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Aim: The purpose of this study was to examine the incidence and cause of unplanned readmission after Surgically Treated Hip 
Fractures in Elderly Patients and identify the associated risk factors.
Methods: This study retrospectively collected the data on elderly patients who underwent hip fracture surgery at two institutions from 
January 2020 to December 2021, and identified those who were readmitted within 12 months postoperatively. Based on the presence or 
not of postoperative readmission, they were divided into readmission and non-readmission groups. Demographics, surgery-related 
variables, and laboratory parameters were compared between groups. The specific causes for documented readmission were collected 
and summarized. Multivariate logistic regression analysis was performed to identify the associated risk factors.
Results: There were 930 patients including 76 (8.2%) patients who were readmitted within 12 months postoperatively. Overall, 
cardiac and respiratory complications and new-onset fractures were the first three common causes of readmission, taking an 
overwhelming proportion of 53.9% (41/76). Over 60% (61.8%, 47/76) of readmissions occurred within 30 days after surgery, with 
medical complications taking a predominance (89.4%, 42/47). New-onset fractures accounted for a proportion of 18.4% (14/76), 
occurring at different time points; especially, at 90–365 days, it accounted for 44.4% (8/18). Multivariate analysis revealed that age 
≥80 years (OR, 1.0, 95% CI, 1.0 to 1.1; P=0.032), preoperative albumin level ≤21.5 g/L (OR, 1.1, 95% CI, 1.0 to 1.2; P=0.009), the 
postoperative occurrence of DVT (OR, 4.2, 95% CI, 2.5 to 7.2; P=0.001), and local anesthesia (OR, 2.1, 95% CI, 1.1 to 4.0; P=0.029) 
were independent risk factors for unplanned readmissions.
Conclusion: This study identified several risk factors for unplanned readmissions after elderly hip fractures, and provided detailed 
information about unplanned readmissions.
Keywords: hip fracture, the elderly, unplanned readmissions, cause, risk factors

Introduction
It has been estimated that about 6.26 million people will suffer from hip fractures every year globally by 2050.1 For most hip 
fractures, surgery is recommended as the treatment of choice.2 Unplanned readmission rate, an indicator used to measure the 
quality of healthcare and surgical outcome, often was associated with poor outcomes.3 It was estimated that each unplanned 
readmission increased the postoperative 1-year mortality risk by 23.1% to 34.4%,4,5 prolonged the hospitalization stay by an 
average of 8.7 days, and increased medical cost by 14,191 to 25,035 dollars.6

According to the available literature, the incidence of readmission after surgically treated hip fractures in elderly patients was 
8.3% to 19.0% within 6 months, and high as 30.1% within 1 year after discharge.7–9 Recently, a systematic review involving 22 
original studies suggested that medical causes more common than surgical causes were responsible for the readmission, with 
pneumonia consistently being the most common individual complication.10 In an original study of complications within 30 days 
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after surgery, Kate et al6 reported that 18.6% of the readmissions were for surgical complications and 81.4% for medical 
complications. Specified at examining the causes for readmission, Andrea et al9 found that cardiac disease, infection, and 
cerebrovascular events were the first most common causes of readmission. However, these studies did not list detailed information 
about the causes for readmission at different time points after surgery, thus not facilitating precise prevention and 
management.11,12 In addition, the findings of these studies may have been somewhat affected by limitations, eg, limited sample 
size, inadequate adjustment for covariates, or the relatively short follow-up period (eg, post-operative 30 days). Another point that 
was easily overlooked was that these findings, mostly from western countries, might be less applicable to Chinese hip fracture 
patients, due to the differences in patient characteristics, health insurance system and coverage, and health care strategies.

Given the above, we conducted this study, with aims, first, to explore the incidence rate of unplanned readmission in elderly hip 
fracture patients; second, to describe the detailed and specific causes for unplanned readmission at different time points after 
surgery; and third, to identify the risk factors independently associated with unplanned readmission.

