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Purpose: To determine the relationships between postoperative delirium (POD) and post-
operative activities of daily living (ADL) and mortality in patients undergoing laryngectomy.
We hypothesized that POD would reduce postoperative ADL and increase postoperative
mortality.

Patients and Methods: The prospective study included older participants (age >65 y)
undergoing total laryngectomy, partial laryngectomy, total laryngectomy plus neck dissec-
tion, or partial laryngectomy plus neck dissection under general anesthesia. The diagnosis of
delirium was based on the Confusion Assessment Method algorithm, which was adminis-
tered on postoperative days 1 through 6. ADL were evaluated using the Chinese version of
the Index of ADL scale. Follow-up assessments of ADL and mortality were conducted 24
months after surgery.

Results: Of 127 participants (aged 70.3 £ 4.1 y), 19 (15.0%) developed POD. POD was not
associated with a decrease in ADL after laryngectomy (p=0.599) nor with an increase in
postoperative mortality [3/19 (15.8%) vs 12/108 (11.1%), p=0.560, Log rank test]. However,
longer surgery duration was significantly associated with worse overall survival (OR, 3.262;
95% CI, 1.261-9.169, p=0.025).

Conclusion: POD was not associated with long-term ADL or mortality after laryngectomy.
Prolonged surgery was the only factor associated with a higher postoperative mortality rate.
Keywords: laryngeal cancer, postoperative delirium, activities of daily living, outcome

Introduction
Postoperative delirium (POD) is a frequent postoperative complication in elderly
patients, which can increase the risk of other postoperative complications, prolong
hospital stay, reduce postoperative survival, and increase medical costs."™
Although it is commonly believed that POD is a transient and reversible cognitive
disorder, increasing evidence suggests that POD may lead to poor long-term
outcomes.>>*°

Studies have explored the relationship between POD and activities of daily
living (ADL).”® Marcantonio et al” reported that POD could lead to poor ADL 1
month after surgery, but this association disappeared by 6 months postoperatively.
Another study showed that POD was associated with persistent impaired post-
operative ADL.” However, a systematic review concluded that the existence of
a causal relationship between delirium and postoperative mortality remains
controversial.'® Furthermore, a number of studies have reported clear associations
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between POD and an increased risk of death,'''? while
other studies have noted that this relationship disappears
after adjusting for confounding factors.'*"'* Thus, the rela-
tionships between POD and postoperative ADL and
between POD and postoperative mortality remain to be
established.

We therefore conducted a prospective study to investi-
gate the effects of POD on postoperative ADL and mor-
tality in patients undergoing laryngectomy. We postulated
that POD would lead to a decline in postoperative ADL, as
well as an increase in postoperative mortality.

Patients and Methods
Study Population

This protocol was approved by the institutional review board
of the Shanghai Eye, Ear, Nose, and Throat Hospital, which
is affiliated with Fudan University in Shanghai, China (num-
ber: 2017029). And this study was conducted in accordance
with the Declaration of Helsinki. All patients signed the
informed consent before being enrolled in the study.
Qualified participants were screened and enrolled exclu-
sively at this hospital from April 2018 to December 2018.
Follow-up assessments were performed 24 months after sur-
gery. We selected patients who met the following criteria: (1)
aged 65 y or older, (2) Chinese Mandarin as the native
language, (3) scheduled to undergo laryngectomy, and (4)
sufficient verbal communication and writing skills to provide
informed consent. Eligible surgery included partial laryn-
gectomy and total laryngectomy. The exclusion criteria
were as follows: (1) unwillingness to participate in the
study; (2) pre-existing neurologic disease, such as
Parkinson’s disease or Alzheimer’s disease; (3) history of
mental disorders; or (4) preoperative ADL assessment or
POD assessments not completed.

