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ABSTRACT

Background: Postoperative delirium (POD) is one of the most frequent and serious neurocognitive complications observed
after surgery, especially among patients receiving general anesthesia. It manifests as an acute disturbance in attention and
cognition, contributing to increased morbidity, prolonged hospital stay, and elevated healthcare costs. Despite its clinical
significance, postoperative deliritum remains under-recognized in many regional hospitals in Pakistan, where standardized
screening and preventive protocols are limited.

Objective: This study aimed to evaluate the effects of general anesthesia on the development of postoperative delirium and to
identify associated demographic, clinical, and anesthetic risk factors among surgical patients at District Headquarters (DHQ)
Hospital, Lakki Marwat.

Methods: A descriptive cross-sectional study was conducted on 177 adult patients who underwent surgery under general
anesthesia. Data were collected using a structured questionnaire and the Confusion Assessment Method (CAM) to assess
delirium within 24—72 hours postoperatively. Collected variables included age, gender, ASA classification, type and duration
of surgery, comorbidities, cognitive status, and ICU admission. Statistical analysis was performed using SPSS version 25.
Descriptive statistics were used to summarize data, chi-square tests identified associations, and binary logistic regression
determined independent predictors of postoperative delirium, with statistical significance set at p < 0.05.

Results: Postoperative delirium was identified in 19.2% (n = 34) of the 177 patients. Delirium was significantly more frequent
among patients aged >65 years (50.0%), those with ASA class III-IV (67.6%), emergency surgeries (50.0%), and prolonged
anesthesia duration exceeding 4 hours (38.3%). Preexisting cognitive impairment (32.4%), comorbidities (79.4%), and ICU
admission (38.2%) were also significantly associated (p < 0.05). Logistic regression analysis revealed preexisting cognitive
impairment (OR = 4.32), prolonged anesthesia (OR = 3.43), and advanced age (OR = 2.61) as independent predictors. The
model exhibited good fit with a Nagelkerke R? of 0.41 and 84.2% overall accuracy.

Conclusion: Postoperative delirium is a relatively common complication following general anesthesia, particularly in elderly
and medically compromised patients. Identification of high-risk individuals, optimization of preoperative status, and vigilant
intraoperative and postoperative monitoring are crucial in reducing its incidence and improving recovery outcomes.

Keywords: Aged, Anesthesia (General), Cognitive dysfunction, Cross-sectional studies, Delirium (Postoperative), Risk factors,
Surgical patients.
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INTRODUCTION

Postoperative delirium (POD) represents a transient yet severe neuropsychiatric disturbance that arises following surgical procedures,
particularly among patients exposed to general anesthesia. It is defined as an acute and fluctuating impairment in attention, awareness,
and cognition that develops within hours or days after surgery (1). This condition is not merely a transient postoperative reaction but a
serious complication that contributes to increased morbidity, mortality, extended hospitalization, and long-term cognitive decline. In
clinical practice, it is widely recognized as a key indicator of postoperative neurological dysfunction, reflecting the intricate interplay
between anesthetic effects and cerebral vulnerability (2). The pathophysiology of postoperative delirium is multifactorial, encompassing
anesthetic, physiological, and patient-related factors. General anesthesia, while essential for surgical safety and comfort, has been
implicated as a potential trigger due to its influence on neurotransmitter balance, cerebral perfusion, and oxygen metabolism. Depth and
duration of anesthesia, intraoperative hemodynamic fluctuations, and exposure to sedatives or opioids can significantly disrupt neural
homeostasis and predispose susceptible individuals to delirium (3—6). Furthermore, patient-specific variables such as advanced age,
preexisting cognitive deficits, systemic comorbidities, and perioperative physiological stress compound this risk. Evidence also suggests
that emergency operations and extended anesthesia durations elevate the likelihood of postoperative cognitive disturbances (7,8).

