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erative delirium should be differentiated from emergence delir-
ium, which can be seen transiently during or immediately after 
recovery from general anesthesia31).

Postoperative delirium studies have usually been handled in 
anesthesiology, cardiac and orthopedic surgery fields. Only a 
few studies have focused on the spinal area or risk factors for de-
lirium following spinal surgery. Therefore, compared with the 
occurrence of delirium with other types of postoperative surger-
ies, the risk factors for postoperative delirium following spinal 
surgery have not been fully clarified5,15,16,20,24,25,33). This circum-
stance, regarding the increasing cases of postspinal surgery de-
lirium in elderly patients, makes it difficult to respond or explain 
the postoperative delirium and to prevent it perioperatively. 
Thus, in the present study, we examined diverse risk factors that 
affect postoperative delirium in elderly spinal-surgery patients. 

INTRODUCTION

Among many types of delirium, postoperative delirium is a 
common and well-known complication of elderly patients after 
general anesthesia. Postoperative delirium can be related to ad-
verse results, including functional dysfunction, increased health 
care costs, and, sometimes, postoperative mortality29).

According to the Diagnostic and Statistical Manual of Mental 
Disorders, Fifth Edition (DSM-5), delirium is defined as a “dis-
turbance in attention and orientation to the environment that 
develops in a short period without other neurocognitive disor-
der” and as a “change in an additional cognitive domain”1). Al-
though there are variations in the duration and the degree of 
delirium, postoperative delirium usually develops between 24 
to 72 hours, and it can persist for several hours or days. Postop-
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Intraoperative assessment
Before the induction of anesthesia, a bispectral sensor (As-

pect Medical Systems, Natick, MA, USA) was placed on the 
right side of the forehead, and an electroencephalogram (EEG) 
recording and Bispectral index (BIS) were recorded from the 
time of induction to the end of the surgery every 30 minutes. 
The BIS  is based on an analysis of the EEG and represents the 
depth of anesthesia as a single value. The BIS ranges from 0 
(complete cortical EEG suppression) to 100 (awake), and an in-
dex between 45 and 60 has been recommended for successful 
general anesthesia13). The maximum and minimum value of 
BIS and BIS under 40 was checked during the surgery.

Volatile anesthesia was used for usual operations, but total in-
travenous anesthesia was used in the cases with intraoperative 
neurophysiological monitoring. We also checked the patient’s 
blood pressure every 10 minutes, total fluid balance, total oper-
ation time, and estimated blood loss. 

Postoperative assessment
The patients were observed for delirious symptoms every day 

from postoperative day one until discharge. The elderly patients 
were recommended to discharge seven days after the surgery 
after checking wound healing, exercise and postoperative deliri-
um. Hemoglobin, hematocrit, and electrolyte levels were mea-
sured on the operation day and on postoperative day 1, 2, and 
3. A chest radiograph was taken after recovery from anesthesia 
and one day after the surgery.

Statistical analysis
Data are presented as the mean ± standard deviation (SD). A 

Student’s t test, χ2 test, and multivariate logistic regression anal-
ysis were used for statistical analysis. All variables with a signifi-
cance level of p<0.05 in the univariate analysis were included as 
independent variables in a forward stepwise regression method 
for the multivariate analysis. A value of p<0.05 was considered 
statistically significant.

RESULTS

Patients and preoperative factors
The patient group included 32 males and 38 females, with an 

average age 70.1±5.8 years (range 60 to 85 years). There were 17 
(24.3%) patients in Group A. Ten were diagnosed on the first 
postoperative day, five on the second postoperative day and two 
on the third postoperative day. The average age of the patients in 
Group A was 70.2±6.4 years, and the male to female ratio was 1 : 
1.4 (7 : 10). The average age in Group B was 70.3±5.3 years, and 
the male to female ratio was 1 : 1.1 (25 : 28). The two groups ex-
hibited no significant difference in either age or male to female 
ratio. The average number of education years in Group A and 
Group B was 6.2±5.3 years and 7.2±5.0 years, respectively, with 
no statistical significance. With regard to medical history, there 
was no statistical significance between the groups in hyperten-