Methods
Study Design and Study Population
Before the commencement, the study protocol was approved by the Ethical Committee of the Third Hospital of Hebei Medical 
University and Huai’an Hospital of Huai’an City. Because no patient identity information was included, the requirement for 
informed consent was waived. This was a retrospective study based on data collected between January 2020 and December 2021 
in these two institutions. The inclusion criteria were patients aged 60 or older presenting with hip fractures that were surgically 
treated within 21 days after injury. The exclusion criteria were high-energy trauma, old fracture (>21 days), polytrauma, multiple 
fractures, pathological fractures, or planned readmission (eg, planned removal of internal fixation device or removal of lower limb 
thrombus filter), incomplete variables of interest, or lost to follow-up due to any reasons.

Identification of Unplanned Readmission
The unplanned readmission was identified by inquiring about the hospitalization electronic medical records, and this work was 
completed by the two primary investigators (M.T. and Z.W.). Any cause for unplanned readmission was included, involving 
medical (hematologic, respiratory, cardiovascular, gastrointestinal, renal, neurologic, and others) complications or surgical ones 
(incisional complications, internal fixation, bone fracture nonunion/delayed union, and others). According to the time when 
unplanned readmission occurred, three categories were divided, ie, ≤30 days, 31 to 90 days, and 91 to 365 days. Any discrepancy 
or disagreement was addressed by a discussion with the senior author (X.L.). The definition for the cause of unplanned 
readmission in our study refers to reason and medical diagnosis for patient’s unplanned readmission.

Variables of Interest
Variables of interest were collected by the same two investigators (M.T. and Z.W.). A total of 42 variables related to demographics, 
comorbidities, fracture-related variables, surgery-related variables, and laboratory parameters were included. Demographic 
variables included age, sex and body mass index (BMI); comorbidities included age-adjusted Charlson Comorbidity Index 
(ACCI), diabetes, hypertension, coronary disease, cerebrovascular disease, respiratory disease, renal disease and so on; fracture- 
related variables included fracture type, injury mechanism and the time from injury to admission, and surgery-related variables 
included preoperative waiting time, operative time, anesthesia pattern, American Society of Anesthesiologists (ASA, categorized 
as either I–II or III–IV) classification, and perioperative blood transfusion volume; laboratory parameters included hemoglobin 
(HB) at admission, preoperative HB value, albumin at admission, preoperative albumin value, B-type natriuretic peptide (BNP) at 
admission, D-dimer at admission, serum potassium levels at admission, serum sodium levels at admission, serum creatine kinase 
(CK) at admission, C-reactive protein (CRP) levels at admission; others like length of stay, perioperative onset of complications 
(anemia, hypoproteinemia, deep venous thrombosis (DVT) of lower limb, cardiac events, cerebral infarction). Meanwhile, we 
also collected the time and medical diagnosis of unplanned readmission of elderly patients with hip fractures within 1 year after the 
operation by inquiring about the medical record system.
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Statistical Analysis
Statistical analysis was carried out using IBM SPSS Statistics 26.0 (IBM Corporation, Armonk, NY, USA). Continuous variables 
with normal distribution were described as mean ± standard deviation (�x� s), and the continuous variables with non-normal 
distribution were presented with a median or interquartile (IQR). Categorical variables were expressed as frequency and 
percentage. The normal distribution of continuous variables was tested using the Shapiro–Wilk test, and those distributed 
normally were tested by two independent sample t-tests, otherwise, by the Mann–Whitney U-test. Pearson chi-square test or 
Fisher's exact test was applied to evaluate the between-group difference for categorical variables, as appropriate. For continuous 
variables tested with statistical significance, the optimal cut-off value was determined by receiver operating characteristic (ROC) 
when Youden index was maximized and the area under the curve (AUC) was used to evaluate their discriminating ability.

