx, and preoperative

Delirium symptoms
severity
POD1

Delirium symptoms
severity
POD2

Delirium symptoms
severity
POD3

PCI were entered as covariates;

PCI: perceived cognitive
impairment

PCIT1

N
CICD

\\

.23
83 1.27

oo
S,
S,
S

PCIT2

.16

(=) ()

X?=53.22, df= 28, p < .01, X?/df = 1.90, CFI = .94, TLI = .87, RMSEA = .06 with 90% CI .04-.09
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Although a 2012 review of evidence-based treatment of delir-
ium in patients with cancer recommended the short-term and
low-dose use of antipsychotics in treating delirium symptoms
with careful monitoring for possible side effects, particularly
for older patients with multiple medical comorbidities [34],
more recent systematic review and meta-analysis found no
significant effect of antipsychotics in the prevention or treat-
ment of delirium [35, 36].

Moreover, despite evidence of the limited effectiveness of
non-pharmacological interventions for delirium in patients
with cancer [37], another systematic review [38] and a meta-
analysis [39] indicate that multi-component non-pharmaco-
logical interventions are effective in reducing the incidence
of delirium. Related to this, the current study observed a mar-
ginally significant association between a number of family
members and a faster recovery from DSS. The benefit of fam-
ily support on delirium prevention was suggested, and the
multicomponent intervention delivered by family members
which includes re-orientation of the patient or extended visit-
ing time, reduced the incidence of delirium in elderly medical
inpatients at intermediate and high risk of delirium [40].

Moreover, although marginally significant, depression was
linked to a higher initial DSS, which is consistent with a prior
finding with geriatric surgical patients linking occurrence and
a longer duration of postoperative delirium to a greater num-
ber of preoperative depressive symptoms [41]. Given that de-
lirium and depression can be comorbid, and lability of affect is
also a symptoms of delirium [42], screening for depression is
warranted.

To conclude, monitoring patients at heightened risk of ini-
tial DSS (i.e., older age and longer anesthesia time) and its
delayed recovery (i.e., a history of medication for memory
complaints and the use of propofol as an anesthetic agent) is
warranted in the perioperative care of patients with gastric
cancer.
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