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ABSTRACT

Objective: To investigate the frequency of deep vein thrombosis (DVT) in patients aged over 80 years on admission after intertrochan-
teric femur fracture and to explore the risk factors of DVT.

Study Design: Descriptive study.

Place and Duration of the Study: Department of Orthopaedics, China-Japan Friendship Hospital, Beijing, China, from 1* January 2019
to 31* December 2022.

Methodology: A group of patients aged over 80 years with intertrochanteric fracture were included according to the presence or
absence of DVT confirmed by ultrasonography on admission. The patients were divided into the non-DVT and DVT groups. Clinical data
were retrospectively compared between the two groups and analysed by multivariate logistic regression to screen risk factors of DVT.
Results: A total of 130 patients meeting the inclusion criteria were enrolled, and 37 of them had DVT on admission, with a prevalence
of 28.5%, including 25 (67.6%) distal peripheral DVT, 11 (29.7%) proximal central DVT, and 1 (2.7%) mixed DVT. The American Society
of Anaesthesiologists (ASA) classification, Charlson comorbidity index, the serum levels of D-dimer, fibrinogen degradation products,
albumin, potassium, inorganic phosphorus, and calcium showed significant differences between the two groups (p <0.1). Multivariate
analysis identified increased D-dimer (>6.005 mg/L), decreased albumin (<36.45 g/L), and reduced potassium (<3.650 mmol/L) as inde-
pendent factors for DVT in aged intertrochanteric fracture patients (AIFPs).

Conclusion: A high incidence of DVT was revealed in AIFPs, and elevated D-dimer levels, reduced albumin levels, and reduced potas-

sium concentrations were shown to be correlated to DVT.
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INTRODUCTION

Increased expected age is leading to an increase in the inci-
denceofhipfracture, which will cause morethan 6 million cases
worldwide by 2050." After orthopaedic trauma, venous throm-
boembolism as a potentially fatal complication can occur.?
Deep vein thrombosis (DVT) is often associated with hip frac-
tures and can lead to chronic pain, secondary varicose veins,
ulcers or potentially fatal pulmonary embolism.”> Previous
studies have shown that the incidence of preoperative DVT in
hip fractures is 8 to 34.9%.>* In addition, aged patients after
fractureareoftenin poorphysical condition, soadvanced ageis
reported to be an independent risk factor of DVT.*’Itis a crucial
and challenging job to identify risk factors for preoperative DVT
in aged patients after fracture because of numerous note-
worthy risk factors.
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Currently, the available related studies are limited. Moreover,
early detection and prevention of thromboembolism in aged
patients with intertrochanteric fractures remain controversial.
Therefore, itisimportant for patients’ prognosis to understand
the risk factors for DVT in aged intertrochanteric fracture
patients (AIFPs), which may be beneficialtothetimely interven-
tions. The aim of this study was to retrospectively analyse the
clinical data of AIFPs over 80 years of age at the time of admis-
sion to identify the epidemiologic characteristics and associ-
atedriskfactorsof DVT.

METHODOLOGY

The study got approval from the Ethical Board of the China-
Japan Friendship Hospital (ERB No. 2023-KY-145) and was
carried out in accordance with the instructions of the Declara-
tion of Helsinki. A total of 130 AIFPs treated at the Department
of Orthopaedics in China-Japan Friendship Hospital, Beijing,
China, from 1% January 2019 to 31% December 2022 were
recruited. The inclusion criteria were patients over 80 years
old, low-energy trauma-caused unilateral intertrochanteric
fracture, and admission within 7 days of fracture. Participants
with high-energy injuries, open or multiple injuries, surgical
intolerance, history of venous thromboembolism, pathologic
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fractures, anticoagulant treatments, cancer treatments, and
incompleteimagingorlabexamination were excluded.

All patients underwent a Duplex ultrasonography of both legs
on admission for the presence of DVT, which was conducted
and reviewed by radiologists. DVT was manifested with vein
incompressibility, solid echo, and blood flow signal-filling
defect in the cavity and patients were grouped into the prox-
imal central (popliteal, femoral, and iliac veins), distal
peripheral (calf muscle, fibular, anterior/posteriortibial veins),
and mixed thrombosis.® According to the presence or absence
of DVT on admission, the enrolled AIFPs combined with DVT
were identified as the DVT group (n = 37), and patients without
DVTwerethenon-DVTgroup (n=93).

