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Although postoperative delirium is a common complication in older patients, few papers have described
risk factors after of spinal surgery. The purpose of this study was to analyze various perioperative risk
factors for delirium after spinal surgery in older patients. This study was performed on retrospective
data collection with prospective design. We analyzed 138 patients over 65 years of age who underwent
spinal surgery. Preoperative factors were cognitive function (Mini-Mental State Examination-Korean
(MMSE-K) and the Korean version of the Delirium Rating Scale-Revised-98 (K-DRS 98)), age, sex, type
of admission, American Society of Anesthesiologist classification, metabolic equivalents, laboratory
findings, visual analog scale, and Oswestry Disability Index. Intraoperative factors were operation
time, blood loss, and type of procedure. Postoperative factors were blood transfusion and type of
postoperative pain control. Postoperative delirium developed in 25 patients (18.16%). Patients

were divided into two groups: Group with delirium (group A) and group without delirium (group B).
MMSE-K scores in Group A were significantly lower than in Group B (p < 0.001). K-DRS 98 scores were
significantly higher in Group A than Group B (p < 0.001). The operation time was longer in Group A
than Group B (p =0.059). On multivariate regression analysis, the odds ratio of K-DRS 98 was 2.43
(p=0.010). After correction for the interaction between age and MMSE-K, patients younger than

73 years old had a significantly lower incidence of delirium with higher MMSE-K score (p =0.0014).
Older age, low level of preoperative cognitive function, long duration of surgery, and transfusion

were important risk factors of postoperative delirium after spinal surgery. It is important to recognize
perioperative risk factors and manage appropriately.

Delirium is defined as a disturbance in attention, awareness, and cognition which develops over a short period of
time with a fluctuating course’. Postoperative delirium is a common complication of surgical procedures in older
patients, observed in 3.3 to 77% of cases following a variety of surgeries®. It causes difficulty in postoperative
care, prolonging the hospitalization period and complicating early gait and rehabilitation after surgery, resulting
in functional deterioration*®. Postoperative delirium can also cause stress to patients, family members, and health
care workers, and has been associated with higher mortality and additional complications®.

Postoperative delirium has many risk factors and is multifactorial, and identifying the possible risk factors
may be helpful for its prevention®~'2 Preoperative factors are older age, drug and alcohol abuse, bad nutrition sta-
tus or low functional status, central nervous system disorder, diabetes, anemia, history of previous surgery, mental
status and cognitive function*®13-1%, Intraoperative factors are type of surgery, type of anesthesia, duration of
operation, and blood loss'®~'8. Postoperative factors are laboratory data, amount of blood transfusion, and opioid
analgesic drug use”'”. Patients with these risk factors are considered prone to postoperative delirium.

Postoperative delirium is a common complication after spinal surgery, and it is a complex issue involving
multiple factors. Increasingly, older patients at high risk of developing postoperative delirium undergo spinal
surgery. However, there is currently insufficient understanding of postoperative delirium in patients undergoing
spinal surgery, and there is still a lack of clear evidence in prevention and treatment. Compared with postopera-
tive delirium of other types of surgeries, the risk factors following spinal surgery have not been fully clarified. The
individual, social, and financial burden of postoperative delirium are so great that identifying patients at risk is
important for prevention and treatment to improve patient outcomes. In this study, we retrospectively analyzed
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the incidence and determined probable perioperative risk factors of postoperative delirium after spinal surgery
in older patients.

Materials and Methods

Study design and subjects. This study was approved by the Institutional Review Board of Korea University
Anam Hospital. Informed consent was waived because this study reviewed pre-existing data, which was approved
by the Institutional Review Board of Korea University Anam Hospital. All methods were performed in accord-
ance with the relevant guidelines and regulations.

We retrospectively reviewed the records of 138 patients (55 males and 83 females) who underwent spinal
surgery in our institute between March 2016 and July 2017. Their ages ranged from 65 to 85 years, with a mean
of 73.2 years. None of the patients had delirium or a history of delirium prior to surgery. Thirty-two patients had
undergone operation in the cervical spine and 106 in the lumbar spine (86 patients with decompression only, 20
patients with decompression and fusion). All operations were performed by one senior spine surgeon. Atropine
sulfate and hydroxyzine was administered as premedication 0.5-1hours before surgery, and all patients received
general anesthesia.

