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Abstract The purpose of this study was to examine the incidence and timing of delirium after spine
surgery and identify the risk factors for its occurrence. This study enrolled 337 patients who underwent
spine surgery from November 20, 2016, to July 3, 2017. The Confusion Assessment Method(CAM) was
used to detect delirium. Data collected prospectively were analyzed by the Wilcoxon rank sum test, x
2_test, Fisher's exact test, and logistic regression analysis using the SAS version 9.4. The incidence rate
of delirium was 7.4%. Logistic regression analysis showed that age, K-MMSE(Korean mini mental state
examination) (pre-operative), and WBC(white blood cells) (3™ day post-surgery) were factors influencing
delirium in patients after spine surgery. These results should be taken into consideration to predict the
risk factors for delirium in patients after spine surgery, and to detect and treat delirium at an early

stage. Also, active intervention is needed to address the correctable risk factors.
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Table 1. Incidence and Onset of Delirium in Patients

after Spine Surgery (N=337)
Variables Categories n (%)
Incidence of delirium Yes 25 (7.4)
No 289 (92.6)
Onset of delirium POD 1 9 (36.0)
POD 2 9 (36.0)
POD 3 7 (28.0)
POD=post operative day
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Table 2. General and Clinical Characteristics related Risk Factors for Postoperative Delirium (N=337)
Total (n=337) Delirium (n=25) Non-delirium (n=312) 2
Characteristics Category Freq(%) or Freq(%) or Freq(%) or * or(;) orp
Median [Q1.Q3] Median [Q1,Q3] Median [Q1.Q3]
Age () 67.49 [59.15, 75.331  78.58 [72.07, 80.58]  65.90 [58.40, 74.54] 4.77 (£.001)
Gender Male 146 (43.3%) 14 (56.0%) 132 (42.3%) 0.77 (184)
Female 191 (56.7%) 11 (44.0%) 180 (57.7%)
Hearing aid Yes 11 (3.3%) 1 (4.0%) 10 (3.2%) 0.38 (.577)
No 326 (96.7%) 24 (96.0%) 302 (96.8%)
Eyeglasses Yes 158 (46.9%) 11 (44.0%) 147 (47.1%) 0.09 (.764)
No 179 (53.1%) 14 (56.0%) 165 (52.9%)
Walking Independent 302 (89.6%) 13 (52.0%) 289 (92.6%) 0.01 (£.001)
Cane 25 (7.4%) 8 (32.0%) 17 (5.5%)
Walker 6 (1.8%) 2 (8.0%) 4 (1.3%)
Wheel chair 3 (0.9%) 1 (4.0%) 2 (0.6%)
Bed ridden 1 (0.3%) 1 (4.0%) 0 (0.0%)
Sleep disorder Yes 41 (12.2%) 6 (24.0%) 35 (11.2%) 0.05 (.101)
No 296 (87.8%) 19 (76.0%) 277 (88.8%)
History of fall Yes 31 (9.2%) 1 (4.0%) 30 (9.62%) 0.22 (715)
No 306 (90.8%) 24 (96.0%) 282 (90.4%)
History of delirium Yes 13 (3.9%) 2 (8.0%) 11 (3.5%) 0.19 (.250)
No 324 (96.1%) 23 (92.0%) 301 (96.5%)
History of admission  Yes 263 (78.0%) 22 (88.0%) 241 (77.2%) 1.56 (211)
No 74 (22.0%) 3 (12.0%) 71 (22.8%)
History of operation  Yes 254 (75.4%) 21 (84.0%) 233 (74.7%) 1.08 (.298)
No 83 (24.6%) 4 (16.0%) 79 (25.3%)
Disease Neurological 37 (11.0%) 6 (24.0%) 31 (9.9%) 0.03 (.043)
DM 76 (22.6%) 10 (40.0%) 66 (21.2%) 4.71 (.030)
Hypertension 181 (53.7%) 17 (68.0%) 164 (52.6%) 2.22 (.136)
Hepatological 17 (5.0%) 1 (4.0%) 16 (5.1%) 0.37 (1.000)
Renal 25 (7.4%) 5 (20.0%) 20 (6.4%) 0.02 (.028)
Cardiovascular 101 (30.0%) 11 (44.0%) 90 (28.9%) 2.53 (.112)
Pulmonary 41 (12.2%) 5 (20.0%) 36 (11.5%) 0.11 (.208)
Disease count (n) 110, 2] 2 [1,3] 1 10.2] 3.19 (.001)
Caregiver Family 252 (78.8%) 13 (52.0%) 239 (76.6%) 7.43 (.006)
Non family 85 (25.2%) 12 (48.0%) 73 (23.4%)
Medication Yes 281 (83.4%) 24 (96.0%) 257 (82.4%) 0.05 (.095)
No 56 (16.6%) 1 (4.0%) 55 (17.6%)
Time from admission 21 17, 24) 23 (18, 118] 21 17, 23] 1.90 (.057)
to anesthesia (hr)
Anesthesia time (hr) 3.8 [2.7, 4.9] 4.6 [3.1, 5.9] 3.7 2.6, 4.8] 2.47 (014)
Surgery time (hr) 2.8 [1.7, 4.1] 3.5 (2.0, 4.7] 2.8 [1.7, 3.9] 2.08 (.037)
Bleeding volume (cc) 200 [50, 500] 500 [150, 700] 200 [50, 500] 2.06 (.040)
Blood transfusion Yes 131 (38.9%) 13 (52.0%) 118 (37.8%) 1.96 (162)
No 206 (61.1%) 12 (48.0%) 194 (62.2%)
ICU admission Yes 14 (4.2%) 5 (20.0%) 9 (2.9%) <0.01 (.002)
No 323 (95.9%) 20 (80.0%) 303 (97.1%)
K-MMSE (pre-op) 27 125, 29] 25 (23, 271 27 125, 29] -3.61 (€.001)

