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Purpose: The high incidence of postoperative delirium (POD) among patients undergoing lumbar spine surgery presents a significant
barrier to achieving enhanced postoperative recovery. Accordingly, a thorough understanding and precise identification of common
risk factors for POD in this surgical context are crucial to mitigating its occurrence and facilitating improved recovery outcomes. This
study is the first to assess the predictive value of the Prognostic Nutritional Index (PNI) for POD in elderly patients undergoing
transforaminal lumbar interbody fusion (TLIF) for degenerative lumbar spine disease.

Methods: We conducted a retrospective analysis of the outcomes of TLIF surgery in elderly patients with degenerative lumbar spine
disease between 2020 and 2024. The diagnosis of POD was based on postoperative medical records during hospitalization, using the
Confusion Assessment Method. The PNI was calculated based on preoperative serum albumin levels and total lymphocyte counts.
Multivariate logistic regression analysis was performed to evaluate the relationship between preoperative PNI scores and the
occurrence of POD. Finally, the optimal PNI cut-off point for predicting POD was determined using the receiver operating
characteristic curve.

Results: POD was observed in 61 of 370 patients, with PNI being significantly lower in the delirium group. The mean PNI values
were 43.0243.44 in the non-delirium group and 48.53£3.72 in the delirium group. Multivariate logistic regression analysis revealed
that low PNI (OR: 0.743; 95% CI: 0.597-0.924; p = 0.008), low serum albumin levels (OR: 0.759; 95% CI: 0.584—0.987; p = 0.040),
and advanced age (OR: 1.096; 95% CI: 1.030-1.166; p = 0.004) were independent predictors of POD following TLIF. The area under
the curve (AUC) for PNI on the receiver operating characteristic curve was 0.864+0.025. The cutoff value for PNI, determined using
the Youden index, was 45.825, with a sensitivity of 82.0% and a specificity of 74.4%.

Conclusion: The preoperative use of PNI holds promise as a valuable tool for assessing the risk of POD in elderly patients
undergoing TLIF.

Keywords: postoperative delirium, delirium, prognostic nutritional index, controlled nutritional status index, transforaminal lumbar
interbody fusion, dystrophy, elderly population

Introduction
Postoperative delirium (POD), an acute-onset transient psychiatric syndrome, is characterized by global cognitive

impairment, reduced levels of consciousness, attentional disturbances, fluctuations in psychomotor activity, and
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disruptions in the sleep-wake cycle."? Simultaneously, the high incidence of POD among patients undergoing lumbar
spine surgery has emerged as a significant barrier to achieving swift postoperative recovery. Numerous clinical studies
have reported that the incidence of POD among patients undergoing lumbar spine surgery ranges from 11.8% to 14.5%.>~
> In a retrospective study, Fineberg observed that patients with POD incurred additional costs of $8,065 for lumbar
decompression procedures and $10,530 for lumbar fusion surgeries.” Therefore, a comprehensive understanding and
precise identification of common risk factors for POD in lumbar spine surgery are crucial for lowering its incidence and
improving postoperative safety in these procedures.

The pathophysiological mechanisms underlying POD remain incompletely understood, with two predominant
hypotheses prevailing. The first centers on neuroinflammation, proposing that peripheral cytokines compromise the
integrity of the blood-brain barrier, thereby precipitating central inflammatory cascades; chronic stress is thought to act
synergistically, modulating cytokine release and elevating cortisol levels.® The second hypothesis implicates dysregula-
tion of neurotransmitter systems, involving perturbations in critical neuromodulators such as acetylcholine, dopamine,
glutamate, y-aminobutyric acid, and serotonin.” Furthermore, advanced age, as an independent risk factor, often elevates
the risk of POD due to factors such as frailty, diminished functional reserve and recovery capacity, and reduced cerebral
blood flow.>” A meta-analysis revealed that up to 21.3% of spinal surgery patients experience POD, with prevalence
rates reaching as high as 40% in patients over the age of 70.® Additionally, Prof. Pan’s study reported a POD prevalence
of 14.5% among elderly patients undergoing lumbar spine surgery.”

In recent years, a growing body of research has underscored the high prevalence of malnutrition among elderly
patients with degenerative spinal diseases and its significant association with clinical outcomes, emphasizing the
critical importance of assessing nutritional status prior to surgery.'®'? The Prognostic Nutritional Index (PNI),
derived from serum albumin levels and total lymphocyte counts, is extensively employed as a reliable tool for
nutritional assessment across diverse clinical domains.'® The distinctive advantage of the PNI lies in its incorporation
of the lymphocyte count, which enhances predictive sensitivity by reflecting the inflammatory status. This dual
“nutritional-inflammatory” assessment renders the PNI a valuable tool for perioperative risk stratification.'*'> Shin
reported that patients with a preoperative PNI < 50 exhibited a significantly higher risk of postoperative complications
during orthopedic scoliosis surgery.'> However, no studies to date have investigated the relationship between
preoperative PNI scores and the incidence of POD in elderly patients undergoing transforaminal lumbar interbody
fusion (TLIF).

