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Thromboprophylaxis with unilateral 
pneumatic device led to less edema and blood 
loss compared to enoxaparin after knee 
arthroplasty: randomized trial
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Abstract 

Background: Pharmacological and mechanical thromboprophylaxis are frequently used together after total knee 
arthroplasty (TKA). Most studies in this context compare anticoagulants versus a combination of these drugs with an 
intermittent pneumatic compression device (IPCD). However, there is uncertainty about the need for the combina‑
tion of both and whether a unilateral IPCD would alone affect other important clinical outcomes: edema and blood 
loss. We compared the effects of enoxaparin versus unilateral portable IPCD after TKA on edema and blood loss. We 
hypothesised that unilateral IPCD would cause the same level of edema and the same blood loss as enoxaparin.

Methods: In this open, randomized trial (1:1), adults with no history of coagulation disorders, anticoagulant use, 
venous thromboembolism, liver or malignant diseases underwent TKA. For 10 days, participants received the IPCD, 
used 24 h/day on the operated leg from the end of surgery, or 40 mg of enoxaparin, starting 12 h after surgery. All 
underwent the same rehabilitation and were encouraged to walk on the same day of surgery. We measured edema 
(thigh, leg and ankle circumference) before and on the third postoperative day. Blood loss (volume accumulated in 
the suction drain and drop of hemoglobin and hematocrit in 48 h) was a secondary outcome.

Results: We randomized 150 patients and lost 3 to follow‑up with enoxaparin and 2 with IPCD. There was no case 
of symptomatic venous thromboembolism. Four patients needed transfusions (three receiving enoxaparin), one had 
infection and one hemarthrosis (both in the enoxaparin group). Leg circumference increased by approximately 2 cm 
for enoxaparin group and 1.5 cm in IPCD (p <  0.001). The increase in ankle circumference was about 1.5 cm in the 
enoxaparin group (p <  0.001), and almost zero in IPCD (p = 0.447). Enoxaparin group lost 566.1 ml (standard deviation, 
SD, 174.5) of blood in the first 48 h, versus 420.8 ml (SD 142.5) in the IPCD.

Conclusions: Exclusively mechanical prophylaxis after TKA with portable IPCD only on the operated leg reduces leg 
and ankle swelling and post‑operative blood loss compared to exclusively pharmacological prophylaxis with enoxa‑
parin. Portable devices that can prevent deep vein thrombosis and pulmonary embolism without increasing blood 
loss or other risks should be further investigated.

Trial registration: REBEC RBR‑8k2vpx. Registration date: 06/04/2019.
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Introduction
Background
Venous thromboembolism (VTE), including deep vein 
thrombosis (DVT) and pulmonary embolism (PE), is 
a potentially lethal complication that can occur after 
total knee arthroplasty (TKA). This complication can 
be prevented using mechanical or pharmacological 
thromboprophylaxis or both [1, 2]. However, there is no 
consensus on the best choice. Currently, international 
research seeks a safe and effective solution to prevent 
VTE while avoiding excessive bleeding.

Postoperative edema greatly impacts rehabilitation, 
as it is associated with quadriceps weakness, reduced 
gait speed, and worse functional performance [3, 4]. In 
addition to causing asthenia and delaying rehabilita-
tion, blood loss predisposes the need for blood transfu-
sion, which, in turn, causes immunosuppression, favors 
infection and is also associated with a greater DVT risk 
[5–7]. Nevertheless, there are still few quality studies 
in the literature comparing the effects of the thrombo-
prophylaxis method, specifically on edema and blood 
loss in TKA [8–12].

The American College of Chest Physicians (ACCP) 
recommends enoxaparin as a pharmaceutical choice for 
thromboprophylaxis [1]. Mechanical prophylaxis, gen-
erally recommended to be used bilaterally, is the port-
able intermittent pneumatic compression device (IPCD) 
[1, 2, 13–15]. However, its unilateral use has not been 
compared with pharmacological methods. Most studies 
on thromboprophylaxis in arthroplasty compare antico-
agulants with a combination of these drugs and IPCD. 
But there is a gap in the literature for the comparison 
between isolated unilateral IPCD versus isolated enoxa-
parin regarding edema [8, 10, 12, 16–20].

