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SUMMARY - The aim of the study was to investigate if preoperative blood flow velocity in

femoral vein in different positions of the hip during total hip arthroplasty (THA) is a predictor of
postoperative deep vein thrombosis (DVT). In patients undergoing THA, blood flow velocity and
diameter of proximal femoral vein on THA side were measured preoperatively in four flexion posi-
tions of the hip. After THA, patients were followed up for 42 days for DVT occurrence, and clinical
features of patients with and without postoperative DVT were compared. The mean blood flow veloc-
ity in maximal flexion (90°+) preoperatively was significantly lower in patients with postoperative
DVT (19/103) compared to patients without it (8.4+2 cm/s vs. 10.6+2.3 cm/s; p<0.001). Using the
receiver operating characteristic curve analysis, the cut-off value for blood flow velocity during maxi-
mal flexion was 8.24 cm/s. In addition, anesthesia duration, duration of surgical position of the patient,
body mass index, amount of blood transfused after surgery, and clinical signs of DV'T were markedly
different between patients with and those without postoperative DV'T. Blood flow velocity in femoral
vein in maximal flexion of the hip (90°+) measured prior to THA is an independent predictor of

postoperative DV'T.
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Introduction

'The incidence of total hip arthroplasty (THA) has
been increasing globally in the last 2-3 decades and it
is projected to continue increasing in the future to the
rate of up to 40% in 2030". Following THA, venous
thromboembolism (VTE) is one of the most common
major complications. VTE has two manifestations, i.e.
deep vein thrombosis (DVT) and pulmonary embo-
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lism (PE). DVT in particular can be a serious compli-
cation because it can lead to fatal PE*. With the use of
thromboprophylactic therapy, the incidence of symp-
tomatic VTE is 1.4%-6%, whereas without thrombo-
prophylactic therapy it rises to 20%"*°. The incidence
of asymptomatic VTE is much higher than of symp-
tomatic VTE, ranging from 45% to 65% after arthro-
plasty of the hip or knee®. Our understanding of the
pathophysiology of DV'T has been greatly improved in
the last three decades, but results regarding predictors
of DVT are still ambiguous and confusing. Venous
stasis is a well-known factor contributing to develop-
ing DVT, but it has shown limited use as a possible
clinical predictor of thromboembolic events’”. Assess-
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ment of preoperative Doppler ultrasonography vein
flow velocity and its role in postoperative DV'T occur-
rence in surgery patients had a limited use in the past.
There are a small number of studies of vein flow veloc-
ity and its role in postoperative DV'T. Some studies
were conducted in laparoscopic, gastric bypass and in-
guinal hernioplasty patients, where vein flow velocity
was followed up postoperatively as a predictor factor of
postoperative DV'T, without assessing preoperative
vein flow velocity'™'2. During THA, the lower limb is
placed in many different positions, of which in some
positions such as hyperflexion the veins can be com-
pressed and blood flow velocity decreased, leading to
vein stasis, possible thrombus formation, and conse-
quent DVT and VTE™ ™,

Given the steady increase in the incidence of THA
procedures, as well as the high rate of postoperative
DVT, it is necessary to find ways to improve the exist-
ing preoperative and prophylactic strategies for pa-
tients undergoing THA. Therefore, in this study, we
aimed to investigate if preoperative blood flow velocity
in the proximal femoral vein in different flexion posi-
tions of the hip used during THA could be used as a
predictor of postoperative DV'T in patients undergo-
ing THA. For this purpose, we measured preoperative
ultrasonic blood flow velocity and diameter of proxi-
mal femoral vein in different flexion positions of the
hip, and evaluated it with respect to the occurrence of
postoperative DV'T.

Patients and Methods

This was a single-center study conducted from Jan-
uary 2011 to October 2013. The investigation was de-
signed as a prospective observational clinical cohort
study. The study was approved by the institutional
Ethics Committee and an informed consent was ob-
tained from all patients. Patients admitted for THA
were included in the study. Exclusion criteria were as
follows: history of DV'T, thrombophlebitis, previous
hip operations, congestive heart failure, chronic kidney
disease, morbid obesity (body mass index, BMI 232.0),
cerebrovascular disease, coagulopathy, malignant dis-
ease, liver disease, chronic arterial insufficiency (stage
2]I), and restricted hip mobility (impossible to flex hip
more than 90°).