Therefore, this study aims to evaluate whether preoperative PNI scores can serve as reliable predictors of POD in this
patient population. We hypothesize that the preoperative PNI score may serve as a crucial tool in assessing the risk of
POD in elderly patients undergoing TLIF. Furthermore, we posit that lower PNI scores and albumin levels correlate with
an increased risk of POD in this patient population.

Methods

Patients

Between January 2020 and July 2024, a total of 2333 patients who underwent lumbar fusion surgery at our institution
were enrolled in this retrospective study. This study was approved by the Medical Ethics Review Committee of
Zhejiang Provincial People’s Hospital (No. QT2025041). Given the retrospective nature of the analysis, the require-
ment for informed consent was waived. The inclusion criteria were as follows: (1) patients aged > 60 years; (2)
patients who underwent single-segment TLIF for degenerative lumbar spine disease; (3) availability of complete
records detailing the patients’ visits and relevant clinical data. The exclusion criteria were as follows: (1) patients with
spinal infections, tumours, or traumatic injuries; (2) those diagnosed with Parkinson’s disease or any malignant
condition; and (3) Patients with cognitive impairment including dementia.'® All cases adhered rigorously to the
inclusion and exclusion criteria defined by the research center, with the diagnosis of POD established in strict
accordance with the Confusion Assessment Method (CAM)."” Enrolled patients were subsequently stratified into
POD and non-POD groups.
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Measured Data

Data were collected on gender, age, BMI, type of lumbar spine disease, personal and medical history, operative segment,
duration of surgery, intraoperative blood loss, and postoperative complications. Laboratory indices were collected,
including preoperative serum albumin levels, total cholesterol levels, hemoglobin levels, white blood cell count, total
lymphocyte count and PNI. The PNI was originally introduced as a tool to predict postoperative complications by
evaluating the preoperative nutritional status of patients undergoing colorectal cancer surgery.'® In addition, the PNI
demonstrates high predictive accuracy for treatment outcomes across a broad spectrum of malignancies.'®'” The PNI is
calculated using the following formula: PNI = 10 x serum albumin concentration (g/dL) + 0.005 x total lymphocyte
count (per pL).'® It is noteworthy that immune competence plays a vital role in facilitating prompt postoperative
recovery, with serum albumin levels and lymphocyte counts serving as key surrogate markers of immune
function.?®*' The PNI, which combines serum albumin concentration and lymphocyte count, functions as a composite
marker of systemic immunological competence and nutritional-metabolic status.

TLIF Surgical Procedure

All procedures in this study involved standardized single-level TLIF, performed by a dedicated surgical team led by
a chief physician with over 20 years of certified expertise in spine surgery. The patient was positioned prone, with soft
pads placed beneath the anterior chest and pelvis to allow the abdomen to hang freely. After standard sterile preparation,
a posterior midline incision was made over the affected segment, and the skin and subcutaneous tissue were incised
sequentially. The bilateral erector spinae muscles were dissected, allowing for adequate exposure of the laminae and facet
joints of the affected segments. Pedicle screws were inserted bilaterally at the pedicle roots of the diseased level. A total
laminectomy was then performed to decompress the posterior spinal canal. After gentle retraction of the dural sac and
nerve roots, a rectangular incision was made in the annulus fibrosus of the affected disc, and the nucleus pulposus was
meticulously removed. The cartilaginous endplates were thoroughly curetted, and any osseous obstructions were excised.
A combination of autologous and artificial bone graft was implanted into the anterior intervertebral space, followed by
placement of an interbody fusion device packed with autogenous cancellous bone. After installation of the connecting
rods and secure fixation of the locking nuts, the surgical site was copiously irrigated. Two drainage tubes were
positioned, vancomycin powder was applied locally, and the incision was closed in anatomical layers and dressed
appropriately.”

