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A B S T R A C T

Aims: There has been significant interest in day-case and rapid discharge pathways for unicompartmental knee
replacements (UKR). Robotic-assisted surgery has the potential to improve surgical accuracy in UKR. However,
to date there are no published studies reporting results of rapid-discharge pathways in patients receiving UKR
using the NAVIO◊ robotic system.
Methods: A retrospective analysis identified 19 patients who were safely discharged within 24 h following UKR
using the NAVIO◊ robotic system between June 2017 and October 2019. All patients went through a standar-
dised UKR pathway protocol. Pre-operatively patients underwent education sessions and anaesthetic assessment,
with selected patients undergoing occupational/physiotherapy assessment prior to surgery. All patients received
a general anaesthetic with local anaesthetic infiltration prior to closure; nerve blocks were not used routinely. A
multi-modal analgesic regime was utilised. Patients were discharged home once they were safe to mobilise on
ward, had normal vital signs and pain was adequately controlled. Patients were discharged with outpatient
physiotherapy referral and consultant follow up at 6 weeks.
Results: All patients were discharged within 24 h; there were no post-operative complications and no read-
missions to hospital. The mean length of stay was 19.5 h (SD = 6.8), with patients seen twice on average by
physiotherapy post-operatively. Active range of motion at 6 weeks was 105.8°, with all patients mobilising
independently. The median 6-month post-operative Oxford Knee Score was 44 out of 48.
Conclusion: This initial feasibility study suggests that patients may be safely discharged within 24 h of UKR using
the NAVIO robotic system. Appropriate patient selection will ensure successful discharge. Further prospective
studies are needed.

1. Introduction

The lifetime risk of developing knee osteoarthritis (OA) is around
45%,1 with 50% of cases being diagnosed by the age of 55 years.2 Knee
OA places a significant burden on healthcare resources and the demand
for knee arthroplasties is expected to rise in the UK by more than 600%
by 2030.3 This is largely the result of an ageing population, the epi-
demic of obesity and a more sedentary lifestyle.4 In the United
Kingdom, unicompartmental knee replacement accounts for between 8
and 10% of all knee arthroplasties performed.3

Advantages of UKR over total knee replacement (TKR) include re-
duced operating time, quicker short-term recovery, reduced post-op-
erative pain and improved functional outcomes.5–11 The main reported
disadvantages of UKR are poorer implant survival and increased

revision rates compared to TKR.12,13 However, it has been argued that
the higher revision rate is a consequence of easier UKR revision and
lower threshold for revision when compared to TKR and thus should
not be considered a comparable disadvantage.14

R educed length of stay (LOS) following knee arthroplasty is asso-
ciated with reduced peri-operative complications and improved clinical
outcomes,15–19 as well as the potential financial advantages to health
care providers. In recent years, reducing LOS after UKR has gained
considerable interest.20 This has led to the introduction of ‘fast track’,
‘enhanced recovery’ and ‘outpatient surgery’ pathways, aimed at re-
ducing cost and improving the safety of UKR. These protocols have
been found to be successful compared with conventional pathways.21

Fast-track programmes for UKR reduced the LOS to around 1 day with
good post-operative results.19 A natural progression was to develop a
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day-case surgery pathway for UKRs. Several authors to date have re-
ported on the feasibility and safety of UKR as a day-case proce-
dure.15,19,22,23 Complication and readmission rates were found to be
comparable to established fast-track pathways.15,19,22

1.1. NAVIO◊

Limb alignment and implant positioning are key prognostic factors
for implant survival following UKA.13,24,25 The NAVIO◊ system (Smith
and Nephew, Memphis, USA) gathers patient-specific data using ana-
tomic mapping without the need for pre-operative computed tomo-
graphy (CT) scanning. Intra-operative registration using a freehand tool
allows direct mapping of the articular surface to recreate a bespoke 3D
model of the patient's anatomy. Additionally, soft-tissue tension is
measured throughout a range-of-motion (ROM) (Fig. 1). The surgeon is
then able to select the size, orientation and alignment of prosthesis
based upon the 3D model (Fig. 2). Implant position can be fine-tuned to
achieve optimal soft-tissue balancing using a quantitative ROM graph
(Fig. 3). A robotic-controlled NAVIO handpiece burr is used to precisely
resect bone, allowing accurate prosthesis implantation. This process
provides a detailed personalized intraoperative plan based on the pa-
tients' soft tissue balance and anatomy, with the aim being the best
possible anatomic and kinematic alignment of the prosthesis.