Globally, the prevalence of POD varies widely, ranging from 10% to 50%, depending on surgical type, patient population, and diagnostic
methods employed. Elderly individuals and those with chronic illnesses exhibit heightened vulnerability. However, in resource-limited
settings such as Pakistan, the true burden of postoperative delirium remains poorly understood. The condition often goes underdiagnosed
due to limited clinical awareness, absence of standardized screening tools, and inadequate postoperative surveillance. Consequently,
preventable cases of cognitive dysfunction contribute to delayed recovery, increased healthcare expenditure, and diminished quality of
life for surgical patients (9-11). Given its profound clinical implications, understanding the relationship between general anesthesia and
postoperative delirium is crucial for enhancing perioperative care and patient safety. Identifying modifiable risk factors could enable
clinicians to implement targeted preventive strategies, including careful titration of anesthetic depth, judicious use of sedatives and
opioids, and vigilant monitoring of perioperative parameters (12). Therefore, the present study is designed to evaluate the effects of
general anesthesia on postoperative delirium among surgical patients at District Headquarters (DHQ) Hospital, Lakki Marwat. The
primary objective is to determine the frequency of postoperative delirium and identify associated demographic, clinical, and anesthetic
factors, thereby providing evidence to guide preventive interventions and improve surgical outcomes.

METHODS

The present study employed a hospital-based descriptive cross-sectional design to evaluate the effects of general anesthesia on the
development of postoperative delirium among surgical patients. This design was considered appropriate for determining the frequency
and associated factors of delirium within a defined hospital population at a single point in time. The research was carried out at the
District Headquarters (DHQ) Hospital, Lakki Marwat, a secondary-level healthcare facility offering diverse surgical services, including
general surgery, orthopedics, gynecology, and ENT procedures. The hospital’s active anesthesia department and postoperative recovery
units provided an optimal setting for observing anesthesia-related outcomes in a real-world clinical environment. The study population
comprised adult patients undergoing various surgical procedures under general anesthesia at DHQ Hospital during the study period.
Both elective and emergency cases were included to capture a representative sample of surgical patients. Inclusion criteria encompassed
patients aged 18 years and above who underwent any surgical procedure under general anesthesia, were conscious and capable of
postoperative cognitive assessment, and provided informed consent to participate. Exclusion criteria included individuals who received
regional, spinal, or local anesthesia, patients with preexisting severe psychiatric illness or coma prior to surgery, and those with
incomplete medical records or who were discharged or transferred before the 24-hour postoperative evaluation period.

A total of 177 patients were enrolled using a consecutive sampling technique, whereby every eligible patient meeting the inclusion
criteria was recruited until the desired sample size was attained. The sample size was justified based on previous studies reporting a
postoperative delirium prevalence of approximately 15-25%, which was considered statistically adequate to identify significant
associations within the available population. Data collection was conducted over a predetermined period following ethical approval
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obtained from the Institutional Review Committee of DHQ Hospital, Lakki Marwat. Permission to conduct the study was also secured
from the hospital administration. Eligible patients scheduled for surgery were identified through the operation theatre lists. The study
objectives were explained clearly to each participant, and written informed consent was obtained either directly or from an attendant
when the patient was unable to provide consent. Data were collected using a structured proforma designed to ensure completeness,
uniformity, and accuracy throughout all stages of the study. The data collection process was divided into preoperative, intraoperative,
and postoperative phases. In the preoperative phase, demographic and clinical information was recorded through patient interviews and
review of medical records. Variables included age, gender, educational status, and residence, along with clinical details such as
comorbidities, American Society of Anesthesiologists (ASA) physical status classification, and baseline cognitive function. Baseline
cognitive status was assessed using simple orientation and memory-based screening questions to rule out preexisting cognitive
impairment, ensuring that postoperative delirium could be reliably attributed to perioperative factors.

The intraoperative phase involved recording details such as type and duration of surgery, duration of anesthesia, administration of
sedatives or opioids, and the presence of intraoperative hemodynamic instability. These parameters were documented by the attending
anesthesia team. In the postoperative phase, patients were observed closely in the recovery room and surgical wards for a period of 24
to 72 hours following surgery. The presence of postoperative delirium was assessed using the Confusion Assessment Method (CAM), a
standardized and validated diagnostic tool for identifying acute cognitive dysfunction. Postoperative outcomes, including the need for
intensive care admission, complications, and duration of hospital stay, were also documented. To maintain data reliability, the researcher
reviewed all forms daily for accuracy and consistency before analysis. All data were entered and analyzed using IBM SPSS Statistics,
Version 25. Descriptive statistics were employed to summarize patient characteristics, including means and standard deviations for
continuous variables and frequencies with percentages for categorical variables. Bivariate associations between independent factors and
the occurrence of postoperative delirium were examined using the chi-square test. Variables demonstrating statistical significance (p <
0.05) were subsequently included in a binary logistic regression model to identify independent predictors of postoperative delirium. The
strength of association was expressed as odds ratios (OR) with 95% confidence intervals (CI), and a p-value of less than 0.05 was
considered statistically significant. Ethical principles of autonomy, confidentiality, and beneficence were upheld throughout the study.
Patient anonymity was ensured by coding the data, and participation was voluntary, with the option to withdraw at any stage without
consequences to treatment.