The clinical data of all the patients on admission were
collected based on the resource management platform of
China-Japan Friendship Hospital. These data were age, gender,
body mass index (BMI), injury-related characteristics (site,
time from injury to admission, and fracture type based on AO /
OTA classification), The American Society of Anaesthesiolo-
gists (ASA) classification, Charlson comorbidity index, labora-
tory test results on admission including white blood cell count
(WBC), red blood cell count (RBC), haemoglobin (HGB), platelet
(PLT), alanine aminotransferase (ALT), albumin (ALB), fasting
blood glucose (GLU), serum sodium (Na), serum potassium (K),
inorganic phosphorus (IP), serum calcium (Ca), creatinine (CR),
estimated glomerular filtration rate (eGFR), prothrombin time
(PT), activated partial thromboplastin time (APTT), D-dimer,
andfibrinogendegradation products (FDP).

Statistical analysis was carried out using the software SPSS
version 20.0. The measurement data were presented as mean
+ standard deviation or median and quartile based on normal
distribution by Kolmogorov-Smirnov test. Student'’s t-test or
Mann-Whitney U test was performed for the comparison of
means or medians between the two groups, respectively. The
categorical data were expressed as count and percentage, and
compared by Chi-squared test. Univariate analysis was used to
investigate risk factors with approximately significant (p <0.1)
contributions to the occurrence of DVT. Some DVT-associated
continuous variables were converted to categorical variables
by the cut-offvalues, obtained by maximum Youdenindex (sen-
sitivity + specificity-1) in receiver operating characteristic
(ROC) curves to evaluate the relationship of new variables and
DVT. Multivariate stepwise logistic regression analysis was
further adopted to analyse the factors with significant differ-
ence and generate adjusted odds ratios (ORs). A p <0.05 was
considered statistically significant.

RESULTS

According to the presence or absence of DVT on admission, 37
patients withamean age of 86.5 + 3.9 years and a gender ratio
0f10:27 (male:female) were diagnosed with DVT and identified
asthe DVTgroup, so the prevalence of DVT in intertrochanteric
fracture patients over 80 years old on admission was 28.5% in
this study. As for the DVT location, 25 (67.6%) patients had

distal peripheral DVT, 11 (29.7%) had proximal central DVT,
and1(2.7%)had mixed DVT.

Therewere nosignificantdifferencesinage, gender, BMI, injury
side, time from injury to admission, fracture classification, and
the levels of WBC, RBC, HGB, PLT, ALT, GLU, Na, CR, eGFR, PT,
and APTT between the non-DVT, and DVT groups (p >0.1).
However, ASA classification, Charlson comorbidity index, and
thelevels of D-dimer, FDP, ALB, K, IP, and Ca showed significant
differencesbetweenthetwogroups(p <0.1, Tablel).

Table I: Comparison of clinical data between the non-DVT and DVT
groups.

Variables Non-DVT DVT p-value
(n =93) (n = 37)

Age (years) 86.7 + 4.6 86.5 + 3.9 0.853"

Gender (n, %) 0.485°

Male 31(33.3%) 10 (27.0%)

Female 62 (66.7%) 27 (73.0%)

BMI (kg/m?) 2251 +4.29 22.67 £ 4.05 0.854"

Injury side (n, %) 0.892°

Left 44 (47.3%) 18 (48.6%)

Right 49 (52.7%) 19 (51.4%)

Time from injury to 1.0 (0.4-2.0) 1.0 (1.0-2.5) 0.412°

admission (days)

Fracture classification (n, %) 0.839°

Stable 56 (60.2%) 23 (62.2%)

Non-Stable 37 (39.8%) 14 (37.8%)

ASA class (n, %) 0.007°

2 33 (35.5%) 6 (16.2%)

3 59 (63.4%) 28 (75.7%)

4 1(1.1%) 3(8.1%)

