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Preoperative anemia and total
hospitalization time are the independent
factors of preoperative deep venous
thromboembolism in Chinese elderly
undergoing hip surgery
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Abstract

Background: This study was designed to explore the prevalence and risk factors of preoperative deep venous
thromboembolism (DVT) in Chinese elderly with hip fracture.

Methods: From January 1, 2012, to December 31, 2018, 273 elderly patients over 70 years old with elective hip surgery
were collected from the electronic medical records. Collected data included demographic characteristics, comorbidities, ASA
classification, types of previous operations, types of anesthesia, operation time, fracture to operation time, preoperative
hemoglobin level, anemia, blood-gas analysis, cardiac function, whether transfusion, preoperative hospitalization,
postoperative hospitalization, electrocardiograph, lower limb venous ultrasonography and total hospitalization time.

Results: In these 273 patients, 15(5.6%) had ultrasonography evidence of DVT in affected limbs before surgery. Three of all
patients received an temporary inferior vena cave filter placement preoperatively. Fracture to surgery time, preoperative
hemoglobin level, anemia, preoperative hospitalization, pulmonary disease and total hospitalization time were statistically
different between DVT group and non-DVT group (P< 0.05 for all). Moreover, preoperative anemia (OR: 0.144, 95%CI: 0.026–
0.799, P= 0.027) and total hospitalization time (OR: 1.135; 95%CI: 1.023–1.259, P= 0.017) were the two independent risk
factors for preoperative DVT.

Conclusion: Preoperative anemia and total hospitalization time were independent risk factors for venous DVT in Chinese
elderly with hip fracture.
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Background
Venous thromboembolism (VTE) including deep vein
thrombosis (DVT) and pulmonary embolism (PE) is a ser-
ious and preventable complication after hip fracture [1–4].

The risk for VTE among patients undergoing major
orthopedic surgery, particularly hip fracture surgery, is the
highest among all surgical patients. It has been reported
that preoperative DVT had an incidence of 6–9% in pa-
tients with hip fracture receiving surgery within the 48 h,
whereas the rate could be raised to 54.5–62% when there
was a delay for more than 48 h [5]. Pedersen et al. [6] have
proposed that hip fracture was associated with increased
subsequent risk of VTE in a population-based cohort

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: Beijing_301@sina.com; mazuimao301@163.com
3Department of Anesthesia Operation Center, Chinese PLA General Hospital,
No.28, Fuxing Road, Beijing 100853, China
1Medicine School of Chinese PLA, No.28, Fuxing Road, Beijing 100853, China
Full list of author information is available at the end of the article

Feng et al. BMC Anesthesiology           (2020) 20:72 
https://doi.org/10.1186/s12871-020-00983-2

http://crossmark.crossref.org/dialog/?doi=10.1186/s12871-020-00983-2&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:Beijing_301@sina.com
mailto:mazuimao301@163.com


study of 110,563 patients with incident hip fracture. The
risk of VTE increased 17-fold in the first 30 days after hip
fracture, declining to a 2.1 fold increase from 31 to 365
days following hip fracture. Risk factors for VTE include
age, obesity, chronic obstructive pulmonary disease
(COPD), atrial fibrillation, anemia, depression, trauma,
total knee arthroplasty, hypercoagulable states and post-
operative complications [7]. Shahi et al. [8] have also
pointed out that the advanced age (greater than 70 years
old, OR: 1.3, 95% CI:1.1–1.4) is the risk factors for devel-
oping in-hospital VTE. However, limited studies has been
performed to observe the risk factors of preoperative DVT
in Chinese elderly over 70 years old with hip fracture.
Thus, the purpose of this study was to explore the preva-
lence and risk factors of preoperative DVT in Chinese eld-
erly over 70 years old with hip fracture.

Methods
This retrospective single-center study included 273 con-
secutive patients over 70 years old with hip fracture and
elective surgery in Hainan Hospital of Chinese People’s
Liberation Army General Hospital from January 1, 2012
to December 31, 2018. Exclusion criteria for this study in-
cluded age < 70 years, multi-type of fracture and conserva-
tion treatment (Fig. 1). All data were collected from the
electronic medical records. Collected data included demo-
graphic characteristics, comorbidities (including diabetes,
hypertension, stroke, ischemic heart disease, arrhythmia,
congestive heart failure, and COPD), hemoglobin level,
erythrocyte sedimentation (ESR), D-dimer, ASA classifica-
tion, types of surgeries, types of anesthesia, preoperative
hospitalization, postoperative hospitalization, whether
transfusion, operation time, fracture to operation time,
preoperative hemoglobin level, anemia (the anemia was
defined as hemoglobin below 120 g / dL in male and 110 g
/ dL in female), blood-gas analysis, cardiac function, elec-
trocardiograph, preoperative lower limb venous ultrason-
ography and hospitalization time. Types of hip fractures
included the femoral neck, intertrochanteric, subtrochan-
teric, and proximal shaft fractures.