Rationale
As there is no standard for prophylaxis, and both IPCD 
and pharmacological approaches seem to work together, 
what should guide clinical choice for one or the other 
option, and are they really needed in combination? Is 
mechanical prophylaxis enough to prevent edema and 
blood loss in the context of TKA — even before any 
thrombotic event? And would a single-leg mechanical 
device safely provide the expected preventive effect?

To help with decision-making, we aimed to study 
the effect of isolated unilateral IPCD versus isolated 

enoxaparin on the edema of the operated thigh, leg and 
ankle after TKA. Secondarily, we compared these inter-
ventions regarding blood loss.

The hypothesis was that unilateral IPCD would cause 
the same level of edema and the same blood loss as 
enoxaparin.

Materials and methods
Trial design, ethics and reporting
This was an open, parallel, randomized equivalence 
trial with two arms. Adult patients undergoing primary 
total unilateral knee arthroplasty for any reason were 
randomized to one of two protocols of thromboprophy-
laxis: pharmacological (enoxaparin) or mechanical 
(unilateral portable intermittent pneumatic compres-
sion device, IPCD). The allocation ratio was 1:1.

The study was prospectively registered at REBEC on 
06/04/2019  (RBR-8k2vpx), an International Clinical 
Trials Registry Platform, and it was approved by the 
public university’s institutional review board (Comitê 
de Ética da Universidade de São Paulo, protocol CAAE: 
95636718.9.0000.0065). All methods followed the Dec-
laration of Helsinki, and all patients received verbal and 
written explanations about the study aims and methods 
and signed informed consent forms for participation 
and publication. Patients were informed that they had 
the right to leave the trial any time. We report the study 
here according to the CONSORT 2010 reporting guide-
line [21].

After registration, we made two changes to the pro-
tocol. First, we inverted the primary and secondary 
outcomes: blood loss, which was the primary outcome 
initially, became the secondary, and edema became 
the primary outcome in this research. We then cal-
culated a new sample size based on this decision, as 
described below. The second change was in the inclu-
sion criteria: we decided not to include patients with 
body mass index (BMI) over 40 kg/m2, who would 
undergo more aggressive surgical trauma with more 
edema and bleeding. We also decided to include only 
patients undergoing unilateral surgery because blood 
loss would also be naturally larger in patients submit-
ted to bilateral arthroplasty. Finally, patients in regu-
lar use of anticoagulants were excluded. These changes 
were added to the register.

Keywords:  Hemorrhage, Edema, Knee Arthroplasty, Knee Replacement, Anticoagulants, Arthroplasty, Replacement, 
Knee, Embolism and Thrombosis, Venous Thromboembolism,  Enoxaparin, Postoperative Hemorrhage, Intermittent 
Pneumatic Compression Devices
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Participants, setting and location
We recruited for this trial patients 18 years old and over, 
submitted to unilateral total knee arthroplasty (TKA) in 
the same hospital, operated by the same surgeon between 
June 5th 2019 and March 31st 2021, using the same sur-
gical technique described below. The setting was a phil-
anthropic hospital that serves the national public health 
system in the Amazon region in Brazil.

We did not include patients with BMI over 40 kg/m2, 
previous personal or family history of venous throm-
boembolism, coagulation disorders, liver diseases, gas-
trointestinal or cerebral hemorrhage in the previous 3 
months, allergy to enoxaparin, under chronic use of anti-
coagulants or with diagnosed malignant tumors. We set 
as exclusion criteria the failure to return for follow-up 
consultations, deaths not related to venous thromboem-
bolism events or surgery complications during the first 3 
months.

Routine surgical procedure and preoperative 
and postoperative care
Regardless of allocation, all patients included in this trial 
underwent the same TKA technique during the morn-
ing. It started with a neuraxial block by spinal anesthesia 
(with 15 mg of 0.5% hyperbaric bupivacaine and 0.1 mg 
of morphine) and cemented primary TKA via a trans-
quadricipital medial parapatellar approach with patellar 
eversion. All patients received the same type of prosthe-
sis with posterior cruciate ligament substitution: AKS PS 
(Baumer, Mogi Mirim, São Paulo, Brazil) without patella 
replacement. We used a 3.2 mm 2-way suction drain 
for all patients, removing it 48 hours after surgery. We 
applied a pneumatic tourniquet device to the thigh of all 
patients. We adjusted pressure to 150 mmHg above the 
systolic pressure, from the start of the surgery until the 
cementation of the prosthesis.

