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Abstract— There are still limited data about postoperative delirium (POD) in Indonesia. The purpose of 
this study was to determine the prevalence of delirium in patients undergoing major orthopedic surgeries 
and understand its related predictors.This was a retrospective cross-sectional study done in an orthopedic 
hospital with medical record from January 2016 to December 2019. The subjects were over 60 years old 
who underwent major orthopedic surgeries (arthroplasty, internal fixation, and spine surgery). POD was 
diagnosed using Diagnostic and Statistical Manual of Mental Disorders (DSM-V). Univariate and 
Multivariate logistic regression analysis was used to analyze the possible predictors for delirium. Among 
201 patients, there were 20 cases (10%) of POD. Multivariate logistic regression analysis indicated that 
patients with postoperative anemia [OR: 5.189 (1.086– 24.803)], given general anesthesia [OR: 9.194 
(1.713 – 49.333)], limited mobility[OR: 17.575 (1.646 – 187.627)], and  suffers from sleep disturbance[OR: 
35.925 (8.143 – 158.497)]were more likely to develop delirium. POD’s predictor seen in geriatric patients 
undergoing major orthopedic surgery were mobility restriction, sleep deprivation, postoperative anemia, 
and general anesthesia. These predictors will help to identify patients with high risk of delirium and could 
be a potential target for intervention. 
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Introduction 
Postoperative delirium (POD) is a common surgical complication. It is acute, fluctuating, and can be 
reversed. People with high vulnerability such as geriatric population are more prone to delirium[1]. Some of 
the known vulnerabilities consist of older age, history of dementia, and multiple comorbidities [2]. There are 
many literatures writing about delirium, but the evidence is still limited in Indonesia. One study about 
postoperative delirium in Indonesia reported a 18.8% incidence in hospitalized elderly patients [3]. 
However, it is not specific for orthopedic surgeries. Geriatrics after orthopedic surgeries tend to have a 
higher number of POD incidences reaching 36.5% in older patient with hip fracture [4]. Even if its common, 
32-67% of delirium cases were not diagnosed properly thus leading to undesirable consequences[5]. There 
are short- and long-term effect to POD. Short term consequences are related to symptoms of POD itself 
where patients become more difficult to handle. Patients with delirium could fall, remove their iv lines even 
catheter thus prolonging their hospitalization. While the long-term affect can end in mortality[1]. There are 
reports stating that 33% of POD patients could not have their cognitive function back to normal thus causing 
a persistent functional deficit [2]. Proper diagnosis and management could potentially reduce length of stay, 
additional complication, and hospital bills[1]. Therefore, this study aims to observe POD’s prevalence and 
its predictor in geriatrics undergoing major orthopedic surgeries in one specific orthopedic specialty 
hospital. 
 



Nabila A.K, Novira W, Teddy H.W, Komang A.I                SMJ 

 

2 
 

Material and Methods 
Study Design  
This is a cross-sectional study using medical records conducted at one orthopedic hospitalfrom January 2016 
to December 2019. This study was approved by theethical committee of Faculty of MedicineAirlangga 
University (1816/UN3.1.1/PPd.10/2019). 
 
Assessment of Predictors 
The participants were patients older than 60 years old who underwent elective major orthopedic surgery 
including: arthroplasty such as Total knee replacement (TKR), Total hip replacement (THR), and bipolar 
hemiarthroplasty; Open reduction internal fixation (ORIF); Spine surgery comprised of Interspinous fixation 
device (ISD), vertebroplasty, decompression and stabilization, kyphoplasty, and Percutaneous endoscopic 
lumbar discectomy (PELD). Patients with psychiatric medication or incomplete medical records were 
excluded. This study determined possible predictors which was identified as risk factors in previous 
literatures.Demographic information was collected during the first admission by medical personnel. Medical 
diagnoses, drug use, and information regarding anesthetic, and surgical procedures were collected from 
medical and anesthesiologic records.Comorbiditieswere measured by Charlson Comorbidity Index (CCI)[6]. 
Mobility restriction was evaluated preoperatively whether the patient depends on tools for reassurance or 
caregiver to perform daily living.Clinical laboratory data included: (a) Preoperative Albumin (Alb) [3.8-5.1 
g/dL]; (b) Postoperative electrolyte: Natrium (Na) [134-145 mmol/L]; (c) Hemoglobin [<12 g/dL]. Pain was 
routinely measured beforeand after surgeryusing Numerical Rating Scale (NRS) scale pain. Sleep 
disturbance was registered based on the nurseor care giver’s report. Opioid analgesic included were fentanyl 
and pethidine which was administered intravenously post-surgery according to the physician 
decision.Indication for postoperative ICU care are unstable hemodynamic, thoracic manipulation or 
performance that could affect respiratory, geriatric patient with unstable vital signs and anesthesia and/or 
surgery difficulties, and critical post orthopedic surgery. In order to determine the duration of surgery, it was 
defined the moment patient entered and exit the operating room.  
 