Variables that were tested with P < 0.10 were further entered into the multivariate logistic regression model to detect their 
independent effect on unplanned readmission. The association magnitude for potential risk factors was indicated by the odds ratio 
(OR) with its corresponding 95% confidence interval (95% CI). Variables with P < 0.10 were retained in the multivariate model. 
P < 0.05 was set as the significance threshold. The Hosmer–Lemeshow test was used to evaluate the goodness-of-fit of the 
multivariate model and the result was quantified as the adjusted R2 value, with P above 0.05 and R2 value <0.05 indicating the 
acceptable result.13

Result
Baseline Characteristics
During the study period, a total of 1054 patients were included, and 124 patients were excluded due to incomplete data (30), 
multiple injuries (43), old fractures (34), pathological fractures (2), and planned readmission (15). As is shown in Figure 1, a total 
of 930 patients were finally included.

Univariate analysis revealed that age, BMI, ACCI, albumin at admission, preoperative albumin level, CRP at admission, 
respiratory diseases, anesthesia pattern, postoperative hypoproteinemia, the postoperative occurrence of DVT, and postoperative 
cerebral infarction were significant risk factors for readmission (Table 1). The ROC analysis showed that the AUC of age, BMI, 
ACCI, albumin at admission, preoperative albumin level, and CRP at admission were 0.62, 0.44, 0.59, 0.44, 0.38, and 0.59, 
respectively. The cut-off values were 80 years old, 15.2kg/m2, 7.0, 28.5g/L, 21.4g/L, and 46.6mg/L, respectively (Table 2).

Figure 1 The flowchart illustrating the selection of the participants for this research.

Clinical Interventions in Aging 2023:18                                                                                             https://doi.org/10.2147/CIA.S395012                                                                                                                                                                                                                       

DovePress                                                                                                                         
319

Dovepress                                                                                                                                                             Tian et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


The result of multivariate analysis showed age ≥80 years (OR, 1.0, 95% CI, 1.0 to 1.1; P=0.032), preoperative albumin level 
≤21.5 g/L (OR, 1.1, 95% CI, 1.0 to 1.2; P=0.009), Postoperative occurrence of DVT (OR, 4.2, 95% CI, 2.5 to 7.2; P=0.001), and 
local anesthesia (OR, 2.1, 95% CI, 1.1 to 4.0; P=0.029) were independent risk factors (Table 3).

The Hosmer–Lemeshow test showed the acceptable goodness-of-fit of the final model (P=0.374, adjusted Nagelkerke 
R2=0.446).

We can see that 76 (8.2%) patients were readmitted within 1 year after discharge. Forty-seven (5.1%) patients required 
readmission within 30 days, predominantly caused by respiratory complications (19.1%, 9/47), cardiovascular complications 
(21.2%, 10/47), cerebral infarction (12.8%, 6/47), incisional complications (10.6%, 5/47) and DVT of bilateral lower extremities 
(10.6%, 5/47). Besides, there are nine patients had respiratory complications, of which pulmonary infection (66.7%, 6/9) was the 
most common. Eleven (1.18%) patients were readmitted 1–3 months after discharge, and new-onset fractures (36.4%, 4/11) were 
the common cause, including 2 cases of ipsilateral femoral shaft fracture, 2 humerus fractures, and 1 hip fracture at the 

Table 1 The Comparison Between the Two Groups

Variables Re-Admission  
Group (n=76)

Non-Readmission  
Group (n=854)

P

Age (years) 82.4±7.1 79.3±7.5 0.001

BMI (kg/m2) 22.9±3.7 23.7±4.0 0.079
ACCI 5.4±1.1 5.0±1.4 0.008

Gender, n (%) 0.139

Male 26 (34.2) 225 (26.3)
Female 50 (65.8) 629 (73.7)

Fracture site, n (%) 0.545

Intertrochanteric fracture 42 (55.3) 441 (52.3)
Femoral neck fracture 36 (44.7) 413 (47.7)

Injury mechanism, n (%) 0.511

Low energy damage 75 (98.7) 822 (96.3)
High energy damage 1 (1.3) 32 (3.7)

The time from injury to admission, n (%) 2.2±3.4 2.6±4.2 0.903

Number of complications ≥3, n (%) 29 (38.7) 349 (40.9) 0.704
Anemia, n (%) 37 (48.7) 401 (47.0) 0.772

