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Abstract
Purpose  There are few reports regarding the association between the neutrophil–lymphocyte ratio (NLR), uric acid, and the 
development of postoperative delirium (POD) in patients who are undergoing spine surgeries. We investigated the associa-
tions between the NLR, uric acid as a natural antioxidant, and POD in elderly patients undergoing degenerative spine surgery.
Patients and methods  This was a single-center, observational, and retrospective study conducted in Japan. We enrolled 410 
patients who underwent degenerative spine surgery. POD was diagnosed after the surgeries by psychiatrists, based on the 5th 
edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-V). We performed a multivariable logistic regres-
sion analysis to clarify whether the NLR and uric acid values were associated with the development of POD in the patients.
Results  129 of the 410 patients were excluded from the analysis. Of the 281 patients (137 females, 144 males), 32 patients 
(11.4%) were diagnosed with POD. The multivariable logistic regression analysis revealed that the preoperative uric acid level 
(adjusted odds ratio [aOR]: 0.67, 95% confidence interval [CI]: 0.49–0.90, p = 0.008) and age (aOR: 1.09, 95% CI: 1.02–1.16, 
p = 0.008) were significantly associated with POD. The preoperative NLR (aOR: 0.82, 95% CI: 0.60–1.13, p = 0.227) and 
antihyperuricemic medication (aOR: 0.97, 95% CI: 0.24–3.82, p = 0.959) were not significantly associated with POD.
Conclusion  Our results demonstrated that in elderly patients undergoing degenerative spine surgery, the preoperative NLR 
was not significantly associated with POD, but a lower preoperative uric acid value was an independent risk factor for devel-
oping POD. Uric acid could have a neuroprotective impact on POD in patients with degenerative spine diseases.
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Abbreviations
aOR	� Adjusted odds ratio
AUC​	� Area under the curve
BIS	� Bispectral index

CAM	� Confused assessment method
CI	� Confidence interval
CCI	� Charlson Comorbidity Index
CRP	� C-reactive protein
IL	� Interleukin
NLR	� Neutrophil–lymphocyte ratio
POD	� Postoperative delirium
ROC	� Receiver operating characteristic
TNF-α	� Tumor necrosis factor-alpha

Introduction

Postoperative delirium (POD) is a major potential complica-
tion of surgery and is associated with postoperative cogni-
tive decline, and POD is a burden for patients, their families, 
medical and nursing staff, and healthcare systems [1, 2]. POD 
can cause or contribute to adverse outcomes such as longer 
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hospital stays and higher mortality [3]. Being able to predict 
POD's occurrence at an early time point before surgery and 
preventing POD are thus very desirable for achieving better 
prognoses in surgical patients.

The reported incidence of POD after spine surgery has 
ranged from 8.0% to 40.5% and is higher than the inci-
dences after other major orthopedic surgeries [4]. As the 
presence of POD after spine surgery can make it difficult 
for a patient to undergo a complete neurological examina-
tion and impede the patient's postoperative rehabilitation, 
POD may also be associated with adverse outcomes after 
spine surgery.

A possible pathophysiological mechanism underlying 
the development of POD is neuroinflammation that is 
induced by surgery [5]. As a marker reflecting systemic 
inflammation, the neutrophil–lymphocyte ratio (NLR), 
which is derived by dividing the neutrophil count by the 
lymphocyte count, is an easily obtained and inexpensive 
inflammatory marker [6]. The NLR was reported to be 
positively correlated with interleukin (IL)-6 and tumor 
necrosis factor-alpha (TNF-α) values. The NLR may thus 
become a substitute for IL-6 and TNF-α as a marker asso-
ciated with neuroinflammation [7]. Several studies have 
also shown that the NLR is a more useful marker for pre-
dicting POD compared to other inflammatory markers 
such as the platelet–lymphocyte ratio and the C-reactive 
protein (CRP) level [8, 9]. One of our earlier investiga-
tions demonstrated that the preoperative NLR was asso-
ciated with the development of POD in individuals who 
underwent a free-flap reconstruction of the head and neck 
after surgery for cancer [10] and patients with a radical 
subtotal esophagectomy [11] that was performed under 
total intravenous anesthesia. There are few reports regard-
ing the association between POD and the NLR in spine 
surgery patients [12].