Definition of Postoperative Delirium 
POD was diagnosed by a neurologist using Diagnostic and Statistical Manual of Mental Disorders (DSM-
V)[7]when signs and symptoms were reported by nurses or close relatives. All POD patients were treated 
according to the cause. Antipsychotics such as haloperidol were given to severe delirium to treat the 
delusions, paranoia, and perceptual disturbances. 
 
Statistical Analysis 
Data were presented with mean±standard deviation for numerical and n (%) for categorical. A bivariate 
analysis was performed usingChi-square or Fisher exact test for categorical variable and Mann-Whitney U 
test for continuous variable to compare each group. Some variables will be selected as reference to perform 
multivariate analysis. Univariate logistic regression will be executed first to identify correlated items and 
variables with p < 0.25 will be included inmultivariate logistic regression analysis using stepwise 
method.Variables are considered significant if p < 0.05. Data were analyzed using SPSS ver 23.00.  
 
Results 
There were total of 248 geriatric patients undergoing major orthopedic surgery from January 2016 to 
December 2019, and 201 patients met the inclusion criteria.Out of 201 patients, 148 (82%) were female and 
88 of the patients were in the age group of 60 to 70 years old (43.8%). Patients who developed POD tend to 
have longer days of hospitalization (±2.1 days). In this study the CCI score started from 2, which was a 
minimum score since all subjects were categorized upon 60 years old and above. There was no significant 
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difference in NRS score in both groups. According to the hospital protocol, arthroplasty surgery is 
performed under regional anesthesia, which makes it usedmore frequently in both groups (149/201). Among 
201 cases, POD can be found in 20 patients (10%). All of POD emerged in the ward, and no case was 
discovered in the recovery room, ICU or post-anesthesia period. Patients were moved to the ward after 
roughly 3 hours in the recovery room.The prevalence of POD varied among patients with difference 
surgeries: 11.19% (15/134) for arthroplasty, zero case for internal fixation and 11% (5/46) for spine surgery. 
The complete demographic and characteristics of the subject can be seen in Table 1.There wasno mortality 
occurred during the subject’s hospitalization. 
 

Table 1. Subject’s Characteristics (N=201) 

Characteristics 
Delirium 
(N=20) 

Non-Delirium 
(N=181) 

p-value 

Age 78.35 (±9.68) 72.21 (±7.73) <0.006 

Gender (F/M) 12/8 136/45 NS 

BMI 23.47 (±4.49) 24.86 (±5.01) NS 

Mobility Restriction 19 (95) 99 (54.96) <0.001 

Postoperative ICU care 9 (45) 16 (8.83) <0.000 

Sleep Deprivation 16 (80) 24 (13.25) <0.000 

Opioid Analgesic 12 (60) 123 (67.95) NS 

Length of Stay (days) 8.45 (±5.34) 6.35 (±2.88) <0.008 

CCI  4.55 (±1.5) 3.28 (±1.05) <0.000 

Pre-operative NRS  4.55 (±1.39) 4.69 (±1.45) NS 

Post-operative NRS  2.7 (±0.57) 2.89 (±0.99) NS 

Type of Anesthesia   <0.010 

   General 7 (35) 21 (12)  

Regional 13 (65) 160 (88)  
Duration of Surgery 
(minutes) 

168.25 (±112) 138.5 (±54.83) NS 

Preoperative Laboratory Test  
 

 

   Albumin (g/dL) 2.7 (±1.39) 3.82 (±0.75) <0.015 

   Hemoglobin (g/dL) 11.41 (±1.66) 12.62 (±1.45) <0.002 
Postoperative Laboratory 
Test  

 

   Electrolyte Natrium 
(mmol/L) 

136.75 (±5.34) 137.19 (±4.11) NS 

   Hemoglobin (g/dL) 10.85 (±1.43) 12.01 (±1.51) <0.001 
NS= Not significant; BMI= Body Mass Index; NRS= Numerical Rating Scale; 
CCI=Charlson Comorbidity Index 

 
Bivariate analysis showed that the predictors associated with POD (Table 1) are older age, restricted 
mobility preoperatively, need postoperative ICU care, sleep deprivation, longer length of stay,higher CCI, 
preoperative hypoalbuminemia, pre-postoperative anemia, and under general anesthesia. After performing 
univariate analysis, predictors with p < 0.25 were included in the multivariate analysis. From the 
multivariate logistic regression analysis, there were 4 indicative predictors for POD (Table 2): mobility 
restriction (p = 0.018), sleep deprivation (p = 0.000), postoperative anemia (p = 0.039), and general 
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anesthesia (p = 0.01). 
 