RESULTS

The study included 177 patients who underwent surgery under general anesthesia at DHQ Hospital, Lakki Marwat. Among them, 57.6%
were male and 42.4% were female. The majority of participants were between 50 and 64 years of age (40.7%), followed by those aged
65 years or older (32.2%), with a mean age of 59.7 + 12.8 years. Over half of the patients (53.7%) were classified as ASA I-1I, while
46.3% belonged to the higher-risk ASA III-IV category. Elective procedures accounted for 67.8% of surgeries, and 32.2% were
performed on an emergency basis. The duration of anesthesia ranged from 0.8 to 6 hours, with an average of 2.9 + 1.3 hours; 44.1% of
surgeries lasted 2—4 hours, and 17.5% exceeded 4 hours. Preexisting cognitive impairment was documented in 14.1% of cases, while
62.1% of patients had one or more comorbidities. Intraoperative opioid exposure was high in 30.5% of patients, and 22.6% required
postoperative ICU admission. The overall incidence of postoperative delirium was 19.2%, reflecting a notable burden of this
complication in patients receiving general anesthesia. Comparative analysis revealed that postoperative delirium was significantly more
frequent among older adults aged 65 years and above, those with higher ASA classification (III-1V), individuals undergoing emergency
procedures, and patients with prolonged anesthesia duration exceeding 4 hours (p < 0.05). Similarly, preexisting cognitive impairment,
presence of comorbidities, and postoperative ICU admission were strongly associated with an increased likelihood of delirium (p <
0.05). No significant association was found between gender and delirium occurrence.

Descriptive evaluation of continuous parameters showed that the average hospital stay was 6.4 + 2.5 days (ranging 2—15 days), and the
mean intraoperative blood loss was 310 + 145 mL, indicating moderate procedural invasiveness and variable recovery durations.
Multivariate binary logistic regression identified several independent predictors of postoperative delirium. Patients aged 65 years or
older were 2.61 times more likely to develop delirium compared to younger individuals (OR = 2.61, 95% CI: 1.13-6.01, p = 0.026).
Those with ASA class III-IV had 2.42 times higher odds (OR = 2.42, 95% CI: 1.10-5.34, p = 0.028), while undergoing emergency
surgery doubled the risk (OR = 2.31, 95% CI: 1.09—4.88, p = 0.029). Anesthesia duration exceeding four hours tripled the likelihood of
delirium (OR = 3.43, 95% CI: 1.36-8.67, p = 0.009). Preexisting cognitive impairment emerged as the strongest predictor, increasing
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the risk more than fourfold (OR = 4.32, 95% CI: 1.52—12.29, p = 0.006). The regression model showed a good fit (Nagelkerke R? =
0.41) and an overall classification accuracy of 84.2%, suggesting a strong predictive validity of the included variables.

Table 1: Sample Characteristics (n = 177)

Variable Category Frequency (n) Percentage (%)
Gender Male 102 57.6
Female 75 42.4
Age group <50 years 48 27.1
5064 years 72 40.7
> 65 years 57 322
ASA class I-1I 95 53.7
HI-1v 82 46.3
Type of surgery Elective 120 67.8
Emergency 57 322
Anesthesia duration <2 hours 68 384
2—4 hours 78 44.1
> 4 hours 31 17.5
Preexisting cognitive impairment Yes 25 14.1
No 152 85.9
Comorbidity (>1) Yes 110 62.1
No 67 37.9
Intra-op opioid exposure High dose 54 30.5
Low/None 123 69.5
Post-op ICU admission Yes 40 22.6
No 137 77.4
Postoperative delirium (outcome) Yes 34 19.2
No 143 80.8