Patients received cefuroxime sodium (1.5 g every 
12 hours for 24 hours) as antibiotic prophylaxis, start-
ing at anesthetic induction. They also received intrave-
nous tranexamic acid, administered at a 20 mg/kg dose, 
half during the anesthetic induction (10 mg/kg) and 
the other half (10 mg/kg) 15 minutes before the tourni-
quet was released. At the end of the surgery, the patient 
underwent an anesthetic block of the saphenous nerve in 
the adductor canal of the thigh guided by ultrasound to 
control pain and allow early walking. For this block, we 
used 0.5% bupivacaine with a vasoconstrictor (15 ml) plus 
distilled water (15 ml), making a volume of 30 ml, with a 
final concentration of bupivacaine of 0.25%. We did not 
perform local anesthetic infiltration of the capsule or soft 
tissues around the knee. This protocol was the same for 
all patients regardless of allocation.

The hospital’s physical therapy team introduced ambu-
lation and range of motion (ROM) exercises about 6 h 
after surgery. All team members proposed the same gait 
training for the patients in this study (also regardless of 
allocation): walking with the aid of a walker, for an aver-
age of 10 minutes on the first day and increasing the fol-
lowing morning gradually according to the patient’s 
tolerance of pain. Ambulation exercises would not be 
performed if the patient had persistent postural hypo-
tension or voluntary refusal only. Patients received blood 
transfusion if they had a Hb level of less than 8 g/dl or 
values between 8 and 9 g/dl if accompanied by clinical 
symptoms of anemia.

Hospital discharge was planned for the third post-
operative day, provided that the patient could walk 
with support and was in good clinical condition. They 
received guidance from the physiotherapy team at dis-
charge regarding specific exercises to gain ROM and gait 
training.

We asked all patients to return to the hospital outpa-
tient ward for a follow-up on edema and general clinical 
condition on the 10th, 45th and 90th days after surgery. 
We gave them guidance about signs and symptoms, 
such as calf stiffness, pain and discoloration of the leg 
(symptoms of deep vein thrombosis, DVT) or in case of 
shortness of breath, chest pain and cough (pulmonary 
embolism, EP). We asked them to telephone the team if 
they had any symptoms and to come to the emergency 
room when necessary.

Thromboprophylaxis interventions under evaluation 
in this trial
Participants were randomly allocated to Group E, receiv-
ing enoxaparin (pharmacological thromboprophylaxis) 
and Group M (mechanical). The dose of enoxaparin given 
to Group E was 40 mg subcutaneously (equal dose for all 
patients and regardless of weight), started 12 h after the 
end of surgery. A daily dose was maintained until the 
10th postoperative day.

Group M received mechanical prophylaxis only, with a 
portable IPCD (WizAir, Medical Compression Systems, 
Or Akiva, Israel) for continuous use for 10 days, installed 
at the end of the surgery, right after the dressing, below 
the knee. The portable device allowed its use even while 
walking. A hose runs from this device to a sock that the 
patient wears on his/her leg. This sock has three inde-
pendent air chambers, inflated by the hose in an ascend-
ing, progressive and intermittent manner (as shown in 
Fig. 1 and Suppl Video 1). The IPCD was placed only on 
the operated leg. The patient was instructed to wear it 
24 hours a day, removing it only for showering. After hos-
pital discharge, they were supposed to take it home and 
bring it back at the first hospital return visit 10 days later.
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Outcomes
The primary outcome, edema, was evaluated at the 
thigh, leg and ankle circumference in centimeters 
before surgery and on the third postoperative day. The 
standardized measurement was taken, always by the 
same physical therapist, at 10 cm proximally to the 
superior pole of the patella, for the thigh, 10 cm distal 
to the inferior pole of the patella, for the leg, and over 
the two malleoli for the ankle. This professional took 
the opportunity to examine the patient and register 
any skin changes, such as blisters or skin necrosis from 
edema. Surgeon also examined the skin during clinical 
visits.

Blood loss, the secondary outcome, was evaluated by 
the volume accumulated in the suction drain, in mil-
liliters, and the hemoglobin (Hb, g/dl) and hematocrit 
(Ht, %) in the blood count taken in the morning before 
and again 48 hours after surgery. The nurse team reg-
istered the drained volume in the medical record as a 
routine. The hospital laboratory performed all blood 
counts. We also registered the time of tourniquet use.