Charlson comorbidity index 5 (4-6) 5 (5-6) 0.065°

WBC (x10°/L) 8.86 £ 24 8.44 £ 2.6 0.381"

RBC (x10"/L) 3.36 £ 0.59 3.42 £ 0.67 0.641"

HGB (g/L) 104.5 +18.1 1049 +17.2 0.918

PLT (x10°/L) 191.8 + 69.4 186.0 + 56.9 0.650"

ALT (g/L) 15 (10.5-19) 14 (11-19.5) 0.871°

ALB (g/L) 36.8 + 3.0 35.7+3.5 0.078"

GLU (g/L) 6.87 (5.98-8.25) 7.02 (6.00-8.93) 0.518°

K (mmol/L) 4.00 (3.75-4.40) 3.8(3.45-4.00) 0.004*

Na (mmol/L) 138.0 = 3.4 1373 5.1 0.326"

IP (mmol/L) 1.025 (0.91-1.16) 0.98 (0.89-1.07) 0.066°

Ca (mmol/L) 2.16 £ 0.13 2.11+0.13 0.040"

CR (umol/L) 72.6 (61.8-94.2) 64.1 (57.2-85.7) 0.860°

eGFR [mL/(min*1.73 m?)] 70.5 (55.7-79.7) 78.7 (58.9-83.7) 0.145°

PT (s) 142+ 0.8 14.4 + 0.7 0.293

APTT (s) 39.7+6.2 412+75 0.245

D-dimer (mg/L) 3.89 (2.07-7.02) 6.46 (2.71-13.4) 0.001°

FDP (ug/mL) 14.38 (6.97-31.43)  22.58 (11.07-48.73) 0.034°

'Data are presented as mean + standard deviation and compared by Student’s t-test.
’Data are presented as count and percentage and compared by Chi-squared test. °Data
are presented as median and quartile and compared by Mann-Whitney U test.

BMI: Body mass index, ASA: American Society of Anaesthesiologists, WBC: White blood
cell count, RBC: Red blood cell count, HGB: Haemoglobin, PLT: Platelet, ALT: Alanine
aminotransferase, ALB: Albumin, GLU: Fasting blood glucose, Na: Serum sodium, K:
Serum potassium, IP: Inorganic phosphorus, Ca: Serum calcium, CR: Creatinine, eGFR:
Estimated glomerular filtration rate, PT: Prothrombin time, APTT: Activated partial
thromboplastin time, FDP: Fibrinogen degradation products.

By analysis of the ROC curve as shown in Figure 1 and Youden’s
index, the cut-offlevels of these laboratory indexes were deter-
mined to be D-dimer of 6.005 mg/L, FDP of 20.78 pg/ml, ALB of
36.45 g/L, K of 3.650 mmol/L, IP of 1.075 mmol/L, and Ca of
2.045 mmol/L. Afterconvertingthesesix variablesinto categor-
ical variables, they were still associated with DVT as shown in
Tablell.

The eight indexes with significant difference in the univariate
analysiswere used asindependentvariables, and the presence
of DVT in AIFPs was set as the dependent variable in multi-
variate stepwise logistic regression analysis. The results
showed that high D-dimer level (>6.005 mg/L, OR 3.586, 95%
Cl 1.501-8.570, p = 0.004), low ALB level (<36.45 g/L, OR
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3.370,95%Cl 1.393-8.152, p=0.007), and low P level (<3.650
mmol/L, OR 2.886, 95% Cl 1.092-7.627, p = 0.033) were risk
factors for DVT on admission in AIFPs. Hosmer-Lemeshow test
indicated thismodel’s fitnesswasgood (y2=2.274,p=0.810).

Table II: Categorical variables by thresholding significantly associated
continuous variables from laboratory tests.

