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Purpose: The purpose of this study was to explore risk factors for mortality after intertrochanteric fracture (IF) surgery in
nonagenarians and centenarians based on subgroups of follow-up time.
Patients and Methods: A total of 144 nonagenarians and centenarians who underwent IF surgery between Jan. 2014 and Dec. 2018
were included. Data were compared between the mortality and the survival groups based on the subgroups of follow-up time in
univariate, logistic regression, and Cox regression analyses.
Results: In our study, the rates of mortality were 7.6%, 13.9%, and 28.5% at 6-month, 1-year, and 2-year follow-up, respectively.
Univariate analysis showed that prolonged time from injury to surgery, more transfusion volume, lower hemoglobin (minimum), and
complications (respiratory failure and anemia) were associated with mortality at 6-month follow-up. However, three factors were
found to be related to mortality at 1-year and 2-year follow-up, respectively. Our results showed that postoperative respiratory failure
and anemia were independent risk factors for mortality after IF surgery at 6-month in logistic regression analysis. However,
postoperative respiratory failure was found as an independent risk factor for mortality at 1-year and 2-year follow-up. Moreover,
Cox regression analysis showed that postoperative respiratory failure was an independent risk factor for mortality after IF surgery,
which was consistent with results in logistic regression analysis.
Conclusion: Postoperative respiratory failure was an independent risk factor for mortality in nonagenarians and centenarians at any
follow-up. Additionally, postoperative anemia was closely related to mortality. Preoperative measures should be taken to lower
mortality.
Keywords: nonagenarians and centenarians, mortality, intertrochanteric fracture, risk factors

Introduction
With the advancement of living standards and medical care, the number of nonagenarians, and even centenarians, is
growing substantially, particularly in developed areas. Kontis1 estimated that national female life expectancy will exceed
the 90-year barrier by 2030.1 Epidemiological research2 found that hip fractures, including femoral neck fractures and
intertrochanteric fractures (IF), accounted for nearly one-third of all fractures in over 500,000 individuals over the age of
65. Without a doubt, the risk of hip fracture rises with age. Regarding nonagenarians and centenarians, some
publications3,4 revealed 40% of the rates for in-hospital complications and death rates ranging from 35.5% to 60% in
the first year, posing a significant cost on people and society. Kim5 discovered that greater ASA and longer time intervals
between trauma and surgery were risk factors for death in nonagenarians with hip fractures.

A few studies have concentrated on nonagenarians and centenarians with hip fractures. We concluded after reviewing
related articles on patients older than 90 years old that most articles only reported the rate of mortality and failed to
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evaluate risk factors due to small numbers of patients, or that some focused on comparisons between nonagenarians or
centenarians and other stages of age, such as octogenarians. As a result, we conducted this study to investigate the risks
of mortality in nonagenarians and centenarians following IF based on a subgroup of follow-up time.

Patients and Methods
Ethics Statement
The study was approved by the Institutional Review Board of the third hospital of Hebei Medical University (K2020-
032-1) before data collection and analysis.

Patients
We included 144 patients who underwent IF surgery between Jan. 2014 and Dec. 2018 in our hospital. According to
the time of follow-up, these patients were divided into mortality and survival groups. The inclusion criteria for this
study were as follows: 1) patients who underwent IF surgery; 2) patients who were no younger than 90 years old; and
3) no comorbidity was present at the time of admission. The exclusion criteria were as follows: 1) patients with
a history of IF; 2) patients who have had hip surgery; 3) multiple fractures or injuries; and 4) open intertrochanteric
fractures. Possible factors were collected, including baseline factors-age, sex, time from injury to hospital, body mass
index (BMI), hemoglobin (admission, leave the hospital, minimum), type of fracture, ASA classification, time from
injury to surgery, hospital stay, vein thrombosis (admission); surgical factors-transfusion (yes or no), blood transfusion
volume, operation time, blood loss, general anesthesia (yes or no); Comorbidities: a history of electrolyte disturbance,
anemia, dementia, lung disease, arteriosclerosis, cerebrovascular disease, hypoproteinemia, arrhythmia, heart failure,
diabetes, cerebral infarction, coronary heart disease, and hypertension; complications – heart failure, respiratory
failure, cerebral infarction, stress ulcer, arrhythmia, lung infection, delirium, anemia, vein thrombosis, electrolyte
disturbance, hypoproteinemia, and high blood sugar. The standard for anemia is less than 120 g/L for males and less
than 110 g/L for females. Blood tests were routinely conducted at admission, before and 1, 3, 5 days after surgery, and
before discharge.