We registered the following adverse events for this 
study: the need for blood transfusion and volume trans-
fused; bleeding events and complications, according to 
the recommendation by ACCP, classified as fatal bleed-
ing or hemorrhage requiring reoperation; infection and 
hospital readmission after discharge.

Sample size calculation
The sample size calculation for this clinical study was 
based on the primary outcome, edema, indicated by the 
leg circumference measurement. A pilot study was car-
ried out with the first 20 cases evaluated, in which the 
measurement change (post – preoperative) between the 
groups was observed. Knowing that the variability in 
leg circumference was 1.49 cm in this pilot study with 
the first 20 cases evaluated (standard deviation, SD, 
1.49 cm), we calculated, assuming a mean difference of 
at least 0.90 cm, with 80% power and 95% confidence, 
that the sample needed would be 44 patients in each 
group. We opted for a larger sample of 150 patients (75 
in each group), anticipating possible losses.

Randomization, allocation concealment and blinding
The randomization was performed by an independ-
ent statistical professional. The statistician initially 
generated a simple random number sequence, without 

Fig. 1 Photograph of the unilateral portable intermittent pneumatic 
compression device (IPCD) used in the trial (A); size of the pumping 
machine component (B) and device in use (C, with patient consent)
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groups, using the Bio Estat program, version 5.3, with 
150 numbers and their respective groups (M or E). 
With the patient allocation order in hand, he prepared 
150 opaque envelopes with the sequential number-
ing written on the outside and the allocation (M or E) 
on a paper inside. Every time a patient was admitted 
to the surgical ward for the operation, a nurse in the 
operating room had to open each envelope, respect-
ing the sequence number. The surgeon (principal 
researcher) was only then informed about the alloca-
tion. The allocation had to be revealed at this point so 
that the surgeon could immediately request the hospi-
tal pharmacy to send the IPCD  to the operating room 
so that it could be applied immediately at the end of 
the surgery.

The physical therapist measuring the limb circum-
ference for edema evaluation (primary outcome) could 
not be blinded at the measurement after surgery, as the 
IPCD is visible and  was not removed. Patients could 
not be blinded either for the same reason.

Statistical analysis
Categorical variables were described according to 
groups using absolute and relative frequencies, and 
the association with groups was verified using chi-
square tests. Quantitative measures were described 
using summary measures (mean, standard deviation, 
median, minimum and maximum) and compared 
between groups using the Student’s t-test, as the Kol-
mogorov-Smirnov test indicated normal distribution.

Tourniquet time and bleeding were compared 
between groups, controlling for characteristics that 
showed differences in the preoperative period using 
general linear models (adjusted for age).

All measurements that were performed at two 
moments (preoperatively and after 48 hours, in the 
case of bleeding, and on the third day, in the case 
of edema) were described according to groups and 
moments and compared using equations of generalized 
estimation (EEG) with normal distribution and iden-
tity link function, assuming a first-order autoregressive 
correlation matrix between moments. The analyzes 
were followed by multiple Bonferroni comparisons to 
verify between which groups and moments the differ-
ences occurred. Contrasts were created to identify the 
differences between the pre and postoperative differ-
ences of the groups.

To perform the analyses, we used the IBM-SPSS for 
Windows version 20.0 software and, for data tabula-
tion, the Microsoft Excel 2003 software. The tests 
were performed considering a significance level of 5%.

Results
Baseline evaluation and composition of the groups
In the study period, 161 patients were admitted to the 
hospital for TKA, and 11 were excluded for the reasons 
described in Fig. 2, with 150 finally randomized. We lost 
the follow-up of 3 patients in Group E, and 2 in Group M. 
We could confirm by telephone that 4 of them were well 
and did not come for the follow-up consultations due 
to lack of transportation. We could not contact the last 
patient (Group E) or any family member.

Table 1 shows baseline clinical and demographic char-
acteristics of operated patients. The mean tourniquet 
time use in Group E was 79.8 minutes and 76.8 for Group 
M (p = 0.188). Table 2 shows that Hb and Ht of Group M 
were 0.6 g/dl and 1.6% lower than in Group E (p = 0.002 
and 0.009 respectively) at baseline.