The neuroprotective effects of uric acid have been 
attracting attention in recent years. Although uric acid is 
associated with higher-than-normal risks of stroke, myo-
cardial infarction, and cardiovascular mortality [13, 14], it 
is a natural antioxidant that has exerted a neuroprotective 
impact on neurogenerative diseases such as Alzheimer's 
and Parkinson's disease [15, 16]. An association between 
lower uric acid values and POD was documented in knee 
replacement patients and hip fracture patients [17, 18], 
but the preoperative uric acid level in patients undergoing 
spine surgeries has not been established. We conducted 
the present study to determine whether the preoperative 
NLR and the uric acid level may be associated with POD 
in patients who undergoing spine surgeries.

Patients and methods

Patients and study approval

We enrolled 410 patients who underwent a degenerative 
spine surgery at Hirosaki University Hospital (Hirosaki, 
Japan) between January 1, 2015 and December 31, 2022. 
We excluded patients who were under hemodialysis or 
aged < 60 years. This retrospective, observational single-
center study was performed in accord with the Strengthen-
ing the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) statement and was approved by the Ethics 
Committee of the Hirosaki University Graduate School 
of Medicine (no. 2023-013). The requirement of patients' 
written informed consent was waived by the Ethics Com-
mittee since the study design was retrospective and no 
additional intervention was administered to the patients.

Data collection

We reviewed our hospital's electronic medical and anes-
thesia records to obtain the characteristics and periopera-
tive data of the patients including sex, age, body mass 
index (BMI), diagnosis, preoperative comorbidities, 
tobacco-smoking habit, and medication presenting a risk 
for POD. The severity of comorbidities on admission was 
calculated using the Charlson Comorbidity Index (CCI) 
[19]. The CCI is validated and enables the prediction of 
post-treatment adverse events. The CCI is derived by add-
ing the score based on each of the following comorbidities: 
acquired immunodeficiency syndrome, any solid tumor, 
cerebral vascular disease, chronic obstructive pulmonary 
disease, congestive heart failure, connective tissue dis-
ease, dementia, diabetes, diabetes with end-organ damage, 
hemiplegia, leukemia, lymphoma, metastatic solid tumor, 
mild liver disease, moderate/severe liver damage, mod-
erate/severe renal disease, myocardial infarction, peptic 
ulcer disease, and peripheral vascular disease. The preop-
erative laboratory data included the NLR and the levels of 
albumin and CRP as inflammatory markers. The NLR was 
derived by dividing the absolute neutrophil count by the 
absolute lymphocyte count. All preoperative blood tests 
of the patients enrolled in this study were done within 
14 days before their surgeries.

The perioperative data included the anesthetic methods 
used, the number of operated vertebrae, the intraopera-
tive fluid volume, the intraoperative blood loss, the use of 
allogeneic blood transfusion, the duration of anesthesia, 
the duration of the prone position, the duration of sur-
gery, the instrumentation, the postoperative use and dose 
of fentanyl, intensive care unit admission, and the length 
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of stay in the hospital. The perioperative complications 
included the postoperative incidences of dural tear, sur-
gical site infection, cerebrospinal leakage, urinary tract 
infection, hematoma, stroke, and complications of respira-
tion, cardiovascular disease, and the gastrointestinal tract. 
We assigned the patients to a POD group and a non-POD 
group as described below.

Anesthesia and perioperative management

The preoperative management for the patients was per-
formed as described [20]. Patients who described having 
a tobacco-smoking habit were instructed to stop the habit 
for ≥ 4 weeks before their surgery. The patients who had 
diabetes and a hemoglobin A1c level > 7% undertook efforts 
to improve their glycemic control before their surgery.

All of the patients were placed under general anesthesia 
for their spine surgery. The following variables were con-
tinuously monitored during the anesthesia: electrocardiogra-
phy, pulse oximetry, the end-tidal carbon dioxide concentra-
tion, body temperature, urinary output, direct arterial blood 
pressure, train-of-four monitoring, and electroencephalog-
raphy. The anesthesia in each surgery was induced with 
propofol and remifentanil, ketamine, and rocuronium and 
was maintained with propofol and/or desflurane, ketamine, 
remifentanil and/or fentanyl, morphine, and rocuronium. The 
depth of each patient's general anesthesia was adjusted in 
order to prevent bursts and suppression in the electroenceph-
alogram. The target bispectral index (BIS) range was 40–60.