To date there is no published experience with rapid discharge UKR
patients using the NAVIO robotic system. We report our experience of
19 patients who have been safely discharged within 24 h of robotic
UKR, and suggest factors that may help to predict this.

2. Material and methods

2.1. Patient selection

Following institutional approval a single center, single surgeons’
retrospective analysis of patients undergoing UKA was conducted.
Perioperative records of all patients undergoing primary UKA using the
NAVIO robotic system were reviewed between June 2017 and October

2019. Patients undergoing bilateral UKA or revision surgery were ex-
cluded. All operations were performed at Charing Cross Hospital,
London, under one surgeon (DN). Patients underwent a standard pre,
intra and post-operative pathway as outlined below.

2.2. Preoperative preparation

Prior to surgery patients were assessed clinically by the operating
consultant in a specialised ‘mass knee’ clinic. All patients selected for
surgery were offered pre-operative patient education sessions including
presentations from nursing staff, occupational therapy, physiotherapy
and junior doctors. Patients with complex social needs were assessed
pre-operatively by occupational therapy to identify any discharge is-
sues. All patients underwent separate pre-operative assessment by the
anaesthetic team to identify and optimise medical co-morbidities.

2.3. Intra-operative procedure

On the day of surgery, patients were not allowed solid foods for 6 h
and clear fluids for 2 h prior to surgery. All operations were performed
under general anaesthesia with standard antibiotic prophylaxis con-
sisting of cefuroxime 1.5 g given at induction then 8 and 16 h post-
operatively. A standard parapatellar approach was employed. The
ACCURIS◊ Genesis Unicompartmental Knee implant (Smith and
Nephew GmbH, Tuttlingen, Germany) was used in all cases.

On-table ROM analysis of valgus/varus alignment and fixed flexion
deformity was performed pre and post implantation using the NAVIO
system (Smith and Nephew, Memphis, USA). Once the joint had been
mapped and the ‘envelope of motion’ had been defined, an intra-op-
erative plan was created by using the software to superimpose the
implant onto the joint on both tibial and femoral sides. Adjustments
were made to ensure correct size and balance of the knee was obtained
before any cuts were executed. Bone resections were then performed
under robotic guidance in accordance with the intra-operative plan.
Verification of medial/lateral resection, varus/valgus alignment and
posterior slope angle of the tibia was undertaken prior to implantation.

Fig. 1. Intra-operative mapping femur.
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Following introduction of components, infiltration with a mixture of
60 mls 0.25% bupivacaine and 40 mls 0.9% normal saline into the
posterior capsule/deep structures (50 mls) and superficial layers
(50 mls) was performed. An adductor canal block was used in one pa-
tient; however, nerve blockade was not used uniformly. Following
implantation assessment of the range of motion and joint kinematics

was undertaken along with coronal and anterior-posterior stability.
Drains and indwelling urinary catheters were not used in any of the
patients. Closure was in layers with 1 looped polydioxanone to the
capsule and extensor mechanism, 2-0 Vicryl® to the subcutaneous tis-
sues and 3-0 Monocryl® (Ethicon, In) and Steri-strips (3 M, Two
Harbors, MN, USA) to the skin. A wool and crepe bandage was then

Fig. 2. Sizing and alignment of prosthesis.

Fig. 3. Adjustment of component using quantitative ROM graph.
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applied.

