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Abstract

conventional manual TKA (mTKA).

Purpose Prolongation of operation time due to registration and pin insertion has been reported with robotic-
assisted total knee arthroplasty (RATKA), and there has been concern about an increase in the postoperative inci-
dence of deep vein thrombosis (DVT). In this study, we compared the incidence of DVT after RATKA with that after

Methods This consecutive retrospective series included 141 knees that underwent primary TKA using the Journey
Il system. The CORI robot was used. There were 60 RATKAs and 81 mTKAs. Doppler ultrasound was performed in all
patients on postoperative day 7 to determine whether DVT was present.

Results The operation time was longer in the RATKA cohort (99.5 min vs 78.0 min, p <0.001). The overall incidence

of DTV was 43.9% (62/141 knees), all of which were asymptomatic. There was no significant difference in incidence of
DVT between RATKA and mTKA (50.0% vs 39.5%, p=0.23). Use of the robot did not affect the incidence of DVT follow-
ing TKA (odds ratio 1.02, 95% confidence interval 0.40-2.60; p=0.96).

Conclusion The incidence of DVT was not significantly different between RA-TKA and mTKA. Multiple logistic regres-

Level of evidence |V.

sion indicated that RATKA is not associated with increased risk of postoperative DVT.

Keywords Total knee arthroplasty, Deep vein thrombosis, Robotics

Introduction

Robotic-assisted total knee arthroplasty (RATKA) has
excellent advantages, including accurate placement of
the prosthesis, precise bony cuts, less soft tissue invasion,
real-time intraoperative assessment of ligament balance,
and better short- to long-term postoperative functional
outcomes and patient satisfaction [1, 5, 12, 15, 25].
However, recent systematic reviews comparing RATKA
with conventional manual TKA (mTKA) have identified
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complications and downsides [25]. Well-known com-
plications include pin-hole fracture, pin-related infec-
tion, iatrogenic soft tissue and bony injury, and excessive
blood loss with the downside of a longer operation time
[11, 16].

Deep vein thrombosis (DVT) is a widely recognized
major complication in patients undergoing TKA [2, 8,
24]. Many studies have investigated factors associated
with the incidence of DVT, the most well-known of
which are older age, female sex, higher body mass index
(BMI), bilateral surgery, and cemented fixation [23]. Post-
operative DVT is assumed to be a negative event caused
by increased surgical invasiveness and a longer operation
time [26], but there is still limited information on DVT
after RATKA. Prolongation of operation time as a result
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of registration and pin insertion has been reported with
RATKA [11], and there is concern about an increased
incidence of DVT [13]. Given that factors contribut-
ing to the incidence of DVT, such as soft tissue invasion
and operation time, are different between RATKA and
mTKA, it would be rational to evaluate the incidence of
DVT after RATKA. Accurate assessment of the incidence
of DVT allows surgeons to accurately inform patients of
the risks and benefits when counseling them about the
procedure.

The purpose of this study was to compare the inci-
dence of DVT after RATKA with that after mTKA. Our
hypothesis was that the incidence of DVT after RATKA
would be affected by the prolonged operation time.

Methods
Study design and participants
This consecutive retrospective series included 141 knees
that underwent primary TKA using the Journey II system
(Smith & Nephew, Memphis, TN, USA) [9, 10, 17] at our
institution between January 2020 and December 2022.
Since December 2021, we have used the CORI robot
(Smith and Nephew, London, UK) for TKA [6]. All TKAs
were performed in patients with a diagnosis of osteoar-
thritis, osteonecrosis, or rheumatoid arthritis. No knees
with posttraumatic arthritis were present in this retro-
spective series. There were 60 RATKAs and 81 mTKAs.
This study was approved by our hospital ethics com-
mittee (approval number 4952). Informed consent was
obtained via the opt-out route in view of the retrospec-
tive observational nature of the research.