After the surgery, each of the patients was given aceta-
minophen and/or fentanyl for pain control when necessary 
and benzodiazepine for insomnia when necessary. Vascular 
and urinary catheters were removed within 3–7 days. The 
patients’ continuous negative-pressure suction drainage was 
removed 48 h after surgery.

Delirium assessment

The confused assessment method (CAM) [21] was used to 
screen the presence of POD every 8 h by a nurse and/or 
orthopedist. If POD was suspected based on a CAM obser-
vation, the orthopedist asked one of the hospital's psychi-
atrists to confirm the presence of POD based on the 5th 
edition of Diagnostic and Statistical Manual of Mental Dis-
orders (DSM-V). Patients diagnosed as having POD at least 
one time during their stay were assigned to the POD group.

Statistical analyses

The patients' data are presented as a median (25th–75th 
percentiles) or a number (percentage of each group). We 
used Fisher's exact test to examine the significance of 
between-group differences for categorical variables and the 
Mann–Whitney U-test for continuous variables. A receiver 
operating characteristic (ROC) curve analysis was performed 
to determine the optimal cut-off values of the preoperative 
NLR and uric acid for predicting POD. We calculated the 
area under the curve (AUC) to evaluate the differentiation 
power for POD.

We conducted a multivariable logistic regression analysis 
to determine whether the preoperative NLR and uric acid 
values were associated with the development of POD, after 
adjusting for possible confounders. The number of events 
per predictor variable in a multivariate logistic regression 
should generally be at least 10 to provide an adequate predic-
tive model, but Vittinghoff et al. proposed that 5–9 events 
per predictor variable is sufficient [22]. In the present study, 
as 32 patients developed POD, a maximum of six varia-
bles could be included. First, the NLR and uric acid were 
forced into the logistic regression model. The CCI was also 
included in the model to adjust for the patient background. 
Additionally, as older age is reported to be associated with 
POD after spine surgery [4], patient age was included in the 
model. Since antihyperuricemic medication affect the level 
of uric acid, antihyperuricemic medication was included in 
the model. We evaluated the presence of multicollinearity 
between two predictors by applying the variance inflation 
factor (VIF). When we observed a VIF > 2.0, one of the two 
factors was deleted from the final model because of multi-
collinearity. The results of the analysis are presented as the 
adjusted odds ratios (aORs) with 95% confidence intervals 
(CIs).

EZR software was used for all of the statistical analyses 
(Saitama Medical Center, Jichi Medical University, Saitama, 
Japan), and p-values < 0.05 were accepted as significant.

Fig. 1   The study cohort flowchart. POD postoperative delirium
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Table 1   Characteristics and 
perioperative data of the 
patients with and without 
postoperative delirium (POD)

Continuous variables were analyzed by the Mann–Whitney U-test if not normally distributed. Categorial 
variables were analyzed by Fisher's exact test. The continuous data are presented as median [25th to 75th 
percentiles]. The categorial data are presented as number (%). Alb albumin, BMI body mass index, CCI 
Charlson Comorbidity Index, CRP C-reactive protein, NLR neutrophil–lymphocyte ratio, TIVA total intra-
venous anesthesia

POD
n = 32

Non-POD
n = 249

p-value

Female/male, n (%) 13 (40.6)/19 (59.4) 124 (49.8)/125 (50.2) 0.353
Age, yrs 77.0 [73.0, 79.0] 71.0 [66.0, 76.0] 0.001
BMI, kg/m2 25.40 [22.69, 27.69] 25.01 [22.28, 27.48] 0.773
Diagnosis
 Cervical degenerative disease 15 (46.8) 118 (47.4) 0.390
 Thoracic degenerative disease 2 (6.3) 15 (6.0)
 Lumbar degenerative disease 14 (43.8) 115 (46.2)
 Spinal deformity 1 (3.1) 1 (0.4)