Performed surgeries included hip replacement and fixation
procedures. All patients with hip fractures were routinely
treated with a low molecular weight heparin sodium daily to
prevent DVT after hospitalization. In addition, all patients
underwent routine ultrasound examination of the lower ex-
tremities before surgery and before discharge. DVTs were
classified into three types: central type, peripheral type, and
mixed type. Central type referred to thrombus occurring
proximal to the knee in the iliacs, superficial femoral and/or
femoral veins. Peripheral type was defined as thrombosis dis-
tal to the knee in the posterior tibial veins or peroneal veins.
DVT was classified as mixed type when involving the whole
deep venous system of lower limb. Ultrasonography of lower
limb veins was usually performed again before leave hospital.
The diagnosis of DVT was according to Robinov criterion,
which are included the following four parts: 1. In constant
filling defects, thrombi are constant in appearance, and tend
to be sharply delineated; 2. Abrupt termination of the
opaque column occurs at a constant site in a vain, either
above or below the obstruction; 3. Nonfilling of the entire
deep system or portions thereof when proper technique is
used is abnormal and usually due to phlebitis; 4. Diversion of
flow, representing collateral flow, is the counterpart if the
nonfilling described above [9]. Besides, the anemia in this
study was defined as hemoglobin below 120 g / dL in male
and 110 g / dL in female.

Statistically analysis
Continuous data were presented as the means and standard
deviations (SD). Categorical data were presented as the num-
bers and percentages. By comparing the DVT group with
the non-DVT group, when performing univariate logistic re-
gression analysis when P values < 0.05 is a risk factor. When
the factors P values is < 0.1, a multivariate analysis is per-
formed. These risk factors were then included in multivariate
logistic regression analyses to detect the risk factors inde-
pendently affecting the DVT. Odds ratios were displayed
with a 95% confidence interval if the p < 0.05. P < 0.05 was
considered statistically significant. All data were analyzed in
Statistic Package for Social Science (SPSS) version 19.0 (SPSS
Inc., Chicago, USA).

Fig. 1 Exclusion criteria and the number of studies were included in this study
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Results
Clinical characteristics
All patients had an average age of 78 ± 11 years, and 57%
were women. Among the 273 patients, 1 underwent sur-
gery within 24 h, 16 within 48 h, 57 within 72 h and the
199 more than 72 h. The mean time to surgery was
99.6 ± 22.1 h. There were 3.4% of patients with surgery
within the 48 h after the fracture. Fifteen patients (5.6%)
had limb DVT (10 cases were peripheral type, and 5
cases were central type). Two of the DVT (1 peripheral
type and 1 central type) occurred 48 h before surgery,
and the other 13 occurred after 48 h from the time of
hip fracture. No PE occurred in the perioperative period.

Univariate analyses
In the univariate analysis, fracture to surgery time, pre-
operative hemoglobin level, anemia, pulmonary disease,
preoperative hospitalization and total hospitalization
time were statistically different between DVT group and
non-DVT group (P < 0.05 for all). There were no statis-
tical difference between two groups in age, sex, diabetes,
hypertension, stroke, ischemic heart disease, arrhythmia,
whether transfusion, congestive heart failure, postopera-
tive hospitalization, international normalized ratio (INR)
and ESR (P > 0.05) (Table 1).

Multivariate analyses
Multivariate logistic regression analyses confirmed that
preoperative anemia (OR: 0.144, 95% CI: 0.026–0.799,
P = 0.027) and total hospitalization time (OR: 1.135;
95%CI: 1.023–1.259, P = 0.017) were the two independ-
ent risk factors for preoperative DVT (Table 2).

