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Abstract
Background: To investigate the incidence and risk factors of postoperative delirium in patients with major limb
amputation and to establish a nomogram prediction model.

Methods: This is a retrospective case-control study. Patients who underwent major limb amputation (limb
amputation above ankle or wrist) in a medical center from January 2017 to December 2019 were selected as
subjects. The patients were assessed for delirium using the Confusion Assessment Method (CAM). Patient
demographic and clinically relevant data were collected, and independent risk factors were screened using
univariate analysis and logistic multivariate regression analysis. Nomograms were constructed using independent
risk factors. The validation of the nomogram was assessed by the concordance index (C-index), the receiver
operating characteristic (ROC) curve, and calibration curves.

Results: A total of 120 patients with major amputation were included, and 46 patients developed postoperative
delirium, with an incidence of 38.3%. Results of multifactorial logistic regression analysis showed that age, Barthel
classi�cation, admission to ICU (intensive care unit) after surgery, and postoperative albumin level were
independent risk factors for the occurrence of postoperative delirium. The area under the receiver operator
characteristics curve for the constructed model was 0.918(95%CI,0.869-0.967), and the regression model results
were reliable.

Conclusion: The incidence of postoperative delirium is high in patients with major amputation, and the incidence of
delirium is high in amputation patients with higher age, low Barthel index, postoperative admission to ICU, and low
postoperative albumin. The nomogram model constructed based on these risk factors can better predict the
occurrence of postoperative delirium after amputation and provide reference for early intervention treatment.

Background
In the United States, 185,000 people are expected to experience amputations each year [1],and a total of 3.6 million
people are expected to be living with amputations by 2050 [2].In a US trial of 1002119 lower extremity amputees,
the causes of amputation were 1. chronic ischemia (72%), 2. acute limb ischemia (ALI) (4%), 3. infection (15.1%), 4.
tumor (1.2%), 5.trauma (3.6%), 6. other or any combination of these indications (4%), with 61.1%of patients having
a combination of diabetes [3]. Amputation causes signi�cant physical and psychological trauma to the patient and
increases the risk of depression and anxiety [4].Delirium is an important complication in patients with amputation.

Delirium, also known as acute confusional state, is characterized by impairment of consciousness, cognitive
function or perception, with an acute onset and an undulating course [5].Delirium costs more than $164 billion
annually in the United States [6].POD(postoperative delirium) is common in hospitalized patients, with the incidence
of postoperative delirium ranging from 2–72%, with a higher incidence in older patients [7].The main factors that
cause delirium to occur include predisposing and precipitating factors, The more predisposing factors that are
present, the fewer precipitating factors that are needed[8]. In the treatment of delirium, 30–40% of the cases are
preventable [9],which provides a realistic basis for us to establish a predictive model.

In limb surgery, amputation is considered to be the last treatment, which is a double blow to the patient's body and
psychology, especially in sudden trauma, acute limb ischemia, where patients have no psychological expectation
and postoperative phantom pain, which may cause a high incidence of delirium. With the increase in the number of
diabetic patients worldwide, patients with peripheral neuropathy will face an increased risk of amputation. Past
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literature suggests a high incidence of post-amputation delirium in vascular surgery [10],but it has not been studied
in detail in amputation patients. Therefore, the aim of this study was to determine the incidence and risk factors of
postoperative delirium in amputated patients and to create a nomogram. To provide a reliable and accurate
theoretical basis for the prevention and treatment of postoperative delirium.

Method
Patients

This was a retrospective case-control study. All included cases were recorded in the Human Genetic Resources
Center of the First A�liated Hospital of Nanchang University, and received ethical approval from the review
committee of the First A�liated Hospital of Nanchang University. The medical records of patients who underwent
major limb amputation[11] (above ankle or wrist) from January 2017 to December 2019 were reviewed. Inclusion
criteria were as follows (I) undergoing major limb amputation (II) age over 18 years old. Exclusion criteria were as
follows: (I) preoperative history of schizophrenia, epilepsy, Parkinson's syndrome, or dementia; (II) patients with
multiple trauma resulting in damage to other systems; (III) patients with trauma resulting in cranial brain injury (e.g.,
subdural hematoma, spinal cord injury) with clear imaging evidence; (IV) patients with new cerebral infarction in the
hospital; (V) Patients who are re-admitted for amputation for same limb. Speci�c inclusion and exclusion criteria
are shown in(Figure 1).