The methods were carried out following the approved guidelines. Two authors identified and collected all the data of
patients according to inclusion and exclusion criteria. In addition, two authors were responsible for data analysis. When
data met normality criteria with p > 0.05, all measurement data were presented as the mean SD (standard deviation). If
the data did not meet the criteria for normality and variance homogeneity, the rank-sum test was used to perform
statistical analysis between groups. For count data, the chi-square test was used for data analysis. Statistical significance
levels were considered to be p<0.05. To identify the best predictors of mortality, univariate, logistic regression, and Cox
regression analyses were computed based on subgroups of follow-up time using SPSS, version 21.0 (SPSS Inc.,
Chicago, IL).

Results
In our study, the occurrence of mortality in nonagenarians and centenarians after IF was 7.6%, 13.9%, and 28.5% at
6-month, 1-year, and 2-year follow-up, respectively. As shown in Table 1, a longer time from injury to surgery, more
blood transfusion volume, and lower levels of hemoglobin (minimum) were found in the mortality group than in the
survival group at 6-month follow-up. We also found that patients with complications such as respiratory failure and
anemia were associated with mortality at 6-month (Table 1). Our findings showed that longer time from injury to surgery,
postoperative respiratory failure, and anemia were associated with mortality at 1-year follow-up in Table 2. Additionally,
Table 3 shows that lower BMI, longer time from injury to surgery, and postoperative respiratory failure were related to
mortality at 2-year follow-up.

Cox regression analysis showed that respiratory failure after surgery (p=0.001, HR=5.026, 95% CI [1.969, 12.833])
was a risk factor of mortality after IF surgery. Postoperative respiratory failure was found as an independent risk factor of
of mortality after IF surgery at 6-month follow-up (p=0.004, OR=18.010, 95% CI [2.575, 125.956]), 1-year follow-up
(p=0.024, OR=10.336, 95% CI [1.367, 78.167]), and 2-year follow-up (p=0.011, OR=12.815, 95% CI [1.809, 90.782]) in
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Table 1 Comparison of Possible Factors Associated with Mortality in 6-Month Follow-Up Between Two Groups

Characteristics Morality Group (n=11) Survival Group (n=133) P value

Age, years 94.0 (90.0–97.0) 91.0 (90.0–93.0) 0.320
Gender, n (%) 0.509

Male 4 (36.4%) 37 (27.8%)

Female 7 (63.6%) 96 (72.2%)
BMI, kg/m2 20.1±2.8 21.9±3.1 0.067

≤24 10 (90.9%) 105 (78.9%) 0.612

24–28 1 (9.1%) 24 (18.1%)
>28 0 (0.0%) 4 (3.0%)

Time from injury to surgery, days 8.0 (6.0–10.0) 6.0 (4.0–7.0) 0.006*
≤2 0 (0.0%) 15 (11.3%) 0.165

3–4 2 (18.2%) 47 (35.3%)

>5 9 (81.8%) 71 (53.4%)
Time from injury to hospital, hours 14.0 (7.0–22.0) 12.0 (6.0–24.0) 0.886

≤12 5 (45.45%) 70 (52.6%) 0.824

13–24 5 (45.45%) 48 (36.1%)
>24 1 (9.1%) 15 (11.3%)

Fracture type, n (%) 0.827

AO A1.1–2.1 6 (54.5%) 68 (51.1%)
AO A2.2–3.1 5 (45.5%) 65 (48.9%)

Hospital stay, days 18.0 (12.0–21.0) 13.0 (9.5–17.0) 0.088

Transfusion, n (%) 0.290
Yes 9 (81.8%) 121 (91.0%)

No 2 (18.2%) 12 (9.0%)

Blood transfusion volume, u 8.0 (2.0–12.0) 4.0 (2.0–6.0) 0.036*
Operation time, min 120.0 (75.0–160.0) 90.0 (75.0–120.0) 0.076

≤60 1 (9.1%) 18 (13.5%) 1.000

>60 10 (90.9%) 115 (86.5%)
Blood loss, ml 200.0 (100.0–400.0) 200.0 (100.0–200.0) 0.481