Discussion
This study demonstrated that the overall incidence of
DVT after hip fracture was 5.6%, and no PE occurred in
all patients. In addition, multivariate logistic regression
analyses indicated that preoperative anemia and total
hospitalization time were the independent risk factors
for preoperative DVT after hip fracture.
Hip fracture is one of the most common orthopedic

conditions. The risk of VTE in patients with hip fracture
is substantial, which is the second most frequent compli-
cation of surgery. Reboerts et al. [3] and Hefley et al. [4]
have reported that the incidence of DVT was about 6–9%
in patients with hip fracture. In addition, Wong et al. [10]
have been reported that the incidence of VTE was 6.4%
after proximal hip fracture in Singapore. Mok et al. [11]
have also reported that the incidence of VTE was 8% after
proximal hip fracture in Hong Kong. All above results are
the same to our results. Furthermore, delayed surgery for
these kinds of patients is known to be one of the most im-
portant factors contributing to the high incidence of pre-
operative DVT [4]. Hip fracture surgery should be

performed within 48 h after fracture [12]. However, in
clinical work, targeting within the 48 h, even in the 24 h,
represents a significant change in practice because 66% of
the patients did not receive surgery within time frame
[13]. Only 3.4% of patients in our study completed surgery
within 48 h after fracture, because the multi-disciplinary
consultation and preoperative evaluation are often re-
quired owing to the prevalence of severe comorbidities in
these patients but assessing appropriately.
The incidence of anemia at admission in individuals with

hip fracture is high, varying from 12.3% with hemoglobin
level less than 10 g/dL to 40.4% with hemoglobin level less
than 12 g/dL [14]. Anemia is associated with increased
mortality, increase VTE risk, prolong admission, higher re-
admission rate and increased mortality rate in patients with
hip fracture [15–20]. Furthermore, most patients in this
study often had cardiovascular disease (28%) before surgery,
which reminded that we should actively correct a severely
decreased preoperative hemoglobin of less than 9 during
perioperative low hemoglobin in order to reduce the risk of
cardiovascular events. Because the most frequent cause of
death after hip fracture surgery is cardiovascular diseases
[21]. The lower hemoglobin level at admission is not owing
to bleeding from trochanteric fracture, but reflects the
anemia before the injury. It is known that the anemia and
low hemoglobin concentrations were significantly associ-
ated with frailty [22]. Frailty has been shown to predict ad-
verse outcomes in older surgical patients, which is related
with more postoperative complications, length of stay, and
greater morbidity and mortality [22–25] . However, frailty
is a common status among hip fracture patients and ser-
iously affect quality of life on these patients [23, 24]. Chen
et al. [25] study found that the frailty state of elderly pa-
tients with hip fracture surgery can significantly increase
major adverse events, including mortality, readmission,
and postoperative emergency room visits. Inoue et al. [26]
also pointed that the frailty can be assessed as a predict
short-term functional recovery during the acute phase in
patients with hip fracture. Therefore, early identification
of prefracture frailty in patients with a hip fracture is im-
portant for prognostic counselling, care planning and the
tailoring of treatment [27].
The total estimated number of hip fracture in Asian

countries will increase from 1.12 million in 2018 to 2.56
million in 2050 [28]. Hip fractures are related to in-
creased morbidity and adverse clinical outcomes during
hospitalization and discharge are common and costly oc-
currences [29]. It is logical to perform surgery as early as
possible (Best within 48 h after hip fracture) in order to
avoid these complications, especially to reduce the risk
of VTE. Optimal strategies for thromboprophylaxis after
hip fracture also include use one of the following anti-
thrombotic prophylaxis (Low molecular weight heparin,
Fondaparinux, Low dose unfractionated heparin, et al)
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for a minimus of 10 and/or 14 days, or an intermittent
pneumatic compression device [30]. In addition to above
measures, more and more evidence have suggested that
comprehensive geriatric assessment decreased the risks

of complications after hip fracture [31],which is not
delaying surgery but assessing appropriately. Kammer-
lander et al. [32] have been pointed out that the interdis-
ciplinary team could achieve the lowest in-hospital