Preoperative evaluations, including type of admission (elective or emergency), American Society of
Anesthesiologist (ASA) classification, metabolic equivalents (METs), preoperative level of hemoglobin (pre-Hb),
visual analog scale (VAS) score, and Oswestry Disability Index (ODI) were investigated. METs were divided into
2 categories: <4 METs and >4 METs. For assessment of cognitive functions, all patients underwent two tests
preoperatively within one day before surgery: the Mini-Mental State Examination-Korean (MMSE-K) and the
Korean version of the Delirium Rating Scale-Revised-98 (K-DRS 98). ODI was investigated only in patients who
underwent lumbar surgery. We evaluated operation time, blood loss, and type of procedure from the operative
report for investigation of intraoperative factors. As postoperative factors, blood transfusion and type of pain con-
trol were also evaluated in all patients. We divided blood transfusion into three categories: No transfusion, intra-
operative transfusion, and postoperative transfusion (not by amount of transfusion). In addition, type of pain
control was divided into four categories: opioid only, non-opioid only, opioid & non-opioid, and no medication.

The presence of delirium was evaluated by consultation with the Department of Psychiatry based on the
Diagnostic and Statistical Manual of Mental Disorder (DSM-V). The diagnostic criteria included five features: A:
A disturbance in attention and awareness; B: Disturbance that develops over a short period of time, represents a
change from baseline attention and awareness, and tends to fluctuate in severity during the course of a day; C: An
additional disturbance in cognition; D: The disturbances in Criteria A and C are not better explained by another
preexisting, established, or evolving neurocognitive disorder and do not occur in the context of a severely reduced
level of arousal, such as coma; E: There is evidence from the history, physical examination, or laboratory findings
that the disturbance is a direct physiological consequence of another medical condition, substance intoxication
or withdrawal, or exposure to a toxin, or is due to multiple etiologies. When patients had delirious symptoms,
such as disorientation, memory impairment, perceptual disturbances, psychomotor disturbances, emotional
disturbances, and disturbance of the sleep-wake cycle, we consulted the psychiatrist and diagnosed the case as
postoperative delirium.

Statistical analysis. The patients were divided into two groups: Group with delirium (group A) and group
without delirium (group B). Student’s t-test was used for statistical analysis of the difference in mean values
between the two groups (age, VAS score, ODI, pre-Hb, MMSE-K, K-DRS 98, operation time, blood loss). The
chi-square test for independence was used to compare sex, METs, type of procedure, and type of pain control.
Fisher’s exact test was also used to compare the type of admission, ASA classification, and blood transfusion. To
analyze risk factors of postoperative delirium, univariate and multivariate logistic regression analyses were used.
Univariate logistic regression analysis was performed using explanatory variables of age, sex, pre-Hb, MMSE-K,
K-DRS 98, operation time, blood loss, VAS score, OD], and blood transfusion. Multivariate logistic regression
analysis was performed with only factors that were considered to contribute to the risk, comprising age and sex,
MMSE-K, K-DRS 98, operation time, and blood transfusion. The level of significance was set at p < 0.05. All sta-
tistical analyses were performed using SPSS ver. 20.0 (SPSS Inc., Chicago, IL, USA).

Results

Postoperative delirium developed in 25 of 189 patients (18.16%), 11 males (44%) and 14 females (56%). The mean
age of these patients was 73.5 £ 4.2 years. Among them, 23 patients (92%) were admitted to the hospital for elec-
tive surgery, and 2 (8%) were admitted through the emergency department. Twenty-two patients (88%) were ASA
class II (patients with mild systemic disease), 3 patients (12%) were ASA class III (patients with severe systemic
disease), and none were ASA class I.