*multiple response method
ICU=intensive care unit; K-MMSE=korean mini mental state examination(total score 30); pre-op=pre operative; DM=diabetes mellitus
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Table 3. Hematological Characteristics related Risk Factors for Postoperative Delirium (N=337)

Total (n=337) Delirium (n=25) Non-delirium (n=312)
Characteristics Category z (p
Median [Q1,Q3] Median [Q1,Q3] Median [Q1,Q3]

WBC count (n/gL) pre-op 6620 [5510, 7910] 7200 [6060, 9160] 6575 [5470, 7860] 1.85 (.065)
M:3800~10580 POD1 9430 [7900, 11300] 9970 [9100, 122701 9330 (7875, 112601 2.17 (.030)
F:3150~8630 POD3 7400 [6190, 9330] 9330 [8400, 12710] 7215 (6095, 9155] 4.24 (€.001)

CRP (mg/d) pre-op 0.10 [0.04, 0.33] 0.22 [0.06, 1.91] 0.09 0.04, 0.30] 2.35 (.019)
0~0.3 POD3 7.49 [3.87, 11.37] 10.84 [7.63, 17.76] 6.76 [3.74, 11.14] 3.21 (.001)

Hemoglobin (g/dl) pre-op 13.4 [12.4, 14.5) 12.4 [10.2, 13.9] 13.5 [12.5, 14.5] -2.48 (.013)
M:13.6~17.4 POD1 11.4 [10.5, 12.5] 10.6 9.2, 11.4] 11.5 [10.6, 12.6] -2.47 (014)
F:11.2~14.8 POD3 10.7 [9.8, 11.9] 10.4 9.3, 11.5] 10.8 9.9, 12.01 -1.59 (111)

Protein (g/d)) pre-op 7.2 16.8, 7.5] 7.0 6.4, 7.3] 7.2 168, 7.5 -1.78 (.076)
6~8.2 POD1 5.5 5.0, 5.9] 5.5 [4.8, 5.7 5.5 [5.0, 6.0] -0.96 (.339)

POD3 5.6 [5.1, 6.0] 5.2 [4.9, 5.6] 5.6 5.2, 6.1] -2.31 (.021)

Albumin (g/dl) pre-op 4.4 [4.2, 4.6 4.1 [3.7, 4.4] 4.5 [4.2, 4.6 -3.74 (€.001)

3.5~5.2 POD1 3.5 3.3, 3.8] 3.3 [3.0, 3.5] 3.5 [3.3, 3.8] -3.13 (€.001)
POD3 3.5 3.2, 3.8] 3.2 2.9, 3.2] 3.5 3.2, 3.8] -4.01 (£.001)

Glucose (mg/dl) pre-op 102 [95, 120] 103 (89, 118] 102 [95, 1201 -0.81 (418)

70~109 POD1 118 [101, 140] 139 [130, 153] 116 (100, 139] 3.10 (€.001)
POD3 109 [96, 129] 119 [103, 160] 109 [95, 1291 2.12 (034)