Preoperatively, we performed Doppler ultrasonog-
raphy examination in B-mode and color Doppler ul-
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trasonography in four positions: full extension (0°),
semi flexion (30-60°), flexion (90°) and maximal flex-
ion (90°+) of the hip at the planned surgical site and in
supine position. Subsequently, we measured maximal
blood flow velocity in femoral vein in maximal proxi-
mal position, distally of the confluence of profound
femoral vein, as it was possible due to anatomic char-
acteristics of the patient, and perpendicular angle of
the sound to the vein, as well as femoral vein diameter.
In addition, all lower limb veins at the surgical site
were evaluated for thrombosis. Each patient was
placed in a simulated position and on the side of the
planned hip surgery after 5-minute ultrasonography
using the GE Volusion 730 pro ultrasound model with
7.5-10 MHz linear probe had been performed. The
hip was fixed in a simulated position during ultrasound
examination by assistance of a second examiner, hold-
ing the heel and the knee. All variables were measured
by the same vascular surgeon three times and the mean
value was obtained.

During THA, we measured the duration of anes-
thesia (in minutes), from the moment the patients lost
their consciousness until the moment they were able to
respond to questions. Total duration of all forced sur-
gery positions (in minutes) and the amount of blood
administered after surgery were also measured. All
surgeries were performed using general anesthesia.
From 10-12 hours after THA and until discharge, all
patients were early mobilized and received pharmaco-
logical thromboprophylaxis with low molecular weight
heparin (LMWH, 40 mg subcutaneously). After dis-
charge, all patients continued receiving LMWH until
day 42, and after that continued taking acetylsalicylic
acid 100 mg daily for one year. On postoperative day 1,
patients started with their rehabilitation program and
were mobilized in their room.

Their BMI was measured at admission to our de-
partment. Laboratory tests of international normal-
ized ratio (INR), activated partial thromboplastin time
(APTT), blood cell count and hemoglobin level were
collected both preoperatively, 7 days prior to THA,
and postoperatively on days 1, 3,7, 12, 21 and 42. At
the same postoperative visits, ultrasound status of low-
er limb veins and signs of DV'T] as well as clinical signs
of DVT (edema, pain, palpable cord, venous dilatation,
warmth) were also assessed on the same side of THA,
using the same methods as those employed preopera-
tively. All amounts of blood transfusion administered
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Table 1. Comparison of demographic and clinical characteristics

DVT non-DVT p
n 19 84
Age, yrs, mean (SD) 58.8(14.1) 55.77 (14.1) 0.407
Men, n 4 22 0.642
Clinical signs of DVT, n 15 26 <0.001
Anesthesia duration, min, mean (SD) 197.6 (52.1) 154.3 (36.8) <0.001
Position duration, min, mean (SD) 99.7 (41.7) 66.3 (24.3) <0.001
BMI, kg/m?, mean (SD) 27.6 (2.4) 263 (2.2) 0.034
RBC, x10%/L, mean (SD) 4.6 (0.4) 4.7 (0.4) 0.5
WBC, x10°/L, mean (SD) 6.9 (1.4) 7.3 (1.5) 0.364
PBC, x10°/L, mean (SD) 252.8 (31.1) 258.5 (58.8) 0.684
INR, mean (SD) 0.96 (0.13) 0.92 (0.14) 031
APTT, mean (SD) 28.6 (2.9) 28.9 (2.8) 0.668
Transfusion DO, mL, mean (n, SD) 597.4(18,439.5) 623.2(81,205.3) |0.626
Transfusion D0+, mL, mean (n, SD) 220.8 (15,304.4) |160.1(23,297.9) |<0.001

SD = standard deviation; DVT = deep vein thrombosis; BMI = body mass index; RBC = red blood cell count;
WBC = white blood cell count; PBC = platelet blood count; INR = international normalized ratio; APTT =

activated partial thromboplastin time; DO = intraoperative; DO+ = postoperative

were recorded. D-dimer was postoperatively collected
only in patients who had clinical or ultrasonic signs of
DVT, and were clinically suspected of or had a con-
firmed diagnosis of PE. All patients suspected of PE
underwent computer tomography (CT) angiography
of the chest.

