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Background: Preoperative deep vein thrombosis (DVT) is a common complication in patients
with hip fractures. Chronic kidney disease (CKD) as a frequent comorbidity in middle-aged and
elderly patients with hip fractures is known to promote a proinflammatory and prothrombotic
state. We aimed to identify whether CKD can increase the risk of DVT in middle-aged and
elderly patients with hip fractures, as well as identify other risk factors.

Patients and methods: We retrospectively studied 248 middle-aged and elderly patients with
hip fractures who were admitted to our hospital from January 2016 to June 2017, meeting all
the inclusion criteria. Doppler ultrasonography was used to diagnose DVT. Patients with CKD
were classified into five stages according to the Kidney Diseases Outcomes Quality Initiative.
We identified whether CKD could increase the occurrence of preoperative DVT in middle-aged
and elderly patients with hip fractures and further investigated other independent risk factors
for preoperative DVT by using univariate and multivariate analyses.

Results: The mean estimated glomerular filtration rate was 125.7+41.4 mL/min/1.73 m?.
Briefly, 82.3% (n=204) had been diagnosed with normal kidney function, 11.7% (n=29) with
mildly decreased kidney function, and 6.0% (n=15) with stage 3 and 4 CKD. In addition, of the
248 patients, 11.7% (n=29) developed DVT before surgery. Independent predictors of preopera-
tive DVT identified by multivariate analyses were age, prolonged bedridden time, increased
levels of fibrinogen, and lower estimated glomerular filtration rate.

Conclusion: CKD can increase the risk rate of preoperative DVT in middle-aged and elderly
patients with hip fractures. Additionally, age, prolonged bedridden time, and increased levels
of fibrinogen were also independent risk factors for preoperative DVT in these patients. We
should take preventive measures for these patients with risk factors in order to reduce the
incidence of preoperative DVT.
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Introduction

As a common complication of osteoporosis, hip fractures are the leading cause of
morbidity and mortality and are expected to affect up to 6.3 million individuals
worldwide by 2050."? Venous thrombus embolism (VTE) is one of the most common
perioperative complications in patients with hip fractures.® Recently, because of grow-
ing concerns regarding potentially lethal complications from fresh thrombus emboli,
such as massive intraoperative pulmonary embolism, clinicians are more attentive to
the diagnosis and prevention of preoperative deep vein thrombosis (DVT) after hip
fractures. The American College of Chest Physicians recommended initiation of routine
subcutaneous low-molecular-weight heparin (LMWH) therapy to prevent DVT, either
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from at least 12 hours before surgery or at least 12 hours
after surgery. However, the incidence of preoperative DVT
varies from 2.6% to 17.3%, and was even found to be as
high as 54%—62% in patients with hip fractures who expe-
rienced a delay in surgery by >48 hours.*’ Until now, few
studies have reported the risk factors of preoperative DVT,
including female sex, subtrochanteric fractures, pulmonary
diseases, previous VTE, long duration of immobilization, and
increased levels of D-dimer.>® However, the combination of
these risk factors cannot effectively predict DVT. Therefore,
it is necessary to facilitate DVT prediction by identifying
more risk factors.

Renal insufficiency is a common comorbid disease
and is associated with a range of metabolic bone diseases;
it is especially common among elderly patients with hip
fractures.’ Renal insufficiency typically results in the occur-
rence of chronic kidney disease (CKD), and patients with
CKD usually experience increased rates of morbidity and
mortality.'® Autonomic dysfunction, myocyte dysfunction,
altered electrolyte metabolism, and cardiac fibrosis may
contribute to cardiovascular disease in patients with CKD,
which is the leading cause of morbidity and mortality in
this population.!! Furthermore, infection is also one of
the most common causes of death in patients with CKD.!2
Recently, it has been reported that patients with CKD have
an increased risk for bleeding and considerable research has
suggested a relation between DVT and CKD in the general
population.'>1*

To our best knowledge, no recent report has investigated
whether CKD patients with hip fractures are more susceptible
to developing preoperative DVT than those with normal
kidney function. Based on serum creatinine levels, the
estimated glomerular filtration rate (¢GFR) is an improved
measure of kidney function. Thus, we aimed to investigate the
association of CKD reflected by eGFR, with the risk of DVT
and mortality in a retrospective observational cohort study of
patients with hip fractures. We also sought to identify other
variables that might affect the rate of preoperative DVT.