Preoperative Interview

Patients were assessed the day before surgery. The assess-
ments included a review of the patient’s medical chart and an
interview with the patient. Data of the patients were col-
lected, Society of
Anesthesiologists (ASA) classification, years of education,

including age, sex, American
presence of hypertension, diabetes mellitus, cerebrovascular
disease. Cognitive status was measured by using the mini-
mental state examination (MMSE).'> The Cumulative Illness
Rating Scale (CIRS)'® was used to evaluate each patient.
Baseline ADL status was assessed by using the Chinese

version of the activities of daily living scale,'” which

included a physical self-maintenance scale and instrumental
activities of daily living scale. There are 14 items with the
total score of ADL scale ranges from 14 to 56. Specifically,
the physical self-maintenance scale is used to assess the
fundamental skills typically needed to manage basic physical
needs and consists of the following six tasks: transferring/
ambulating, eating, dressing, grooming/personal hygiene,
bathing, and toileting/continence; the instrumental activities
of daily living scale is used to assess more complex activities
related to independent living and contains the following eight
tasks: taking public transportation, preparing food, house-
keeping, taking medications, doing laundry, shopping, mak-
ing phone calls, and managing finances. For each item, the
scoring is determined by a 4-point coding system: 1, can do it
myself; 2, have some difficulty doing but can still do it by
myself; 3, need help to do it; 4, cannot do it at all. The
patients with ADL scale scores more than 22 points were
defined as having impairment in ADL."®

Anesthesia and Surgery

All patients were scheduled to undergo laryngectomy and
followed a standardized perioperative management strat-
egy (including anesthesia and postoperative pain manage-
ment) based on routine clinical practice at our institution.
The patient’s anesthesia records were reviewed for able to
obtaining the data of anesthesia types, type of surgery,
duration of surgery, tumor stage, hospital stay length, and
presence of intraoperative hypotension. Prolonged surgery
was defined as duration of surgery >3 h. Intraoperative
hypotension was defined as blood pressure less than 70%
of baseline and lasting for 30 mins or more.

Postoperative Delirium Assessment

POD was assessed once daily from 4:00 pm to 6:00 pm on
days 1 through 6 after surgery. Diagnosis of POD was
determined according to the Confusion Assessment
Method (CAM) diagnostic algorithm,'® a common diag-
nostic method for identifying the presence of delirium.
The algorithm consists of four clinical criteria: (1) acute
onset and fluctuating course, (2) inattention, (3) disorga-
nized thinking, and (4) altered level of consciousness. The
diagnosis of delirium requires the presence of both the first
and second criteria, as well as either the third or fourth
criteria. The Chinese-language CAM has been shown to
have good reliability and validity among the Chinese
elderly population.?® Patients who met the above diagnos-
tic criteria at any time from postoperative days 1 to 6 were
designated as having POD.
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Follow-Up Assessments

Follow-up interviews were conducted 24 months after
surgery. The interviews were performed through telephone
calls by staff who were unaware of the patients’ POD
diagnosis. The Chinese version of the Index of ADL
scale’’ was used to assess ADL before and after surgery.
Information regarding deaths was obtained by querying
family members and reviewing electronic medical records.
The CAM assessment for POD was performed on only the
first 6 postoperative days, not at the follow-up interview.

Statistical Analysis

The Kolmogorov—Smirnov test was used to verify that all
variables exhibited a normal distribution. Between-group
differences were compared using Student’s #-test for con-
tinuous variables (mean =+ standard deviation) or chi-
square test for categorical variables (number [%]). The
overall mortality rate was estimated using Kaplan—Meier

analysis, and differences between groups were compared
using the Log rank test. Cox regression analysis was
performed to determine the association between POD
and overall survival. Factors significantly associated with
POD in univariable analysis were included as covariates in
the Cox survival analysis model. Because burden of
comorbidities and duration of surgery have been demon-
strated to affect postoperative short-term and long-term
survival rates, the presence of comorbidities and duration
of surgery were also included as a covariate in the model.
All analyses were performed using SPSS version 20.0 or
Prism 6 software, with p<0.05 set as the significance level.

Results
Baseline Characteristics and Rate of

Postoperative Delirium
The flow chart in Figure 1 shows disposition of the 142
potential patients, including the number included and

| 142 participants assessed ]

for eli

ibility

15 uncompleted

assessments

127 participants eligibile

2 discontinued

18 discontinued

follow-up < follow-up
interview interview
POD
N=17
107 included in the final data analysis
Figure | Flow chart. This chart shows the patient enrollment, excluded patients, and participants available for analysis.
Abbreviation: POD, postoperative delirium.
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excluded. A total of 15 patients were excluded because
they declined to participate or did not complete all of the
POD assessments. The final study population included 127
patients, aged 70.3 + 4.1 y. They were all male. All
patients underwent laryngectomy under general anesthesia,
including total laryngectomy (n=30), partial laryngectomy
(n=52), total laryngectomy plus neck dissection (n=29),
and partial laryngectomy plus neck dissection (n=16).
Patient characteristics are shown in Table 1.