Hypertension, n (%) 39 (51.3) 470 (55.0) 0.532

Diabetes, n (%) 20 (26.3) 253 (29.6) 0.544
Coronary disease, n (%) 19 (25.0) 210 (24.6) 0.937

Cerebrovascular disease, n (%) 38 (50.0) 437 (51.2) 0.845

Respiratory disease, n (%) 22 (28.9) 162 (19.0) 0.036
Cancer, n (%) 5 (6.6) 56 (6.6) 0.994

DVT, n (%) 25 (32.9) 256 (30.0) 0.595

Hypoalbuminemia, n (%) 27 (35.5) 273 (32.0) 0.525
Cognitive impairment, n (%) 3 (3.9) 16 (1.9) 0.423

Preoperative preparation time 4.9±4.5 4.7±2.5 0.943

Preoperative preparation time <2 days 7 (9.2) 74 (8.7) 0.872
ASA grade ≥3 30 (39.5) 293 (34.3) 0.365

Type of anesthesia 0.014

General anesthesia 13 (17.1) 261 (30.6)
Local anesthesia 63 (82.9) 593 (69.4)

Operation time 96.5±33.5 96.6±32.9 0.832

Operation time ≥2h 19 (25.0) 233 (27.3) 0.668
HB at admission 111.4±17.3 112.2±17.3 0.674

Preoperative Hb level 112.3±13.1 113.5±13.7 0.674

Albumin at admission 35.9±3.8 36.7±4.2 0.079
Preoperative albumin level 34.3±3.9 36.0±4.0 0.001

(Continued)

https://doi.org/10.2147/CIA.S395012                                                                                                                                                                                                                                   

DovePress                                                                                                                                                      

Clinical Interventions in Aging 2023:18 320

Tian et al                                                                                                                                                              Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


contralateral limb, respectively. During the postoperative 3 to 12 months, 18 unplanned readmissions occurred, indicating an 
incidence of 1.9%; new onset of fractures (44.4%, 8/18) was predominant, and 75% were hip fractures occurring at the 
contralateral limb. The other two cases of fracture were periprosthetic fractures and supracondylar femoral fractures, respectively. 
One month after the operation is the peak time of readmission. With the prolongation of postoperative time, the rate of readmission 
decreased (Table 4).

Table 1 (Continued). 

Variables Re-Admission  
Group (n=76)

Non-Readmission  
Group (n=854)

P

BNP at admission 159.3±254.1 120.7±228.9 0.145
D-dimer at admission 4.2±6.3 4.9±7.9 0.990

Serum potassium levels at admission 3.9±0.4 3.9±0.4 0.967

Serum sodium levels at admission 137.9±3.6 138.3±3.3 0.348
CK at admission 162.4±296.3 137.1±151.2 0.320

CRP at admission 51.8±36.9 44.9±38.2 0.011

Blood transfusion 3.7±3.9 3.5±3.2 0.768
Length of hospital stay 12.91±5.6 12.7±4.9 0.757

Postoperative DVT 35 (46.1) 166 (19.4) 0.001

Postoperative anemia 16 (21.1) 183 (21.4) 0.939
Postoperative hypoproteinemia 11 (14.5) 210 (24.6) 0.047

Perioperative pulmonary infection 17 (22.4) 164 (19.2) 0.504

Perioperative adverse cardiac events 22 (28.9) 198 (23.2) 0.257
Perioperative cerebral infarction 4 (8.2) 0 (0.0) 0.001

Notes: Values are mean ± standard deviation or number (percentage) as appropriate. P < 0.1, statistical significance. 
Abbreviations: BMI, body mass index; ACCI, age-adjusted Charlson Comorbidity Index; DVT, deep vein thrombosis; ASA, American Society of 
Anesthesiologists; HB, hemoglobin; HGB hemoglobin, reference range: Females, 110–150 g/L; males, 120–160 g/L; BNP, B-type natriuretic peptide; CK, 
creatine kinase; CRP, C-reactive protein.