Surgical technique and postoperative rehabilitation

All of the surgeries were performed using a tourniquet
by any of four experienced knee surgeons who were all
knowledgeable about the implant and the implantation
techniques used. The tourniquet inflation pressure was
based on systolic blood pressure [20]. The tourniquet was
inflated before the skin incision and loosened after appli-
cation of a bandage to the limb. The decision regarding
whether to perform bi-cruciate stabilized or cruciate-
retaining TKA was at the discretion of the surgeon. All
TKAs were cemented and resurfaced with a cemented
dome-shaped polyethylene patella.

All surgeries were performed under general anesthesia,
and additional regional anesthesia was added under ultra-
sound guidance at the discretion of the anesthesiologist.
A drainage tube was not placed in all cases. Tranexamic
acid 1000 mg was administered intravenously before the
tourniquet was released. Antiplatelet agents or antico-
agulants that had been administered preoperatively were
withdrawn only on the day of surgery, and oral intake was
resumed on the first postoperative day.
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All patients received standard mechanical prophylaxis
against DVT, namely, use of elastic stockings and an
intermittent pneumatic compression device in the early
postoperative period [8, 21]. Patients were permitted to
ambulate with full weight-bearing as pain permitted from
the first postoperative day and underwent rehabilitation
without restriction of range of motion.

Assessment for venous thromboembolism

Venous thromboembolism (VTE) includes both DVT
and pulmonary embolism (PE) [23, 24]. D-dimer plasma
levels were assessed before surgery to rule out preopera-
tive DVT. Patients with a preoperative D-dimer cut-off
value of 1.0 pg/mL [14] who underwent whole-leg Dop-
pler ultrasound and were noted to have DVT were not
diagnosed to have new DVT if the DVT was found at the
same site postoperatively.

Doppler ultrasound was performed on day 7 after
surgery in all patients to determine whether postopera-
tive DVT was present. DVT was assessed by whole-leg
Doppler ultrasound, and the location of any thrombus
was recorded. Compression and color Doppler imaging
in B-mode ultrasonography were performed. Proximal
DVT was defined as DVT occurring in the popliteal vein
or higher. Whether the thrombus was attached to the
vein wall or free-floating was also investigated. All Dop-
pler ultrasound procedures were performed by the same
team of experienced ultrasonographers. The ProSound
F75 (Hitachi Aloka Medical, Tokyo, Japan) was used for
all cases.

If PE was suspected based on clinical signs [8, 23], such
as chest pain, breathlessness, and desaturation, contrast-
enhanced computed tomography was performed.

Complications and clinical assessment

Complications occurring up to 90 days following TKA
were retrospectively analyzed using the patients’ medi-
cal records. Postoperative mobilization time was defined
as the first day on which the patient ambulated or per-
formed standing foot exercises after surgery.

Risk stratification was performed using age and the
American Society of Anesthesiologists (ASA) score,
which refers to the classification of the patient’s physi-
cal status before surgery. Patients classified into the fol-
lowing three risk categories: high risk (age >75 years and
ASA>2), intermediate risk (age>75 years or ASA>2),
and low risk (age <75 years and ASA <2) [3].

Statistical analysis

Descriptive statistics are reported as the median (range),
the count (percentage), or the mean and standard devi-
ation. The distribution of continuous variables was
assessed for normality by visual inspection (histograms)
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and the Shapiro—Wilk test. The chi-squared test was used
to determine the statistical significance of between-group
differences in categorical variables and the Wilcoxon
signed-rank test to evaluate the significance of between-
group differences in continuous variables. Multiple
logistic regression was used to assess the association of
demographic factors with the risk of DVT. All statistical
analyses were performed using JMP software version 16
(SAS Institute Inc., Cary, NC). A p-value<0.05 was con-
sidered statistically significant.

A post hoc power analysis was conducted using
G*Power (version 3.1.9.6). When the level of significance
was set at 0.05, the sample sizes of the study groups
(n=60 and n=_81) had a power of 89%.

Results

The patient demographics are shown in Table 1. The
operation time was longer in the RATKA group than in
the mTKA group (99.5 min vs 78.0 min, p <0.001). There
were no serious complications such as pin-related infec-
tion, pin-hole fracture, or fatal PE during the observation
period.