Preoperative risk factors. Preoperative data were compared between the two groups (Table 1). There was
no statistical difference in age (73.5+£4.2 vs. 73.2 £ 4.8 years, p =0.766), sex (F/M: 14/11 vs. 69/44, p = 0.640),
type of admission (emergency: 2 vs. 7, elective 23 vs. 106, p=0.666), ASA classification (1: 0 vs. 1, 2: 22 vs.
98, 3:3vs. 14, p>0.999), METs (<4: 10 vs. 33, 24: 15 vs. 80, p=10.292), VAS score (5.9 vs. 6.1, p=10.478), or
ODI (29.1 vs. 31.7, p=0.215). Also, pre-Hb was not statistically different between the two groups (12.8 £1.3 vs.
13.0+ 1.8 mg/dl, p=0.469). However, preoperative MMSE-K score in group A was significantly lower than that
in group B (28.14+1.2vs.29.7£0.9, p < 0.001), and K-DRS 98 score was significantly higher in group A than
group B (1.9+1.4vs. 0.4+ 1.0, p <0.001).

Intraoperative risk factors.  There was no statistical difference in intraoperative factors (Table 1). Operation
time of group A was longer than that of group B (185.8 £ 106.8 vs. 147.7 £ 83.3 minutes, p =0.052), but the dif-
ference was not statistically significant. The amount of blood loss was not significantly different between the two
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Total Group A Group B
(n=138) (n=25) (n=113) p-value

Age, years* 73.2(4.7) 73.5(4.2) 73.2(4.8) 0.766 (a)
Male 55(39.9) 11 (44.0) 44 (38.9) 0.640 (b)
Type of Admission 0.666 (c)

Emergency 9(6.5) 2(8.0) 7(6.2)

Elective 129 (93.5) 23(92.0) 106 (93.8)
ASA class >0.999 (c)

1 1(0.7) 0(0) 1(0.9)

2 120 (87.0) 22(88.0) 98 (86.7)

3 17 (12.3) 3(12.0) 14 (12.4)
METs 0.292 (b)

<4 43 (31.2) 10 (40.0) 33(29.2)

>4 95 (68.8) 15 (60.0) 80 (70.8)
Pre-Hb* 13.0(1.7) 12.8 (1.3) 13.0(1.8) 0.469 (a)
VAS* 6.1(1.67) 5.9(1.7) 6.1(1.7) 0.478 (a)
ODI* 31.3(7.84) 29.1 (5.6) 31.7(8.2) 0.215 (a)
MMSE-K* 29.4(1.11) 28.1(1.2) 29.7 (0.9) <0.001 (a)
K-DRS 98* 0.6(1.2) 1.9 (1.4) 0.4 (1.0) <0.001 (a)
Operation time* 154.6 (88.8) 185.8 (106.8) 147.7 (83.3) 0.052 (a)
Blood loss* 185.7 (157.8) 179.2 (123.3) 187.1 (164.6) 0.825 (a)
Type of procedure 0.289 (b)

Cervical 32(23.2) 4(16.0) 28 (24.8)

Lumbar decompression 86 (62.3) 19 (76.0) 67 (59.3)

Lumbar fusion 20 (14.5) 2(8.0) 18 (15.9)
Blood transfusion 0.254 (¢)

No transfusion 99 (71.0) 15 (60.0) 84 (73.5)

Intra-operative 13(9.4) 4(16.0) 9(8.0)

Post-operative 26(18.8) 6(24.0) 20(17.7)
Medication 0.504 (c)

No medication 17 (12.3) 1(4.0) 16 (14.2)

Opioid only 42 (30.4) 9 (36.0) 33(29.2)

Non-opioid only 18 (13.0) 4(16.0) 14 (12.4)

Both 61 (43.5) 11 (44.0) 50 (44.3)

Table 1. Comparison of preoperative data between the delirium group (group A) and non-delirium group
(group B). Note. Continuous variables(*) were presented as mean (SD) and categorical variables were
summarized as frequency (valid percentage). ASA class: American Society of Anesthesiologist classification,
METs: Metabolic equivalents, Pre-Hb: preoperative level of hemoglobin, VAS: Visual Assessment Score, ODI:
Oswestry Disability Index, MMSE-K: Mini-Mental State Examination — Korean, K-DRS 98: Korean version of
the Delirium Rating Scale-Revised-98. (a) p-value by Student’s t-test. (b) p-value by Chi-square test. (c) p-value
by Fisher’s exact test.

groups (179.2 vs. 187.1ml, p =0.825). Type of procedure was also not significantly different (cervical: 4 vs. 28,
lumbar decompression: 19 vs. 67, lumbar fusion: 2 vs. 18, p=10.289).

