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ABSTRACT

الأهداف: دراسة عوامل الخطر للوفاة خلال فترة الجراحة في المستشفى لدى 
لتقييم  الورك وقابلية تطبيق أدوات  الكبار في السن والمصابين بكسر  المرضى 

المخاطر.

 1878 من  المستشفى  في  وفاة  حالة   13 على  الدراسة  اشتملت  المنهجية: 
 ،Jishuitan مستشفى  في  علاجها  تم  السن  كبار  لدى  الورك  لكسر  حالة 
مقارنة  وعملنا  2017م،  ديسمبر  إلى  2015م  مايو  من  الفترة  خلال  الصين 
البقاء على  4 مرضى عاديين خرجوا من المستشفى مع  لكل مريض ميت مع 
)خلال  القبول  الوقت  نفس  في  يومًا   90 من  لأكثر  الجراحة  بعد  الحياة  قيد 
أسبوعين( والجنس والعمر )5± سنوات( ونوع الكسر. استخدمنا الانحدار 
اللوجستي الثنائي لتحليل عوامل الخطر للوفاة داخل المستشفى. واستخدمنا 
لتقييم مدى ملاءمة  الملاءمة  Hosmer-lemeshowلاختبار  مقياس جودة 
E-PASS )تقدير القدرة البدنية والضغط الجراحي( وNHFS )درجة كسر 

الورك في نوتنغهام(.

النتائج: بلغ معدل الوفيات في المستشفى %0.7. عدد المضاعفات والوقت 
من الكسر إلى العملية كانت عوامل الخطر للوفاة في المستشفى. يعتبر نظام 

نوتنغهام لكسر الورك أكثر دقة لكسور الورك المسنين في الصين.

المرضى  بين  الوفيات  لتقليل  الرئيسي  العامل  هي  المبكرة  العملية  الخلاصة: 
السن  لكبار  الأساسية  الحالة  في  والمضاعفات  الورك،  بكسر  المصابين  المسنين 
في  الوفاة  مخاطر  بتقدير   NHFS ينصح  للوفاة؛  مستقلة  خطر  عوامل  هي 

كسور الورك المسنين.

Objectives: To investigate the risk factors of 
perioperative in-hospital death in elderly patients with 
hip fracture and the applicability of risk assessment 
tools. 

Methods: Thirteen in-hospital death cases from 1878 
geriatric hip fracture treated in Jishuitan Hospital, 
China from May 2015 to December 2017 were 
collected, each dead patient was compared with 4 
normal discharged patients with a postoperative 
survival of more than 90 days at the same admission 
time (within 2 weeks), gender, age (±5 years), and 
fracture type. Binary logistic regression was used to 
analyze the risk factors of in-hospital death; Hosmer-
lemeshow goodness of fit test was used to evaluate 
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the goodness of fit of E-PASS (estimation of physical 
ability and surgical stress) and NHFS (Nottingham 
hip fracture score).

Results: Mortality in hospital was 0.7%; the number of 
comorbidities and the time from fracture to operation 
were the risk factors of in-hospital death. Nottingham 
hip fracture score system is more accurate to elderly 
hip fractures in China.

Conclusion: Early operation is the key factor to 
reduce mortality in elderly patients with hip fracture, 
and the comorbidities in the basic state of the elderly 
are the independent risk factors of death; NHFS is 
recommended to estimate death risk in geriatric hip 
fractures.
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The incidence of hip fracture in China has been 
increasing significantly in recent years. Studies have 

shown that from 1990 to 1992, the incidence rate of 
hip fracture over 50 years of age was 83/100,000 for 
male and 80/100,000 for female; from 2002 to 2006, 
the incidence increased to 129/100,000 for male and 
229/100,000 for female.1 A new data shows the number 
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of hip fractures per 100,000 people age 65+ was 278 
between 2013 and 2016 in China.2

Hip fracture is one of the most fatal fractures among 
elderly fragility fractures. An in-hospital mortality 
of 2.71% in elderly hip fractures from 2004 to 2014 
has been reported in China.3 Clinicians believe that 
all-cause mortality can be reduced by early surgery.4,5 

Especially in recent years, with the participation of 
Orthogeriatrics, the mortality of elderly hip fracture 
patients has been further reduced. It can also be seen 
from the repeated correction of Nottingham hip fracture 
score (NHFS).6,7 Therefore, in the current medical 
environment and medical mode, the changes in the risk 
factors for in-hospital death of elderly hip fractures, and 
the effectiveness of the risk assessment tools used in the 
past are the issues to be discussed in this study.