Variables Non-DVT DVT Maximum p-value
(n=93) (n =37) Youden’s
index
ALB <36.45 g/L 35 (37.6%) 24 (64.9%) 0.272 0.005
K<3.650 mmol/L 11 (11.8%) 13 (35.1%) 0.233 0.002
IP <1.075 mmol/L 55 (59.1%) 29 (78.4%) 0.192 0.038
Ca <2.045 mmol/L 12 (12.9%) 12 (32.4%) 0.249 0.010
D-Dimer >6.005 mg/L 30 (32.3%) 22 (59.5%) 0.272 0.004
FDP >20.78 ug/ml 31 (33.3%) 22 (59.5%) 0.261 0.006

All data are presented as count and percentage and compared by Chi-squared test. ALB:
albumin, K: Serum potassium, IP: Inorganic phosphorus, Ca: Serum calcium, FDP: Fibrinogen
degradation products.
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Figure 1: ROC curve for logistic regression model of significant DVT-
associated continuous variables.

ALB: Albumin, K: Serum potassium, IP: Inorganic phosphorus, Ca: Serum
calcium, FDP:Fibrinogendegradation products.

DISCUSSION

DVTisoftenassociated with fractures, especiallyinaged hipfrac-
ture patients.’ Currently, most studies of DVT on admission after
hip fractures have focused on elderly patients aged over 60
years. Fan et al. demonstrated that DVT developed in 20.8% of
AIFPs on admission.” Zuo et al. reported that 20.1% of
intertrochanteric fracture patients had DVT on admission.*® This
study demonstrated that the prevalence of DVT on admission
was 28.5% in AIFPs over 80 years old, which was higher than
previous results. Age increases the risk of in-hospital venous
thrombus embolism.” The older age of patients in this study
might explain the high prevalence of DVT. It is worth noting that
this study provides the first evidence of DVT on admission in
AIFPs over 80 years old. Moreover, the incidence of proximal
central and mixed DVT was 32.4%, which was not low compared
to 12.2% in the study of Xing et al.* On the other hand, the inci-
dence of distal DVT was 67.6%, including calf muscular vein
thrombosis which can develop commonly after hip fractures and
is usually asymptomatic."” Increasing evidence has shown no
difference in the occurrence of pulmonary embolism or death
between asymptomatic and symptomatic DVTs." It points out
the necessity to perform routine DVT screening in AIFPs on
admission.

In this study, high D-dimer level, low ALB level, and low P level
were risk factors for DVT on admission in AIFPs. D-dimer is a
common index for venous thromboembolism and can be
upregulated in hip fracture patients along with the activation of
the coagulation process. The threshold value of D-dimer for DVT
diagnosis is controversial. Xing et al. reported the diagnostic D-
dimer threshold was 5.035 mg/L in patients with hip fracture,
whose mean age was 78.72 + 8.68 years." It has been reported
inmany previous studies that the level of D-dimerincreases with
age.™ As this study shows, the threshold value of D-dimer was
6.005 mg/L with a sensitivity of 0.595 and a specificity of 0.677,
which is higher than that reported in the study of Xing et al.** It
may be because of the higher mean age of enrolled AIFPs in this
study. Hypoalbuminaemia is a common nutritional disorder in
older hip fracture patientsandisrelated tothe complicationsand
prognosisinorthopaedic patients.*

Hypoalbuminaemia triggers hyperfibrinogenaemia and platelet
aggregability, which might explain the association between
hypoalbuminaemia and DVT." Zuo et al. demonstrated that
reduced ALB (<31.7 g/L) was positive for DVT in elderly patients
with intertrochanteric fractures.'® Zhao et al. revealed that ALB
<35 g/L contributed to DVT in AIFPs.'” Here, the authors demons-
trated that reduced ALB also contributed to DVT on admission in
AIFPs, and the ALB threshold was 36.45 g/L, which is similar to
previous studies.'®”’ Hypokalaemia is often caused by limited
dietary intake, comorbidities, and multiple drugs, including
diuretics and corticosteroids, and is popular in older people with
an incidence of 3.4-20%."*" A study conducted by Zhang et al.
revealedthatpreoperativelowlevelsof Kwaslinked toearly symp-
tomatic DVT after posterior lumbar spine surgery with OR of
0.241.%° A major finding in this study was that reduced serum K
(<3.650mmol/L) wasassociated to DVT, with a sensitivity 0f 0.351
and a specificity of 0.882, whichisin agreement with the results of
Zhang et al.”® Within the physiological range, increased serum K
inhibits platelet aggregation and reduces the sensitivity of
platelet to thrombin and other agonists.* This might explain the
protective role of serum Kin DVT risk suppression. Future studies
are needed to elaborate the relationship of DVT between low K
level.