Data collection

Baseline characteristics: In order to assess the risk factors for the development of postoperative delirium in
amputated patients, baseline characteristics of all included patients were collected, including age, gender, marital
status and comorbidities. In particular, details were recorded as to what caused the patient's amputation, the site of
amputation. Comorbidities recorded included history of cardiovascular disease (hypertension, coronary artery
disease, arrhythmia, heart failure, etc.), history of smoking and alcohol consumption, history of previous surgery,
hearing and vision status, literacy level, and history of cerebral infarction. The Barthel index was scored when they
were admitted to the ward. The Barthel index refers to: grading of self-care ability: 10 items were rated for eating,
bathing, grooming, dressing, toileting, bowel control, urine control, bed and chair transfer, level walking, and stair
climbing, and the scores were summed to give a total score. The scores of each item were summed to obtain the
total score. A total score of < = 40 was considered as severe dependence, which required care from others; a total
score of 41–60 was considered as moderate dependence, which required care from others; a total score of 61–99
was considered as mild dependence, which required care from others; and a total score of 100 was no dependence,
which required no care from others[12].

Perioperative characteristics: preoperative factors: blood pressure value and classi�cation measured for the �rst
time on admission, random blood glucose value, HCT value, time from admission to the start of surgery.
Intraoperative factors: ASA classi�cation, type of anesthesia, duration of surgery, intraoperative blood loss, and
whether blood was transfused. Postoperative factors: including serum potassium ion concentration, hemoglobin
concentration, albumin level, white blood cell count, postoperative infection, and whether the patient was admitted
to the ICU postoperatively. For serum potassium ion concentration, hemoglobin concentration, albumin level, and
white blood cell count, we recorded preoperative levels and levels on the second postoperative day (patients mostly
had delirium on the second postoperative day). As we were a retrospective case-controlled study, we also recorded
the mode of payment for medical care, the number of days of hospitalization, and the cost of hospitalization.
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Assessment of delirium

The Confusion Assessment Method (CAM) as the most useful bedside assessment tool for diagnosing delirium
[13] The CAM establishes a diagnosis of delirium based on the presence or absence of four features: dramatic
changes in mental status accompanied by a �uctuating course, inattention, and disorganized thinking or altered
level of consciousness[5](Figure 2) Suspected symptoms of POD were assessed postoperatively on a daily basis
by a physician who had systematically learned delirium assessment and a trained nurse according to the
Confusion Assessment Method (CAM).The 3D-CAM [14] diagnostic tool was used for patients in the general ward
and the CAM-ICU [15] diagnostic tool was used for patients in the intensive care unit (ICU). Both diagnostic tools are
derivatives of CAM diagnostic tool.

Statistical analysis
Categorical variables were presented as frequencies and percentages, and continuous variables are expressed as
medians (interquartile range [IQR]) or means (standard deviations). Between-group comparisons for categorical
variables were performed using the chi-square test and Fisher's exact test if the expected frequency of more than
20% was less than 5. The Kolmogorov-Smirnov test was used to test normality for continuous variables, while
between-group comparisons for continuous variables were performed using the Student's t test or the Wilcoxon
rank sum test. Multi-factor logistic regression analysis was performed on variables that were statistically signi�cant
in the univariate analysis to determine the extent to which the variables were associated with the Odds ratio (OR)
and 95% con�dence interval (95% CI). Statistical analyses were performed using SPSS® version 26.0 (SPSS Inc.,
Chicago, IL, USA), and P < 0.05 were considered statistically signi�cant. For the independent risk factors established
by the multifactorial logistic regression method, a nomogram model was developed using the R software package
"RMS" (http://www.r-project.org/). The predictive performance of the nomogram was measured by the coordination
index (C-index) and calibration curves for 1000 Bootstrap samples to reduce over�tting bias. ROC curve analysis
was used to calculate the optimal threshold value determined by maximizing the Jorden index (ie, sensitivity + 
speci�city-1). The accuracy of the best cut-off value is assessed by sensitivity and speci�city.