Does mechanical prophylaxis prevent edema?
The mean and median edema measurements increased 
statistically from the preoperative to the third postop-
erative day, regardless of the group (pMoment < 0.001; 
Table  3). The difference between groups was not sig-
nificant (pGroup > 0.05). Considering the groups and 
moments together, the measures of edema in the ankle 
and leg were different (p Interaction < 0.05), with no dif-
ference for the thigh, for which they did not reach 2 cm in 
circumference. Leg circumference increased by approxi-
mately 2 cm for Group E and approximately 1.5 cm in 
Group M. The increase in ankle circumference, which 
in Group E was approximately 1.5 cm, was close to zero 
in Group M. The limb circumferences increased in both 
groups (p <   0.001), but edema in Group E was signifi-
cantly higher for the leg and ankle (p <  0.002) compared 
to Group M.

Does mechanical prophylaxis prevent blood loss?
Hb and Ht levels differed between groups across the 
moments (pInteraction < 0.05; Table  4). The largest dif-
ference was in Group E (Table  5), but the values were 
not similar preoperatively either (Table  2). Hb and Ht 
decreased significantly in both groups (p <   0.001). But 
the reductions of Hb and Ht were significantly greater 
in Group E (p <   0.001). The volume of blood loss in 
the drain in the first 48 hours was greater in Group E 
(p <  0.001), regardless of patient’s age (Table 6).

Is mechanical prophylaxis safe?
Four patients received a blood transfusion on the third 
postoperative day: three in Group E. No patient experi-
enced fatal or severe bleeding. A 67-year-old patient in 
Group M had a suspicion of DVT, with marked swelling 
in the leg. She returned to the emergency room 20 days 
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after surgery. Doppler ultrasound ruled out DVT, and 
lymphedema was diagnosed. No patient had sympto-
matic PE.

A 61-year-old patient in group E had an acute infec-
tion on the 12th postoperative day. In the hospital’s emer-
gency room, a puncture with culture was positive for 
Enterococcus faecalis. He was reoperated with debride-
ment and polyethylene exchange, remained hospital-
ized for 2 weeks with intravenous antibiotic therapy and, 
after discharge, had oral antibiotic therapy for another 
4 weeks, with resolution. Another patient in Group E, 
59 years old, had hemarthrosis, punctured on the 13th 
postoperative day (44 ml). The punctured blood culture 
was negative, but empiric oral antibiotic was still pre-
scribed (ciprofloxacin, 500 mg, orally every 12 hours) for 
14 days, with good evolution.

A 53-year-old diabetic and hypertensive patient from 
group M had a stroke on the seventh postoperative day. 

She was treated at a referral hospital where her family 
took her. On her last return to our center, at 90 days, she 
had mild hemiparesis and difficulty walking.

Four participants (2.6%), three from Group M and one 
from Group E, did not walk in the first 24 hours of sur-
gery due to complaints of malaise and asthenia.

Discussion
Questions/purposes
Unilateral mechanical thromboprophylaxis after TKA 
safely resulted in less edema in the leg and ankle and 
blood loss than the pharmacological alternative in this 
randomized trial. IPCD was used continuously and 
allowed patients to walk.

Background and rationale
The latest American Academy of Orthopaedic Surgeons 
(AAOS) guideline recommends mechanical and/or 

Fig. 2 Flowchart of patients’ inclusions and exclusions



Page 7 of 11Maradei‑Pereira et al. BMC Musculoskeletal Disorders          (2022) 23:984  

Table 1 Baseline clinical and demographic characteristics of the operated patients (* Student’s t test; ** Chi‑square test)

Variable Group Total p

Enoxaparin (n = 75) Mechanical (n = 75) (n = 150)

Gender, n (%) 0,379**

 Female 49 (65,3) 54 (72) 103 (68,7)

 Male 26 (34,7) 21 (28) 47 (31,3)

Side, n (%) 0,870**

 Right 41 (54,7) 40 (53,3) 81 (54)

 Left 34 (45,3) 35 (46,7) 69 (46)

Age (years) 0.098*

 mean ± standard deviation 67,1 ± 8,6 64,8 ± 8,2 65,9 ± 8,4

 median (minimum; maximum) 67 (50; 87) 64 (48; 88) 66 (48; 88)

Height (m) 0.557*

 mean ± standard deviation 1,56 ± 0,08 1,55 ± 0,09 1,56 ± 0,08

 median (minimum; maximum) 1,54 (1,4; 1,8) 1,53 (1,4; 1,8) 1,54 (1,4; 1,8)