Postoperative risk factors. Postoperatively, blood transfusion and type of pain control were not signifi-
cantly different in their respective categories (p =0.254, 0.504, respectively) (Table 1). Ten patients in group A
(40%) and 29 patients in group B (26.6%) had a transfusion in the intraoperative or postoperative phase. Twenty
patients in group A (80%) and 83 patients in group B (73.5%) were given opioids in the postoperative phase.

Logistic regression analysis. On univariate logistic regression analysis, preoperative MMSE-K and K-DRS
98 scores were significantly related to postoperative delirium; specifically, lower MMSE-K score (odds ratio:
0.34, p <0.001) and higher K-DRS 98 score (odds ratio: 2.34, p < 0.001) increased the risk of delirium (Table 2).
Intra- and post-operative blood transfusion also increased the risk of postoperative delirium (odds ratio: 2.46,
p=0.327/0dds ratio:1.66, p =0.921). The risk of delirium was also higher in older patients, but not significantly
so (odds ratio: 1.01, p=0.798).

On multivariate logistic regression analysis, there was a decreased risk with age (odds ratio: 0.80, p=0.93). To
investigate the interactions between age and other variables, multivariate logistic regression analysis was repeated
using age and each variable. There was a significant interaction between age and MMSE-K score (p =0.0014)
(Table 3). When other variables are corrected, including the interaction of age and MMSE-K, the higher K-DRS-
98 score significantly increased the risk of the incidence of delirium. Patients younger than 73 years old had a
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Variables Odds Ratio (95% CI) p-value
Age 1.01 (0.92,1.11) 0.798
Male 121 (0.51,2.92) 0.664
Pre-Hb 0.91 (0.70, 1.17) 0.465
MMSE-K 0.34 (0.22,0.51) <0.001
K-DRS 98 2.34 (1.63,3.28) <0.001
Operation time 1.00 (1.00, 1.01) 0.059
Blood loss 1.00 (1.00, 1.00) 0.787
VAS 0.91 (0.71,1.18) 0.490
oDI 0.96 (0.89,1.03) 0.216
Blood transfusion

No transfusion 1[Reference]

Intra-operative 2.46 (0.67,9.02) 0.327

Post-operative 1.66 (0.57,4.82) 0.921

Table 2. Univariate logistic regression analyses of risk factors for postoperative delirium. Pre-Hb: preoperative
level of hemoglobin, MMSE-K: Mini-Mental State Examination - Korean, K-DRS 98: Korean version of

the Delirium Rating Scale-Revised-98, VAS: Visual Assessment Score, ODI: Oswestry Disability Index, CI:
confidence level.

Variables Odds Ratio (95% CI) p-value
Male 2.09 (0.52, 8.42) 0.300
K-DRS 98 243 (1.24,4.77) 0.010
Operation time 1.00 (0.99,1.01) 0.707
Blood transfusion

No transfusion 1[Reference]

Intra-operative 1.00 (0.06, 17.81) 0.999
Post-operative 1.58 (0.26,9.41) 0.618
MMSE-K 0.014*
Atage>73 073 | (0.32,1.64)
Atage<73 0.13 (0.03,0.51)

Table 3. Multivariate logistic regression analyses of risk factors for postoperative delirium. *p-value for
interaction between age and MMSE-K. MMSE-K: Mini-Mental State Examination — Korean, K-DRS 98: Korean
version of the Delirium Rating Scale-Revised-98, CI: confidence level.

significantly lower incidence of delirium with higher MMSE-K score, one-point increase in MMSE-K score was
found to reduce the risk of delirium by 87%. This effect was greater in patients under 73 years old than patients
older than 73 years.

Discussion

In our study, the overall prevalence of postoperative delirium after spinal surgery was 18.16%. We found that
older age, low level of preoperative cognitive function (lower MMSE-K, higher K-DRS 98), long duration of sur-
gery, and transfusion were important risk factors of postoperative delirium after spinal surgery. Both modifiable
and non-modifiable risk factors contributed to risk for postoperative delirium after spinal surgery. However,
duration of surgery and transfusion were the only two modifiable risk factors, and all other risk factors were
non-modifiable.