Result
A total of 180 patients were collected from January 2017 until December 2019 according to pre- de�ned inclusion
and exclusion criteria, 67 patients were excluded, and a total of 120 amputated patients were included. There were
74 cases in the non-delirium group and 46 cases in the delirium group. The prevalence of postoperative delirium
was 38.3%, with 36 males and 10 females, median age 67 years (IQR: 17), and delirium lasting 4 (IQR = 4) days.

The results of the univariate analysis of risk and prognostic factors are shown(Table 1).Age (P = 0.001), rapidity of
amputation occurrence (P = 0.038), total number of surgeries (P = 0.009), the Barthel index(P = 0.011), VET (P < 
0.001),blood glucose values on admission (P = 0.001), HCT on admission (P = 0.011),history of previous surgery (P 
= 0.021), hearing and vision status (P = 0.009), history of cerebral infarction (P = 0.020), history of cardiovascular
disease (P = 0.044, anesthesia ASA classi�cation (P < 0.001), type of anesthesia (P = < 0.001), intraoperative blood
loss (P = 0.001), tracheal intubation (P < 0.001), infection (P = 0.001), and postoperative admission to the ICU (P < 
0.001) ,preoperative hemoglobin (P = 0.015), postoperative hemoglobin (P = 0.002), postoperative white blood cell
count (P = 0.005), preoperative albumin (P < 0.001), and postoperative albumin (P < 0.001) are risk factors for
postoperative delirium.
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Table 1
Basic characteristics of patients

Variable No delirium(n = 
74, 61.7%)

Delirium

(n = 46, 38.3%)

Total(n = 
120)

P-
value

Odds ratio(CI95%)

Sex, male 61(82%) 36(78%) 97(80%) 0.572 1.303(0.519,3.276)

Age(IQR) 54(21) 67(17) 59(22) 0.001 1.046(1.017,1.076)

Reason of
amputation

         

trauma 20(27.1%) 20(43.5%) 40(33.3%) 0.134 2.000(0.855,4.681)

chronic ischemia 34(46.0%) 17(37%) 51(42.5%) Ref  

infection 14(18.9%) 6(13%) 20(16.7%) 0.787 0.857(0.280,2.626)

others 3(4.1%) 3(6.5%) 6(5.0%) 0.654 2.000(0.364,10.980)

tumor 3(4.1%) 0(0%) 3 (2.5%) 0.544 0.667(0.549,0.809)

Duration of
admission until
surgery

      0.038 2.217(1.038,4.738)

≤ 8 hours 23(31.1%) 23(50.0%) 46(38.3%)    

8 hours 51(68.9%) 23(50%) 74(61.7%)    

Upper and lower
limbs, lower limb

63(85.1%) 39(84.8%) 102(85%) 0.958 1.028(0.368,2.875)

Left or right
limbs(left/right/both)

35/38/1 23/21/2 58/59/3 0.590 1.010(0.515,1.981)

Barthel indexc       < 
0.001

5.348(2.773,10.313)

100 4 0 4 Ref  

61–99 25 3 28 1.000 1.120(0.985,1.273)

41–60 32 11 43 0.560 1.344(1.128,1.601)

<=40 13 32 45 0.011 3.462(2.189,5.475)

VTE(IQR) 4(1) 6(1) 5(2) < 
0.001

2.499(1.668,3.745)

Blood glucose at
admission(IQR)

6.06(3.9) 9.9(4.8) 7.39(4.25) 0.001 1.065(0.993,1.142)

HCT at
admission(IQR)

0.309(0.130) 0.271(0.088) 0.284(0.114) 0.011 0.001(0.000,0.221)

Hospital stay(IQR) 17.5(15) 25(29) 20.5(20) 0.012 1.027(1.005,1.051)

IQR(interquartile range);VTE(venous thromboembolism); HCT(hematocrit);  ASA (American Society of
Anesthesiologists); ICU(intensive care unit); CI(Con�dence interval); WBC (white blood cell); Hb (Hemoglobin);
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Variable No delirium(n = 
74, 61.7%)

Delirium

(n = 46, 38.3%)

Total(n = 
120)

P-
value

Odds ratio(CI95%)