This study has some limitations. First, the sample size of enrolled
patients was small, mostlikely due to the olderage of patientsand
relatively short enlisting time, which might cause some selective
bias and undermine the significance of some variables. As all the
patients came from one hospital for treatment, these results
might not be universal or generalisable. In addition, all factors for
DVT, such as some comorbidities, genetic factors, drug use, and
pre-fall status of mobility, were not completely collected because
of the retrospective study design. Finally, the causes of DVT were
not probed. Therefore, large-scale, multi-centred studies with
systematic and comprehensive indicators are needed for the vali-
dationand enrichmentoftheresultsinthisstudy.

CONCLUSION

The frequency of DVT on admission was 28.5% in AIFPs over 80
years old and elevated D-dimer levels, reduced ALB levels as well
as reduced K concentrations were shown to be correlated to DVT.
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Timely correction of reduced serum levels of ALB and K may be
useful in the prevention of DVT, and large-scale, multi-centred
studies with systematic indicators are needed to validate and
enrichthesefindings.

ETHICAL APPROVAL:

Approval from the Ethical Board of the China-Japan Friendship
Hospital (ERB No. 2023-KY-145) was obtained and this was carried
out in accordance with the instructions of the Declaration of
Helsinki.

PATIENT'S CONSENT:
Patient's consent is not required for this retrospectively designed
study.

COMPETING INTEREST:
Theauthorsdeclared no conflictofinterest.

AUTHORS’ CONTRIBUTION:

QZ, XX, XC, HY, YY, YC: Design, execution, and analysis of the
manuscript.

All authors approved the final version of the manuscript to be
published.

REFERENCES

1. Socci AR, Casemyr NE, Leslie MP, Baumgaertner MR. Implant
options for the treatment of intertrochanteric fractures of the
hip: Rationale, evidence, and recommendations. Bone Joint |
2017; 99-B(1):128-33. doi: 10.1302/0301-620X.99B1.BJ)-2016-
0134.R1.

2. Nimerta F, Faisal S, Reyaz N, Shah SU, Gurajala S, Khenhrani RR,
et al. Comparison of the efficacy and safety of aspirin and low-
molecular-weight heparin in patients with a fracture: A meta-
analysis. Cureus 2023; 15(5):e39025. doi: 10.7759/cureus.
39025.

3. Shin WC, Woo SH, Lee S, Lee JS, Kim C, Suh KT. Preoperative
prevalence of and risk factors for venous thromboembolism in
patients with a hip fracture: An indirect multidetector ct
venography study. J Bone Joint Surg Am 2016; 98(24):2089-95.
doi: 10.2106/JBJS.15.01329.

4. Feng L, Xu L, Yuan W, Xu Z, Feng Z, Zhang H. Preoperative
anemia and total hospitalization time are the independent
factors of preoperative deep venous thromboembolism in
Chinese elderly undergoing hip surgery. BMC Anesthesiol 2020;
20(1):72. doi: 10.1186/s12871-020-00983-2.

5. Fan}, Zhou F, Xu X, Zhang Z, Tian Y, Ji H, et al. Clinical predictors
for deep vein thrombosis on admission in patients with
intertrochanteric fractures: A retrospective study. BMC
Musculoskelet Disord 2021; 22(1):328. doi: 10.1186/
512891-021-04196-7.

6. Kobayashi T, Akiyama T, Mawatari M. Predictors of preoperative
deep vein thrombosis in hip fractures: A systematic review and
meta-analysis. /] Orthop Sci 2023; 28(1):222-32. doi: 10.1016/
j.j0s.2021.08.013.