MATERIALS AND METHODS

Patient enrollment
Patients older than 60 years who underwent spinal surgery 

for degenerative spinal conditions between May 2012 and Sep-
tember 2013 were enrolled in this study. We selected elderly pa-
tients, because age is already known to be the most important 
risk factor for postoperative delirium10,18,21,24,33). We excluded pa-
tients with spinal tumor-like lesions, infection, or trauma that 
could affect the patients’ general condition. Patients with known 
brain problems, including cerebral contusions, cerebrovascular 
diseases, Alzheimer’s disease, and Parkinson’s disease, all of 
which can cause disorientation, were also excluded. None of the 
patients had psychological problems. Among a total of 591 pa-
tients who underwent spinal surgeries, we selected and studied 
70 patients retrospectively who met the inclusion criteria. Post-
operative delirium was diagnosed according to DSM-5 crite-
ria1). The patients were divided into two groups : Group A with 
postoperative delirium and Group B without postoperative delir-
ium. Surgical procedures included fusion operation, decompres-
sive laminectomy and discectomy of the lumbar spine, anterior 
cervical discectomy and fusion, laminoplasty and foraminotomy 
of the cervical spine. Patient-controlled analgesia (PCA) includ-
ing fentanyl was used for all patients unless the patient refused 
the use of PCA. PCA was used in all patients except two pa-
tients, one patient from each group.

Preoperative assessment
Cognitive function was assessed with the Mini-Mental State 

Examination-Korea (MMSE-K), the Clinical Dementia Rating 
(CDR), and the Global Deterioration Scale (GDS) one day be-
fore the surgery by a trained interviewer. The MMSE-K is a 
modification of the MMSE with scores ranging from 0 to 30, 
and a score of 23 or lower means cognitive impairment. The 
MMSE-K tests five cognitive functional areas : orientation, reg-
istration, attention-calculation, recall, and language14). The CDR 
evaluates six areas : memory, orientation, judgment and prob-
lem solving, community affairs, home and hobbies, and per-
sonal care22). The CDR is a numeric scale system rating of 0, 0.5, 
1, 2, 3, 4, and 5, and a score of 1 or higher represents cognitive 
impairment. The GDS identifies seven clinically recognizable 
stages of cognitive function from normal to severe cognitive 
dysfunction based mainly on thinking and functioning abili-
ties26). The GDS is numbered according to stages 1 to 7, and the 
stage 3 or higher represents cognitive impairment.

We investigated the patient’s history of hypertension or diabe-
tes mellitus, educational level, and smoking. Hemoglobin, he-
matocrit, and electrolyte levels were checked preoperatively.  
The patient’s education level was assigned a score of 0 for the 
non-educated and the others were calculated by the period of 
education by yearly basis. The preoperative duration of the hos-
pital stay was checked as a number of admission days before the 
date of surgery.
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±0.6 (p<0.05), and 3.3±1.1 (p<0.01), which were significantly 
lower than those of Group B, 25.6±3.4, 0.5±0.2, and 2.1±0.7, re-
spectively (Table 2). 

The preoperative duration of hospi-
talization were 3.5±2.4 days in Group A 
and 5.0±3.8 days in Group B (p<0.05), 
showing a longer preoperative hospital-
ization associated significantly with a 
higher occurrence of delirium. Postop-
erative delirium occurred on 1.5±0.9 
postoperative days (Table 1).

Perioperative laboratory factors
The hemoglobin (normal range : 11–

15 g/dL) and hematocrit (normal range : 
34–44%) levels were significantly lower 
in Group A at one day before surgery, 
immediately after surgery and postoper-
ative day 1 (p<0.05). However, the data 
showed no significant difference after 
postoperative days 2 and 3. With regard 
to electrolytes, Na (normal range : 135–
146 mEq/L) and Cl (normal range : 99–
108 mEq/L) were significantly lower in 
Group A on postoperative day 2 and 3, 
and K (normal range : 3.5–5.3 mEq/L) 
was significantly lower in Group A only 
on postoperative day 3 (Table 3). But all 
the levels of electrolytes were within 
normal ranges.

Intraoperative factors
The operation time in Group A 

(220.5±88.2 minutes) was significantly 
longer than that in Group B (165.0±68.7 
minutes) (p<0.05). The intraoperative 
minimum value of BIS of Group A 
(30.2±6.8) was lower than that of Group 
B (35.4±5.6) (p<0.05). The number of 
BIS index under 40 was significantly 
higher in Group A, 5.1±3.1 times, 
whereas it was 2.5±2.2 times in Group B 
(p<0.01) (Table 4). The intraoperative 
fluid balance was 1317.2±791.5 mL in 
Group A and 849.3±472.2 mL in Group 
B (p<0.01), demonstrating a signifi-
cantly larger positive fluid balance in 
Group A. The region of the spinal sur-
gery (cervical or lumbar), anesthesia 
type, estimated blood loss, maximum 
BIS and blood pressure showed no sig-
nificant relation with postoperative de-
lirium (Table 1, 4).