For statistical analysis, patients were divided into
DVT and non-DV'T groups based on the occurrence
of DVT confirmed by Doppler ultrasound.

Statistical analysis

Statistical analyses were performed by use of Med-
Calc for Windows, version 12.6.1.0. (IMedCalc Soft-
ware, Mariakerke, Belgium). Continuous variables
were expressed as mean + standard deviation (SD). We
compared demographic and baseline clinical charac-
teristics between DV'T and non-DV'T groups using
Student’s t-test for continuous variables. The y>-test
was used to compare categorical variables. Blood flow
velocity and proximal femoral vein diameter on the
side of hip surgery, anesthesia duration and all forced
surgical position duration as predictive tests were as-
sessed by the receiver operating characteristic (ROC)
curve analysis. We divided patients into two groups
with values equal or lower than cut-off value and with
values higher than cut-oft value, and calculated relative
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risk (RR) of developing DVT. 'The sensitivity and
specificity of clinical signs for diagnosing DV'T were
calculated. To identify independent predictor of post-
operative DV'T; an appropriate predictor model was
established by logistic regression analysis. The proba-
bility value of <0.05 was considered statistically sig-
nificant.

Results

During the study period from January 2011 to Oc-
tober 2013, we enrolled 139 patients, of which 36 were
excluded. Thus, a total of 103 patients, 77 women and
26 men, were included in the study. Their mean age
was 56.33+14.04 years. DVT was detected in 19
(18.4%) patients (DVT group) using color Doppler.
'The mean time of DV'T detection was 19+7.8 postop-
erative days. The number and localization of detected
DVT were as follows: 6 in soleal vein, 5 in tibial veins,
5 in popliteal vein, and 6 in femoral vein. In three pa-
tients, DV'T was detected in more than one vein. In 84
(81%) patients (non-DVT group), DVT was not de-
tected during 42 days of postoperative follow up.

Demographic and clinical characteristics of pa-
tients divided into two groups based on the occurrence
of postoperative DV'T are shown in Table 1. Fifteen
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Table 2. Flow velocity and vein diameter

DVT non-DVT p

Flow 0°%, cm/s, mean (SD) 18.57 (3.98) 19.29 (3.82) 0.462
Diameter 0°, mm, mean (SD) 9.36 (0.70) 9.47 (0.90) 0.592
Flow 30-60°, cm/s, mean (SD) 18.68 (2.42) 20.24 (3.60) 0.072
Diameter 30-60°, mm, mean (SD) 9.22 (1) 9.11 (0.75) 0.604
Flow 90°, cm/s, mean (SD) 9.97 (0.82) 9.95 (0.84) 0.066
Diameter 90°, mm, mean (SD) 13 (1.80) 14.1 (2.40) 0.92
Flow 90°+, cm/s, mean (SD) 8.4(2) 10.6 (2.30) <0.001
Diameter 900+, mm, mean (SD) 10.4 (1) 10.4 (0.96) 0.992

“angle of surgical position; DVT = deep vein thrombosis; SD = standard deviation

(78.9%) patients in DVT group and 26 (30.9%) pa-
tients in non-DV'T group presented with clinical signs,
at least one sign, of DV'T. The sensitivity and specific-
ity of any of the clinical signs of DV'T was 78.95% and
69.05%, respectively. Anesthesia duration, duration of
all forced surgical positions, BMI, amount of blood
administered after surgery, and any of the clinical signs
of DVT were markedly different between DVT and
non-DV'T groups, whereas other characteristics did
not differ between the groups (Table 1). In maximal
flexion (90°+), blood flow velocity was significantly
lower in DVT group as compared with non-DV'T
group (8.4+2 cm/s ws. 10.6+2.3 cm/s; p<0.001). In
other positions, there was no significant difference be-
tween the groups (Table 2). Postoperative non-fatal
PE occurred in eight (7.78%) patients, including one
(5.26%) patient in DV'T group and seven (8.33%) pa-
tients in non-DV'T group (p=0.65).