Table 2 ROC Curve Analysis Results of Statistically Significant Continuous Variables

Variables AUC (95% CI) Cut-Off 

Value

Youden 

Index

Standard 

Error

Sensitivity Specificity P

Age (years) 0.62 (0.56, 0.69) 80 0.215 0.033 71.1 50.4 0.001

BMI (kg/m2) 0.44 (0.37, 0.51) 15.2 0.009 0.034 99.1 0.90 0.082

ACCI 0.59 (0.53, 0.65) 6.5 0.011 0.031 14.5 88.6 0.009

Albumin at admission (g/L) 0.44 (0.38, 0.51) 28.5 0.021 0.033 98.90 3.40 0.081

Preoperative albumin level (g/L) 0.38 (0.32, 0.45) 21.5 0.001 0.032 99.90 0.10 0.001

CRP at admission (mg/L) 0.59 (0.52, 0.66) 46.6 0.265 0.034 55.3 71.2 0.029

Abbreviations: BMI, body mass index; ACCI, age-adjusted Charlson Comorbidity Index; CRP, C-reactive protein; ROC, receiver operating characteristic; AUC, the area 
under the curve; 95% CI, 95% confidence interval.

Table 3 Multivariate Logistic Regression Analysis of Unplanned Transfer and Readmissions

Variables Regression Coefficient Standard Error Wald χ2 value OR (95% CI) P

Age 0.042 0.020 4.594 1.0 (1.0, 1.1) 0.032

Preoperative albumin level 0.109 0.042 6.870 1.1(1.0, 1.2) 0.009

Anesthesia pattern 0.735 0.336 4.793 2.1(1.1, 4.0) 0.029
Postoperative occurrence of DVT 1.439 0.263 29.849 4.2(2.5, 7.1) 0.001

Note: P < 0.05, statistical significance. 
Abbreviations: DVT, deep vein thrombosis; OR, odds ratio; 95% CI, 95% confidence interval.
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Table 4 The Cause and Medical Diagnosis of Unplanned Readmission

Causes ≤30 Days  
(n=47), n (%)

31 to 90 Days  
(n=11), n (%)

91 to 365 Days  
(n=18), n (%)

Hematologic system
DVT 5 (10.64) 2 (18.18) 0 (0.0)

Respiratory system
Pulmonary infection 6 (12.76) 0 (0.0) 1 (5.56)

Pulmonary interstitial fibrosis 1 (2.44) 0 (0.0) 0 (0.0)

Pulmonary shadow 1 (2.13) 0 (0.0) 0 (0.0)
Respiratory failure 1 (2.13) 0 (0.0) 0 (0.0)

Cardiovascular system
Stable angina pectoris 2 (4.26) 0 (0.0)

Unstable angina pectoris 2 (4.26) 1 (9.09) 1 (5.56)

Acute myocardial infarction 5 (10.64) 1 (9.09) 0 (0.0)
Rapid atrial fibrillation with hypotension 1 (2.13) 0 (0.0) 0 (0.0)

Incision complications
Poor wound healing 2 (4.26) 0 (0.0) 0 (0.0)
Incision infection 1 (2.13) 1 (9.09) 0 (0.0)

Hip joint effusion 1 (2.13) 0 (0.0) 0 (0.0)

Hip joint dislocation 1 (2.13) 0 (0.0) 0 (0.0)
Gastrointestinal system

Upper gastrointestinal bleeding 1 (2.13) 0 (0.0) 0 (0.0)

Obstructive jaundice 1 (2.13) 0 (0.0) 0 (0.0)
Acute cholecystitis 1 (2.13) 0 (0.0) 0 (0.0)

Renal system
Chronic kidney disease stage 5 2 (4.26) 0 (0.0) 0 (0.0)

Neurologic system
Cerebral infarction 6 (12.76) 0 (0.0) 0 (0.0)

New onset fracture
Periprosthetic fractures 1 (2.13) 0 (0.0) 1 (5.56)

Femoral shaft fracture (Ipsilateral) 1 (2.13) 2 (18.18) 0 (0.0)

Humeral fractures (Contralateral) 0 (0.0) 1 (9.09) 0 (0.0)
Intertrochanteric fracture (Contralateral) 0 (0.0) 1 (9.09) 4 (22.22)

