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Background. Enhanced recovery (ER) for elective total hip or total knee replacement has become common practice. The aim of
this study is to evaluate the impact of ER on transfusion rates and incidence of venous thromboembolism (VTE). Methods. A
comprehensive review was undertaken of all patients who underwent primary hip or knee arthroplasty surgery electively between
January 2011 and December 2013 at our institution. ER was implemented in August 2012, thus creating two cohorts: the traditional
protocol (TP) group and the ER group. Outcome measurements of length of stay, postoperative transfusion, thromboembolic
complications, and number of readmissions were assessed. Main Findings. 1262 patients were included. The TP group contained a
total of 632 patients and the ER group contained 630 patients. Postoperative transfusion rate in the ER group was reduced with 45%
(𝑃 ≤ 0.05). There was no statistical difference in postoperative VTE complications. The length of stay was reduced from 5.5 days to
4.8 days (𝑃 < 0.05). Conclusions. There was no difference in the number of readmissions. ER has contributed to a significant decrease
in transfusions after elective arthroplasty surgery, with no increase in the incidence of thromboembolic events. Furthermore, it has
significantly reduced inpatient length of stay.

1. Introduction
Several studies advocating enhanced recovery (ER) or fasttrack protocol for elective total hip or total knee replacement
have been published and it is becoming the common practice
for arthroplasty surgery in most hospitals in the United Kingdom. ER protocols are commonly developed and tailored to
given units routine practice, but common themes include
preoperative patient education, perioperative administration
of tranexamic acid and defined standards for anaesthesia and
postoperative analgesia, fluid management, and early mobilisation. This multidisciplinary approach has been proven to be
beneficial for the patient with a significant reduction of early
postoperative complications and a reduction in length of stay
(LOS) [1–5].

Intravenous administration of tranexamic acid prior to
surgery has been proven to reduce perioperative blood loss
and postoperative transfusion rate [6, 7]. There have been historic concerns regarding increased risk of thromboembolism
with its use but several recent studies appear to contradict this
view [8].
Reducing LOS with a given ER protocol has obvious
potential cost benefits and there is increasing evidence that it
does not lead to an increase in the number of readmissions [1–
3]. Furthermore, a combined multidisciplinary approach and
comprehensive preoperative patient education have resulted
in higher patient satisfaction scores [1, 9–11].
Our aim was to evaluate the ER protocol in our hospital.
Our main outcome measures were transfusion rate, number
of VTE complications, and overall LOS.
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Table 1: Traditional protocol versus enhanced recovery protocol.
Traditional protocol

Preoperative

(i) Generic patient
education

Perioperative

(i) General or spinal
anaesthesia according to
anaesthetist’s preferences

Postoperative

(i) Enoxaparin 48 hrs after
surgery
(ii) Analgesia and fluid
management according to
consultants preferences
(iii) Involving
femoral/sciatic nerve
blocks and PCAs for all
patients
(iv) Physiotherapy without
a specific postoperative
protocol—mobilised when
nerve blocks wear off at
variable duration

Enhanced recovery protocol
(i) Patient education and emphasis on active patient participation—“joint school”
(ii) Energy drink 2 hrs before surgery
(iii) Premedication: omeprazole 20 mg PO and gabapentin 300 mg PO
(i) Spinal anaesthesia: 3 mL of 0.5% levobupivacaine
(ii) Antibiotics: 1.2 g co-amoxiclav
(iii) Tranexamic acid 1 g IV
(iv) Medication: Paracetamol 1g IV, Ondansetron 4 mg IV, Dexamethasone 6.6 mg IV
(v) Local infiltration: 100 mL of 0.2% ropivacaine with 1 in 100000 adrenaline and
50 mLs of plain 0.2% ropivacaine for skin and subcutaneous tissues

(i) Enoxaparin started the same day
(ii) Multimodal analgesia management by acute pain team and ward staff using
oxycodone regime. No PCA/nerve blocks
(iii) Fluid monitoring
(iv) Early mobilisation with physiotherapy—the same day or early next day

2. Materials and Methods
The ER protocol was officially implemented in our institution
in August 2012. Initially a pilot protocol was implemented
in May 2012 based on the existing protocol from the Robert
Jones and Agnes Hunt Orthopaedic Hospital in Oswestry,
United Kingdom. The pilot protocol was audited and after
minor adjustments the current protocol (shown in Table 1)
was implemented. Prior to implementation, there was a
formal educational process for all staff involved including
physiotherapist, nursing staff, and occupational therapists.
For this study we retrospectively included all patients who
underwent an elective total hip or total knee replacement
between January 2011 and December 2013. Any revision
arthroplasty procedures were excluded. Thus, two cohorts
were created in accordance with their date of operation:
the traditional protocol (TP) group and the ER group. We
retrospectively collected all the data from operation notes,
discharge letters, laboratory, and radiology reports. Ninetyday complication and readmission rates were included.
The preoperative management, perioperative management, and postoperative management of the TP and the ER
protocol are shown in Table 1. Patients were initially assessed
in the orthopaedic outpatient department, where they were
counselled about what to expect during their inpatient
journey. They also received a patient information leaflet. Postoperative analgesia included OxyContin 10–20 mg PO every
12 hours for the first three days, Gabapentin 300 mg at night
for five days, Naproxen every 12 hours (if not contraindicated,
eGFR < 60 mLs/min/m2 ), omeprazole 20 mg PO for 5 days