2.4. Post-operative procedure

Multi-modal pain relief was offered as part of an enhanced recovery
programme of paracetamol 1 g (six hourly), celecoxib 200 mg (12
hourly), gabapentin 300 mg (8 hourly) and modified-release oxycodone
10–20 mg (12 hourly) with oral morphine sulphate (Oramorph) or
immediate-release oxycodone 5–10 mg (4–6 hourly) for breakthrough
pain. Early oral hydration and nutrition was encouraged. Post-opera-
tively patients were mobilized full weight bearing and assessed by
physiotherapy (unless seen pre-operatively on day of surgery). Patients
were discharged once they were safe to mobilise with crutches, had
passed a stairs assessment (if applicable), had adequate pain control
and vital signs were within normal parameters. Patients were dis-
charged home with 2–4 weeks of aspirin 150 mg OD with gastro-
protection using a proton pump inhibitor, depending on thromboem-
bolic risk. Analgesia on discharge included paracetamol and either
oxycodone or dihydrocodeine and was combined with oral laxatives.
Patients were reviewed at 6 weeks post-operatively by the operating
surgeon and referred for outpatient physiotherapy on discharge.

3. Results

A total of 19 UKR patients (26.7%) were discharged within 24 h
from a total of 71 UKRs performed in the study period. Average age was
66.8 years and median American Society of Anesthesiology (ASA) class
was 2 (1–3). Average body mass index (BMI) was 26.5 kg/m2. There
were 10 males and 9 females. Median pre-operative Oxford Knee Score
(OKS) was 24.5 out of 48. Pre-operative baseline measurements and
demographics are shown in Table 1.

All patients were independent for all activities of daily living (ADLs)
and had good social support at home. 16 patients (84.2%) mobilized
independently without walking aids and the remaining 3 patients
(15.8%) mobilized with a single walking stick. No patients required
equipment installation at home or a package of care to be implemented.

Mean operating time was 92.6 min (SD = 17.5). No patients re-
quired a post-operative transfusion. 16 patients underwent a post-op-
erative haemoglobin check as an inpatient. Of these, the mean fall in
haemoglobin was 12.4 g/L (SD = 8.6) with an average post-operative
haemoglobin of 124.1 g/L (SD = 15.6). Operative times and blood loss
analysis are shown in Table 2.

4 patients underwent pre-operative physiotherapy assessment on
the day of surgery and were discharged home without post-operative
physiotherapy assessment – following safe mobilisation on the ward.
The remaining 15 patients mobilized with physiotherapy post-opera-
tively at a mean of 12.6 h (SD = 8.7), 7 (36.8%) were able to straight

leg raise at discharge at a mean time of 7.7 h post-operatively
(SD = 7.1). Patients received an average of 2 physiotherapy sessions
prior to discharge (range 0–3). The average time to hospital discharge
was 19.5 h (SD = 6.8). Results of physiotherapy and discharge are
shown in Table 3.

No post-operative complications were reported in this group and
there were no readmissions to hospital within a 6-week post-operative
period. The mean active range of movement at 6 weeks post-operatively
was 10 5.8° (SD = 18.4). Oxford Knee Score (OKS) was available in 16
patients at 6 months post operatively with a median score of 44 out of
48 and an average increase in score of 14.

4. Discussion

This study demonstrates that patients could safely undergo UKR
using the NAVIO system within 24 h. Day-case joint replacements are
one of many innovative methods to safely decrease healthcare costs,
whilst maintaining quality care. Reducing LOS with day case-surgery
can improve available bed space whilst reducing high inpatient care
costs. Day-case arthroplasty has been shown in several studies to have
similar complication rates, improved clinical outcomes and patient sa-
tisfaction compared to conventional arthroplasty pathways.15,17,19,26–30

There are several factors to take into consideration regarding fea-
sibility of day-case UKR for NHS trusts. One of the crucial elements to
successful day-case surgery is to identify those at high risk of compli-
cations and rehospitalisation, which may prevent successful discharge.
A comprehensive study by Sher et al. (2017)30 looked at around 7500
patients who underwent primary total joint arthroplasty. They found
that patients discharged within 24 h were significantly (p < 0.05)
more likely to be younger (< 50 years), be ASA class 1 or 2, have fewer
significant co-morbidities and not taking steroid medication. Obesity,
smoking and presence of bleeding-disorders were all predictors of in-
creased readmission rates. In our cohort, patients had an average age of
66.8 years and BMI at 26.5 kg/m2; the median ASA score was 2 and no
patients had a history of bleeding disorders. Whilst these findings
broadly agree with those of Sher et al., one patient had a BMI of
33.2 kg/m2 and another had an ASA score of 3 owing to cirrhosis and
oesophageal varices. Therefore, exclusion criteria for future studies
should not be based on a single baseline characteristic alone and should
assess overall pre-operative baseline. The Outpatient Arthroplasty Risk
Assessment (OARA) score has been developed with a positive predictive
value of 81.6% for the same day or next day discharge.31