Femoral neck fracture (Contralateral) 0 (0.0) 0 (0.0) 2 (11.11)

Supracondylar fracture of femur 0 (0.0) 0 (0.0) 1 (5.56)
Other

Uroschesis 1 (2.13) 0 (0.0) 0 (0.0)

Lumbar osteopathy 1 (2.13) 0 (0.0) 0 (0.0)
Diabetes angiopathy 1 (2.13) 0 (0.0) 0 (0.0)

Ruptured abdominal aortic aneurysm 1 (2.13) 0 (0.0) 0 (0.0)

Ruptured abdominal aortic aneurysm 1 (2.13) 0 (0.0) 0 (0.0)
Sepsis 1 (2.13) 0 (0.0) 0 (0.0)

Acute angle closure glaucoma 0 (0.0) 1 (9.09) 0 (0.0)

Complications of type 2 diabetes mellitus 0 (0.0) 1 (9.09) 0 (0.0)
Posttraumatic necrosis of femoral head 0 (0.0) 0 (0.0) 1 (5.56)

Chronic subdural hematoma 0 (0.0) 0 (0.0) 1 (5.56)

Unilateral indirect inguinal hernia 0 (0.0) 0 (0.0) 1 (5.56)
Solitary plasmacytoma of bone 0 (0.0) 0 (0.0) 1 (5.56)

Gastric malignant tumor 0 (0.0) 0 (0.0) 1 (5.56)

Grade 3 hypertension 0 (0.0) 0 (0.0) 1 (5.56)
Inflammatory myopathy 0 (0.0) 0 (0.0) 1 (5.56)

Osteoporosis with pathological fracture 0 (0.0) 0 (0.0) 1 (5.56)

Note: Values are presented as the number (percentage).
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Discussion
In this study, we found that the incidence rate of unplanned readmission within 12 months after surgery of hip fractures in 
the elderly was 8.2%, the medical complications and new onset of fractures were major causes and the older age, lower 
preoperative albumin level, regional anesthesia technique applied, and postoperative presence of DVT of bilateral lower 
extremities were identified as independent risk factors associated with unplanned readmission. To the best of our 
knowledge, this was the first study to exhibit very comprehensive and detailed data on unplanned readmission after 
elderly hip fracture, especially the specific causes at sequential time points postoperatively.

Postoperative 30 days after discharge was a key period for complication prevention and management, which was also 
a major reason for most previous studies focusing on complications at this time window, including the National Surgical 
Quality Improvement Program (NSQIP) studies. In this study, we found a similar trend that 61.8% (47/76) of unplanned 
readmission occurred within 30 days after discharge. It was also notable that most readmissions were related to medical 
complications (89.4%, 42/47) over than procedure-related complications (10.6%, 5/47), with cardiac complications, 
respiratory complications, and cerebrovascular complications accounting for a large proportion (53.2%, 25/47). These 
findings were comparable to that of Lizaur’s study,14 which found a readmission rate of 8.3% within 30 days after elderly 
hip fractures and the medical reason was 13 times more frequent than surgical reasons. Accordingly, optimized 
management of comorbidities remains a high priority, especially in the context of the existence of hemodynamic 
instability and low immunity caused by hip fracture itself and operative trauma.

After the first 1 month, there was no significant central trend to one certain complication, except for the fracture 
caused by a low-energy fall. In our data analysis, 12 new-onset fractures occurred at this time window, accounting for 
41.4% of the total complications (n=29). In particular, seven cases of contralateral hip fractures were found, representing 
an incidence rate of 0.8%, which would be greater than the initial hip fracture healthy and morbidity burden. That meant 
a substantially increased risk of mortality and post-surgery functional independence loss.15–17 Therefore, postoperative 
rehabilitation exercises, especially including neuromuscular coordination, muscle strength, and balance, should be 
strengthened to prevent or improve bone mass loss or muscle loss due to long-term postoperative limb immobilization, 
after the bone union has been achieved (generally at 8–12 weeks).