 

Table 2. Univariate and Multivariate of Predictors analysis for POD 

Predictors 
Univariate  Multivariate 

p-
value 

O.R 95% C.I. 
p-

value 
O.R 95% C.I. 

Demographic Factors 
Age       

60-70 (Ref) - - - - - - 

71-80 0.167 2.400 (0.694 – 8.305) 0.698 - - 

80-90 0.018* 5.040 (1.318 – 19.280) 0.404 - - 

>90 0.007* 21.000 (3.232-189.851) 0.687 - - 

Gender       

Male 0.151 2.015 (0.775 – 5.241) 0.197 - - 

Female (Ref) - - - - - - 

BMI       

<17 (Ref) - - -    

17-18.4 0.906 1.200 (0.059 – 24.472)    

18.5-25 0.732 0.680 (0.075 – 6.183)    

25.1-27 0.461 0.333 (0.018 – 6.191)    

>27 0.715 0.655 (0.067 – 6.390)    

Mobility Restriction       

Yes  0.008* 15.737 
(2.063 – 
120.073) 

0.018* 17.575 
(1.646 – 
187.627) 

No (Ref) - - - - - - 

Postoperative ICU care       

Yes  0.000* 8.437 (3.044 – 23.388) 0.161 - - 

No (Ref) - - - - - - 

Sleep Deprivation       

Yes  0.000* 26.167 (8.066 – 84.889) 0.000* 35.925 
(8.143 – 
158.497) 

No (Ref) - - - - - - 

CCI        

2-3 (Ref) - - - - - - 

4-5 0.025* 3.526 (1.174 – 10.590) 0.279 - - 

6-7 0.015* 10.900 (1.599 – 74.314) 0.965 - - 

>7 0.999 - -    

Pre-operative NRS       

1-3 (Ref) - - -    

4-6 0.663 0.784 (0.263 – 2.340)    

7-10 0.899 0.894 (0.157 – 5.077)    
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Albumin        

<3.8 0.034* 2.954 (1.086 – 8.035) 0.926 - - 

3.8-5.1 (Ref) - - - - - - 

>5.1 0.999 - -    

Hemoglobin       

< 12 0.009* 3.528 (1.365 – 9.118) 0.681 - - 

> 13 (Ref) - - - - - - 

Postoperative Factors 

Use of Opioid Analgesic       

Yes  0.474 0.707 (0.274 – 1.824)    

No (Ref) - - - - - - 

Post-operative NRS       

1-3 (Ref) - - -    

4-6 0.266 0.312 (0.040 – 2.430)    

7-10 1.000 - -    

Electrolyte        

Na        

<134 0.218 1.997 (0.665 – 6.001) 0.429 - - 

134-145 (Ref) - - - - - - 

>145 0.281 3.595 (0.350 – 36.895)    

Hemoglobin       

< 12 0.002* 7.154 (2.025 – 25.271) 0.039* 5.189 (1.086– 24.803) 

> 13 (Ref) - - - - - - 

Intra-Operative 

Type of Anesthesia       

General 0.007* 4.103 (1.472 – 11.438) 0.010* 9.194 (1.713 – 49.333) 

Regional (Ref) - - - - - - 

Duration of Surgery        

<60 (Ref) - - -    

60-90 0.961 1.059 (0.105 – 10.680)    

91-150 0.990 0.986 (0.110 – 8.832)    

151-210 0.443 0.375 (0.031 – 4.586)    

>210 0.406 2.647 (0.267 – 26.245)    

BMI: Body Mass Index; NRS: Numerical Rating Scale; CCI: Charlson Comorbidity Index; * = significant 
(p < 0.05) 

 
Discussion 
POD is a common surgical complication. Nevertheless, it is a problem for physician because of its 
heterogenicity in etiology and symptoms.POD can become a serious complication if not treated properly. 
There are many suggestions about its risk factors, but there is not any official guideline in Indonesia that 
could help design an effective prevention or management approach, especially in geriatrics with major 
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orthopedic surgeries.This study showed that the prevalence of POD from January 2016 to December 2019 
was 10%.Many studies report a similar number of POD cases in orthopedic surgeries[8–12]. Hip fractures 
are among the most commonly known risk factors for delirium. It occurs more frequently because of its lack 
of preparation in an emergency circumstances[13]. This can be seen in studies focusing on geriatric with hip 
fractures where the incidences of POD were over 15% [4,14–16]. In this study, patients who underwent 
THR were not categorized as emergency surgeries. The patients were hospitalized to prepare all of the 
arrangements of the surgery thus was classified as an elective surgery. On the other hand, there are also 
studies which found incidence rate of lower than 5% in an orthopedic environment[17–20]. There are many 
factors effecting this divergence. This study used DSM-V, while other research can use Confusion 
Assessment Method (CAM) or even other diagnostic criteria which makes the comparison not consistent 
[12]. 
 