CCI 2.00 [1.00, 3.00] 2.00 [0.00, 3.00] 0.142
Preoperative comorbidities, n (%)
 Coronary artery disease 6 (18.8) 26 (10.4) 0.230
 Congestive heart failure 3 (9.4) 11 (4.4) 0.201
 Atrial fibrillation 2 (6.3) 22 (8.8) 1.000
 Chronic kidney disease 13 (40.6) 93 (37.3) 0.704
 Diabetes mellitus 8 (25.0) 78 (31.3) 0.545
 COPD 0 (0.0) 2 (0.8) 1.000
 Stroke 6 (18.8) 14 (5.6) 0.016
 Dyslipidemia 3 (9.4) 19 (7.6) 0.725
 Dementia 1 (3.1) 1 (0.4) 0.210
 Cancer 9 (28.1) 42 (16.4) 0.144

Current smoker, n (%) 3 (9.4) 16 (6.4) 0.463
Former smoker, n (%) 1 (3.1) 14 (5.6) 1.000
Medication, n (%)
Benzodiazepine 8 (25.0) 38 (15.3) 0.201
Steroid 0 (0.0) 14 (5.6) 0.620
 Antihyperuricemic medication 3 (9.4) 20 (8.0) 0.734

Preoperative laboratory data
  NLR 1.92 [1.46, 2.68] 2.11 [1.59, 2.86] 0.492
 Uric acid, mg/dL 4.65 [3.80, 5.65] 5.30 [4.40, 6.30] 0.014
 Alb, g/dL 4.30 [4.07, 4.50] 4.20 [4.00, 4.40] 0.350
 CRP, mg/dL 0.05 [0.02, 0.14] 0.06 [0.03, 0.16] 0.542

Intraoperative factors
TIVA, n (%) 31 (96.9) 248 (99.6) 0.215
 Duration of anesthesia, min 248.0 [209.0, 350.8] 254.5 [213.0, 307.0] 0.643
 Duration of prone position, min 195.50 [170.0, 289.0] 211.0 [175.0, 260.0] 0.883
 Duration of surgery, min 190.0 [133.3, 253.5] 180.0 [137.0, 236.0] 0.730
 No. of operated vertebrae 3.50 [1.75, 5.00] 2.00 [1.00, 4.00] 0.364
 Instrumentation 9 (28.1) 80 (32.1) 0.693
 Estimated blood loss, g 100.0 [42.5, 265.0] 100 [50.0, 210.0] 0.726
 Blood transfusion, n (%) 1 (3.1) 5 (2.0) 0.519
 Infusion volume, mL/hr 424.6 [328.5, 481.4] 398.9 [326.3, 460.4] 0.457
 ICU admission, n (%) 30 (93.8) 227 (91.2) 1.000

Postoperative analgesia
 Fentanyl use, n (%) 30 (93.8) 233 (93.6) 1.000
 Fentanyl dose for postoperative analgesia, 

µg/hr
12.5 [12.5, 16.7] 12.5 [12.5, 16.7] 0.635

 Length of hospital stay, days 24.5 [19.0, 35.0] 24.0 [20.0, 32.0] 0.986
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Results

We excluded 129 of the original series of 410 patients from 
the analysis based on the two exclusion criteria (age < 60 
years, n = 111; hemodialysis, n = 18). The cases of the 
remaining 281 patients were the subject of the analyses 
(Fig. 1). Of the 281 enrolled patients, 32 (11.4%) were diag-
nosed with POD.

Table 1 provides a summary of the patient characteristics 
and perioperative data. We identified significant differences 
in the patients' age, history of stroke, and preoperative uric 
acid level between the POD and non-POD groups. There 
were no significant differences in any of the other back-
ground characteristics or perioperative factors. The length 
of hospital stay did not differ significantly between the POD 
and non-POD groups: 24.5 (19.0–35.0) vs. 24.0 (20.0–32.0) 
days, respectively; p = 0.986. Figure 2 presents a diagram of 
the relationship between the preoperative uric acid distribu-
tion and POD. As depicted in Fig. 3, the AUC of the ROC 
analysis of uric acid for POD was 0.634 (95% CI: 0.54–0.73, 
cut-off value: 5.90, sensitivity 0.94, specificity 0.34). The 
AUC of the ROC analysis of the preoperative NLR for POD 
was 0.537 (95% CI: 0.43–0.64, cut-off value: 1.94, sensitiv-
ity 0.58, specificity 0.53).  