Of the 127 patients, 19 (15.0%) developed POD. The
POD type was hyperactive in 4 cases (21.1%) and hypoac-
tive in 15 cases (78.9%). There were no significant differ-
ences in age, education level, MMSE, CIRs, type of surgery,
hospital stay length, or duration of surgery between patients
with POD and those without POD. Patients who developed
POD had a higher ASA classification (p=0.032) and higher
tumor stage (p=0.007). More patients in POD group experi-
enced intraoperative hypotension (p=0.022) (Table 1).

Table | Baseline Characteristics of Participants

Association Between Postoperative
Delirium and Long-Term Outcomes
During the study, 20 patients (15.7%) were lost to follow-up
and did not complete the follow-up interview. The rate of
POD and other baseline characteristics did not differ signifi-
cantly between the 107 patients who continued the study and
the 20 who were lost to follow-up (Table 2). Another 15
participants (11.8%) died during the follow-up period, which
was confirmed by contacting family members and reviewing
electronic medical records. Consequently, 92 participants
completed the follow-up telephone assessments and were
included in the ADL analysis (Figure 1).

When considering all patients, ADL scores at 24
months after surgery were similar between patients who
developed POD and those who did not develop POD (98.6
+ 1.4 vs 96.0 = 2.0, p=0.599). The lack of difference in
ADL between patients with or without POD was also

Variables (n=127) POD (n=19) No POD (n=108) P value
Age, yr, mean * SEM 688 £ 0.7 70.6 £ 0.4 0.098
ASA classification, n (%) 0.032
I 2 (10.5%) 9 (8.5%)
I 13 (68.4%) 94 (87.0%)
11 4 (21.1%) 5 (4.6%)
Hypertension, n (%) 7 (36.8%) 55 (50.9%) 0.323
Diabetes mellitus, n (%) 2 (10.5%) 11 (10.2%) 0.999
Previous cerebral stroke 3 (15.8%) 6 (5.6%) 0.133
MMSE, mean + SEM 2598 £ 0.7 259+ 0.3 0.976
CIR, mean * SEM 6.58 £ 0.9 5.89+ 0.3 0.351
Education, n (%) 0.273
Low (29 yr) 16 (84.2%) 76 (70.4%)
High (>9 yr) 3 (15.8%) 32 (29.6%)
Tumor stage, n (%) 0.007
| 2 (10.5%) 36 (33.3%)
2 3 (15.8%) 38 (35.2%)
3 9 (47.4%) 23 (21.3%)
4 5 (26.3%) 11 (10.2%)
Surgery type, n (%) 0.659
Total laryngectomy 5 (26.3%) 27 (25.0%)
Partial laryngectomy 6 (31.6%) 46 (42.6%)
Total laryngectomy + neck dissection 6 (32.6%) 21 (19.4%)
Partial laryngectomy + neck dissection 2 (10.5%) 14 (13.0%)
Intraoperative hypotension, n (%) 13 (68.4%) 41 (38.0%) 0.022
Length of operation, min, mean + SEM 184.7 + 24.1 159.3 £9.2 0.296
Hospital stay length, day, mean + SEM 179 £ 09 16.9 £ 0.7 0.538

Abbreviations: POD, postoperative delirium; ASA, American Society of Anesthesiologists; MMSE, Mini Mental State Examination; CIRS, Cumulative lliness Rating Scale.
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Table 2 Demographic and Clinical Characteristics Between Participants Who Continue the Study and Those Who Withdraw from

the Study

Variables (n=127) Followed (n=107) Dropped Out (n=20) P value
POD, n (%) 17 (15.9%) 2 (10.0%) 0.736
Age, yr, mean * SEM 70.6 £ 0.4 689 £ 0.3 0.089
ASA, n (%) 0.889
I 9 (8.4%) 2 (10.0%)

I 91 (85.0%) 16 (80.0%)

I 8 (7.5%) 2 (10.0%)

Hypertension, n (%) 53 (49.5%) 9 (45%) 0.809
Diabetes mellitus, n (%) 11 (10.3%) 2 (10.0%) 0.999
Previous cerebral stroke 7 (6.5%) 2 (10.0%) 0.133
MMSE, mean + SEM 259 £ 0.3 257 £ 0.7 0.732
CIR, mean + SEM 58+09 6.03 £ 0.3 0.754
Education, n (%) 0.999
Low (29 yr) 78 (83.9%) 15 (85.3%)