Creatinine (mg/dl)  pre-op 0.80 [0.66, 0.98] 0.89 [0.70, 1.05] 0.80 [0.66, 0.96] 1.90 (.058)
M:0.7~1.3 POD1 0.71 [0.59, 0.89] 0.82 [0.65, 1.01] 0.71 [0.58, 0.88] 2.14 (.032)
F:0.6~1.1 POD3 0.64 [0.51, 0.81] 0.76 [0.51, 0.85] 0.63 [0.51, 0.80] 1.91 (.056)

Natrium (mmol/l) pre-op 141 [140, 143] 141 [139, 142] 142 (140, 143] -2.13 (.033)
136~145 POD1 140 [138, 141] 140 [138, 141] 140 [138, 141] -0.22 (.826)

POD3 139 [137, 141] 138 [136, 140] 140 (138, 141] -2.61 (.009)

Kalium (mmol/l) pre-op 4.2 [4.0, 4.5] 4.3 [4.0, 4.5] 4.2 [4.0, 4.5] 0.21 (.834)

3.5~5.1 POD1 4.1 3.9, 4.4] 4.2 [4.0, 4.6] 4.1 3.9, 4.3] 1.50 (.135)
POD3 4.0 3.8, 4.3] 4.2 [3.8, 4.0] 4.0 3.8, 4.3] 1.21 (.225)

WBC=white blood cells; M=male; F=female; CRP=C-reactive protein; pre-op=pre operative; POD=post operative day
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Table 4. Risk Factors for Postoperative Delirium by Logistic Regression Analysis (N=337)
Veriables Univariate Multivariate
B OR 95% CI P B OR 95% CI P
Age (yr) 0.13 1.14 1.07 ~ 1.21 <.001 0.12 1.12 1.04 ~ 1.21 .002
Disease : Neurological 1.05 2.86 1.06 ~ 7.70 .037
Disease : DM 0.91 2.49 1.07 ~ 5.79 .035
Disease : Renal 1.29 3.65 1.24 ~ 10.74 .019
Disease count (n) 0.50 1.65 1.21 ~ 2.25 .002
Caregiver 1.11 3.02 1.32 ~ 691 .009
Z;I:;hfer;r; (i‘ri)missm o 0.01 101 100 ~101 001
Anesthesia time (hr) 0.20 1.22 1.05 ~ 1.41 .009
Surgery time (hr) 0.19 1.21 1.04 ~ 1.41 .015
ICU admission 2.13 8.42 2.58 ~ 27.48  <.001
K-MMSE (pre-op) -0.26 0.77 0.68 ~ 0.87 <.001 -0.17 0.85 0.74 ~ 0.97 .014
WBC count (n/gL) : POD3 <0.01 1.00 1.00 ~ 1.00 <.001 <0.01 1.00 1.00 ~ 1.00 .010
CRP (mg/dl) : POD3 0.09 1.09 1.03 ~ .15 .001
Hemoglobin (g/dl) : pre-op -0.37 0.69 0.54 ~ 0.88 .002
Hemoglobin (g/dl) : POD1 -0.36 0.70 0.52 ~ 0.94 .018
Protein (g/dl) : pre-op -0.56 0.57 0.34 ~ 0.96 .036
Protein (g/dl) : POD3 -0.75 0.47 0.23 ~ 0.98 .043
Albumin (g/dl) : pre-op -1.62 0.20 0.09 ~ 0.42 <.001
Albumin (g/dl) : POD1 -1.98 0.14 0.05 ~ 0.42 .001
Albumin (g/d]) : POD3 -2.28 0.10 0.03 ~ 0.34 <.001
Glucose (mg/dl) : POD1 0.01 1.10 1.00 ~ 1.02 .018
Glucose (mg/dl) : POD3 0.01 1.10 1.00 ~ 1.02 .019
Creatinine (mg/dl) : pre-op 0.40 1.49 1.03 ~ 2.15 .032
Creatinine (mg/dl) : POD1 0.31 1.36 1.01 ~ 1.83 044
Creatinine (mg/dl) : POD3 0.32 1.37 1.00 ~ 1.89 .049
Natrium (mmol/l) : pre-op -0.20 0.82 0.71 ~ 0.96 012
Natrium (mmol/l) : POD3 -0.17 0.84 0.73 ~ 0.96 014

OR=o0dd ratio; Cl=confidene interval; DM=diabetes mellitus; ICU=intensive care unit; K-MMSE=korean mini mental state examination;
pre-op=pre operative; WBC=white blood cells; POD=post operative day; CRP=C-reactive protein
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