Table 1 Factors associated with the development of perioperative DVT

Variables DVT group Non- DVT group P value

Age(mean years±SD) 78 ± 4 78 ± 5 0.911

Male sex (%) 2 70 0.330

BMI(mean ± SD) 22.9 ± 4.1 23.1 ± 4 0.910

EF(%) 60.5 ± 1.1 60.6 ± 3.7 0.661

Comorbidities

Hypertension 5 117 0.303

Coronary artery disease 1 42 0.478

Diabetes 3 58 0.529

Arrhythmia 2 32 0.600

Cerebral infarction 2 32 0.583

Pulmonary disease 3 15 0.074

Anemia 13 133 0.014

PH(mean ± SD) 7.43 ± 0.02 7.49 ± 1.22 0.861

Hb(mean ± SD) 107.1 ± 10.1 115.6 ± 18.7 0.007

PCO2(mean ± SD) 37.7 ± 4.4 39.8 ± 5.7 0.212

PO2(mean ± SD) 76.2 ± 9.6 75.9 ± 17.9 0.490

D-dimer(mean ± SD) 4860 ± 7824 3373 ± 7380 0.095

ESR(mean ± SD) 42.0 ± 18.6 33.9 ± 19.7 0.113

ASA classification

I-II 6 106 0.814

III-IV 9 143 0.814

Anesthesia method

General anesthesia 2 46 0.859

Epidural anesthesia 0 16 0.609

Regional nerve block 10 151 0.892

General + nerve block 3 33 0.443

Injure to operation time(day) 18.1 ± 12.1 13.7 ± 36.3 0.002

Type of operation

Hip replacement 1 25 1.000

Femoral head replacement 4 93 0.386

Bone nail 10 128 0.270

Operation time(min) 103.1 ± 53.4 99.7 ± 47.4 0.901

Preoperative hospitalization(day)
8.1 ± 3.2

6.4 ± 3.2 0.039

Postoperative hospitalization(day)
12.4 ± 4.5

10.0 ± 6.4 0.159

In-hospital time(day) 20.5 ± 4.5 16.5 ± 7.3 0.001

Blood loss(ml) 365 ± 464 258 ± 220 0.898

Whether transfusion
2

36 0.904

BMI Body mass index, ASA American society of anesthesiology, ESR Erythrocyte sedimentation rate, EF Ejection fraction
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mortality rate (1.14%), the lowest hospitalization time
(7.39 days) and the lowest mean time to surgery (1.43
days). Besides, comanaged geriatric fracture center pro-
gram that has resulted in lower than the predicted
hospitalization time and readmission rates, with short
time to surgery, low complication rates and low mortal-
ity [33, 34]. A previous study has also pointed out that the
mean postoperative length of stay was 5 days in the USA
and 34 days in the Japan, and the risk of death after hos-
pital discharge was doubled in the USA in comparison
with Japan [35]. Because shorter length of stay after hip
fracture is associated with increased risk of death after
hospital discharge, but only among patients with length of
stay of 10 days or less [36]. Therefore, it is prudent to pro-
longed hospital stay for patients at high risks after hip
fracture surgery. Furthermore, European and North
American studies have also shown that care provision by
more nurses with at least bachelor’s degrees are associated
with lower mortality after surgery [37, 38]. Physical ther-
apy also important to enhance functional capacity and
postpone the need for institutional care, and diminish the
use of social and health care services for the older with
signs of frailty or with a recent hip fracture [39].

Limitations
Our study has some limitations. First, this study was a
single-center retrospective analysis and all data were
retrospectively collected. A multi-center randomized
controlled trial is needed in the future. Second, only
5.6% of patients in this study were found to have DVT
before surgery, some maybe were missed on ultrasonog-
raphy. Third, our study not evaluate the postoperation
and long term morbidity, such as the arrhythmia, myo-
cardial infarction and pneumonia. Four, this study not
mention the importance of physical therapy for reduce
the incidence and severity of frailty and mortality.

Conclusion
In order to reduce the risk of DVT, it is currently agreed
that elderly hip fracture patients should be operated as
soon as possible, preferably within 48 h after the fracture.

However, for critically ill patients, comprehensive geriatric
assessment is not about delaying surgery but assessing ap-
propriately. Besides, cardiovascular diseases are often asso-
ciated with such patients before operation. Active
correction of severe anemia of < 9 and frailty is also bene-
ficial to reduce the risk of cardiovascular events, morbidity
and mortality during perioperative period. In addition,
prevention and minimize the risk of DVT after postopera-
tively should be mobilization with active physical therapy,
chemical prophylaxis against VTE (such as Low molecular
weight heparin, et al) for a minimus of 10 to 14 days, and
surveillance with screening ultrasonographies. For high-
risk patients, the length of hospital stay should be appro-
priately extended, and aggressive postoperative medical
care and physical therapy also should be received.
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