Table 1 Patient demographics and clinical characteristics
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Incidence and characteristics of VTE

The overall incidence of VTE was 43.9% for DVT (62/141
knees) and 0% for PE (0/141 knees). There was no sig-
nificant difference in the incidence of DVT between RA-
TKA and mTKA (50.0% vs 39.5%, p=0.23, Table 1).

Table 2 show the details of the postoperative DV Ts that
occurred, all of which were asymptomatic. Notably, most
of the DVTs (82.2%) occurred in the soleal vein of the
affected limb but 19.5% occurred in the soleal vein on the
unaffected limb.

Floating thrombi were found in four knees (three in the
popliteal vein and one in the femoral vein) (Table 2).

Risk factors for postoperative DVT

Potential risk factors for postoperative DVT, namely, age
at surgery, sex, BMI, preoperative antithrombotic ther-
apy, operation time, time to postoperative mobilization,
risk category, and robotic assistance were examined in a
multiple logistic regression model with adjustment for
confounders. The multiple logistic regression revealed
that none of these factors were significantly associated
with the incidence of DVT following TKA (Table 3). In
particular, use of the robot did not affect the incidence of

Group RATKA mTKA p-value SMD
(n=60) (n=81)
Age at surgery, years, median [range] 76.0 [68.0-80.0] 73.0 [64.0-78.0] 0.04 0.36
Male sex, n (%) 16 (26.7) 21(25.9) 1.00 0.01
Body mass index?, median [range] 26.1[24.1-283] 259[24.6-29.1] 0.61 0.16
Operated side: right (%) 25 (41.7) 47 (58.0) 0.06 033
Preoperative treatment, n (%) A: 47 (78.3) A:58 (71.6) 0.16 0.33
B:4(6.7) B:14(17.3)
C:9(15.0) C9(11.)
Risk category, n (%) Low: 29 (48.3) Low: 36 (44.4) 036 0.25
Intermediate: 22 (36.7) Intermediate: 38 (46.9)
High: 9 (15.0) High: 7 (8.6)
Operation time, min, median [range] 99.5[92.0-111.0] 78.0 [73.0-84.0] <0.001 174
Time to postoperative mobilization, days, 1.01[1.0-2.0] 1.0[1.0-2.0] 0.19 0.15
median [range]
DVT, n (%) 30 (50.0) 32 (39.5) 0.23 0.21

2 Calculated as kg/m?. A, none; B, antiplatelet agents; C, anticoagulants; DVT, deep vein thrombosis; mTKA, RATKA, SMD, standardized mean difference. Bold values

denote statistical significance at p <0.05

Table 2 Details of the deep vein thromboses that occurred postoperatively

Affected side SoV PeV PTV PV FV GV
Incidence of DVT (free-floating), % 82.2 330 19.3 9.6 (4.8) 48(16) 6.4
Unaffected side SoV PeV PTV PV FV (€%
Incidence of DVT (free-floating), % 19.3 32 16 16 16 16

DVT Deep vein thrombosis, FV Femoral vein, GV Gastrocnemius vein, PeV Peroneal vein, PTV Posterior tibial vein, PV Popliteal vein, SoV Soleal vein
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Table 3 Results of multiple logistic regression to identify risk factors for postoperative deep vein thrombosis

Factor Odds ratio 95% Cl lower 95% Cl upper p-value
Age at surgery 1.04 0.99 1.09 0.06
Female sex 0.75 0.32 1.74 0.50
Body mass index 0.96 0.87 1.05 0.38
Preoperative treatment [C] 0.55 0.18 1.69 0.29
Preoperative treatment [B] 1.29 042 3.90 0.65
Operation time 1.02 0.99 1.05 0.21
Time to postoperative mobilization 1.01 0.74 1.38 0.94
Robotic assistance 1.02 040 2.60 0.96
Risk category 0.85 0.39 1.80 0.66

B antiplatelet agents, C anticoagulants, C/ Confidence interval, DVT Deep vein thrombosis

DVT (odds ratio 1.02, 95% confidence interval 0.40-2.60;
p=0.96).