Statistical Analysis

The Kolmogorov—Smirnov test was employed to assess whether continuous variables followed a normal distribution. An
independent #-test was used for comparisons of normally distributed variables, the Mann—Whitney U-test for non-
normally distributed variables, and the chi-square test for categorical data. Multivariate logistic regression analysis
with backward elimination was performed to evaluate the variables of interest and identify independent risk factors for
POD. Receiver operating characteristic (ROC) curves were generated for the candidate parameters, and the area under the
curve (AUC) was calculated to evaluate their accuracy and reliability in predicting the occurrence of POD. Statistical
analyses were conducted using SPSS software (version 20.0; IBM Corp)., with all tests being two-sided. A p-value <
0.05 was considered indicative of statistical significance.

Results

Patients

The details of 2,333 patients were initially collected, and following a meticulous screening process, 370 patients meeting
the study’s criteria were ultimately included, as illustrated in Figure 1. Among these, 61 patients (16.5%) were classified
into the POD group, while the remaining 309 patients (83.5%) comprised the non-POD group. As presented in Table 1,
the POD group was significantly older than the non-POD group (71.56+4.84 vs 68.96+£5.81, p = 0.001), and a higher
proportion of patients in the delirium group had a lower BMI (21.10£2.35 vs 21.86+2.36, p = 0.024). Furthermore, the
PNI was significantly lower in the POD group compared to the non-POD group (43.02+3.44 vs 48.53+3.72, p < 0.001).
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A total of 2,333 patients underwent lumbar fusion surgery

866 patients, all of whom were
under the age of 60

426 patients underwent a multi-level TLIF

procedure
198 patients underwent single-level
MIS-TLIF
| 33 patients with spinal infections I‘_
231 patients underwent single-level
Endo-TLIF

I 52 patients with spinal tumors |‘_

[ 73 patients with Parkinson's disease

84 patients with a history of acute
spinal trauma

370 patients underwent single-level TLIF

61 patients exhibited symptoms of 309 patients without postoperative
postoperative delirium delirium

Figure | Patient Inclusion and Exclusion Flowchart.
Apart from these findings, no significant differences were observed in other demographic or clinical characteristics

between the two groups. Table 2 illustrates that preoperative serum albumin levels were markedly lower in the POD
group compared to the non-POD group (36.06+5.95 vs 40.50+3.01, p < 0.001). However, no significant differences were

Table | Demographics for Patients

Variable Delirium Nondelirium p Value
patients (N =61) Patients (N =309)
Age (years) 71.56+4.84 68.96+5.81 0.001*
Sex, n (%) 0.154
Male 21 79
Female 40 230
BMI (kg/im?2) 21.10+2.35 21.86+2.36 0.024*
Smoking, n (%) 0.909
Yes 20 99
No 41 210
Alcohol, n (%) 0.177
Yes I 8l
No 50 228
(Continued)
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Table | (Continued).

Variable Delirium Nondelirium p Value
patients (N =61) Patients (N =309)
Comorbidities on admission, n (%)
Osteoporosis 15 71 0.785
Diabetes 14 73 0910
Hypertension 10 42 0.565
Psychogenic disorder 22 120 0.684
Respiratory diseases 13 101 0.565
Thyroid diseases I 58 0.893
Malignant disorder 9 33 0.359
Cardiovascular disorder 12 55 0.729
Autoimmune disease 10 51 0.983
Stroke 8 35 0.690
Chronic kidney disease 3 21 0.586
Liver cirrhosis 4 I 0.278
Diagnosis, n (%) 0.570
Lumbar stenosis 42 206
Lumbar spondylolisthesis Il 72
Herniated intervertebral disc 8 31
Surgical level, n (%) 0.577
LI-L2 3 8*
L2-L3 2 7
L3-L4 5 15
L4-L5 31 175
L5-SI 20 104
PNI 43.02+3.44 48.53+3.72 <0.001*

Notes: Statistically significant data are indicated by an asterisk (¥) and bold formatting.

observed between the two groups regarding preoperative laboratory values or surgical outcomes, including total
cholesterol and hemoglobin levels, operative duration, and intraoperative blood loss.

PNI and POD

As shown in Table 3, we included the factors from Tables 1 and 2 with p-values < 0.05 as potential influences on POD in
a univariate logistic regression analysis. We identified age (OR: 1.087; 95% CI: 1.032-1.145; p = 0.002), BMI (OR:
0.873; 95% CI: 0.776-0.982; p = 0.024), serum albumin levels (OR: 0.577; 95% CI: 0.497-0.669; p < 0.001), and PNI
scores (OR: 0.608; 95% CI: 0.534-0.693; p < 0.001) as significant risk factors for POD. Furthermore, Table 3 illustrates
that age (OR: 1.096; 95% CI: 1.030-1.166; p = 0.004), serum albumin levels (OR: 0.759; 95% CI: 0.584-0.987; p =
0.040), and PNI scores (OR: 0.743; 95% CI: 0.597-0.924; p = 0.008) remained significant predictors in the multivariate
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Table 2 Preoperative Laboratory Data and Operative Outcomes