Methods. When patients admitted to the emergency, 
a pelvic x-ray is made at first; after hip fracture was clear, 
a geriatrician began preoperative consultation. All the 
patients over 65 years will be enrolled in geriatric trauma 
unit belong to trauma orthopedics, and geriatrics and 
orthopedics were managed together throughout the 
hospitalization. No surgery during weekends. Early 
mobilization after surgery with a physiotherapist was 
arranged on the first day from postoperative. In the 
case of stable condition, most patients were discharged 
the second day after surgery, with the anti osteoporosis 
treatment regimen. The average length of stay was 4 
days.

Death group. Of the 13 patients, 8 were males and 5 
were females, with a mean age of 84.2±3.9 years (79-90 
years); there were 6 cases of femoral neck fracture and 7 
cases of intertrochanteric fracture.

Survival group. Each dead patient was compared 
with 4 normal discharged patients with a postoperative 
survival of more than 90 days at the same admission time 
(within 2 weeks), gender, age (±5 years), and fracture 
type. Therefore in the 52 matched control patients, 32 
were males and 20 were females, with a mean age of 

83.6±3.9 years (76-91 years); there were 24 cases of 
femoral neck fracture and 28 cases of intertrochanteric 
fracture.

The inclusion criteria of the study were: i) patients 
aged ≥65 years; ii) patients diagnosed with hip fracture; 
and iii) patients injured within 21 days from the time 
of seeing a doctor. While the exclusion criteria were: 
i) tumor metastasis caused pathological fractures; ii) 
patients with periprosthetic fracture; and iii) patients 
who have not been hospitalized.

Estimation of physiologic ability and surgical stress 
(E-PASS) mortality = 13.362 preoperative risk score 
(PRS) 2-11.277 (PRS) + 1.969; PRS=-0.0686+0.00345 
age +0.323 severe heart disease (yes 1, no 0) +0.205 
severe pulmonary disease (yes 1, no 0) +0.153 diabetes 
mellitus (yes 1, no 0) +0.148 SI index +0.0666 American 
Society of Anesthesiologists (ASA) . 

Status index (SI)  level 0-4. According to the definition 
standard of the eastern cancer cooperation group, level 
0 is fully active and can perform all activities without 
restrictions; level 1 is restricted physical activity, active, 
able to perform a light physical or sedentary nature of 
work (such as light housework and office work); level 
2 refers to being able to take care of themselves, but 
unable to work for 50% or more of the time when 
they are awake; level 3 means only limited self-care and 
sitting or lying ill in bed more than 50% of the time 
awake. Level 4 means completely unable to take care of 
themselves or completely confined to bed or chair.

According to the ASA score, grade 1 is a normal 
healthy person; grade 2 is a mild systemic disease; grade 
3 is a serious systemic disease without disability; grade 4 
is a disabling systemic disease, which is life-threatening; 
and grade 5 is dying, whether the operation or not will 
not survive for 24 hours.

Nottingham hip fracture score adopts seven 
parameters before operation: age, gender, admission 
hemoglobin, mini mental test score (MMTS), place of 
residence, number of basic comorbidities, and whether 
it is complicated with malignant tumors. One or 3 
points are assigned respectively to calculate the total 
NHFS score, and then calculate the 30 day death risk 
through the formula: =100/[1+e(5.012×(NHFS×0.481))]

Statistical analysis. The perioperative in-hospital 
death or survival was used as the dependent variable, 
and the risk factors that might have an impact on the 
outcome were used as independent variables, including: 
comorbidity (Charlson comorbidity index score, CCI), 
history of smoking, history of falls, on crutches or 
not, type of anesthesia, duration of surgery, amount 
of bleeding, time from fracture to surgery, body mass 
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Special Fund for Clinical Medicine Development of 
Beijing Municipal Administration of Hospitals, China 
(ZYLX201506); 2019 Beijing Health Care Research 
Project (Jing 19-17); and 2019 Scientific Research 
Cultivating Plan of Beijing Municipal Administration of 
Hospitals, China (PX2019015).
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index, femoral neck bone density T score, ASA score, 
admission hemoglobin level, and admission albumin 
level. The SPSS for Windows, version 23 (IBM Corp., 
Armonk, N.Y., USA) was used for statistical analysis, 
and the binary logistic regression analysis method 
(Forward step likelihood ratio) was used to screen the 
risk factors for death. The test level value was 2-sided 
p<0.05.

The receiver operating characteristic (ROC) curve 
was plotted, with perioperative in-hospital death or 
survival as the dependent variable, 2 risk scoring tools, 
E-PASS and NHFS as independent variables. The area 
under (AUC) the ROC was used to test the predictive 
ability of the 2 risk scoring tools, E-PASS and NHFS, 
and an AUC >0.75 indicated that the scoring tool had 
sufficient discriminative ability. The Hosmer-Lemeshow 
goodness-of-fit test was used to assess whether the 
predicted probability calculated with the scoring tool fit 
the actual probability. P<0.05 indicated that significant 
difference exist between observed and predicted model, 
and the scoring model worked poorly; p>0.05 indicated 
that the scoring model worked well.