Weight (Kg) 0.743*

 mean ± standard deviation 72,3 ± 10,4 72,9 ± 11,9 72,6 ± 11,1

 median (minimum; maximum) 73 (51; 100) 72 (47; 115) 72 (47; 115)

BMI (Kg/m2) 0.348*

 mean ± standard deviation 29,7 ± 3,5 30,3 ± 4,7 30 ± 4,2

 median (minimum; maximum) 29,2 (22,7; 38,7) 29,2 (21,2; 44,9) 29,2 (21,2; 44,9)

Table 2 Serum hemoglobin and hematocrit values at baseline

Variable Group Total p

Enoxaparin (n = 75) Mechanical (n = 75) (n = 150)

Hemoglobin (g/dl) 0.002
 mean ± standard deviation 13.2 ± 1.2 12.6 ± 1.1 12.9 ± 1.2

 median (minimum; maximum) 13.3 (10.3; 15.9) 12.6 (10.1; 15.5) 12.8 (10.1; 15.9)

Hematocrit (%) 0.009
 mean ± standard deviation 40.1 ± 3.8 38.5 ± 3.5 39.3 ± 3.7

 median (minimum; maximum) 40 (31; 50) 38 (31; 48) 39 (31; 50)

Table 3 Edema, measured as the circumference of the thigh, leg and ankle according to groups and moments of evaluation. 
Generalized estimating equations (GEE) with normal distribution and identity link function

p Group: compares groups independently of the moment of evaluation; p Moment compares the moments independently of groups; p Interaction compares the behavior of 
the groups across timings

Variable Group Enoxaparin (n = 72) Group Mechanical (n = 73) p Group p Moment p Interaction

Pre-operative Post-operative Pre-operative Post-operative

Thigh circumference (cm) 0.543 < 0.001 0.436

mean ± standard deviation 46.6 ± 5.3 48 ± 5.3 47.2 ± 5.6 48.5 ± 5.5

median (minimum; maximum) 46.5 (37; 58) 47.8 (37; 63) 47 (34; 60) 48.8 (35; 61)

Leg circumference (cm) 0.614 < 0.001 0.001
mean ± standard deviation 34.2 ± 3.1 36.4 ± 3.6 34.4 ± 3.2 35.7 ± 3.3

median (minimum; maximum) 34 (28; 42) 36 (30; 48.5) 34 (26; 41) 35.5 (28; 44)

Ankle circumference (cm) 0.009 < 0.001 < 0.001
mean ± standard deviation 23.7 ± 1.9 25.2 ± 2.1 23.6 ± 1.7 23.8 ± 2

median (minimum; maximum) 23.5 (20; 31) 25 (21; 33) 23.5 (20; 28) 23.5 (20; 30)
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pharmacological prophylaxis for patients with no prior 
history of VTE, no bleeding disorder, and no liver disease 
[2]. ACCP and other guidelines [2, 13, 14] recommend 
mechanical prophylaxis for at least 18 hours a day with a 
portable IPCD allowing walking while recording patient’s 
adherence [1]. Although edema impairs rehabilitation 

of patients having TKA [3, 4], we could not find stud-
ies comparing a portable IPCD thromboprophylaxis 
with enoxaparin for this outcome. The few studies on 
edema [22–24] used plantar compression pumps associ-
ated with anticoagulants compared with a control group 
using the same anticoagulant only. These studies found 

Table 4 Serum hemoglobin and hematocrit values in the groups and moments. Generalized estimating equations (GEE) with normal 
distribution and identity link function

p Group: compares groups independently of the moment of evaluation; p Moment compares the moments independently of groups; p Interaction compares the behavior of 
the groups across timings

Variable Group Enoxaparin (n = 72) Group Mechanical (n = 73) p Group p Moment p Interaction

Pre-operative Post-operative Pre-operative Post-operative

Hemoglobin (g/dl) 0.090 < 0.001 0.001
 mean ± standard deviation 13.2 ± 1.2 10.2 ± 1.3 12.6 ± 1.2 10.2 ± 1.3

 median (minimum; maximum) 13.4 (10.3; 15.9) 10.2 (6.7; 12.9) 12.5 (10.1; 15.5) 10.3 (7.8; 12.9)