Logistic regression analysis showed blood flow ve-
locity in proximal femoral vein in maximal flexion to
be an independent predictor of DV'T (odds ratio (OR)
-0.6066; 95% confidence interval (95% CI) 0.439-
0.8381; p=0.0024). ROC analysis indicated the cut-off
value of blood flow velocity in proximal femoral vein in
maximal flexion to be 8.24 cm/s, with sensitivity of
63.2% and specificity of 88.1% (Table 3, Fig. 1).

Blood flow velocity value equal or less than cut-off
value was recorded in 63.2% of DVT patients and
11.9% of non-DVT patients. The RR of developing
DVT depending on the cut-off value of blood flow ve-
locity in maximal flexion was 5.3 (p<0.001).

In addition, ROC analysis indicated the cut-off
value of anesthesia duration to be 195 min, for all
forced surgical position duration 80 min, and diameter
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of proximal femoral vein in maximal flexion 10.88 mm
(Table 3, Fig. 1). The RR of developing DVT depend-
ing on the cut-off value of anesthesia duration was 4.8
(p<0.001), of all forced surgical position duration 3.4
(p<0.001), and of diameter of proximal femoral vein in
maximal flexion 1.48 (p=0.23).

Discussion

To our knowledge, this is the first study of this kind
in patients undergoing THA. With regard to postop-
erative DV'T occurrence, we assessed preoperative he-
modynamic features of proximal femoral vein in dif-
ferent flexion positions of the hip during THA. This
study showed preoperative blood flow velocity in prox-
imal femoral vein at the surgical side in maximal flex-
ion (90°+) of the hip to be an independent predictor of
postoperative DV'T in patients undergoing THA. The
cut-off value of blood flow velocity for the increased
risk of DVT was 8.24 cm/s.

Venous stasis is a well-known part of Virchow tri-
ad, contributing to DV'T”. However, clinical assess-
ment of preoperative vein flow as a predictor of possi-
ble postoperative DVT was not used in practice. A
small number of studies were conducted with ultraso-
nographic assessment of vein blood flow, with small
groups of patients and limited supporting evidence’. In
this study we demonstrated that femoral vein flow ve-
locity in maximal flexion of the hip was slower in DV'T
group than in non-DVT group (8.4 cm/s wvs. 10.6
cm/s; p<0.001).

One of the factors that contribute to femoral vein
stasis is position of the lower limb during THA. De-
pending on the surgical approach for THA, the lower
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Table 3. Results of ROC analysis in detection of DVT

Variable Cut-off ACU Sensitivity (%) Specificity (%) p
Blood flow velocity 90°+ (cm/s) <8.24 0.77 63.2 88.1 <0.001
Anesthesia duration (min) >195 0.75 68.4 85.7 <0.001
Position duration (min) >80 0.72 63.4 79.8 0.005
Diameter of vein 90°+ (mm) >10.88 0.52 42.1 71.4 0.764

ROC = receiver operating characteristic curve; DVT = deep vein thrombosis; ACU = area under the curve; ACU 1 value represents perfect
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Fig. 1. Receiver operating characteristic curve: ability of anesthesia (upper right panel) and all forced surgical position
duration (upper left panel); diameter (lower right panel) and blood flow velocity of proximal femoral vein in maximal
flexion (lower left panel) to predict deep vein thrombosis during 42-day follow up.

420

Acta Clin Croat, Vol. 59, No. 3, 2020



A.Hadzimehmedagic¢ ez al.