Patients and methods

Ethical statement

Ethical approval was obtained from the Clinical Research
Ethics Committee of Drum Tower Hospital Clinical College
of Nanjing University. The subjects participated voluntarily
in the study and consented to their data being used for
research. Written informed consent was obtained from every
eligible subject.

Patients and data collection

The inclusion criteria were as follows: 1) patients aged
=45 years; 2) those with fresh hip fractures that required
open reduction internal fixations (ORIFs); 3) hospital stay
of >48 hours duration; 4) those willing to undergo antico-
agulant therapy and provided signed consent accordingly;
and 5) those with available preoperative ultrasonography
results. The exclusion criteria were as follows: 1) patients
with hip fractures with delayed treatment (3 weeks from
injury to surgery); 2) those with open soft tissue fractures;
3) those with severe organ insufficiency except kidney;
4) those with poor compliance; 5) and those who were unwill-
ing to participate in the study. Owing to the long time gap
between the fracture and operation, patients with delayed hip
fractures were excluded. Because open soft tissue fractures
are usually related to extensive damage and these patients
were too few in number for meaningful statistical analysis,
these injuries were also excluded. Moreover, to prevent side
effects, patients with anticoagulation contraindications were
excluded from the study. In total, 365 consecutive patients
with identified hip fractures (femoral neck or trochanteric
fractures) who underwent ORIF between January 2016 and
June 2017 at our institution were screened. Finally, after
applying the exclusion criteria, 248 patients with hip fractures
were included for analysis.

All patients who were admitted to the hospital were rou-
tinely assessed regarding anticoagulation contraindications.
Preoperative prophylactic anticoagulation regimen with
LMWH or rivaroxaban (from the same company) was sub-
cutaneously administered for patients without anticoagulation
contraindications. The dosage administered was 0.3 mL, once
daily. In addition, mechanical thromboprophylaxis (pressure
pump, 20 minutes twice a day) was used. Blood samples were
collected on admission (2 hours after admission). We used
Doppler ultrasonography to diagnose DVT. The diagnosis of
DVT was made by two experienced radiologists and reviewed
by one senior radiologist according to Rabinov and Paulin’s
criterion.” All patients underwent ultrasonography in both
lower limbs, a day before the planned surgery.

We collected baseline demographic characteristics of all
patients, including age; sex; body mass index; hypertension;
diabetes; heart disease; cerebrovascular disease; malignancy;
smoking history; thrombosis history; prothrombin time; acti-
vated partial thromboplastin time; and serum levels of creati-
nine, blood urea nitrogen, C-reactive protein, fibrinogen, and
D-dimer. Severity of CKD was graded as per the following
five stages: stage 1, eGFR =90 mL/min/1.73 m? with risk
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factors; stage 2, eGFR of 60—89 mL/min/1.73 m? with evi-
dence of renal injury; stage 3, eGFR of 30—59 mL/min/1.73
m?; stage 4, eGFR of 15-29 mL/min/1.73 m?; and stage 5,
eGFR <15 mL/min/1.73 m? (the level at which dialysis or
transplantation may be necessary).!® Values for GFR were
estimated by using the modification of diet in renal disease
equations that were based on Chinese patients with CKD:"”
eGFR (mL/min/1.73 m?)=186xplasma creatinine™!!%*x
age %29x(.742 (if female)x1.223 (if Chinese).

Data analysis

STATA version 18.0 (SPSS Inc., Chicago, IL, USA) was
used for statistical analysis. Continuous variables are pre-
sented as meantSD and categorical variables as absolute
numbers and proportions. The chi-squared test was used
to analyze categorical data, and Student’s #-test was used
to analyze continuous variables. Factors with significant
difference were included in logistic regression to generate
adjusted odds ratios (ORs). We report ORs and 95% Cls for
the factors predicting preoperative DVT. A P-value of <0.05
was considered statistically significant for all analyses.

Results

Patient characteristics

A total of 248 patients (mean age, 71.8+13.7 years; age range,
45-96 years; 140 women and 108 men) who underwent
ORIFs were enrolled in this study, and all were treated with
LMWH at admission. Of these patients, 135 had femoral
neck fractures and 113 had trochanteric fractures.