The finding of advanced age identified as an independent risk factor for readmission reflected the decline of functional 
reserve of the organism with age, including the resistance to fracture trauma and operative trauma, and the higher 
susceptibility to change of homeostasis,18 which thus were more likely to cause early-period medical complications. 
Additionally, patients with older age were generally having higher odds of falls due to muscle weakness and poorer 
neuromuscular coordination, and this phenomenon was more remarkable in the post-operative recovery period, leading to 
a higher risk of falls or related fractures.19

Serum albumin, not only an indicator of nutritional status but also a predictor of surgical outcomes or systemic 
adverse events,20,21 provided a similarly important predictive value on readmission in this study. Elderly hip fracture 
patients with low serum albumin levels are more prone to develop perioperative complications, such as aspiration 
pneumonia and urinary retention.22,23 In this study, we found that patients with low albumin levels are more likely to be 
readmitted. Despite that multi-aspect factors (eg, nutritional status, surgical trauma, bacterial infection, and inflammation) 
may affect the serum albumin level, enhancing perioperative nutrition demonstrated to be beneficial in improving 
postoperative complications and the risk of readmission.

The relative advantages of general over local anesthesia remain controversial. A systematic review based on 13 
original studies of 196,646 patients undergoing surgeries for hip fractures concluded that general anesthesia was 
associated with prolonged hospitalization and increased in-hospital mortality and readmission rates.24 However, in 
individual studies, no significant difference in readmission rate was observed between patients using regional and general 
anesthesia modes.25,26 In this study, we found the opposite conclusion that regional anesthesia was associated with 
a significant risk of readmission, and we inferred this result was associated with the fact that patients with local 
anesthesia had stronger immune suppression, inflammatory reactions, and hemodynamic instability than those with 
general anesthesia.27,28
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Our study found the strongest association magnitude of postoperative presence of DVT with the unplanned read-
mission with an adjusted OR of 4.2, which was consistent with a previous finding that DVT increased the risk of 
postoperative admission within 30 days by 1.9 times in geriatric general surgery patients.29 In another study of 9441 
patients undergoing primary total hip arthroplasty, Mednick et al30 also observed the same result that postoperative DVT 
was associated with an increased risk of 30-day readmission. Considering the still very high prevalence rate (21.6%, 201/ 
930) of DVT after surgeries in this study, the strongest association with readmission, and the inadequate prophylaxis rate 
in previous studies,31 we suggest routine preoperative prophylaxis, early detection, and adequate treatment.

The merits of this study included a relatively large sample and data sources from two medical institutions. In addition, 
the collected variables are relatively comprehensive, and the detailed description of the specific causes for readmission at 
different periods is given. Several potential limitations should be noted. First, the retrospective design inherited the bias 
in patient selection and precision in data collection. Second, some variables that may affect the results have not been 
collected, such as the discharge destination, common geriatric syndromes, patient’s annual household income and the 
postoperative exercises (starting time, frequency, strength, duration), fracture occurrence place, the medications (number, 
type, and frequency), activities of the daily living level at admission. Due to that most patients had at least one 
comorbidity, and even some have multiple ones, the medications (number, patterns, and frequency) might have affected 
the result, but the relevant data were not available. Therefore, the residual confounding effects remain. Third, the 
readmission was identified only by inquiring about the electronic medical records, thus leaving a possibility that patients 
who were admitted to other hospitals were missed. Thus, we might have underestimated the true rate of readmission after 
surgeries for hip fractures in elderly patients.

Conclusions
In summary, we found that the unplanned readmission rate within 1 year after discharge in elderly hip fracture patients 
was 8.2%, and also presented the detailed specific causes at different time points. Most readmissions were caused by 
medical complications. Cardiac complications, respiratory complications, and new-onset fractures were the first three 
common readmission diagnoses. Advanced age, preoperative lower albumin level, postoperative presence of DVT, and 
local anesthesia mode were identified as independent risk factors. Despite in context of limitations, these findings provide 
detailed information about the unplanned readmissions after elderly hip fractures, facilitating individual risk evaluation 
and stratification, and implementation of the targeted prevention measures.
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