Variable Delirium patients (N = 61) | Nondelirium Patients (N = 309) | p Value
Serum albumin (g/dl) 36.06+5.95 40.50+3.01 <0.001*
Total cholesterol (mmol/l) 3.17£0.90 3.37+1.01 0.164
Hemoglobin (g/l) 119.89£16.95 123.43£16.21 0.131
White blood cell (/ul) 5912.79+1900.24 6190.03+1922.62 0.303
Lymphocyte (/ul) 1396.46+283.47 1605.89+406.92 0.053
Estimated blood loss (mL) 147.924£54.20 143.40+£53.85 0.550
Operative time (min) 145.44+27.59 150.47+£29.20 0.218

Notes: Statistically significant data are indicated by an asterisk (¥) and bold formatting.

Table 3 Univariate and Multivariate Logistic Regression Analysis

Univariate

Multivariate

OR 95% CI p Value | OR 95% CI p Value

Age (years)

1.087 | 1.032-1.145 | 0.002* | 1.096 | 1.030-1.166 | 0.004*

BMI (kg/m2)

0.873 | 0.776-0.982 | 0.024* | 0.865 | 0.743—1.008 0.063

Serum albumin (g/dl) | 0.577 | 0.497-0.669 | <0.001* | 0.759 | 0.584-0.987 | 0.040*

PNI

0.608 | 0.534-0.693 | <0.001* | 0.743 | 0.597-0.924 | 0.008*

Notes: Statistically significant data are indicated by an asterisk (*) and bold formatting.
Abbreviations: OR, odds ratio; Cl, confidential interval.

logistic regression analysis model. As depicted in Figure 2, the predictive value of PNI for POD was evaluated using an
ROC curve, revealing an AUC of 0.864 + 0.025. The cutoff value of PNI, as determined by the Youden index, was

45.825, with a sensitivity of 82.0% and a specificity of 74.4%.

Complications

As presented in Table 4, the complication rate was 14.8% in the delirium group compared to 8.7% in the non-delirium
group (p = 0.07). In the delirium group, complications included surgical site skin infection 2 (3.3%), deep venous

Sensitivity (%)

Figure 2 ROC curve for GNRI.
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Table 4 Postoperative Complication Except for Delirium

Variable Delirium patients (N = 61) | Nondelirium Patients (N = 309)
Number 9 (14.8%) 27 (8.7%)
Skin infection 2 (3.3%) 4 (1.3%)
Deep infection 0 2 (0.6%)
Deep venous thrombosis 1 (1.6%) 4 (1.3%)
Pulmonary embolism 0 I (0.3%)
Pneumonia 1 (1.6%) 4 (1.3%)
Urinary tract infection 1 (1.6%) 3 (1%)
Hypokalemia 1 (1.6%) 3 (1%)
Hyponatremia 2 (3.3%) 4 (1.3%)
Depression 1 (1.6%) 2 (0.6%)
lleus 0 0

thrombosis 1 (1.6%), pneumonia 1 (1.6%), urinary tract infection 1 (1.6%), hypokalemia 1 (1.6%), hyponatremia 2
(3.3%), and depression 1 (1.6%). In the non-delirium group, complications included surgical site skin infection 4 (1.3%),
deep infection 2 (0.6%), deep venous thrombosis 4 (1.3%), pulmonary embolism 1 (0.3%), pneumonia 4 (1.3%), urinary
tract infection 3 (1%), hypokalemia 3 (1%), hyponatremia 4 (1.3%), and depression 2 (0.6%). None of the patients with
surgical site infections required surgical intervention, and no cases of deep vein thrombosis progressed to pulmonary
embolism.

Discussion

To date, this is the first study to evaluate the validity of preoperative PNI scores in predicting the occurrence of POD in elderly
patients undergoing TLIF. The findings revealed that PNI scores were independent risk factors for the development of POD
following TLIF. Specifically, a lower PNI was associated with a higher likelihood of developing POD. Additionally, advanced age
and reduced serum albumin levels were similarly identified as significant risk factors for postoperative delirium.