Hemoglobin, g/L

Admission 95.3 (71.5~105.0) 100.4 (88.4~115.5) 0.060
Discharge 102.8 (94.1~106.4) 104.8 (96.0~110.4) 0.525

Minimum 78.9±17.0 89.1±13.0 0.016*

ASA classification, n (%) 0.539
I, II 6 (54.5%) 58 (43.6%)

III, IV 5 (45.5%) 75 (56.4%)

General anesthesia, n(%) 0.731
Yes 2 (18.2%) 34 (25.6%)

No 9 (81.8%) 99 (74.4%)

Vein thrombosis (admission) 0.754
Yes 6 (54.5%) 66 (49.6%)

No 5 (45.5%) 67 (50.4%)

Comorbidities
Electrolyte disturbance, n (%) 0.362

Yes 0 (0.0%) 17 (12.8%)

No 11 (100%) 116 (87.2%)
Anemia, n (%) 1.000

Yes 1 (9.1%) 14 (10.5%)

No 10 (90.9%) 119 (89.5%)
Dementia, n (%) 1.000

Yes 0 (0.0%) 11 (8.3%)

No 11 (100.0%) 122 (91.7%)

(Continued)
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Table 1 (Continued).

Characteristics Morality Group (n=11) Survival Group (n=133) P value

Pneumonia, n(%) 0.532

Yes 8 (72.7%) 81 (60.9%)

No 3 (27.3%) 52 (39.1%)
Arteriosclerosis, n (%) 0.457

Yes 1 (9.1%) 32 (24.1%)

No 10 (90.9%) 101 (75.9%)
Cerebrovascular disease, n (%) 0.728

Yes 2 (18.2%) 36 (27.1%)

No 9 (81.8%) 97 (72.9%)
Hypoproteinemia, n (%) 0.599

Yes 0 (0.0%) 13 (9.8%)

No 11 (100.0%) 120 (90.2%)
Arrhythmia, n (%) 1.000

Yes 1 (9.1%) 22 (16.5%)

No 10 (90.9%) 111 (83.5%)
Heart failure, n (%) 1.000

Yes 0 (0.0%) 5 (3.8%)

No 11 (100.0%) 128 (96.2%)
Diabetes, n (%) 1.000

Yes 1 (9.1%) 14 (10.5%)

No 10 (90.9%) 119 (89.5%)
Cerebral infarction, n (%) 1.000

Yes 1 (9.1%) 20 (15.0%)

No 10 (90.9%) 113 (85.0%)
Coronary heart disease, n (%) 1.000

Yes 2 (18.2%) 27 (20.3%)

No 9 (81.8%) 106 (79.7%)
Hypertension, n (%) 0.740

Yes 4 (36.4%) 41 (30.8%)

No 7 (63.6%) 92 (69.2%)
Complications

Heart failure, n (%) 0.383
Yes 3 (27.3%) 20 (15.0%)

No 8 (72.7%) 113 (85.0%)

Respiratory failure, n (%) 0.006*
Yes 3 (27.3%) 3 (2.3%)

No 8 (72.7%) 130 (97.7%)

Cerebral infarction, n (%) 0.213
Yes 1 (9.1%) 2 (1.5%)

No 10 (90.9%) 131 (98.5%)

Stress ulcer, n (%) 0.213
Yes 1 (9.1%) 2 (1.5%)

No 10 (90.9%) 131 (98.5%)

Arrhythmia, n (%) 0.304
Yes 5 (45.5%) 38 (28.6%)

No 6 (54.5%) 95 (71.4%)

Pneumonia, n (%) 0.292
Yes 1 (9.1%) 35 (26.3%)

No 10 (90.9%) 98 (73.7%)

(Continued)
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the logistic regression analysis, as shown in Table 4. Postoperative anemia (p=0.023, OR=5.872, 95% CI [1.277, 26.989])
was a risk factor of mortality after IF surgery at 6-month follow-up, as shown in Table 4.

Discussion
According to Cooper,6 6.26 million individuals will suffer from hip fractures globally by 2050, with a sharp increase in
Asian nations. Families and societies will bear a significant burden as a result of hip fractures in rapidly aging
populations, particularly nonagenarians and centenarians. As far as we know, little research on mortality following hip
fracture in China has been published. Chang7 conducted a meta-analysis and discovered that malignancy, nursing home
residency, duration to surgery (>2 days), pulmonary illness, diabetes, and cardiovascular disease were all associated with
an increased risk of death following hip fracture surgery in elderly patients. While Kim5 did a retrospective analysis in
nonagenarians with hip fractures and concluded that the mortality rates at 1-year and 2-year follow-up were 23.4% and
40.6%, respectively. Meanwhile, at the most recent follow-up, he established that high ASA and duration from trauma to
operation were substantial risk factors for mortality. According to Barceló,8 the number of comorbidities is a risk factor
for death in nonagenarians and centenarians.