Table 2: Postoperative Delirium by Patient Characteristics

Variable Category Delirium Present (n = 34) No Delirium (n = 143) p-value*
Gender Male 18 (52.9 %) 84 (58.7 %) 0.54
Female 16 (47.1 %) 59 (41.3 %)
Age group <50 yrs 4 (11.8 %) 44 (30.8 %) 0.03
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Variable Category Delirium Present (n = 34) No Delirium (n = 143) p-value*
50-64 yrs 13 (38.2 %) 59 (41.3 %)
> 65 yrs 17 (50.0 %) 40 (28.0 %)

ASA class I-11 11 (32.4 %) 84 (58.7 %) 0.01
HI-1v 23 (67.6 %) 59 (41.3 %)

Type of surgery Elective 17 (50.0 %) 103 (72.0 %) 0.02
Emergency 17 (50.0 %) 40 (28.0 %)

Anesthesia duration <2h 6 (17.6 %) 62 (43.4 %) 0.004
2-4h 15 (44.1 %) 63 (44.1 %)
>4h 13 (38.3 %) 18 (12.6 %)

Preexisting cognitive impairment Yes 11 (32.4 %) 14 (9.8 %) 0.002
No 23 (67.6 %) 129 (90.2 %)

Comorbidity (> 1) Yes 27 (79.4 %) 83 (58.0 %) 0.03
No 7 (20.6 %) 60 (42.0 %)

Post-op ICU admission Yes 13 (38.2 %) 27 (18.9 %) 0.03
No 21 (61.8 %) 116 (81.1 %)

Table 3: Descriptive Statistics of Continuous Variables

Variable Mean + SD Minimum Maximum

Age (years) 59.7+12.8 25 84

Duration of anesthesia (hours) 29+13 0.8 6.0

Hospital stay (days) 64+25 2 15

Intra-operative blood loss (mL) 310 £ 145 100 900

Table 4: Binary Logistic Regression Analysis Predicting Postoperative Delirium (n = 177)

Predictor Variable B (P coefficient) SE Wald > p-value Adjusted OR 95 % CI for OR
Age > 65 yrs 0.96 0.43 497 0.026 2.61 1.13-6.01
ASATII-IV 0.88 0.40 4.86 0.028 2.42 1.10-5.34
Emergency surgery 0.84 0.38 4.82 0.029 2.31 1.09 -4.88
Anesthesia > 4 hours 1.23 047 6.83 0.009 343 1.36 - 8.67
Preexisting cognitive impairment 1.46 0.53 7.57 0.006 4.32 1.52-12.29
Constant -3.28 075 — 0.001 — —
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Independent Predictors of Postoperative Delirium Distribution of Postoperative Delirium by Age Group
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DISCUSSION

The present study investigated the effects of general anesthesia on the development of postoperative delirium (POD) and identified
associated risk factors among surgical patients at a secondary care hospital. The findings demonstrated that postoperative delirium
occurred in 19.2% of patients, a proportion aligning with previously reported global estimates ranging between 10% and 30% across
various surgical populations. This consistency with international data reinforces the notion that delirium is a prevalent postoperative
complication, even in regional hospital settings, and underscores the urgent need for systematic monitoring and prevention strategies in
perioperative care. Aging emerged as one of the most influential predictors of postoperative delirium. Patients aged 65 years or older
exhibited more than twice the likelihood of developing delirium compared to younger adults. The biological plausibility of this
relationship is well established, as aging is accompanied by neurochemical alterations, diminished neuronal reserve, and an increased
sensitivity to anesthetic and sedative agents, which collectively heighten susceptibility to postoperative cognitive disturbances (10—12).
This study’s findings corroborate prior research that consistently identifies advanced age as the most robust determinant of postoperative
delirium across surgical contexts. Similarly, patients classified as ASA III-IV experienced higher rates of delirium, reflecting the
compounded impact of systemic comorbidities and impaired physiological resilience on postoperative neurocognitive outcomes.