In our study, all patients received comprehensive counselling pre-

Table 1
Demographic and pre-operative baseline measurements.

Characteristic Category Navio (n = 19)

Mean Age (yrs) – 66.8 (40.7–85.0)
Gender (%) Male 10 (52.6)

Female 9 (47.4)
Mean BMI (kg/m2) – 26.5 (19.1–33.2)
ASA score (%) I 4 (21.1)

II 14 (73.7)
III 1 (5.3)

Laterality (%) Right 10 (52.6)
Left 9 (47.4)

Compartment (%) Medial 2 (78.9)
Lateral 4 (21.1)

Median pre-operative OKS /48 24.5 (10–43)

BMI, body mass index; ASA, American Society of Anaesthesiologists; OKS,
Oxford Knee Score.

Table 2
Operative time and blood loss.

Outcome Navio (n = 11)

Mean Operating Time (mins) 92.6 (64–132)
Mean fall in Hb (g/L)* 12.4 (5–23)
Mean post-operative Hb (g/L)* 124.1 (96–160)
Number of patients requiring post-op transfusion (%) 0 (0)

* 3 patients were sent home with haemoglobin check post-operatively. Thus for
* analysis n = 16. Hb, Haemoglobin.

Table 3
Analysis of physiotherapy and discharge.

Outcome Navio (n = 11)

Mean time to mobilise with Physiotherapy (hrs) * 12.6 (2–22)
Able to straight leg raise at discharge (%)* 7 (36.8)
Mean time to straight leg-raise (hrs)* 7.7 (3–19)
Median no. of inpatient physiotherapy sessions 2 (0–3)
Mean time to hospital discharge (hrs) 19.5 (6–23)

* 4 patients were seen pre-operatively by physiotherapy and sent home without
physiotherapy assessment post-operatively. Thus for * analysis n = 15.
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operatively at ‘joint-school’, the aim of which is to adequately prepare
patients for their operation, giving realistic expectations about duration
of hospital stay and rehabilitation. This is another important process to
ensure patients are prepared and engaged in a rapid-discharge pathway.
Alongside this, pre-operative assessment by occupational therapy aims
to identify social factors that may prevent rapid discharge in selected
patients.

In a randomised control trial of patients undergoing total hip re-
placement in 2015, general anaesthesia (GA) was found to have a
shorter LOS and more favourable recovery profile compared to regional
anaesthesia.32 All of our patients underwent operations using a short
acting GA that has been recommended in other rapid discharge path-
ways in the United States.15,19,22 Local infiltration analgesia (LIA) was
used post implantation with a long acting local anaesthetic, which is of
well-recognised benefit in TKR operations.33–36 One patient received
peripheral nerve blockade (adductor canal block), however this is not
routine procedure. This was combined with a multimodal pain an-
algesia regime as recommended in recent studies.37

Intra- and post-operative blood loss is another aspect to consider. In
our study, 0 patients required post-operative transfusion, with an
average post-op Hb of 124.1 g/dL. Three of the patients were dis-
charged home with a post-operative blood test performed with their
general practitioner. Studies have shown that the maximum post-op-
erative haemoglobin decrease is around 4 days post primary hip and
knee arthroplasty.38 In a study at our own institution we found a 0%
transfusion rate in a population sample of 155 patients undergoing
UKR.39 Whilst post-operative anaemia is an important complication,
haemoglobin checks within the first 24 h should not delay discharge.
Patients with high pre-operative haemoglobin, minimal intra-operative
bleeding and low bleeding risk may potentially be safely discharged
home with a blood test performed later by their GP. Other key func-
tional aspects include the avoidance of use of surgical drains40 and
urinary catheters that may increase risk of infection. Neither were used
in any of our patients; allowing easy mobilisation without attachment
of unnecessary tubing.