The incidence of postoperative delirium after spinal surgery was from 0.49% to 21% in previous reports”!®1°-21,
In our study, the incidence of postoperative delirium was 18.16% and comparable with other studies. Kobayashi
et al. reported the incidence of postoperative delirium to be 0.49% after lumbar spinal surgeries and significantly
more occurence in older patients®. Fineberg et al. reported the incidence of postoperative delirium of 0.84%
after lumbar spinal surgeries'”. Kawaguchi et al. reported the incidence of postoperative delirium of 12.5% in
patients older than 70 years”. Morino et al. reported the incidence of postoperative delirium of 11.1% after spinal
surgery'C.

There are several reports of risk factors for postoperative delirium, and the risk is multifactorial??. Predisposing
factors include older age, cognitive impairment, alcohol/drug abuse and dependence, psychiatric comorbidity,
sensory impairment, and dehydration/malnutrition. In addition, functional dependence is one of most impor-
tant predisposing factors; use of stretchers or wheelchairs at admission was significantly higher in patients with
delirium than those without delirium. This may indicate that patients with postoperative delirium had poorer
preoperative physical condition. Patients who undergo spinal surgery complain about the impaired activities of
daily life due to pain in the trunk and extremities. Therefore, patients undergoing spinal surgery tend to be prone
to postoperative delirium.
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Age is a major factor affecting the onset of delirium?®. Our study indicated that age older than 70 years were
associated with an increased risk of delirium. The higher incidence of postoperative delirium among the older
patients may be associated with increased comorbidities, decreased physical activity, decreased brain volume,
and decreased cerebral neurotransmitters production®. The narrowing of vessels due to vascular disease which
is associated with aging decreases oxygen supply to the brain and promote the development of postoperative
cerebral dysfunction®’.

If postoperative delirium occurs, the length of hospital stay is prolonged, and the likelihood of medical com-
plications is increased®>?¢. It is reported that the postoperative outcomes of delirious patients at discharge are
worse than those of non-delirious patients because of difficulties in early ambulation and rehabilitation exercises.
Although delirium can be caused by a single factor, the incidence of delirium increases as the number of risk
factors increases?”?8. It is important to prevent delirium through a multifaceted approach to reduce risk factors.
Inouye reported that delirium-related risk factors could be improved in older patients to reduce the incidence
and duration of delirium?’.

The risk factors described above should be assessed at hospital admission. There are non-modifiable and
modifiable risk factors. In our study, age and preoperative cognitive function were non-modifiable factors, and
operation time and transfusion were modifiable factors. Active interventions were needed to correct risk factors
before and after surgery'”?”*%. We should try to shorten the duration of surgery and reduce rate of transfusion, as
these are modifiable factors. Even with non-modifiable factors, recognizing, preparing, and predicting the risk
factors could help preventing postoperative delirium and providing appropriate treatment. Encouraging postop-
erative ambulation and preventing other possible medical complications after surgery are thought to reduce delir-
ium. For patients at high risk of postoperative delirium, supportive postoperative care is needed. In patients with
postoperative delirium, well-organized wards, emotional support from family members, appropriate stimuli, and
use of fewer medications can be helpful in the treatment of delirium and can reduce the duration of delirium'”?.

This study has several limitations. First, it was a retrospective study based on a data review that could not
evaluate of severity and details of delirium. Second, diagnosis of delirium was based on consultation with the
Department of Psychiatry, so details of the delirium were not available. Third, the risk for delirium is multifacto-
rial, and there are many other potential risk factors that we did not assess. Other risk factors that may affect post-
operative delirium and how they interact need to be explored. Understanding modifiable and non-modifiable risk
factors can improve prevention and management of postoperative delirium. The risk of postoperative delirium
can be reduced with careful attention to perioperative risk factors®.

Conclusions

Older age and low preoperative cognitive function were the most important risk factors of postoperative delirium
after spine surgery. In addition, longer duration of surgery and transfusion can affect postoperative delirium.
Surgeons should consider these risk factors in patients at high risk for postoperative delirium.
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