Hematocrit (%) 0.140 < 0.001 0.001
 mean ± standard deviation 40.1 ± 3.8 30.3 ± 3.7 38.3 ± 3.4 30.6 ± 3.7

 median (minimum; maximum) 40 (31; 50) 30 (20; 39) 38 (31; 48) 31 (23; 38)

Table 5 Multiple comparisons of edema and indicators of blood loss values across moments: pre‑operative (pre‑op) or post‑operative 
(post‑op). Bonferroni’s multiplicity adjustment or acontrast difference pre and post‑op between groups

Variable Comparison Mean difference Standard error Degrees of 
freedom

p

Thigh circumference (cm) Enoxaparin post‑op ‑ Enoxaparin pre‑op 1.44 0.17 1 <  0.001
Mechanical post‑op ‑ Mechanical pre‑op 1.26 0.17 1 <  0.001
Enoxaparin pre‑op ‑ Mechanical pre‑op −0.63 0.90 1 >  0.999

Enoxaparin post‑op ‑ Mechanical post‑op − 0.45 0.90 1 >  0.999

Enoxaparin (post‑pre) ‑ Mechanical (post‑pre)a 0.19 0.28 143 0.509

Leg circumference (cm) Enoxaparin post‑op ‑ Enoxaparin pre‑op 2.14 0.17 1 <  0.001
Mechanical post‑op ‑ Mechanical pre‑op 1.32 0.17 1 <  0.001
Enoxaparin pre‑op ‑ Mechanical pre‑op −0.14 0.55 1 >  0.999

Enoxaparin post‑op ‑ Mechanical post‑op 0.68 0.55 1 >  0.999

Enoxaparin (post‑pre) ‑ Mechanical (post‑pre)a 0.83 0.26 143 0.002
Ankle circumference (cm) Enoxaparin post‑op ‑ Enoxaparin pre‑op 1.53 0.12 1 <  0.001

Mechanical post‑op ‑ Mechanical pre‑op 0.21 0.12 1 0.447

Enoxaparin pre‑op ‑ Mechanical pre‑op 0.16 0.32 1 >  0.999

Enoxaparin post‑op ‑ Mechanical post‑op 1.47 0.32 1 <  0.001
Enoxaparin (post‑pre) ‑ Mechanical (post‑pre)a 1.32 0.17 143 <  0.001

Hemoglobin (g/dl) Enoxaparin pre‑op ‑ Enoxaparin post‑op 3.04 0.13 1 <  0.001
Mechanical pre‑op ‑ Mechanical post‑op 2.41 0.13 1 <  0.001
Enoxaparin pre‑op ‑ Mechanical pre‑op 0.62 0.20 1 0.013
Enoxaparin post‑op ‑ Mechanical post‑op −0.01 0.20 1 >  0.999

Enoxaparin (pre‑post) ‑ Mechanical (pre‑post)a 0.63 0.18 143 0.001
Hematocrit (%) Enoxaparin pre‑op ‑ Enoxaparin post‑op 9.74 0.42 1 <  0.001

Mechanical pre‑op ‑ Mechanical post‑op 7.75 0.42 1 <  0.001
Enoxaparin pre‑op ‑ Mechanical pre‑op 1.78 0.61 1 0.021
Enoxaparin post‑op ‑ Mechanical post‑op −0.21 0.61 1 >  0.999

Enoxaparin (pre‑post) ‑ Mechanical (pre‑post)a 1.99 0.60 143 0.001
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a significant reduction of lower limb edema. We did not 
observe the edema reduction on the thigh as they did, 
possibly because we measured the limb circumference 
too early on the third postoperative day.

Among studies on mechanical prophylaxis, this is the 
first to use the portable IPCD unilaterally, on the oper-
ated leg only. There is no consensus on whether to use 
the device in one or both legs [15]. When the patient 
needs to stay in bed for other reasons, its use on both 
limbs seems reasonable. However, we encouraged mobil-
ity in both legs as soon as the effect of spinal anesthesia 
wore off. Also, most started walking in the first 6 h after 
surgery. In TKA, walking in the first 24 hours after sur-
gery is associated with reduced DVT occurrence [25, 26]. 
It was not, however, the scope of this research to evaluate 
the effectiveness of the two methods on the occurrence 
of VTE: given the very low incidence of symptomatic 
VTE in TKA, and the already proven effectiveness of sev-
eral methods in VTE prevention, it did not make sense 
to use VTE as a primary outcome, as this would require 
a very large number of patients, more characteristic of 
multicenter studies. Instead, we chose to study edema 
and blood loss, that are early events in the clinical path-
way of operated patients, and with potential impact on 
their quality of life.