sion, diabetes, and previous smoking habits (Table 1). 
The results of the MMSE-K, CDR, and GDS tests of preoper-

ative cognitive function in Group A were 19.1±5.4 (p<0.01), 0.9 

Table 1. Demographic data and various factors of postoperative delirium

Group A (n=17) Group B (n=53) p value
Preoperative factor
    Age (years) 70.2 70.3 0.46
    Sex (male : female)    7 : 10 25 : 28 0.67
    Education level (years) 6.2 7.2 0.23
    History of hypertension 12 32 0.45
    History of diabetes mellitus 13 4 0.9
    History of smoking 2 5 0.78
    Hospital days 3.5 5.0 0.03
Intraoperative factor
    Operation time (minutes) 220.5 165 0.02
    Operation level (cervical : lumbar) 4 : 13 11 : 42 0.81
    Total intravenous anesthesia 5 11 0.46
    Estimated blood loss (mL) 139.1 162.7 0.32
    Highest SBP (mm Hg) 153.6 163.9 0.07
    Lowest SBP (mm Hg) 87.3 86.3 0.37
    Highest DBP (mm Hg) 82.7 87.4 0.18
    Lowest DBP (mm Hg) 50 50.8 0.38
    Fluid balance (cc) 1299.4 849.3 <0.01
Postoperative chest radiograph
    Pulmonary congestion 6 13 0.38

SBP : systolic blood pressure, DBP : diastolic blood pressure

Table 2. Preoperative cognitive function test and postoperative delirium

Group A Group B p value
Mini-Mental State Examination-Korea 21.2 25.7 <0.01
Clinical Dementia Rating   0.7   0.5 0.04
Global Deterioration Scale   3.1   2.1 <0.01

Table 3. Perioperative laboratory data

Pre-OP OP day POD #1 POD #2 POD #3
Hemoglobin (g/dL)
    Group A   12.2*   10.8*   10.5*   10.3   10.4
    Group B   13.3   11.8   11.3   11.0   11.0
Hematocrit (%)
    Group A   35.4*   31.2*   30.8*   30.1   30.4
    Group B   39.2   34.5   33.1   32.2   32.2
Sodium (mEq/L)
    Group A 138.9 138.7 136.9 136.1* 136.9*
    Group B 140.3 140.2 137.8 137.7 138.5
Chloride (mEq/L)
    Group A 103.4 104.1 103.5 101.5* 102.4*
    Group B 104.9 105.4 104.3 103.6 104.1
Potassium (mEq/L)
    Group A     4.1     3.7     3.9      3.8     3.8*
    Group B     4.1     3.8     3.9      3.9     4.0

*p<0.05. Pre : preoperative, OP : operation, POD : postoperative day 
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um in those aged less than 60 years.
In a study of 797 hospitalized patients over 70 years of age, re-

gardless of operation, Inouye et al.11) reported a delirium inci-
dence of 16% and stated that the hospitalization itself could be a 
risk factor for delirium in the elderly. In our study, the period of 
the hospitalization before operation increases the possibility of 
postoperative delirium increased. As noted elsewhere, as post-
operative delirium is very likely to lead to a chronic decline of 
cognitive function, efforts to prevent postoperative delirium 
must be very important29).

Cognitive function test
Cognitive function test results are not directly related to the 

existence of delirium and an abnormal result in a preoperative 
cognitive function test is not necessarily denoting delirium7). 
However, many studies have reported that preoperative cogni-
tive impairment is a risk factor for postoperative delirium12,29,32). 
This is in agreement with the findings in the present study. The 

Postoperative chest radiograph
Of the 18 subjects in Group A, six 

showed pulmonary congestion on the 
postoperative chest radiograph, and 13 
of 53 subjects showed pulmonary con-
gestion in Group B, which was not sta-
tistically significant (Table 1). 

Multivariate analysis
The multivariate analysis herein has found the preoperative 

GDS (95% CI OR, 1.20–25.60) and BIS measured intraopera-
tively under 40 (95% CI OR, 1.18–2.80) were associated with 
postoperative delirium (Table 5).

DISCUSSION

Pathophysiology and incidence
The pathophysiology of postoperative delirium is still un-

known, although various pathophysiological mechanisms have 
been suggested in different situations. Cerejeira et al.3) suggested 
that cerebral effects of the systemic inflammatory response dur-
ing the perioperative period, possibly aggravated by anticholin-
ergic effects of drugs administered during this phase, might be 
responsible for postoperative delirium. Changes in the level of 
neurotransmitters, such as decreased cholinergic activity, in-
creased dopaminergic activity, and decreased γ-aminobutyric ac-
id-ergic activity, were also thought to be involved in delirium, 
but the interactions among neurotransmitters are complicated 
and incompletely understood9,33). 