Marital status,
married

58(78%) 40(88%) 98(81.7%) 0.238 0.544(0.196,1.510)

Hospitalization
expenses(IQR)

32079.5(24754) 94961(129705)   < 
0.001

 

Medical history          

alcohol 17(23%) 9(19.6%) 26(21.7%) 0.660 0.816(0.329,2.022)

Previous operation
history

35(47.3%) 12(26.1%) 47(39.2%) 0.021 0.393(0.177,0.876)

Vision and hearing 21(28.4%) 24(52.2%) 45(37.5%) 0.009 2.753(1.277,5.935)

History of cerebral
infarction

1(1.4%) 5(10.9%) 6(5%) 0.02 8.902(1.005,78.820)

Cardiovascular
disease

15(20.3%) 17(37.0%) 32(26.7%) 0.044 2.306(1.011,5.258)

Classi�cation of
blood pressure at
admision

47/21/6/0 30/13/3/0 77/34/9/0 0.947 0.920(0.510,1.659)

Classi�cation of
ASA(II/III/IV)

      < 
0.001

6.500(2.886,14.638)

II 29 1 30 Ref  

III 39 29 68 < 
0.001

21.564(2.774,167.605)

IV 6 16 22 < 
0.001

77.333(8.541,700.198)

Anesthesia       < 
0.001

4.235(1.835,9.777)

general 34(45.9%) 36(78.3%) 70(58.3%)    

epidural 40(54.1%) 10(21.7%) 50(41.7%)    

Intraoperative blood
loss(IQR)

200(100) 200(225) 200(200) 0.001 1.003(1.001,1.004)

surgery time(IQR) 90(45) 120(76) 90(45) 0.219 1.006(0.999,1.012)

Traches intubation 7(9.5%) 23(50%) 30(25%) < 
0.001

9.571(3.630,25.239)

Infection 16(21.6%) 24(52.2%) 40(33.3%) 0.001 3.955(1.776,8.806)

Enter to ICU 7(9.5%) 32(69.6%) 39(32.5%) < 
0.001

21.878(8.046,59.486)

IQR(interquartile range);VTE(venous thromboembolism); HCT(hematocrit);  ASA (American Society of
Anesthesiologists); ICU(intensive care unit); CI(Con�dence interval); WBC (white blood cell); Hb (Hemoglobin);
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Variable No delirium(n = 
74, 61.7%)

Delirium

(n = 46, 38.3%)

Total(n = 
120)

P-
value

Odds ratio(CI95%)

Hemoglobin
level(g/L)

         

Preoperative Hb
level(IQR)

101.5(43.5) 93.5(28.3) 100.3(38.5) 0.015 0.978(0.963,0.994)

Postoperative Hb
level(IQR)

87.0(33) 75.0(28) 85.0(29) 0.002 0.961(0.940,0.982)

K+(mmol/L)          

Preoperative K+ 3.87(0.49) 3.85(0.62) 3.87(0.54) 0.809 0.919(0.465,1.816)

Postoperative K+ 3.93(0.47) 3.74(0.67) 3.86(0.56) 0.094 0.527(0.262,1.062)

White blood cell
count(10*10^9/L)

         

Preoperative
WBC(IQR)

9.9(7.4) 10.24(7.36) 11.6(6.93) 0.314 1.041(0.982,1.103)

Postoperative
WBC(IQR)

8.9(4.2) 18.9(6.37) 10.42(5.31) 0.005 1.140(1.035,1.255)

Albumin(g/L)          

Preoperative albumin 32.6(7.3) 27.9(4.9) 30.8(6.8) < 
0.001

0.894(0.839,0.953)

Postoperative
albumin

29.9(5.0) 26.1(5.1) 28.5(5.4) < 
0.001

0.859(0.791,0.933)

IQR(interquartile range);VTE(venous thromboembolism); HCT(hematocrit);  ASA (American Society of
Anesthesiologists); ICU(intensive care unit); CI(Con�dence interval); WBC (white blood cell); Hb (Hemoglobin);