In recent years, the global annual volume of spinal surgeries has surpassed 4.83 million, with the incidence of POD reaching as
high as 23-40.5% among elderly patients over 70 years old, particularly those undergoing lumbar fusion procedures.> >> With
healthcare costs related to the management of spinal POD reaching $150 billion annually, early identification of patients at risk is
crucial.> Numerous factors contribute to the development of POD in TLIF, including cerebral oxygen desaturation caused by
prone positioning, postoperative glucocorticoid shock, and extensive surgical exposure, which elevates the risk of micro emboli
formation and systemic inflammatory responses.*®*’ In this study, Tables 1 and 2 reveal significant differences between the
delirium and non-delirium groups in terms of age, BMI, PNI scores, and serum albumin levels. Logistic regression analyses
further highlighted the most critical risk factors for TLIF-associated POD as low PNI, low serum albumin levels, and advanced
age, as demonstrated in Table 3. Furthermore, Figure 2 illustrates that the AUC of PNI on the ROC curve is 0.864+0.025, thereby
affirming the robustness of its predictive value.

In recent years, numerous studies have confirmed that preoperative malnutrition is a significant contributor to POD, a finding
that is consistent with the results of the present study. Tei and Oe highlighted that low preoperative PNI is a significant factor
contributing to the occurrence of POD in elderly patients with colorectal cancer and spinal deformities.'*® In addition, Shin
further observed that a preoperative PNI < 50 significantly elevates the risk of POD in patients undergoing orthopedic scoliosis
surgery.'? Compared to orthopedic scoliosis surgery, single-segment TLIF surgery is less invasive, involves less blood loss, has
a shorter operative duration, and demands lower postoperative nutritional consumption. Therefore, it requires less preoperative
nutritional reserve, which further supports the conclusion that a PNI <45.825 serves as an important risk factor for POD in patients
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undergoing TLIF. Serum albumin is widely recognized not only as a nutritional indicator but also as a crucial antioxidant in
plasma, attributed to its free sulthydryl groups. In the central nervous system, low serum albumin levels elevate the production of
oxygen free radicals, which induces oxidative stress and results in the necrosis of nerve cells.”” Furthermore, Bin discovered that
serum albumin promotes the development of POD through the mechanisms involving T-tau and P-tau.*® As a pivotal marker of
immune function, lymphocyte count plays a vital role in facilitating postoperative recovery.! Beyond its immunological
significance, lymphocyte count also serves as an indirect indicator of systemic inflammation. The prevailing hypothesis regarding
the pathophysiological mechanism of POD centers on neuroinflammation, wherein peripheral cytokines compromise the integrity
of the blood-brain barrier, thereby initiating a central inflammatory cascade.® In this context, the PNI not only reflects preoperative
nutritional status via serum albumin levels but also captures inflammatory burden through lymphocyte counts. This dual
“nutrition-inflammation” profiling substantially enhances the predictive sensitivity of the PNI in assessing POD risk.'*'*> As an
independent risk factor, advanced age frequently contributes to the development of POD due to factors such as frailty, a substantial
decline in functional reserve and resilience, and reduced cerebral blood flow.*” A meta-analysis revealed that up to 21.3% of
spinal surgery patients experience POD, with prevalence rates reaching as high as 40% in elderly patients over 70 years of age.®
Therefore, prior to planning the implementation of TLIF, it is essential to give greater attention to elderly patients with
malnutrition, enhance preoperative nutritional support, and focus on health education, thereby facilitating more effective post-
operative rehabilitation.

There are several shortcomings in this study. Firstly, this was a single-center retrospective study, which may have been
influenced by various confounding factors. Therefore, a prospective multicenter study will be necessary in the future to fully
validate these findings. Secondly, postoperative outcomes were not analyzed in this study, and further research is needed to
explore whether postoperative blood markers contribute to the development of POD, as well as the impact of POD on surgical
outcomes. Thirdly, ICD-10 diagnostic codes for POD were not incorporated in the present study. Future investigations should
aim to include these diagnostic codes to enhance the methodological rigor and diagnostic precision of the research.

Conclusion

Risk factors for POD in elderly patients with degenerative lumbar spine disease undergoing TLIF include a PNI of less
than 45.825, low serum albumin levels, and advanced age. The preoperative use of PNI holds promise as a valuable tool
for assessing the risk of POD in elderly patients undergoing TLIF.

Ethical Approval

This study was approved by the Medical Ethics Review Committee of Zhejiang Provincial People’s Hospital (No. QT2025041).
Informed consent was not required for this retrospective analysis, as all data were anonymized and devoid of patient identifiers.
The institutional ethics committee waived the need for individual consent to access medical records. Throughout the study, patient
confidentiality was rigorously maintained in accordance with the Personal Information Protection Act and the principles outlined
in the Declaration of Helsinki. Access to raw data was restricted to authorized researchers via the hospital’s encrypted data system,
and all analytical outcomes were reported in aggregated form to preclude the identification of individual participants. The study
protocol adhered strictly to the ethical tenets of the Declaration of Helsinki governing medical research.
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