Recently, a few papers have focused on the risk factors for mortality in nonagenarians and centenarians with hip
fracture, a contentious subject. As a result, we collected data from 144 patients to investigate the risk variables for
mortality after IF surgery using univariate, logistic regression analysis, and Cox regression analysis. It is the first study to
assess risk factors for mortality in nonagenarians and centenarians following IF surgery based on a subgroup of follow-up
time in China.

The results of Kim5 from South Korea showed 23.4% and 40.6% mortality rates in nonagenarians with hip fractures
at 1-year and 2-year follow-up. In Taiwan, China, the mortality rates were 20.3% at 6 months, 29.5% at 1 year, and
45.0% at 2 years after surgery in nonagenarians with hip fractures.9 In our study, the mortality rates were 7.6%, 13.9%,
and 28.5% at 6-month, 1-year, and 2-year follow-up, respectively, which was lower than the consequences of previous
studies.5,9 Two possible reasons may explain the difference in the mortality rate between this study and previous studies.

Table 1 (Continued).

Characteristics Morality Group (n=11) Survival Group (n=133) P value

Delirium, n (%) 0.605

Yes 0 (0.0%) 15 (11.3%)

No 11 (100.0%) 118 (88.7%)
Anemia, n (%) 0.017*

Yes 4 (36.4%) 11 (8.3%)

No 7 (63.6%) 122 (91.7%)
Vein thrombosis, n (%) 0.213

Yes 6 (54.5%) 47 (35.3%)

No 5 (45.5%) 86 (64.7%)
Electrolyte disturbance, n (%) 0.213

Yes 3 (27.3%) 66 (49.6%)

No 8 (72.7%) 67 (50.4%)
Hypoproteinemia, n (%) 0.347

Yes 7 (63.6%) 65 (48.9%)

No 4 (36.4%) 68 (51.1%)
Hyperglycemia, n (%) 0.087

Yes 4 (36.4%) 20 (15.0%)

No 7 (63.6%) 113 (85.0%)

Notes: Values are presented as the number (%) or the median (interquartile range). Hemoglobin and BMI are presented as mean±standard deviation. *P<0.05, statistical
significance.
Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiologists.
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Table 2 Comparison of Possible Factors Associated with Mortality in 1-Year Follow-Up Between Two Groups

Characteristics Morality Group (n=20) Survival Group (n=124) P value

Age, years 91.5 (90.3–95.0) 91.5 (90.0–93.0) 0.449
Gender, n (%) 0.486

Male 7 (35.0%) 34 (27.4%)

Female 13 (65.0%) 90 (72.6%)
BMI, kg/m2 20.9±2.6 21.8±3.1 0.231

≤24 17 (85.0%) 98 (79.1%) 0.671

24–28 3 (15.0%) 22 (17.7%)
>28 0 (0.0%) 4 (3.2%)

Time from injury to surgery, days 6.5 (5.0–8.8) 6.0 (4.0–7.0) 0.047*
≤2 2 (10.0%) 13 (10.5%) 0.132

3–4 3 (15.0%) 46 (37.1%)

>5 15 (75.0%) 65 (52.4%)
Time from injury to hospital, hours 17.5 (5.5–24.0) 12.0 (6.0–23.8) 0.553

≤12 9 (45.0%) 66 (53.2%) 0.714

13–24 9 (45.0%) 44 (35.5%)
>24 2 (10.0%) 14 (11.3%)

Fracture type, n (%) 0.728

AO A1.1–2.1 11 (55.0%) 63 (50.8%)
AO A2.2–3.1 9 (45.0%) 61 (49.2%)

Hospital stay, days 13.0 (9.0–18.8) 13.0 (10.0–18.0) 0.995

Transfusion, n (%) 0.414
Yes 17 (85.0%) 113 (91.1%)

No 3 (15.0%) 11 (8.9%)