The study is in accordance to principles of Helsinki 
Declaration, and was approved by the Beijing Jishuitan 
Hospital Ethical Review Board (approbation number 
201907-09-02).

Results. General information of in-hospital deaths 
and direct causes of death. From May 2015 to December 
2017, a total of 1878 patients with elderly hip fractures 
who were eligible for the inclusion/exclusion criteria 
were admitted to the geriatric orthopedic department, 
Beijing Jishuitan Hospital, with a mean age of 79.6 
years (65-105 years), there were 13 (0.7%) cases of 
in-hospital death. 

Of the 13 in-hospital deaths, there were 4 cases 
of death before the surgery, including 3 cases of 
intertrochanteric fracture and one case of femoral neck 
fracture; all the patients with femoral neck fracture 
underwent femoral head replacement. The direct causes 
of death included: 7 (54%) cases of lung infection, 
2 (15%) cases of acute myocardial infarction, 2 (15%) 
cases of acute erosive hemorrhagic gastritis, 1 (8%) case 
of acute respiratory distress syndrome, and 1 (8%) case 
of suspected acute pulmonary embolism. The general 
information of the deaths is shown in Table 1.

Binary logistic regression analysis. Multivariate 
binary logistic regression analysis showed that the 
number of comorbidities and the time from fracture to 
surgery were independent risk factors for perioperative 
death in elderly patients with hip fracture, as shown 
in Table 2. Of these, the risk of perioperative death 

increased by 2.7-fold for each additional comorbid 
chronic disease in the CCI, and 1.4-fold for each 
additional day from fracture to surgery.

Death risk factor scores. For both E-PASS mortality 
and NHFS death risk assessment tools, the AUC 
(under ROC) value was used to judge the predictive 
effectiveness. The AUC for the E-PASS mortality 
assessment tool was 0.758 (95% CI 0.635,0.881); the 
AUC for the NHFS death risk assessment tool was 
0.769 (95% CI 0.604,0.934); see Figure 1. The Hosmer-
Lemeshow goodness-of-fit test was used for validation, 
with p=0.182 for E-PASS mortality assessment tool, and 
p=0.335 for NHFS death risk assessment tool. It shows 
that both the above scoring models work well, and the 
NHFS death risk assessment tool is slightly superior.

Table 1 - General information of death group and survival group in 
elderly hip fractures patients.

Variables Death Survival P-value

BMI (kg/m2) 21.56±5.93 22.35±3.27 0.650
Days form fracture to 
surgery 5.89±4.70 4.55±2.98 0.261

Hours of surgery 77.22±20.78 87.75±23.67 0.217
Surgery bleeding (ml) 238.89±121.91 219.80±122.52 0.668
T-value of femoral neck -2.30±3.37 -2.68±0.93 0.745
CCI 2.39±1.61 1.37±1.14 0.048
Mortality predicted by 
E-PASS(%) 5.26±2.82 3.28±3.77 0.082

Mortality predicted by 
NHFS(%) 9.30±4.02 5.68±1.86 0.007

T-value: comparison of bone mass density reference values between 
patients and young people of the same gender and race. P-value: T-test 

of death group and survival group. BMI: body mass index, CCI: 
Charlson comorbidity index score, E-PASS: estimation of physiologic 

ability and surgical stress; NHFS: Nottingham fracture score

Table 2 - Binary logistic regression analysis of perioperative death factors 
for elderly hip fractures.

Variables
Partial 

regression 
coefficient

Standard 
error of 
partial 

regression 
coefficient

Wald 
value P-value OR (95%CI)

CCI 1.004 0.474 4.498 0.034 2.732(1.079,6.897)
Days 
form 
fracture to 
surgery

0.308 0.144 4.553 0.033 1.361(1.026,1.805)

CCI: Charlson comorbidity index score; OR: odds ratio; CI: confidence 
interval
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Discussion. It is currently believed that elderly 
patients with hip fracture can have better prognosis 
with the adoption of the orthopedic-geriatric “co-
management model”,8 and all patients included in 
this article were admitted under the co-management 
model, with an in-hospital mortality of 0.69%, which 
is significantly lower than that in previous reports,9 
therefore, it is worth popularizing this management 
model.