In many studies, postoperative delirium occurred in 10–60% 
of patients undergoing surgery, with a particularly high frequen-
cy in orthopedic pelvis surgery, aortic surgery and elderly pa-
tients5,20,24,25,33). One study reported the occurrence of delirium 
after brain surgery was 18.7%23). By contrast, the occurrence of 
postoperative delirium in degenerative lumbar spine surgery 
was reported to be relatively lower (13.6%), but in our study the 
incidence was considerably higher (24.3%)16). Depending on 
the symptoms, delirium can be divided into hyperactive, hypo-
active and mixed subtypes10). The hyperactive subtype is easily 
detectable, but the hypoactive subtype is hard to differentiate 
from depression or dementia and often unrecognized10). The hy-
poactive subtype occurs more common in elderly patients than 
other types. Thus, in the present study, we interviewed the el-
derly subjects carefully to detect the hypoactive subtype and to 
observe subclinical symptoms of delirium. This effort might ex-
plain the higher incidence of hypoactive delirium detected here-
in compared to other studies.

Many studies have reported that old age is a significant risk 
factor for postoperative delirium10,18,21,24,33). However, this study 
found no group-to-group differences in the incidence of post-
operative delirium, possibly because all the research subjects 
were older, reducing the likelihood of the role of age as a caus-
ative factor in their delirium. We found no postoperative deliri-

Table 4. Bispectral index (BIS) and postoperative delirium

Group A Group B p value
Highest BIS 44.4 48.2 0.13
Lowest BIS 30.2 35.4 0.04
Number of BIS <40   5.7   2.5 0.01

Table 5. Multivariate risk factors of postoperative delirium

Variables p value
Preoperative factor
    Pre-OP MMSE-K 0.24
    Pre-OP CDR 0.60
    Pre-OP GDS 0.02
    Hospital day 0.86
Intraoperative factor              
    Operation time 0.88
    Lowest BIS 0.28
    Number of BIS <40 <0.01
    Fluid balance 0.32
Perioperative laboratory factor
    Pre-OP Hb 0.81
    OP day Hb 0.85
    POD #1 Hb 0.93
    Pre-OP Hct 0.47
    OP day Hct 0.46
    POD #1 Hct 0.98
    POD #2 Na 0.36
    POD #3 Na 0.86
    POD #2 Cl 0.68
    POD #3 Cl 0.66
    POD #3 K 0.47

MMSE-K : Mini-Mental State Examination-Korea, CDR : Clinical Dementia Rat-
ing, GDS : Global Deterioration Scale, BIS : Bispectral index, Pre : preoperative, 
OP : operation, POD : postoperative day, Hb : hemoglobin, Hct : hematocrit, Na : 
sodium, Cl : chloride, K : potassium 
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erative delirium6). In the present study, Na and Cl were signifi-
cantly lower in Group A on postoperative days 2 and 3, and K 
was significantly lower in Group A on postoperative day 3 com-
pared to Group B. However, all the levels were within the nor-
mal range, embedding a difficult to make a clinical significance. 
This study also showed that an increase in the intraoperative 
fluid positive balance was significantly related to postoperative 
delirium. This is likely because fluid overload is associated with 
hemoglobin and hematocrit levels and the electrolyte balance.

Limitations of our study
Old age is known to be a vital factor in postoperative deliri-

um. Although the enrolled patients were all from the old age 
group (>60), they could be still affected by age-related factors, 
but the number of patients was not enough to detect such influ-
ences10,18,21,24,33). Further studies will be needed to examine a 
larger number of old-aged patients to detect more detailed age-
specific effects. Postoperative pain killers are known to be asso-
ciated with postoperative delirium17,19). Opioid analgesics were 
also reported to induce postoperative delirium9,30,33). Although 
we used PCA containing fentanyl postoperatively, we could not 
analyze its effect on postoperative delirium because all the pa-
tients except two received PCA. Further studies should be nec-
essary to elucidate the role postoperative medication in the de-
velopment of postoperative delirium. 

CONCLUSION

Based on our data, it seems that spinal surgeries can be asso-
ciated with a considerably high occurrence of postoperative de-
lirium. Although this study identified several new risk factors 
for delirium, it seems that spinal surgeries do not differ greatly 
from other surgeries in terms of risk factors and mechanisms. 

With spinal surgeries, in contrast to other high-risk operations 
involving the brain or other vital organs, it is difficult for both 
the doctor and the patient to anticipate postoperative mental 
functional problems. Therefore, it must be difficult situation to 
accept for both doctors and patient’s family if delirium develops 
after spinal surgery. A proper understanding of the risk factors 
for postoperative delirium would be helpful to prevent postop-
erative delirium and to minimize medicolegal problems. 
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