Blood transfusion volume, u 5.0 (2.0–8.0) 4.0 (2.0–6.0) 0.480
Operation time, min 110.0 (78.8–133.8) 90.0 (75.0–120.0) 0.077

≤60 2 (10.0%) 17 (13.7%) 1.000

>60 18 (90.0%) 107 (86.3%)
Blood loss, ml 200.0 (162.5–300.0) 200.0 (100.0–200.0) 0.274

Hemoglobin, g/L

Admission 98.7 (75.3–107.6) 99.7 (88.7–115.8) 0.135
Discharge 102.8 (94.7–106.8) 104.9 (95.9–110.5) 0.490

Minimum 81.7 (72.8–98.1) 88.0 (80.4–97.8) 0.142

ASA classification, n (%) 0.306
I, II 11 (55.0%) 53 (42.7%)

III, IV 9 (45.0%) 71 (57.3%)

General anesthesia, n (%) 0.578
Yes 4 (20.0%) 32 (25.8%)

No 16 (80.0%) 92 (74.2%)

Vein thrombosis (admission) 1.000
Yes 10 (50.0%) 62 (50.0%)

No 10 (50.0%) 62 (50.0%)

Comorbidities
Electrolyte disturbance, n (%) 0.468

Yes 1 (5.0%) 16 (12.9%)

No 19 (95.0%) 108 (87.1%)
Anemia, n (%) 0.440

Yes 3 (15.0%) 12 (9.7%)

No 17 (85.0%) 112 (90.3%)
Dementia, n (%) 0.651

Yes 2 (10.0%) 9 (7.3%)

No 18 (90.0%) 115 (92.7%)

(Continued)

https://doi.org/10.2147/CIA.S360037

DovePress

Clinical Interventions in Aging 2022:17374

Wang et al Dovepress

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

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


Table 2 (Continued).

Characteristics Morality Group (n=20) Survival Group (n=124) P value

Pneumonia, n (%) 0.191

Yes 15 (75%) 74 (59.7%)

No 5 (25%) 50 (40.3%)
Arteriosclerosis, n (%) 0.567

Yes 3 (15%) 30 (24.2%)

No 17 (85%) 94 (75.8%)
Cerebrovascular disease, n (%) 0.879

Yes 5 (25%) 33 (26.6%)

No 15 (75%) 91 (73.4%)
Hypoproteinemia, n (%) 0.695

Yes 1 (5.0%) 12 (9.7%)

No 19 (95.0%) 112 (90.3%)
Arrhythmia, n (%) 0.528

Yes 4 (20.0%) 19 (15.3%)

No 16 (80.0%) 105 (84.7%)
Heart failure, n (%) 1.000

Yes 0 (0.0%) 5 (4.0%)

No 20 (100.0%) 119 (96.0%)
Diabetes, n (%) 0.694

Yes 1 (5.0%) 14 (11.3%)

No 19 (95.0%) 110 (88.7%)
Cerebral infarction, n (%) 1.000

Yes 3 (15.0%) 18 (14.5%)

No 17 (85.0%) 106 (85.5%)
Coronary heart disease, n (%) 0.765

Yes 3 (15.0%) 26 (21.0%)

No 17 (85.0%) 98 (79.0%)
Hypertension, n (%) 0.897

Yes 6 (30.0%) 39 (31.5%)

No 14 (70.0%) 85 (68.5%)
Complications

Heart failure, n (%) 0.319
Yes 5 (25.0%) 18 (14.5%)

No 15 (75.0%) 106 (85.5%)

Respiratory failure, n (%) 0.035*
Yes 3 (15.0%) 3 (2.4%)

No 17 (85.0%) 121 (97.6%)

Cerebral infarction, n (%) 0.051
Yes 2 (10.0%) 1 (0.8%)

No 18 (90.0%) 123 (99.2%)

Stress ulcer, n (%) 0.364
Yes 1 (5.0%) 2 (1.6%)

No 19 (95.0%) 122 (98.4%)

Arrhythmia, n (%) 0.111
Yes 9 (45.0%) 34 (27.4%)

No 11 (55.0%) 90 (72.6%)

Pneumonia, n (%) 0.095
Yes 2 (10.0%) 34 (27.4%)

No 18 (90.0%) 90 (72.6%)

(Continued)
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First, it might be related to different demographics, including age, distribution of gender, and comorbidity in each study.
Second, our institution, based on a collaborative multidisciplinary team care model, has specialist geriatric wards in the
management of older trauma and orthopedic patients who are over 75 years old. Professional physicians provide
professional treatment for internal medical diseases of the elderly before and after surgery to minimize postoperative
complications and allow the elderly to recover more quickly, which has greatly contributed to lowering post-discharge
mortality.