Femoral vein velocity is a predictor of DVT in patients undergoing THA

limb is placed in many positions during THA, from
hyperextension to maximal flexion, leading to decrease
in blood flow velocity in the femoral vein'¢. Studies in
cadavers showed that in flexion and adduction posi-
tion of the lower limb during THA, femoral vein is
occluded®™*.In a study of laparoscopic and open gas-
tric bypass surgery, it was also shown that surgical po-
sitions of the patient could lead to vein stasis'. In 12
healthy men aged 20-50 years who were positioned in
colorectal surgery positions with 0°, 30°, 60°, 90° of
hip flexion and abduction, the diameter of proximal
temoral vein was shown to become smaller as the hip
flexion advanced, leading to increase in femoral vein
flow velocity'. These findings partially disagree with
our results because our data demonstrated that the di-
ameter of femoral vein was decreasing and flow veloc-
ity getting faster as the hip was more flexed at 30-60°
position. However, in 90° position the vein diameter is
larger and the velocity is slower than in the 30-60° po-
sition. This could be explained by flexion position only
without abduction and the influence of hydrostatic
pressure in 90° position on the common femoral vein
(CFV). As the hip gets hyperflexed at 90°+, the influ-
ence of hydrostatic pressure on femoral vein compres-
sion is smaller, which leads to smaller femoral vein di-
ameter. When it comes to blood flow velocity, it de-
creased in DVT group and increased in non-DVT
group, possibly due to more CFV occlusion in DVT
group (Table 2).

Diagnosing DV'T can be a challenging task. It can
present as either symptomatic or asymptomatic form.
'The incidence of asymptomatic DVT after THA is es-
timated to be 45%-65%, i.e. higher than the symptom-
atic form; thus, it is the greatest challenge to identify
DVT in an asymptomatic patient in due time for diag-
nostic testing to prevent possible PE®. However, clini-
cal signs are not sufficient for DVT detection and
color Doppler ultrasonography is widely used by clini-
cians in spite of documented limitations for DV'T de-
tection®. It should be performed in every patient with
possible or suspected DV'T. The sensitivity and speci-
ficity of color Doppler detection of DVT is 91%-100%
and 95%-99%, respectively'®". In our study, 15 pa-
tients in DV'T group presented with at least one clini-
cal sign of DV'T, with sensitivity of 78.95% and speci-
ficity of 69.05% for clinical signs of DV'T, confirmed
on color Doppler ultrasonography.

In addition to difference in blood flow velocity in
maximal flexion, patients with and without postopera-
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tive DV'T also differ in the amount of transfused blood.
Interestingly, our data suggest that the amount of
blood transfused after THA was significantly higher
in DVT as compared with non-DVT group
(220.8+304.4 wvs. 160.1+297.9 mL; p<0.001). In line
with our results, Gray and Mackie® report that sig-
nificantly more blood was transfused to patients with
DVT compared to patients without DVT after THA.
In addition, in a more recent study that included
21,943 patients undergoing colorectal resection, in-
creased blood transfusion was associated with the oc-
currence of VIE?. These findings are expected be-
cause it is known that, in a surgically damaged tissue,
blood transfusion can even more activate thrombus
formation than endothelial damage only, and lead to
DVT?. In practice, this is of relevance because it is
estimated that 21%-70% of total knee replacement
and THA patients undergo transfusion®. In addition,
Joy and Bennet® suggest that only 23% of patients re-
ceive appropriate blood transfusion after primary
THA.

When it comes to the incidence of PE, there was
no significant difference between DV'T and non-DV'T
groups in our study. Some studies have shown that de-
velopment of DVT and PE after orthopedic proce-
dures is mutually independent®. Finding the source of
acute PE can be challenging; less than 30% DV'T is
found in acute PES.

Our study also demonstrated that both the dura-
tion of anesthesia and duration of all forced surgical
positions were significantly longer in patients with
postoperative DV'T compared to non-DVT group
(197.6+52.1 ws. 154.3+36.8 min; p<0.001 and 99.7+
41.7 vs. 66.3+24.3 min; p<0.001, respectively) (Table
3, Fig. 1). This is in line with the study that included
86,571 patients that underwent orthopedic surgeries,
and showed the duration of surgery, including anes-
thesia duration to be an independent risk factor for the
development of DVT®. Surgical teams need to pay
due attention to surgical position and anesthesia dura-
tion during THA. The surgery must be well planned to
avoid prolonging of anesthesia and surgery time to re-
duce the risk of postoperative DV'T.