Numbers in bold: Statistically signi�cant difference

Variables with P < 0.05 in the univariate analysis table were included in the multifactorial logistic analysis using
stepwise forward regression analysis. The multifactorial model showed age (OR1.057, [95% CI1.013-1.103], P = 
0.010), Barthel classi�cation (OR3.113, [95% CI1.342-7.219], P = 0.008), postoperative ICU admission (OR14.905,
[95% CI4.306-51.597] P < 0.001), and postoperative albumin (OR0.856, [95% CI0.753-0.974], P = 0.018) was an
independent risk factor for the development of delirium and had the greatest impact on delirium(Table 2).
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Table 2
Multivariate analysis of the variables

              95%CI

  B SE Wald df P-value OR Upper Lower

age 0.056 0.022 6.612 1 0.010 1.057 1.013 1.103

Barthel index 1.135 0.429 6.998 1 0.008 3.113 1.342 7.219

Enter to ICU 2.702 0.634 18.183 1 0.000 14.905 4.306 51.597

Postopertative albumin -0.155 0.066 5.591 1 0.018 0.856 0.753 0.974

Independent risk factors (age, Barthel classi�cation, postoperative admission to ICU, postoperative albumin) derived
from a multifactorial logistic regression analysis were used to plot delirium prediction nomograms(Figure 3).The
resulting model was internally validated using a bootstrap validation method (Bootstrap validation method).

The mixed test of the model coe�cients (chi-square=76.974, p<0.001) suggested that the model passed the
Omnibus test. The maximum likelihood ratio test showed a maximum likelihood logit value of 82.788, Cox & Snell
R² value=0.473 and Nagelkerke R² value=0.643, both with R² values less than 1. All these results indicate that the
model �ts well and the obtained logistic model is statistically signi�cant. The ROC curve was plotted using spss
software(Figure 4),with an AUC(area under the curve) of 0.918, CI95 of 0.869–0.967, p<0.001, Jorden index of
0.697, sensitivity of 0.913 and speci�city of 0.784, suggesting that the model works well. 1000 bootstrap
calibration curves showed that the actual observed and predicted rates of the model there is good agreement
between the probabilities (Figure 5).

Discussion
This study shows the predictive value of various preoperative and intraoperative risk factors for the occurrence of
delirium after amputation surgery and establishes a nomogram. The incidence of postoperative delirium varies with
the type of surgery, and several past publications have shown that the incidence of postoperative delirium in
amputation patients is signi�cantly higher than in other vascular surgical procedures and serves as an independent
risk factor for postoperative delirium. [16][17][18][19].Through literature search, it is found that there are a few
articles on various causes of postoperative delirium in amputated patients, so we separately study the
postoperative delirium in amputated patients.

In this retrospective article, the incidence of delirium after amputation was 38.3%. The independent risk factors of
postoperative delirium were determined by age, Barthel grade, entry into ICU and low serum albumin after operation.
The nomogram is established according to four independent risk factors, and the test shows that the prediction
effect of the model is good. The prognosis of patients with postoperative delirium is worse, and the occurrence of
delirium indicates longer hospitalization time and higher hospitalization cost.

In our study, age was an independent risk factor for postoperative delirium, as has been previously reported in
several papers [5][20] Although a single factor can lead to delirium, usually delirium in the elderly is multifactorial
[20] Older patients are thought to be more susceptible to the reduced reserve capacity of the brain in the elderly and
the gradual accumulation of permanent damage to neurons, dendrites, receptors and microglia[21],because of the
link between aging and impaired physiological compensatory capacity to adapt to the physical stress of surgery
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when these patients already have coexisting conditions [22] Older patients are more vulnerable and present with
more susceptibility factors compared to younger patients, and are more likely to suffer postoperative delirium with
the same predisposing factors.