Classification of renal function

The mean eGFR was 125.7441.4 mL/min/1.73 m?. Of these
248 cases, 82.3% (n=204) had been diagnosed with normal
kidney function, 11.7% (n=29) with mildly decreased kidney
function, and 6.0% (n=15) with stage 3 and 4 CKD. In addi-
tion, the mean eGFR of patients with stage 3/4 CKD was
38.0£15.3 mL/min/1.73 m?.

Prevalence of DVT

Of the 248 patients, 11.7% patients (n=29) developed DVT
before ORIFs. Proximal DVT was detected in 3 patients
(1.2%) and distal DVT in 26 patients (10.5%). Of the proxi-
mal cases, one was in the femoral vein and the remaining
two in the popliteal vein. Of the distal cases, ten involved =2
veins and seven were close to the popliteal vein. No patient

was diagnosed with fatal pulmonary embolism as a result
of the DVT.

Table | Patient characteristics

Variables Total patients (N=248) P-value
Without DVT  With DVT
(n=219) (n=29)

Age (years, meantSD) 79.6£13.7 80.819.3 <0.001°
No of women 121 (55.3%) 19 (65.5%) 0.325
BMI (kg/m? mean%SD) 24.5+3.8 25.3+4.1 0.372
Hypertension 75 (34.2%) Il (37.9%) 0.683
Diabetes 35 (16.0%) 6 (20.7%) 0.594
Heart disease 39 (17.8%) 9 (31.0%) 0.130
Cerebrovascular disease 24 (11.0%) 5(17.2%) 0.353
Malignancy 7 (3.2%) 2 (6.9%) 0.284
Smoking history 67 (30.6%) 10 (34.5%) 0.673
Thrombosis history 25 (11.4%) 7 (24.1%) 0.073
Bedridden time (days, 52433 8.0t4.8 0.005*
meantSD)

PT (s) 12.5%1.3 12.7+1.0 0.336
APTT (s) 29.545.6 29.4+3.5 0.979
Fibrinogen (g/L) 3.4+1.0 4.5+2.7 0.040*
D-dimer (mg/L) 8.819.1 10.1£7.7 0.443
CRP (mg/L) 35.4431.2 42.6+31.4 0.248
eGFR (mL/min/1.73 m?, 128.8+40.5 102.5+42.0 0.001*
mean+SD)

Note: *P<<0.05 was considered statistically significant.

Abbreviations: APTT, activated partial thromboplastin time; BMI, body mass index;
CRP, C-reactive protein; DVT, deep vein thrombosis; eGFR, estimated glomerular
filtration rate; PT, prothrombin time.

Analysis of the potential factors

In univariate analysis (Table 1), only age (P<<0.001),
bedridden time (P=0.005), serum fibrinogen (P=0.040),
and eGFR (P=0.001) were significantly associated with
preoperative DVT. Multivariate logistic regression analysis
(Table 2) identified four independent factors for preopera-
tive DVT: age (OR=1.06, P=0.017), prolonged bedridden
time (OR=1.17, P=0.001), increased levels of fibrinogen
(OR=1.63, P=0.008), and lower eGFR (OR=0.99, P=0.046).
Further, Table 3 shows that compared with individuals with
eGFR 0f 90 mL/min/1.73 m?, the OR for preoperative DVT
for those with stage 3/4 CKD was 2.18.

Table 2 Multivariate regression analysis of the relation between
CKD and preoperative DVT in patients with hip fracture

Risk factors OR 95% CI P-value
Age 1.06 1.01-1.11 0.0172
Bedridden time .17 1.06—1.28 0.001*
Fibrinogen 1.63 1.14-2.35 0.008°
eGFR 0.99 0.98-1.00 0.046*

Note: *P<<0.05 was considered statistically significant.
Abbreviations: CKD, chronic kidney dysfunction; DVT, deep vein thrombosis;
eGFR, estimated glomerular filtration rate.
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Table 3 ORs for preoperative DVT by the level of eGFR after
adjustment

eGFR Incidence OR 95% CI P-value
=90° 8.8% 1.00 N/A N/A
60-89 20.7% 2.24 0.70-7.20 0.177
<60 33.3% 2.18 1.08-4.43 0.031°

Notes: *Calculated as the reference for OR. P<<0.05 was considered statistically
significant.

Abbreviations: DVT, deep vein thrombosis; eGFR, estimated glomerular filtration
rate: N/A, not applicable.