Emergency surgical procedures were also found to significantly increase the risk of postoperative delirium. Such cases typically involve
inadequate preoperative optimization, hemodynamic instability, and rapid induction of anesthesia under stressful conditions, all of which
amplify the neuroinflammatory and metabolic stress responses contributing to cognitive dysfunction. The observation that patients
undergoing emergency operations faced almost double the risk compared to those in elective surgeries aligns with the consensus that
surgical urgency and physiological stress serve as strong precipitating factors. Additionally, prolonged anesthesia duration beyond four
hours markedly elevated delirium risk, supporting evidence that extended exposure to anesthetic agents may disrupt neurotransmitter
homeostasis, impair cerebral oxygenation, and promote neuronal injury (13). Preexisting cognitive impairment was identified as the
single most potent predictor, increasing the likelihood of postoperative delirium by more than fourfold. This finding substantiates prior
conclusions that patients with baseline cognitive decline or dementia possess reduced neurophysiological adaptability to anesthesia and
surgical stressors (14). The presence of comorbidities and postoperative ICU admission further strengthened the association with
delirium, which may be attributed to higher illness severity, polypharmacy, and disturbed circadian rhythms. Similar associations have
been established in other clinical settings, emphasizing that both biological vulnerability and environmental factors contribute to the
pathogenesis of delirium (15-18). In contrast, no significant gender-based differences were observed, reaffirming that sex does not exert
a notable influence on the incidence of postoperative cognitive complications.

The logistic regression model demonstrated satisfactory explanatory power (Nagelkerke R?= 0.41), suggesting that the selected variables
accounted for a substantial portion of the variance in delirium occurrence. Nevertheless, this also implies that unmeasured factors such
as the specific anesthetic drugs used, intraoperative hemodynamic fluctuations, and postoperative pain or sedative management may
have contributed to the remaining variability (19,20). From a clinical standpoint, these findings underscore the necessity of a
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multifactorial approach to prevention. Effective strategies should encompass preoperative optimization of comorbid conditions,
avoidance of deep anesthesia and excessive sedative or opioid use, maintenance of hemodynamic stability, and continuous postoperative
monitoring for early detection of cognitive changes. Routine screening using validated tools like the Confusion Assessment Method
(CAM) can facilitate timely diagnosis and intervention, thereby reducing adverse outcomes (21). The study’s strengths lie in its
systematic assessment of perioperative variables, use of a validated delirium assessment tool, and comprehensive statistical modeling
to identify independent predictors. Its implementation in a secondary-level hospital adds valuable regional data to a field dominated by
tertiary-care research. However, several limitations must be acknowledged. The cross-sectional design limits causal inference, and
variations in anesthetic techniques or surgical types were not controlled, which may have introduced confounding effects. Additionally,
postoperative monitoring was limited to 72 hours, potentially missing cases of delayed-onset delirium. The cognitive screening prior to
surgery was not standardized, which may have underestimated preexisting impairments. Despite these limitations, the study provides
essential baseline data and highlights the urgent need for standardized delirium assessment protocols in local hospital systems. Overall,
the findings reaffirm that postoperative delirium remains a multifactorial and preventable complication, particularly among elderly
patients, those with higher ASA status, cognitive vulnerability, emergency surgical indications, and prolonged anesthesia exposure. The
study contributes to the growing evidence advocating for integrated perioperative care that combines anesthetic precision, geriatric
sensitivity, and proactive cognitive monitoring. Future research should focus on longitudinal and interventional designs to establish
causal pathways, evaluate the role of anesthetic agents in neurocognitive outcomes, and develop cost-effective prevention programs
suited to the resource constraints of regional healthcare settings (22).

CONCLUSION

This study concluded that general anesthesia plays a significant role in the development of postoperative delirium, particularly among
elderly patients and those with existing comorbidities or prolonged surgical exposure. The findings emphasize that postoperative
delirium is not solely a consequence of surgical stress but also a reflection of anesthetic and physiological factors that can be anticipated
and mitigated through careful perioperative management. A comprehensive approach involving thorough preoperative evaluation,
precise control of anesthetic depth, close intraoperative monitoring, and early postoperative cognitive assessment is essential to reduce
delirium risk. By integrating preventive strategies and prioritizing cognitive well-being alongside physiological stability, anesthesia
practice can substantially improve patient safety, recovery quality, and overall surgical outcomes.
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