There are many patient-specific characteristics that
can contribute to DVT after THA. A meta-analysis of
ten risk factors for VT'E after THA has shown that
the history of VTE carries the highest risk of DVT

after THA, and other factors are varicose veins, chron-
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ic heart failure, black race, BMI over 30, malignancy,
hypertension, age over 80, diabetes mellitus and female
gender®. Obesity has been found to decrease anti-
thrombin III levels and fibrinolytic activity and in-
crease prothrombotic factors*. Our study also con-
firmed that BMI was higher in patients with postop-
erative DV'T.

Limitations

'The major limitation of this study was small sample
size because it was a single center study with patients
from a small geographic area and because many pa-
tients were not eligible for the study due to the strict
exclusion criteria. Another limitation was that during
preoperative ultrasonography, femoral vein blood ve-
locity measurement was performed only in the leg on
the THA side; differences in blood flow between legs
can exist, and pulmonary thromboembolism can occur
from the other side. In addition, our postoperative fol-
low up was only 42 days. D-dimer was measured only
in patients with symptomatic or ultrasound-confirmed
DVT or pulmonary thromboembolism. Asymptom-
atic pulmonary thromboembolism was not deter-
mined; CT angiography was not performed in all pa-
tients. Varicose veins, one of the important risk factors
tor DV'T, were not considered in our study.

Conclusion

In conclusion, preoperative blood flow velocity in
femoral vein in maximal flexion of the hip (90°+) on
the THA side is a predictor of postoperative DV'T.
Our results suggest that patients with vein blood flow
velocity in maximal flexion of the hip of less than 8.24
cm/s are at a higher risk of postoperative DV'T. To pre-
vent DVT and its potential fatal complications, these
patients require intensive postoperative care. THA
should be performed within 80 min, and anesthesia
should be shorter than 195 min to avoid postoperative
DVT risk. However, more clinical studies are required
to completely understand the pathophysiology of slow
vein blood flow and DVT occurrence depending on
the hip position.
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Sazetak

PRIJEOPERACIJSKA BRZINA PROTOKA FEMORALNE VENE
U MAKSIMALNOJ FLEKSIJI JE PREDIKTOR ZA DUBOKU VENSKU TROMBOZU
U BOLESNIKA PODVRGNUTIH TOTALNOJ ARTROPLASTICI KUKA

A. HadZimehmedagic, B. Rovéanin, H. Vranic, M. Djedovic, §. Straus i T Selimovic

Cilj ove studije bio je istraziti je li prijeoperacijska brzina protoka krvi u femoralnoj veni u razli¢itim poloZajima kuka
tijekom potpune artroplastike kuka (zozal bip arthroplasty, THA) prediktor poslijeoperacijske duboke venske tromboze
(DVT). U bolesnika koji su podvrgnuti THA brzina protoka krvi i promjer proksimalne femoralne vene na strani THA bili
su prijeoperacijski izmjereni u Cetiri polozaja kuka. Nakon THA bolesnici su praceni 42 dana radi provjere nastanka DVT i
usporedeni su klinicki podaci bolesnika s poslijeoperacijskom DVT i onih bez DVT. Srednja brzina protoka krvi u maksi-
malnoj fleksiji kuka (90°+) prijeoperacijski je bila znatno niza u bolesnika s poslijeoperacijskom DVT (19/103) u usporedbi
s bolesnicima bez DVT (8,4+2 cm/s prema 10,6+2,3 cm/s; p<0,001). Analizom ROC (receiver operating characteristic curve)
dobivena je grani¢na vrijednost brzine protoka krvi tijekom maksimalne fleksije od 8,24 cm/s. Uz to, trajanje anestezije,
trajanje kirur§kog polozaja bolesnika, indeks tjelesne mase, koli¢ina transfundirane krvi nakon operacije i klinicki znakovi
DVT bili su znacajno razli¢iti izmedu bolesnika s poslijeoperacijskom DVT i bolesnika bez DVT. Brzina protoka krvi u
femoralnoj veni u maksimalnoj fleksiji kuka (90°+) izmjerena prije THA je nezavisni prediktor za poslijeoperacijsku DV'T.

Klju¢ne rijeci: Artroplastika kuka; Duboka venska tromboza; Brzina protoka krvi; Femoralna vena; Maksimalna fleksija
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