Discussion

The most important finding in this study was that the
incidence of DVT after RATKA was not significantly
different from that after mTKA despite RATKA having
a longer operation time. As in previous studies [11, 15],
there was a difference in operation time of about 20 min,
but the effect of the longer operation time required for
RATKA on the risk of DVT was considered small.

There are several potential interpretations of the results
of this study. Our hypothesis that the incidence of DVT
would be higher after RATKA because of its longer oper-
ation time was not supported by the results. The advan-
tages of RATKA may have compensated for the longer
operation time and minimized the occurrence of post-
operative DVT. RATKA is less invasive to soft tissues
[5], which may be advantageous for early discharge and
resumption of activities of daily living [16]. Furthermore,
RATKA does not require insertion of an intramedullary
guiding rod for preparation of femoral bone, which may
reduce the invasiveness in terms of the venous circula-
tion. There has been a study suggesting that the incidence
of DVT is lower with RATKA than with mTKA [16] but
a shortcoming of that research was that it used Interna-
tional Classification of Disease codes and did not directly
assess DVT in detail. The strengths of our study were that
it was a comparison of RATKA and mTKA at the same
institution and all patients underwent postoperative
whole-leg Doppler ultrasound to accurately assess DVT,
including asymptomatic cases. In addition, to our knowl-
edge, this was the first study to evaluate the distribution
of DVT after RATKA in the lower extremities on both
the healthy and operated sides.

Our multiple logistic regression did not reveal any fac-
tors that showed a significant association with the inci-
dence of DVT. In a previous systematic review, older

age, female sex, higher BMI, and longer operation time
were considered to be risk factors for VTE [26]. However,
these risk factors are known to be controversial [24, 26]
and it is unclear whether they have a direct or indirect
influence on the incidence of symptomatic and asympto-
matic DVT and PE. All the DV Ts detected in our present
study were asymptomatic, which may not have been the
case in the previous studies.

Chemoprophylaxis with low-molecular-weight heparin
or direct oral anticoagulants (DOACs) has been widely
used to protect against VTE [21]. In particular, the newly
developed DOACs, which are direct Factor Xa inhibi-
tors and include rivaroxaban, apixaban, and edoxaban,
are frequently prescribed in the cardiovascular field and
were used in just over 10% of the cases in this study. VTE
prophylaxis after TKA with DOACs has been reported
[4, 18]. However, high drug costs and complications such
as bleeding were concerns. Furthermore, in the pre-
sent study, the frequency of postoperative VTE follow-
ing TKA was not significantly lower in the group that
received DOACs.

This study has several limitations. First, a retrospective
design could be a source of bias. The patient background
characteristics were comparable between the study
groups, though the RATKA group was significantly older.
Older age is a risk factor for DVT and may explain the
higher incidence of DVT in the RATKA group (50.0% vs.
39.5%, p=0.23). Second, the learning curve required for
RATKA may have affected our results in terms of opera-
tion time. There have been reports of continued improve-
ment in operation times when using RATKA [1, 11], and
further shortening of the time taken to perform RATKA
could further reduce the incidence of DVT. Third, the
routine use of a tourniquet can increase the risk of DVT
[7]. However, given the conflicting results in the literature
regarding DVT [19], the use of tourniquets during TKA
is controversial. Finally, DVT that developed after post-
operative day 7 might not have been recognized. Most
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asymptomatic DVTs after TKA are estimated to occur
within the first 4 postoperative days [22]. Therefore,
postoperative day 7 was considered to be the appropri-
ate time to perform Doppler ultrasound [7]. However,
asymptomatic DVTs after TKA do not all occur within
the first 7 postoperative days [18], so further prospective
studies that reveal the natural history of asymptomatic
DVT after RATKA after postoperative day 7 are needed.

Conclusion

The incidence of DVT was not significantly differ-
ent between RA-TKA and mTKA. Multiple logistic
regression indicated that RATKA is not associated with
increased risk of postoperative DVT.

Abbreviations

BMI Body mass index

DVT Deep vein thrombosis

mTKA Manual total knee arthroplasty

PE Pulmonary embolism

RATKA Robotic-assisted total knee arthroplasty
VTE Venous thromboembolism
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