High (>9 yr) 29 (16.1%) 5 (14.7%)

Tumor stage, n (%) 0.466
| 35 (32.7%) 4 (20.0%)

2 32 (29.9%) 8 (40.0%)

3 36 (33.6%) 6 (30.0%)

4 24 (22.4%) 2 (10.0%)

Surgery type, n (%) 0618
Total laryngectomy 23 (21.5%) 7 (35.0%)

Partial laryngectomy 49 (45.8%) 7 (35.0%)

Total laryngectomy + neck dissection 23 (21.5%) 4 (20.0%)

Partial laryngectomy + neck dissection 12 (11.2%) 2 (10.0%)

Length of operation, min, mean + SEM 158.6 + 9.4 187.7 + 21.7 0.441
Hospital stay, day, mean + SEM 17.0 £ 0.7 17.6 £ 0.9 0.707

Abbreviations: POD, postoperative delirium; ASA, American Society of Anesthesiologists.

observed during subgroup analysis based on the type of
surgery (all p >0.05) (Table 3).

We used Kaplan—Meier analysis and Log rank test to
compare mortality in the first 24 months after surgery
between patients with or without POD. The mortality rate
at 24 months postoperatively was not significantly different
between patients with or without POD [3/19 (15.8%) vs 12/
108 (11.1%), p=0.560, Log rank test] (Figure 2). Univariable
and multivariable analyses of overall survival were per-
formed using Cox regression models. POD was not asso-
ciated with 24-month survival (OR=0.946, 95% CI,
0.226-3.970, p=0.940). However, increased length of sur-
gery was associated with a higher risk of mortality (OR
=3.262, 95% CI, 1.261-9.169, p=0.025) (Table 4).

Discussion

This study demonstrated that for patients undergoing
laryngectomy, ADL at 24 months after surgery and
mortality within 24 months postoperatively were not

significantly associated with the presence of POD.
However, postoperative survival was associated with
the duration of surgery.

Previous studies reported POD incidence rates ranging
from 11.5% to 17%,°>*> The 15.0% incidence found in the
present study is consistent with these previous results.
Many studies reported age as a risk factor for POD;* 2
however, we observed no significant relationship between
age and POD. A total of 15 older patients were excluded
because they declined to participate or did not complete
the POD assessments. Had these patients been included,
age may have been a risk factor for POD in our study. In
our study, advanced tumor stage was a risk factor for POD
in elderly patients, which is consistent with the findings of
previous studies.’**’ Patient frailty increases as tumor
progresses, which may place patients at higher risk for
developing POD. Similar to the findings in our previous
s‘rudy,28 we found that advanced ASA classification and
intraoperative hypotension were risk factors for POD.
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Table 3 Comparison of Activities of Daily Living Between Participants with and without Postoperative Delirium
POD No POD P value
Overall (N = 92) N=17 N =75
Baseline ADLs, median * SD 99+ | 99 £ 0.5 0.899
Follow-up ADLs, median + SD 986 + 1.4 96 + 2 0.599
ADL decline, points, median + SD 053 +29 071 £2.7 0.822
Total laryngectomy
Baseline ADLs, median * SD 99+ | 99 £ 0.5 0.899
Follow-up ADLs, median + SD 933+ 6.7 88.5+ 7.0 0.783
ADL decline, points, median + SD 053 +29 071 £ 2.7 0.822
Partial laryngectomy
Baseline ADLs, median + SD 99+ | 99 + 0.5 0.899
Follow-up ADLs, median * SD 98 + | 97.0+ 2.7 0.630
ADL decline, points, median + SD 053 +29 071 £ 2.7 0.822
Total laryngectomy + neck dissection
Baseline ADLs, median + SD 99+ | 99 + 0.5 0.899
Follow-up ADLs, median + SD 98 + | 98+ 1.5 0.994
ADL decline, points, median + SD 053 +29 071 £ 2.7 0.822
Partial laryngectomy + neck dissection
Baseline ADLs, median + SD 99+ | 99 + 0.5 0.899
Follow-up ADLs, median + SD 98 + | 98+ 1.5 0.994
ADL decline, points, median + SD 053 +29 0.71 £ 2.7 0.822
Abbreviations: POD, postoperative delirium; ADL, activities of daily living.
Previous investigations have reported associations months after major orthopedic surgery.>® Contrary to

between POD and decreased ADL in the first 1 to 3
months after hip surgery."”*° Recently, Shi et al found
that patients with POD experienced a greater decline in
ADL and exhibited higher mortality within 24 to 36