Discussion

To our best knowledge, this is the first study to investigate the
relation between preoperative DVT and CKD in patients with
hip fractures who underwent ORIFs. Patients with hip frac-
tures are at an increased risk of DVT, especially those with
pre-existing comorbidities. CKD has an increasing prevalence
in the general population and is a frequent comorbidity in
patients with hip fractures.”!® In our study, the prevalence of
patients with eGFR <60 mL/min/1.73 m? was 6.0% (n=15),
and our study showed that eGFR was an independent factor of
preoperative DVT in patients with hip fractures. Patients with
CKD had a higher increased risk of occurrence of preopera-
tive DVT than those with normal kidney function, which was
consistent with data from previous studies.!*?! Cavanaugh
et al'? found that CKD and end-stage renal disease patients
undergoing total joint arthroplasty had a greater risk of DVT
(OR=1.38) than those without renal disease. By performing
a retrospective study based on a cohort of 1,274 patients,
Li et al?® found that CKD can increase the risk of both total
and symptomatic DVT after total joint arthroplasty and the
relative risk for DVT in patients with stage 3/4 CKD was
2.68. Additionally, Lutz et al*' reported that the risk for
thromboembolic disease was 2.5 times greater in mild renal
dysfunction and 5.5 times greater in severe renal dysfunction
than in patients with normal kidney function. However, few
studies reported that there was no significant relationship
between DVT and CKD.*? Considering our more accurate
and sensitive diagnostic approach and criteria of preoperative
DVT, we believe that the risk of DVT was correlated with
CKD, which was consistent with most studies.

Although the mechanism linking higher preoperative
DVT risk in CKD remains unclear, there are several possible
explanations. Typically, patients with CKD always require
hospitalization, which may have resulted in the association
between CKD and provoked DVT.* Furthermore, neph-
rotic syndrome and overt proteinuria are well-known risk
factors for DVT.>% Mild-to-moderate CKD is associated
with endothelial involvement, vascular injury, or related

changes found in procoagulant proteins, such as increased
levels of fibrinogen, von Willebrand factor, factor VII, factor
VIII, and plasminogen activator inhibitor-1 or inflammatory
markers.”” It is estimated that the elevated levels are due
to increased synthesis in proportion to urinary losses. In our
analysis, patients with DVT had higher levels of D-dimer,
C-reactive protein, and fibrinogen than patients without
DVT. However, only fibrinogen levels were significantly
associated with preoperative DVT. Considering the small
number of cases, larger studies with data on proteinuria are
still required to evaluate the hemostatic mechanisms mediat-
ing the association between CKD and DVT.

In the present study, we identified three other indepen-
dent predictive factors for preoperative DVT in patients
with hip fractures — age, prolonged bedridden time, and
increased fibrinogen level. Age is an endogenous factor
and could not be modified. Long-time immobilization
after injury is a well-accepted risk factor for preoperative
DVT, which is consistent with previous studies.®**! There
are several variables that affect the time before surgery,
including transfer from community hospitals, preoperative
assessment, and optimization. While some of these variables
can be manipulated, others cannot be. Even so, the surgery
should be performed as soon as possible for patients with
hip fractures after sufficient preoperative preparation. As we
mentioned above, increased fibrinogen levels are associated
with endothelial dysfunction, which may result in the occur-
rence of DVT. Additionally, many studies have reported that
elevated fibrinogen levels show a significant association with
DVT.33 In the regression analysis, we included smoking
status, diabetes, malignancies, obesity, family history of
VTE, and congestive heart failure. However, we did not
observe their associations with preoperative DVT, likely
because of the small numbers of these cases. Furthermore,
they are usually considered as the most important risk
factors for postoperative DVT,* which may be different
from preoperative DVT that we analyzed in this study. The
relationship between these factors and preoperative VTE
requires further study.

This study has several limitations. First, given that it was
retrospective in design, many factors would have affected
the accuracy of the study. Second, the number of patients
was relatively small, and the clinical importance of our
results would be understandably greater with larger sample
sizes. Finally, considering the low number of patients with
stage 3 and 4 CKD and mildly decreased kidney function,
we did not further classify these patients, which limited the
conclusions for this group.
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Conclusion

We found that CKD can increase the risk of preoperative
DVT in patients with hip fractures. All patients with CKD
should be given priority to receive preoperative thrombopro-

phylaxis and investigation to rule out DVT. At the same time,

we recommend a routine preoperative investigation for DVT

in patients with other documented risk factors.
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