The incidence of DVT after arthroplasty is lower in the 
contralateral leg (between 3,2 and 5.5%) [27–29], which 
supports the use of the compression on the operated side 
only. Using the IPCD on one leg only naturally impacts 
on costs too, and comfort for the patient, two outcomes 
to be further studied — and important in cases where 
both interventions are equally effective and safe. One 
needs to consider, also, that those studies on DVT in the 
contralateral leg screened all patients [27–29], and not 
only the symptomatic ones — as recommended by ACCP 
[1] and AAOS [2]. The majority of patients with DVT are 
asymptomatic, though [11, 30] and using anticoagulant 
medication for these patients would only increase the 
risk of bleeding, infection and operative wound compli-
cations [8].

Besides the lower limb edema, we also observed less 
blood loss in the group using IPCD. The results in the lit-
erature of IPCD on blood loss are controversial and dif-
ferent when portable and non-portable devices are used 

[8–12]. The reason why IPCD can result in less, rather 
than more blood loss is not known [8–12] and should be 
further investigated. We compared the unilateral IPCD 
with enoxaparin, and not with aspirin — a drug with 
increasing popularity in the last years. The most recent 
international consensus on VTE prophylaxis in knee 
surgery, published after the results analysis for this trial, 
recommends aspirin [30]. However, it is not yet a global 
trend, and especially it was not the preference of 87% of 
Brazilian orthopaedic surgeons, who preferred enoxa-
parin according to a national survey conducted in 2021 
[31]. This is why we decided to compare the IPCD with 
enoxaparin and not aspirin.

The AAOS guideline recommends that the prophylaxis 
be based on a discussion with the patient, lasting for a 
minimum of 10 to 14 days [2]. We opted for providing 
it for 10 days based on this AAOS recommendation and 
also on the fact that we encouraged walking very early, 
only 6 h after surgery. This early start is also supported 
by other studies showing the positive effect of walking 
early on the reduction of venous thrombosis [25, 26]. The 
guidelines that suggest longer thromboprophylaxis are 
usually based on hip replacement, not knee surgery [1, 2]. 
Two systematic reviews and two randomized controlled 
trials could not conclude in favor of extending the proph-
ylaxis in total knee replacement [32–35].

Limitations
However, studying portable IPCDs present some chal-
lenges. One clear limitation of this trial was the inabil-
ity to blind the patient and the staff for the intervention 
used. This is a limitation inherent to the chosen interven-
tion, which could not be bypassed with a different trial 
design or with a biomechanical engineering solution for a 
sham treatment in our setting.

Another important limitation was that, when this 
trial was conducted, there was no IPCD available in 
Brazil that could register the time of use, as recom-
mended by ACCP [1]. Therefore, we could not check 
patient adherence to the intervention at home. How-
ever, the device use in the hospital was monitored, and 
the edema measurements were taken in the morning 
of discharge, still in the hospital, reflecting the IPCD 
use and not any other confounding factors in patients’ 

Table 6 Blood volume collected in the drain over 48 hours adjusted for age (Student’s t test)

Variable Group Total p

Enoxaparin (n = 72) Mechanical (n = 73) (n = 145)

Drain volume (mL)
 mean ± standard deviation 566.1 ± 174.5 420.8 ± 142.5 493 ± 174.6 <  0.001
 median (minimum; maximum) 565 (160; 1000) 400 (150; 900) 480 (150; 1000)
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homes. Future studies should take the measurements 
on the tenth postoperative day as well and verify spe-
cifically how the use of IPCD affects rehabilitation exer-
cises and walking.

Thromboprophylaxis options after TKA are still a 
matter of discussion. Portable devices that can prevent 
DVT and PE without increasing blood loss or other 
risks are certainly welcome and should be further inves-
tigated. A unilateral IPCD has proven a good alterna-
tive to isolated pharmacological prevention in this trial.

Conclusions
Exclusively mechanical prophylaxis after TKA with a 
portable IPCD on the operated leg only reduces leg and 
ankle swelling and postoperative blood loss when com-
pared to exclusively pharmacological prophylaxis with 
enoxaparin.
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