A retrospective analysis of attributable mortality 
included patients from 2009 to 2018, which was 
relatively recent data. The statistical analysis suggested 
that baseline characteristics (including age, gender, 
comorbidity, automaticity, and fracture type), serious 
postoperative complications, perioperative transfusion, 
and delayed surgery accounted for 62.4%, 11.9%, 
9.6%, and 2.7% of the 6-month attributable mortality, 
respectively.10 In this study, with age, gender, and 
fracture type being matched, comorbidity and time from 
fracture to surgery are risk factors, which is consistent 
with the result of the study. This also suggests the need 
to carefully assess comorbidities and inform the patient 
and patient’s families of the risks when receiving elderly 
patients with hip fracture. In addition, although the 
improvement of medical knowledge of the public and 
the popularization of national medical insurance have 
made it possible for patients to see a doctor in a timely 
manner, the pain of the elderly is often not notable, or 
fractures that are likely to have occurred are ignored, 

resulting in seeing a doctor late and prolonged bedridden 
time. There is a need to popularize medical knowledge 
in this aspect so that the public can understand the need 
for an early imaging test after the elderly fall to exclude 
activity impairment caused by fractures. According 
to recent reports in the literature, standardized by the 
world population composition in 2010, the incidence 
of hip fractures among people over 65 years in China 
from 2013 to 2016 is 375 per 100,000 for females, and 
203 per 10,000 for males, which has far exceeded the 
previously reported incidence of hip fractures in China.2 
Therefore, the task of preventing fragility fractures and 
reducing perioperative mortality following fractures still 
has a long way to go.

To overcome the poor predictive accuracy of 
univariate predictors, some scholars have proposed 
some scoring models for evaluating the risk of death in 
hip fractures, and 2 risk scoring systems, E-PASS and 
NHFS, were used to predict perioperative mortality in 
this study, respectively. Estimation of physiologic ability 
and surgical stress is non-specific for hip fractures, 
which involves preoperative risk score (PRS), surgical 
stress score and comprehensive risk score; a prediction 
formula for postoperative mortality was generated based 
on the PRS, postoperative mortality=13.362PRS2 + 
11.277PRS + 1.969; the time from surgery for patients 
observed when the author speculated the formula was 
17.3 ± 12.0 (0-142) days, thus reflecting to some extent 
the in-hospital mortality. The evaluation of preoperative 
physiological conditions regarding E-PASS does not 
involve neuropsychiatric diseases that have a great 
impact on the prognosis of elderly hip fractures. At 
present, it is agreed that the scoring system overestimates 
the mortality in the prediction for low-risk patients, and 
a relatively accurate mortality is shown in the prediction 
for high-risk patients. Nottingham hip fracture score, 
deriving from the analysis and summary based on 
a population of hip fractures, is the most commonly 
used score to predict the perioperative risk for hip 
fractures; the NHFS uses 7 preoperative parameters: 
age, gender, admission hemoglobin, admission 
MMTS, place of residence before admission, number 
of underlying comorbidities, concomitant malignancy 
or not, each of which is assigned a score of 1 or 4 to 
calculate the total NHFS score, and then the risk of 
death within 30 days is calculated by the formula:=100/
[1+e(5.012×(NHFS×0.481))]. This value has been 
verified in one year after surgery11 and in the early 
discharge period;12 NHFS is superior to other scoring 
systems in calculating perioperative comorbidities 
and mortality,13 giving the mortality risk prediction 
value at 30 days for a single patient; but it still cannot 

Figure 1 - The receiver operating characteristic curve by E-PASS and 
NHFS scoring system to assess the risk of death in elderly 
patients with hip fractures. E-PASS: estimation of physiologic 
ability and surgical stress, solid line; NHFS: Nottingham 
fracture score 
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play a decisive role in the clinical decision-making 
for individual patients. Generally, when the predicted 
mortality exceeds 10%, patients and their families are 
advised to choose conservative treatments.

The 13 patients in this study were retrospectively 
assessed using both the E-PASS and NHFS scoring 
systems, which also indicated that NHFS was more 
accurate in the assessment of mortality. The NHFS score 
was also based on the patient’s 7 underlying conditions 
on admission, of which a higher score was assigned with 
an older age, such as: age ≥86 years was assigned a score 
of 4, while CCI ≥2 was assigned a score of 1. Under 
the current medical level, whether the age still needs to 
maintain such a high weight remains to be discussed in 
the context of big data.

The small number of death cases and the retrospective 
risk score are the limits of this paper. Subsequent 
long-term follow-up and prospective studies can 
provide better data.

In conclusion, with the same age, gender, and 
fracture type being matched for dead elderly patients 
with hip fractures, a logistic regression analysis is 
performed, indicating that the comorbidity and the 
time from fracture to operation are risk factors for death 
under the co-management of orthopedics and geriatrics. 
Two relatively simple surgical risk assessment tools are 
used to conduct a retrospective evaluation. The results 
suggest that NHFS is relatively suitable for Chinese 
elderly population, but it is proposed that the surgical 
risk assessment formula for the Chinese population 
should be generated based on big data so as to perform 
better perioperative diagnosis and treatment to reduce 
the mortality of elderly hip fractures.
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