The results of the multivariable logistic regression analy-
sis demonstrated that the preoperative uric acid level and 
patient age were significantly associated with the develop-
ment of POD (Table 2). However, there were no significant 
differences in the preoperative NLR and antihyperuricemic 

medication between two groups. The reason why we did 
not include stroke, the incidence of which was significantly 
greater in the POD patients versus the non-POD patients, in 
the model is that stroke was used to calculate the CCI.

As shown in Table 3's summary of the patients' postop-
erative complications, the incidence of dural tear was signifi-
cantly higher in the POD patients compared to the non-POD 
group.

Discussion

These results of our retrospective analyses revealed no sig-
nificant association between the preoperative NLR and POD 
in elderly patients with degenerative spine diseases, whereas 
a lower preoperative uric acid value was an independent risk 
factor for POD in this patient series. Our findings also dem-
onstrated that antihyperuricemic medication was not signifi-
cantly associated with POD.

In this investigation, 11.4% of the patients were diagnosed 
with POD, which is comparable to previous studies' findings 
[4, 23, 24]. Bak and colleagues performed a meta-analysis 
and reported that the risk factors for POD in elderly patients 
who are undergoing spine surgery are the presence of pul-
monary disease, spine fusion, hypertension, or cerebrovas-
cular disease, cervical spine surgery, the preoperative use of 
opioid medication, the duration of surgery, and the infused 
intravenous fluid volume [25]. Aging, preoperative cognitive 
dysfunction, and postoperative pain are also common risk 

Fig. 2   Diagram of the relation-
ship between the uric acid 
distribution and POD. POD 
postoperative delirium
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factors for POD [26]. Consistently, our present univariable 
analysis detected significant differences in the patient age 
and stroke history between the POD and non-POD patients, 
but no other significant between-group differences were 
identified in other background characteristics or periopera-
tive factors.

Moreover, in postoperative analgesia, the use of multi-
modal opioid-sparing analgesia is likely to be the optimal 
management option for minimizing the risk of the develop-
ment of POD. Our present findings showed no significant 
differences in the use or dose of fentanyl for postoperative 

Fig. 3   The receiver operating 
characteristic (ROC) curve used 
to determine the optimal cut-off 
value of uric acid for predict-
ing POD. POD postoperative 
delirium
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Table 2   Multivariable logistic regression analysis with five variables 
to identify the predictable factors of development of postoperative 
delirium

The AUC value was 0.755 (95%CI: 0.677–0.832). All VIFs were < 2. 
**p < 0.01
aOR adjusted odds ratio, CCI Charlson Comorbidity Index, NLR neu-
trophil–lymphocyte ratio

aOR 95% CI p-value

Age, per 1-yr increase 1.09 1.02–1.16 0.008**
CCI, per 1-point increase 1.23 0.95–1.60 0.124
Uric acid, per 1-mg/dL increase 0.67 0.49–0.90 0.008**
Antihyperuricemic medication 0.97 0.24–3.82 0.959
Preoperative NLR, per 1-point increase 0.82 0.60–1.13 0.227

Table 3   Perioperative complications

Categorial variables were analyzed by Fisher's exact test. The catego-
rial data are presented as number (%). **p < 0.01

POD
n = 32

Non-POD
n = 249

p-value

Dural tear 5 (15.6) 5 (2.0) 0.002**
Surgical site infection 3 (9.4) 8 (3.2) 0.117
Cerebrospinal fluid leakage 0 (0.0) 0 (0.0) NA
Urinary tract infection 2 (6.2) 12 (4.8) 0.665
Hematoma 0 (0.0) 3 (1.2) 1.000
Respiratory complication 0 (0.0) 3 (1.2) 1.000
Cardiac complication 0 (0.0) 5 (2.0) 1.000
Gastrointestinal complication 1 (3.1) 5 (2.0) 0.520
Stroke 0 (0.0) 1 (0.4) 1.000



41Journal of Anesthesia (2024) 38:35–43	

1 3

analgesia between the POD and non-POD groups. It is thus 
quite possible that our analgesic protocol using the combina-
tion of acetaminophen and a small amount of fentanyl was 
effective for all of the patients in this study.