= 100
S— _‘_|—|‘_.‘_|_'
S .
3
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/1]
g %] - po P=0.560
§ —— No POD '
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0 T 1 1
0 10 20 30

Survival time (month)

Figure 2 Cumulative survival rates according to the presence of postoperative
delirium. Postoperative mortality rates within 24 months after laryngectomy were
calculated using Kaplan—Meier analysis. The 24-month mortality rate of participants
with POD was not significantly higher than that of participants without POD [3/19
(15.8%) vs 12/108 (I 1.1%); p=0.560, Log rank test]. Symbols (+) indicate censored data.
Abbreviation: POD, postoperative delirium.

these results, we found no association between POD and
ADL decline or increased cumulative mortality at 24
months after laryngectomy.

ADL are commonly used to assess quality of life of
patients after surgery and are an important aspect of post-
operative surgical evaluation.'”'® Patients who develop
POD have been shown to have worse recovery within 6
months postoperatively than those who do not develop
POD.”*'"** Shi et al found that long-term ADL were
impaired after surgery in elderly patients with POD.*°
The difference between these results and our finding of
no association between POD and long-term ADL may be
attributed to differences in study populations and meth-
odologies, including differences in type of surgery (hip or
proximal femoral nail surgery vs laryngectomy), baseline
ADL score (15 to 22 vs 99), age (79 to 83 y vs mean of
70.3 y), and time of follow-up interview (24 to 36 months
vs 24 months).

Our finding of no association between POD and mor-
tality also differs from the results of previous studies. Most
studies have suggested that POD is associated with
increased mortality at 6 months,!' 12 months,'? 24

8 2 8 https:

Dove!

Clinical Interventions in Aging 2021:16


https://www.dovepress.com
https://www.dovepress.com

Dove

Wang et al

Table 4 Risk Factors Affecting Postoperative Survival Rate

Variables (n=127) OR (95% CI) P value
POD (no vs yes) 0.946 (0.226-3.970) 0.940
Age (270 yr vs <70 yr) 1.026 (0.331-3.174) 0.966
ASA classification 3.107 (0.864-11.175) 0.083
Tumor staging 1.004 (0.506—1.991) 0.992
Hypertension (no vs yes) 0.290 (0.081-1.040) 0.057
Diabetes (no vs yes) 4.537 (0.736-27.967) 0.103
Duration of surgery (23h vs <3h) 3.262 (1.161-9.169) 0.025

Abbreviations: POD, postoperative delirium; ASA, American Society of Anesthesiologists.

months,*° and 5 years®' postoperatively. However, we did
identify prolonged surgery duration as a risk factor for
increased postoperative death, which is consistent with
the findings of previous studies.”>>? This association
may be attributed to prolonged surgery reflecting more
complicated procedures and more advanced tumors. This
finding suggests that strategies to prevent POD should be
considered in patients undergoing longer surgery.

Limitations

The present study has some limitations. First, the sample
size was relatively small: only 107 and 92 patients were
included in the final analysis of mortality and ADL,
respectively, which may have affected the statistical ana-
lysis results. Second, because patients were required to
sign an informed consent form, individuals who refused
to participate or who were unable to sign the form were
excluded from the study. Thus, this may have eliminated
some patients with a higher risk of POD and thus under-
estimated the true rates of ADL impairment and death.
Third, only the CAM instrument was applied to screen
POD in the current study. There is a need to use more
validated and
assessment.*>** As well, once daily delirium assessment

structured instruments for delirium
in this study is also a limitation due to the fluctuating
nature of this syndrome. Finally, in contrast with other
surgery (eg, hip and proximal femoral nail surgery),
which may directly impair ADL, laryngectomy has little
effect on ADL. Therefore, the ADL assessment scale used
in this study may not be the most appropriate tool for
patients undergoing laryngectomy. In addition, POD may
associate with postoperative long-term adverse cardiac

events>> which we did not investigate in the current study.

Conclusion

In conclusion, the current study showed that POD in
patients undergoing laryngectomy was not associated
with long-term postoperative decline in ADL or overall
survival. Prolonged surgery, however, was associated with
lower overall survival postoperatively.
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