7. Zhao K, Zhang J, Li J, Meng H, Hou Z, Zhang Y. Incidence of and
risk factors for new-onset deep venous thrombosis after
intertrochanteric fracture surgery. Sci Rep 2021; 11(1):17319.
doi: 10.1038/541598-021-96937-w.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Piovella F, Wang CJ, Lu H, Lee K, Lee LH, Lee WC, et al. Deep-
vein thrombosis rates after major orthopedic surgery in Asia. An
epidemiological study based on postoperative screening with
centrally adjudicated bilateral venography. ] Thromb Haemost
2005; 3(12):2664-70. doi: 10.1111/j.1538-7836.2005.01621.x.

Fei C, Wang PF, Qu SW, Shang K, Yang K, Li Z, et al. Deep vein
thrombosis in patients with intertrochanteric fracture: A
retrospective study. Indian | Orthop 2020; 54(Suppl 1):101-8.
doi: 10.1007/s43465-020-00166-8.

Zuo J, Hu Y. Admission deep venous thrombosis of lower
extremity after intertrochanteric fracture in the elderly: A
retrospective cohort study. J/ Orthop Surg Res 2020; 15(1):549.
doi: 10.1186/s13018-020-02092-9.

Xing F, Li L, Long Y, Xiang Z. Admission prevalence of deep vein
thrombosis in elderly Chinese patients with hip fracture and a
new predictor based on risk factors for thrombosis screening.
BMC Musculoskelet Disord 2018; 19(1):444. doi: 10.1186/
$12891-018-2371-5.

Su H, Liu H, Liu J, Wang X. Elderly patients with intertrochanteric
fractures after intramedullary fixation: Analysis of risk factors for
calf muscular vein thrombosis. Orthopade 2018; 47(4):341-6.
doi: 10.1007/s00132-018-3552-5.

Decker S, Weaver M]. Deep venous thrombosis following
different isolated lower extremity fractures: What is known about
prevalences, locations, risk factors and prophylaxis? Eur J
Trauma Emerg Surg 2013; 39(6):591-8. doi: 10.1007/s00068-
013-0266-6.

Imai N, Miyasaka D, Shimada H, Suda K, Ito T, Endo N.
Usefulness of a novel method for the screening of deep vein
thrombosis by using a combined D-dimer- and age-based index
before total hip arthroplasty. PLoS One 2017; 12(2):e0172849.
doi: 10.1371/journal.pone.0172849.

Zhang Z, Pereira SL, Luo M, Matheson EM. Evaluation of blood
biomarkers associated with risk of malnutrition in older adults: A
systematic review and meta-analysis. Nutrients 2017; 9(8):829.
doi: 10.3390/nu9080829.

Kim SB, Chi HS, Park JS, Hong CD, Yang WS. Effect of increasing
serum albumin on plasma D-dimer, von Willebrand factor, and
platelet aggregation in CAPD patients. Am J Kidney Dis 1999;
33(2):312-7. doi: 10.1016/50272-6386(99)70306-9.

Zhao K, Wang Z, Tian S, Hou Z, Chen W, Zhang Y. Incidence of
and risk factors for pre-operative deep venous thrombosis in
geriatric intertrochanteric fracture patients. Int Orthop 2022;
46(2):351-9. doi: 10.1007/s00264-021-05215-x.

Eliacik E, Yildirim T, Sahin U, Kizilarslanoglu C, Tapan U, Aybal-
Kutlugun A, et al. Potassium abnormalities in current clinical
practice: Frequency, causes, severity and management. Med
Princ Pract 2015; 24(3):271-5. doi: 10.1159/000376580.

Shi LT, Cao XY, Gu R, Zhao JX, Zhang Y. Incidence and clinical
significance of abnormalities in potassium, sodium and calcium
levels in elderly patients with hip fractures during the
perioperative period. Ann Ital Chir 2020; 91:187-91.

Zhang H, Weng H, Yu K, Qiu G. Clinical risk factors and
perioperative hematological characteristics of early post-
operative symptomatic deep vein thrombosis in posterior lumbar
spinal surgery. Spine (Phila Pa 1976) 2021; 46(19):E1042-8. doi:
10.1097/BRS.0000000000003963.

Young DB, Ma G. Vascular protective effects of potassium. Semin
Nephrol 1999; 19(5):477-86.

984

Journal of the College of Physicians and Surgeons Pakistan 2024, Vol. 34(08):981-984