Barthel Index is also an independent risk factor for delirium. The Barthel Index is divided into 4 levels, which
represent the patient's ability to take care of himself/herself in daily life[12] However, no signi�cant correlation was
found in the shin.et al article[23], possibly due to differences in the assessment tools used. When patients live their
lives only through the help of others and lack autonomy. Especially in amputated patients, leg amputation leads to
a reduced range of motion, con�ning the patient to the bed most of the time and diminished spatial perception.
Patients with arm amputation have a reduced ability to take care of themselves and lose their basic life skills,
especially in the short time after amputation, they are still unable to adapt to the way of life in the amputation state,
which will increase the incidence of delirium[24]

Postoperative admission to ICU was the most signi�cant independent risk factor in our study. Postoperative
admission to ICU or not was done only after a systemic assessment. It represents a poorer current condition of the
patient. However, the question of whether the ICU environment contributes to increased delirium risk in patients was
not clari�ed in our study. Insomnia and constant exposure to light and noise are among the stressors for
patients[25] Current guidelines suggest that [26], where possible, patients are given space and time for recognition
and early access to their own families whenever possible. In the ICU environment, the inability to recognize day
from night, disorientation and disturbance of the sleep-wake cycle, and the inability of family members accompany
may lead to the occurrence of delirium.

Postoperative albumin is an independent risk factor for delirium after major limb amputation. The relationship
between albumin levels and the development of postoperative delirium has been reported in different surgical
populations. In a cohort study of elderly patients admitted to ICU for non-cardiac surgery, Dan-Fengzhang et al. [27]
pointed out that lower albumin levels have a higher risk of delirium. Albumin has been hypothesized to be an overall
biomarker of frailty and nutritional and functional abilities.[28] Weaker patients are more likely to develop delirium.
At present, the pathophysiological mechanism of delirium caused by hypoalbuminemia is not clear. The possible
reason is that it affects the metabolism of drugs and toxins, because albumin is the main transporter in plasma.
The mechanism needs to be further studied.

Other factors are currently the subject of different conclusions in literatures. Different literatures still dispute
whether postoperative infection is a risk factor for delirium[27][28][23].The pathophysiology of delirium remains
incompletely elucidated, and given the complex multifactorial causes of delirium, each individual episode may have
a unique set of component contributors; each group represents a discrete yet su�cient causal mechanism. Thus, a
single cause or mechanism for psychosis may not be found[29] The systemic in�ammatory response to sepsis can
lead to a cascade of local (brain) neuroin �ammation triggered by in�ammatory cytokines, resulting in endothelial
activation, impaired blood �ow, and neuronal apoptosis. Neurological injury can lead to excessive microglia
activation, resulting in a neurotoxic response and further damage to neurons[30] In the present study, the indicator
of infection was bacterial culture results, and infection was a potential factor for delirium in the univariate analysis,
but in the multifactorial analysis, the infection factor was corrected. Different literature gives contrasting
conclusions as to whether the type of anesthesia is a risk factor for delirium[31].louis de Jong et al.[32]found that
the type of anesthesia was not associated with the occurrence of delirium. Shin et al. et al.[23] found that ASA
classi�cation was not associated with delirium, but our study found that high ASA score was a risk factor for
delirium in univariate analysis.
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There are still some limitations of this study: �rstly, this study is a retrospective chart- controlled study, which
cannot fully ensure the credibility of all information, which may cause bias in the results to some extent; secondly,
we used different diagnostic tools in assessing delirium in ICU wards and general wards, which may cause bias in
the diagnosis of delirium; �nally, the number of cases included in this study is small, and further validation of the
model effect is needed at a later stage.

Conclusions
This study investigated the incidence and risk factors for delirium after amputation. We found that approximately
38.3% of elderly patients developed delirium after amputation. Among the perioperative variables, age, Barthel
classi�cation, admission to the ICU after surgery and postoperative albumin were signi�cantly associated with the
development of delirium. The nomogram achieved favorable effectiveness in predicting POD patients. Identifying
risk factors for the development of postoperative delirium allows surgeons to implement interventions aimed at
reducing the incidence delirium in this high-risk population, reducing the length and cost of hospitalization.
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Figure 1

Inclusion and exclusion criteria
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Figure 2

Diagnostic criteria of delirium

Figure 3

nomograma for delirium after major amputation
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Barthel classi�cation :0(100),1(61-99),2(41-61),3(<=40); ICU :0(no enter to ICU),1(enter to ICU).

To use the nomogram, �nd the position of each variable on the corresponding axis, draw a line to the points axis for
the number of points, add the points from all of the variables, and draw a line from the total points axis to
determine the POD probabilities at the lower line of the nomogram.

Figure 4

ROC curve for predicting the risk of delirium in amputated patients
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Figure 5

calibration curves