The other aim of this study is to understand the possible predictors for POD after major orthopedic 
surgeries.Older age is one of the most associated risk factors for delirium[12,21–24], yet it is not statistically 
significant in this multivariate analysis. We hypothesized that an older age itself, does not always means 
followed by other disablements. Delirium is heavily influenced by impairment in attention, memory, and 
thinking which is usually found in an elderly’s mind because of homeostasis change [25]. However, 
according to a systematic review, among 8 studies only 2 showed significant association between age and 
POD using a multivariate model[26]. That means, age should be assessed carefully and should not be used 
independently to stratify a patient’s condition [27]. 
 
In this study, we found that 90% of POD patients suffered from mobility limitation before surgery.  A study 
focusing on POD in major abdominal surgery stated that confining a patient after a surgery has a higher 
chance for them to develop disturbances in orientation, perception and sleep [28]. Sleep is one of the factors 
that we found related to POD. Sleep disturbance, especially in hospitalized patients are very common. This 
is an important finding because a meta-analysis stated that patients with history of sleep deprivation are 5 
times more likely to develop POD rather than those who not [29]. Understanding this concern, a prospective 
cohort study focusing on sleep disruption stated that hospital should have created the most conducive 
hospital condition so patients can sleep at ease. There are also evidences stating that even before being 
admitted, patients already suffer from sleep disturbancethus it could persist until after the surgery [30]. 
 
Type of anesthesia is a risk factor that is still undetermined. Same with delirium incidence, high 
heterogenicity in each study causes different results. A systematic review reported that there was not enough 
evidence to suggest anesthesia type can possibly cause POD [31]. In support of this a study reported that 
delirium is common in both general and regional anesthetic in an orthogeriatric population [32]. We found 
that 65% of POD patients underwent regional anesthesia, but the higher number of regional anesthesia in 
both groups may cause an imbalance thus lacking normal distribution. Nevertheless, a randomized 
controlled trial observed a lower bi-spectral index (tool to monitor depth of anesthesia) was associated with 
lower case of delirium [33]. 
 
Hypoxic state like anemia is related to POD [34]. There are various factors that could affect a patient’s 
SaO2, thus we evaluated both pre and postoperative hemoglobin. Identical with other predictors, there are 
several studies reporting contrasting result. Myint et. al reported that in an acute surgical setting, there 
wasn’t enough evidence for anemia to effect cognitive outcome [35]. While a study by Kunz et. al showed 
that postoperative anemia might be associated with POD [36]. 
 
In understanding these predictors, we found both modifiable and non-modifiable risk factors. Because of 
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delirium multiple etiologies, a proper management can be performed in various ways. In a case of elective 
major orthopedic surgery such as this study, it might be favorable to normalize hemoglobin level before a 
surgery. Proper sleep promotion and circadian intervention could be conducted to optimize the quality of 
sleep [37]. For limited mobility, an early ambulation training is a possibility [17]. The use of bi-spectral 
index (BIS) guided anesthesia to control the depth of anesthesia is also recommended. Many studies found 
that POD incidence was reduced after adding BIS to their protocol [33]. 
 
Even though the case of POD is now declining[17] there is still a high chance of it rising again due to 
increasing numbers of geriatric population. It can be predicted that almost all geriatrics will demand an 
arthroplasty surgery in the future [18].A proper evidence based prevention is needed to face these upcoming 
challenges.  
 
This study has limitations. First, major orthopedic surgeries are based on the hospital concept of a major 
surgery and thus could not represent the incidence of POD across all types of orthopedic surgeries. Second, 
this is a retrospective cross-sectional study thus not adapting randomization.  
 
Conclusion and Recommendation 
In conclusion, this study showed that the prevalence of POD in geriatrics after a major orthopedic surgery 
is 10% (21/201). We found that preoperative mobility restriction, sleep deprivation, postoperative anemia, 
and general anesthesia were independent predictors for POD. Surgeon, neurologist, anesthetist, and all of 
medical personnel as a multidisciplinary team should be able to identify these predictors to prevent 
unwanted outcomes, especially by tending modifiable factors. 
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