A possible pathophysiological mechanism underlying 
POD involves neuroinflammation and oxide stress [27]. 
The NLR is a marker of inflammation and oxidative stress. 
Severe illness can increase the production of neutrophils 
from bone marrow and may lead to lymphopenia via several 
possible mechanisms [28, 29]. The eventual result can be 
relative neutrophilia and lymphopenia, leading to an abnor-
mally high NLR. We have shown that systemic inflammation 
observed before malignant surgery can be associated with 
neuroinflammation and heightened brain vulnerability [30]. 
Although the results of a retrospective analysis indicated that 
the preoperative NLR was significantly associated with POD 
development in patients undergoing lumbar spinal-fusion 
surgery, the accuracy of the NLR for predicting POD was 
low [12]. Our present study also demonstrated no signifi-
cant association between the preoperative NLR and POD 
in elderly patients with degenerative spine diseases. These 
results suggest that the mechanism of developing POD in 
elderly patients with degenerative spine surgery could differ 
from the reported mechanism in patients undergoing malig-
nancy surgery. However, as this result may have been due 
to small sample size (our post hoc power calculation for 
NLR to observe a significant difference between two groups 
showed that estimated power was 0.121), further large pro-
spective studies are needed to confirm this result. On the 
other hand, even among patients with the same orthopedic 
disorder, the preoperative NLR in fracture patients was 
described as likely to be useful in predicting POD [31, 32].

Epidemiological studies have identified hyperuricemia as 
an independent cardiovascular risk factor but uric acid can 
have beneficial functions based on its antioxidant proper-
ties, and this may be particularly relevant in the treatment of 
neurodegenerative diseases [15, 16]. It was also reported that 
uric acid helps eliminate superoxide anions and hydroxyl 
radicals from both the brain and blood [33] and that it inhib-
its the lipid peroxidation and damage to DNA that is induced 
by free radicals [34]. The neuroinflammation associated with 
microglial activation is very relevant to the development of 
POD [35], and it was reported that uric acid suppressed 
the activation of microglia and prevented neuronal death 
in vitro and in vivo [36]. Lower uric acid levels could thus 
be associated with reduced protection against the oxidative 
stress induced by surgery and could increase the POD risk. 
Our present findings suggest that the preoperative uric acid 
level could be an important marker for the differentiation of 
patients who are likely to develop POD.

We also observed that the prevalence of dural tear was 
markedly greater in the POD patients compared to the non-
POD patients. An association between dural tear and POD 

in patients with spinal disease has been described [37, 38]. 
The mechanisms that underlie POD development following a 
dural tear are unknown, but one of the possible mechanisms 
is drainage of cerebrospinal fluid that can lead to a drop 
in intracranial pressure and traction on the meninges. As a 
similar mechanism, Partownavid et al. reported the case of 
a patient with a post-dural puncture headache with delirium 
that developed after a lumbar spinal drain [39]. Further 
research in this area is necessary.

Several potential study limitations should be consid-
ered. The study had a single-center, observational, ret-
rospective design, and there may have been undetected 
cofounders. Our patients' preoperative cognitive function 
was not examined. A recent prospective study showed 
that a lower Mini-Cog score was significantly related to 
POD development [40]. Our patient series may also have 
included a number of patients with undiagnosed preop-
erative cognitive dysfunction. Moreover, a postoperative 
pain assessment was not performed. Postoperative pain 
and pain management have been reported to be associ-
ated with POD development [41]. We may also have over-
looked cases of hypoactive delirium, because the nurses 
performed the screening test for POD. Nevertheless, this 
study is apparently the first to assess the relationship 
between preoperative uric acid and POD in elderly individ-
uals with degenerative spine diseases. In the development 
of POD in elderly individuals with degenerative spine 
diseases, preoperative inflammation may be less closely 
associated, but the maintenance of an adequate level of 
uric acid may have a neuroprotective effect against the 
intraoperative invasion.

In conclusion, there have no significant association 
between the preoperative NLR and POD in elderly patients 
with degenerative spine diseases, but a preoperative lower 
level of uric acid was significantly associated with POD. 
Uric acid might have a neuroprotective impact on POD in 
patients with degenerative spine diseases. Further inves-
tigations of the mechanisms underlying the association 
between uric acid and POD are warranted.
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