Recently, the role of comorbidity as a factor associated with the risk of mortality has been controversial.10 Kim5

believed that an ASA grade related to a patient’s comorbidity was considered a risk for mortality. The data of our study
indicated that anemia was a risk for mortality at 1-year after surgery, which was related to an important measure that
systematically prevented and cured internal diseases by our physicians before the operation. The mean number of
complications was found to be a risk factor for mortality in the study by Barceló.8 Although just 6 of 144 patients
suffering from postoperative respiratory failure, whether in univariate, logistic regression, or Cox regression analysis,
respiratory failure, as a rare and serious complication, was identified as an important risk factor for mortality at any time
of follow-up in our study. With regard to patients over the age of 90 years, IF was the first burden and surgery was
the second burden for their physical condition, which made it easy to induce a mortal disease like respiratory failure to
influence mortality at follow-up.

Regarding time from injury to surgery, Chang7 performed a meta-analysis and indicated that a delay of >2 days
significantly increased the mortality rate. Meng11 obtained the same results as Chang and recommended that orthopedic
surgery should be performed within 1 or 2 days after injury. On the contrary, other studies12,13 demonstrated that surgery
delay was not more important in influencing mortality compared to other factors such as medical conditions, age, and
sex. However, our findings showed that time from injury to surgery was markedly longer in the mortality group than in
the survival group by univariate analysis, but not an independent risk of mortality in logistic regression and Cox
regression analyses. Furthermore, no significant difference was found at any follow-up between the three subgroups (2
vs 2–5 vs >5 days). In our opinion, it should be dialectically treated. First, a surgical delay is easy to cause inflammation,
which in turn increases mortality. Second, early surgery may not obtain good outcomes for patients because the fracture

Table 2 (Continued).

Characteristics Morality Group (n=20) Survival Group (n=124) P value

Delirium, n (%) 1.000

Yes 2 (10.0%) 13 (10.5%)

No 18 (90.0%) 111 (89.5%)
Anemia, n (%) 0.008*

Yes 6 (30.0%) 9 (7.3%)

No 14 (70.0%) 115 (92.7%)
Vein thrombosis, n (%) 0.413

Yes 9 (45.0%) 44 (35.5%)

No 11 (55.0%) 80 (64.5%)
Electrolyte disturbance, n (%) 0.445

Yes 8 (40.0%) 61 (49.2%)

No 12 (60.0%) 63 (50.8%)
Hypoproteinemia, n (%) 0.335

Yes 12 (60.0%) 60 (48.4%)

No 8 (40.0%) 64 (51.6%)
Hyperglycemia, n (%) 0.330

Yes 5 (25.0%) 19 (15.3%)

No 15 (75.0%) 105 (84.7%)

Notes: Values are presented as the number (%) or the median (interquartile range). BMI are presented as mean±standard deviation. *P<0.05, statistical significance.
Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiologists.
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Table 3 Comparison of Possible Factors Associated with Mortality in 2-Year Follow-Up Between Two Groups

Characteristics Morality Group (n=41) Survival Group (n=103) P value

Age, years 91.0 (90.0–94.5) 92.0 (90.0–93.0) 0.693
Gender, n (%) 0.783

Male 11 (26.8%) 30 (29.1%)

Female 30 (73.2%) 73 (70.9%)
Body mass index, kg/m2 20.8 (18.7–22.9) 22.5 (20.0–23.4) 0.041*

≤24 34 (83.0%) 81 (78.6%) 0.845

24–28 6 (14.6%) 19 (18.4%)
>28 1 (2.4%) 3 (3.0%)

Time from injury to surgery, days 7.0 (4.5–9.0) 6.0 (4.0–7.0) 0.029*
≤2 2 (4.9%) 13 (12.6%) 0.206

3–4 12 (29.3%) 37 (35.9%)

>5 27 (65.8%) 53 (51.5%)
Time from injury to hospital, hours 13.0 (5.5–24.0) 12.0 (6.0–23.0) 0.540

≤12 20 (48.8%) 55 (53.4%) 0.683

13–24 15 (36.6%) 38 (36.9%)
>24 6 (14.6%) 10 (9.7%)