In our study all patients received aspirin 150 mg for 2–4 weeks post-
operatively as per trust protocol. This is in line with a recent rando-
mised control trial showing no-difference in venous thromboembolism
(VTE) between aspirin and low molecular weight heparin after total hip
arthroplasty.41 Aspirin prophylaxis is more convenient for patients and
reduces need for injection training and administration post-operatively.
High-risk VTE patients, prior history of VTE and pre-existing bleeding
disorders would require careful selection for inclusion as rapid-dis-
charge candidates.

Key aspects for effective discharge include early post-operative
mobilisation and pain control.37 Pre-operative occupational therapy
consultations may help to identify unsuitable candidates for same day
discharge. Lack of support at home, excessive number of stairs and
transportation issues should all be addressed prior to offering the pa-
tient day-case surgery. All patients underwent physiotherapy assess-
ment either pre-operatively (n = 4) or post-operatively (n = 15). Pa-
tients who were able to mobilise safely were discharged home with 6-
week outpatient follow up. Importantly 4 out of the 19 patients did not
undergo post-operative physiotherapy and the remaining 15 patients
had an average number of 2 post-operative physiotherapy sessions. A
meta-analysis performed by Henderson et al. (2018)42 showed low level
evidence that inpatient physiotherapy can decrease the length of stay in
TKAs. A further study identified that physiotherapy can be performed as
effectively via home telephone advice compared with inpatient phy-
siotherapy.43 Inpatient physiotherapy is an effective tool to help reduce
length of stay, however, further studies are needed to look at the benefit
in a subgroup of high-performing day-case patients – who are expected
to mobilise early. Physiotherapy and occupational therapy consultation
pre-operatively can be used to identify rapid-discharge candidates and
give robust post-operative exercise regimes. This may have the added
benefit of safely discharging patients within 24 h without the need for

vigorous inpatient physiotherapy, allowing reallocation of resources to
more complex, longer stay patients.

Discharge criteria for post-operative UKR patients vary.22,30,44,45 In
our study patients were discharged following safe mobilisation on the
ward, normal vital sign parameters and adequate pain control in
keeping with other studies.22,30 A study by Lazic (2018)46, re-
commended several factors for day-case UKR pathways including; im-
mediate mobilisation; early nutrition and hydration; self-directed phy-
siotherapy at home; crystalloid rehydration if volume depleted; aspirin
for low-risk patients; novel oral anti-coagulant and mechanical
thrombo-prophylaxis for high risk patients; discharge home if <
500 ml blood loss and a haemoglobin check 0–4 days post-operatively.

One of the limitations of the study is a lack of effective pain scores to
objectively analyze post-operative pain. This would provide useful in-
formation on the efficacy of our pain control regime for further com-
parison. However it should be noted that all 19 patients were success-
fully discharged without re-admission for any reason, including
uncontrolled pain.

In this study we examined patients discharged within 24 h of their
operation. Day-case surgery may be alternatively defined as discharge
on the same day of surgery. A prospective study by Bradley et al.
201747, looked at 72 patients undergoing UKR as ‘day-case surgery’.
They concluded that the most critical element of same day discharge
was the timing of procedure, stating that the procedure must be started
before 12pm in order for same day discharge. In our series 7 patients
were operated on after 12pm. If aiming for discharge on the same day of
surgery an earlier operative time would be a much more important
factor to consider.

5. Conclusion

The findings of this study suggest that discharge within 24 h of UKA
using the NAVIO surgical system is a safe and feasible option in se-
lected, motivated patients. Careful patient selection combined with
extensive patient education and occupational health/physiotherapy
assessment is imperative pre-operatively. Multi-modal pain control
strategies should be administered with appropriate VTE prophylaxis
and early post-operative mobilisation. If utilised correctly day-case UKR
could be an efficient cost-reducing procedure within resource-limited
healthcare systems.
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