Fracture type, n (%) 0.980

AO A1.1–2.1 21 (51.2%) 53 (51.5%)
AO A2.2–3.1 20 (48.8%) 50 (48.5%)

Hospital stay, days 14.0 (9.5–18.0) 13.0 (10.0–18.0) 0.534

Transfusion, n (%) 0.541
Yes 36 (87.8%) 94 (91.3%)

No 5 (12.2%) 9 (8.7%)

Blood transfusion volume, u 4.0 (2.0–8.0) 4.0 (2.0–6.0) 0.830
Operation time, min 95.0 (82.5–120.0) 90.0 (75.0–120.0) 0.115

≤60 4 (9.8%) 15 (14.6%) 0.442

>60 37 (90.2%) 88 (85.4%)
Blood loss, ml 200.0 (100.0–200.0) 200.0 (100.0–300.0) 0.817

Hemoglobin, g/L

Admission 101.6 (85.6–116.5) 98.0 (88.1–113.4) 0.991
Discharge 104.1 (97.6–108.7) 105.0 (95.0–110.5) 0.959

Minimum 87.5 (76.9–99.8) 87.2 (79.1–95.4) 0.825

ASA classification, n (%) 0.160
I, II 22 (53.7%) 42 (40.8%)

III, IV 19 (46.3%) 61 (59.2%)

General anesthesia, n (%) 0.455
Yes 12 (29.3%) 24 (23.3%)

No 29 (70.7%) 79 (76.7%)

Vein thrombosis (admission) 0.853
Yes 21 (51.2%) 51 (49.5%)

No 20 (48.8%) 52 (50.5%)

Comorbidities
Electrolyte disturbance, n (%) 0.396

Yes 3 (7.3%) 14 (13.6%)

No 38 (92.7%) 89 (86.4%)
Anemia, n (%) 0.763

Yes 5 (12.2%) 10 (9.7%)

No 36 (87.8%) 93 (90.3%)
Dementia, n (%) 1.000

Yes 3 (7.3%) 8 (7.8%)

No 38 (92.7%) 95 (92.2%)
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Table 3 (Continued).

Characteristics Morality Group (n=41) Survival Group (n=103) P value

Pneumonia, n (%) 0.164

Yes 29 (70.7%) 60 (58.3%)

No 12 (29.3%) 43 (41.7%)
Arteriosclerosis, n (%) 0.791

Yes 10 (24.4%) 23 (22.3%)

No 31 (75.6%) 80 (77.7%)
Cerebrovascular disease, n (%) 0.731

Yes 10 (24.4%) 28 (27.2%)

No 31 (75.6%) 75 (72.8%)
Hypoproteinemia, n (%) 0.350

Yes 2 (4.9%) 11 (10.7%)

No 39 (95.1%) 92 (89.3%)
Arrhythmia, n (%) 0.782

Yes 6 (14.6%) 17 (16.5%)

No 35 (85.4%) 86 (83.5%)
Heart failure, n (%) 0.140

Yes 3 (7.3%) 2 (1.9%)

No 38 (92.7%) 101 (98.1%)
Diabetes, n (%) 0.233

Yes 2 (4.9%) 13 (12.6%)

No 39 (95.1%) 90 (87.4%)
Cerebral infarction, n (%) 0.991

Yes 6 (14.6%) 15 (14.6%)

No 35 (85.4%) 88 (85.4%)
Coronary heart disease, n (%) 0.299

Yes 6 (14.6%) 23 (22.3%)

No 35 (85.4%) 80 (77.7%)
Hypertension, n (%) 0.746

Yes 12 (29.3%) 33 (32.0%)

No 29 (70.7%) 70 (68.0%)
Complications

Heart failure, n (%) 0.782
Yes 6 (14.6%) 17 (16.5%)

No 35 (85.4%) 86 (83.5%)

Respiratory failure, n (%) 0.007*
Yes 5 (12.2%) 1 (1.0%)

No 36 (87.8%) 102 (99.0%)

Cerebral infarction, n (%) 0.195
Yes 2 (4.9%) 1 (1.0%)

No 39 (95.1%) 102 (99.0%)

Stress ulcer, n (%) 1.000
Yes 1 (2.4%) 2 (1.9%)

No 40 (97.6%) 101 (98.1%)

Arrhythmia, n (%) 0.760
Yes 13 (31.7%) 30 (29.1%)

No 28 (68.3%) 73 (70.9%)

Pneumonia, n (%) 0.070
Yes 6 (14.6%) 30 (29.1%)

No 35 (85.4%) 73 (70.9%)

(Continued)
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is the first burden and surgery is the second one for the physical condition of patients, especially nonagenarians and
centenarians. A short interval between the two burdens (fracture and surgery) may lead to fatal diseases such as
cerebrovascular diseases due to excessive blood loss. Third, we infer that an optimum surgical interval not only provides
a buffer between the two burdens for patients but also regulates the comorbidity. Future studies will find a lower
mortality rate.

Ryan14 reviewed data of 34,805 patients with hip fracture and demonstrated that anemia at presentation, causing
hypoperfusion, which was closely related to cardiocerebral diseases, was independently associated with higher rates of 30-
day postoperative mortality in old patients. However, Mantilla15 found the opposite conclusion, that preoperative anemia
was not an independent risk factor for death, which was the same as our findings. There were 15 out of 144 preoperative
anemia patients who all received transfusions during surgery, and only one patient died 3 months after surgery. Surprisingly,
postoperative anemia was found to be related to 6-month mortality, and the minimum level of hemoglobin during hospital
stay was significantly lower in the mortality group than in the survival group at 6-month follow-up. The level of hemoglobin
should be monitored in the same way, whether it is before or after surgery. Additionally, a marked difference was found in

Table 3 (Continued).

Characteristics Morality Group (n=41) Survival Group (n=103) P value

Delirium, n (%) 1.000

Yes 4 (9.8%) 11 (10.7%)

No 37 (90.2%) 92 (89.3%)
Anemia, n (%) 0.365

Yes 6 (14.6%) 9 (8.7%)

No 35 (85.4%) 94 (91.3%)
Vein thrombosis, n (%) 0.265

Yes 18 (43.9%) 35 (34.0%)

No 23 (56.1%) 68 (66.0%)
Electrolyte disturbance, n (%) 0.178

Yes 16 (39.0%) 53 (51.5%)

No 25 (61.0%) 50 (48.5%)
Hypoproteinemia, n (%) 0.580

Yes 19 (46.3%) 53 (51.5%)

No 22 (53.7%) 50 (48.5%)
Hyperglycemia, n (%) 0.563

Yes 8 (19.5%) 16 (15.5%)

No 33 (80.5%) 87 (84.5%)

Notes: Values are presented as the number (%) or the median (interquartile range). *P<0.05, statistical significance.
Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiologists.

Table 4 Logistic Regression in Mortality Based on Subgroup of Follow-Up Time

Factors B SE p OR 95% CI

Lower Upper

6-month follow-up

Post-operative respiratory failure 2.891 0.992 0.004* 18.010 2.575 125.956

Post-operative anemia 1.770 0.778 0.023* 5.872 1.277 26.989
1-year follow-up

Post-operative respiratory failure 2.336 1.032 0.024* 10.336 1.367 78.167

2-year follow-up
Post-operative respiratory failure 2.551 0.999 0.011* 12.815 1.809 90.782

Note: *P<0.05, statistical significance.
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blood transfusion volume between the two groups in short-term follow-up. It is well established that allogenic blood
transfusions can cause clinically significant immunosuppression in recipients, increasing the risk of infections, organ
dysfunction, and even death.16 More blood transfusion volume means a higher rate of mortality.17,18

Limitations
Although this study provides several novel findings, it has some limitations. This was a retrospective, single-center study.
A large sample, multicenter, randomized controlled study was needed. Secondly, another factor such as the Charlson
comorbidity index that might influence mortality was not fully included due to retrospective studies’ limitations. Finally,
although four doctors conducted the operations, they were all surgeons who have worked in orthopedic surgery for more
than 10 years with good surgical skills and experience.

Conclusions
Respiratory failure after surgery was an independent risk factor for mortality in nonagenarians and centenarians at any
follow-up. Additionally, postoperative anemia was associated with an increased risk of mortality in nonagenarians and
centenarians at short follow-up. This article aimed to share some experience with surgeons and suggests that pre-
operative measures should be taken to lower the incidence of mortality in nonagenarians and centenarians with IF
surgery.

Abbreviations
IF, intertrochanteric fracture; BMI, body mass index; ASA, American Society of Anesthesiologists.
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