(continued when NSAID was continued), and Paracetamol
1 g four times a day IV which was changed to oral after 24 hrs.
All patients received antibiotic prophylaxis within 60
minutes prior to incision. Co-amoxiclav (Augmentin) 1.2 g
was administered intravenously according to our hospital
policy. Patients who were allergic to penicillin received
Teicoplanin (Targocid) 600 mg IV instead.
The surgical implants used did not change during the
study period. All procedures were performed by 5 experienced arthroplasty consultants. No wound drains were used.
Patients were discharged home when the following criteria were met: postoperative pain was well controlled; the
individual was able to move independently using appropriate
walking aids, voiding urine normally and opening their
bowels at least once after surgery. These criteria did not
change during our study period. There was a follow-up phone
call from the orthopaedic ward 48 hours after discharge to
ensure that the patients continued to recover as expected and
to give individuals opportunity to express any concerns.
Postoperative blood transfusion was considered when a
haemoglobin (Hb) drop of more than 40 g/L was seen or
when the postoperative Hb was lower than 80 g/L for patients
with no cardiovascular history and 90 g/L for patients with
a significant cardiovascular history. Oral supplementary iron
tablets were prescribed when a patient had a moderate Hb
drop of <30 g/L or a postoperative Hb of 90–110 g/L.
Comparison between the two cohorts was performed
with Student’s 𝑡-test and Chi-square test, and Mann-Whitney
𝑈 tests were used to analyse differences. Data analyses
were performed using SPSS software (SPSS 20, Chicago,
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Table 2: Patient characteristics.

Age (mean [SD])
Gender
Female (%)
Procedure (%)
THR
TKR
Length of stay
(mean/median
(range))
Readmission

Table 3: Transfusion.

Traditional
protocol
(𝑛 = 638)

Enhanced
protocol
(𝑛 = 629)

𝑃 value

69.6 [9.1]

69.5 [10.2]

0.072

352 (55.2%)

343 (54.5%)

0.819

323 (50.6%)
315 (49.4%)

324 (51.5%)
305 (48.5%)

0.753

5.5/4.0 (2–92)

4.8/4.0 (1–41)∗

<0.001

21 (3.3%)

17 (2.7%)

0.539

Note: length of stay is in days. There is no significant difference in age, gender,
operation, and readmission. There is a significant difference for length of stay,
𝑃 = 0.001, using Mann-Whitney’s test.
∗
Value is significant.

Illinois, USA). A 𝑃 value of <0.05 was considered statistically
significant.

Procedure (𝑛 (%))
THR
TKR
Hemoglobin (g/L)
Preop.
Postop.
Discharge
Units (mean)
Anticoagulant (𝑛)
Aspirin/clopidogrel
Warfarin

Enhanced
protocol
(𝑛 = 24)

𝑃 value

33 (63.5%)
19 (36.5%)

16 (66.7%)
8 (33.3%)

0.008
0.029

118.3 [13.0]
78.3 [8.3]
100.0 [7.4]
2.14 [0.6]

125.7 [12.7]
89.9 [14.1]
106.0 [11.5]
2.15 [0.6]

0.957
0.021
0.125
0.772

4 (8.2%)
10 (20.4%)

4 (14.8%)
6 (22.2%)

0.366
0.952

Note: this table only shows data of the patients who received a blood
transfusion in our cohort. Less patients were transfused in the ER group
(𝑃 ≤ 0.001). There was no statistical difference between the other values in
this table (Chi-square test).

Table 4: Length of stay.

3. Results
A total of 1267 patients were included, 638 in the traditional
protocol (TP) group and 629 in the enhanced recovery (ER)
group. There were no significant differences in age or gender
between the two groups and the distributions of THR and
TKR were equal between the groups (Table 2). The length of
stay (LOS) was significantly shorter in the ER group (𝑃 =
0.001). There were 21 (3.3%) readmissions in the traditional
protocol group and 17 (2.7%) in the ER group; this was not
statistically significant.
In total 76 patients received a blood transfusion during
the study period (Table 3). In the TP group, the number
of transfusions was 49 (7.7%) and in the ER group it was
27 (4.3%); this was a statistically significant difference (𝑃 ≤
0.001). Patients undergoing a THR during the study period
were more likely to receive a blood transfusion (𝑛 = 49
(7.6%)) compared to patients who underwent a TKR (𝑛 =
27 (4.4%)) (𝑃 = 0.011). There was a drop in the number
of patients who underwent a blood transfusion between the
TR group and the ER group for both procedures. In the TR
group 33 (10.2%) patients who had a THR needed a blood
transfusion; this number was 16 (4.9%) for the ER group.
This was also found to be statistically significant difference
(𝑃 = 0.008). For the TKR patients, 19 (6.0%) received a blood
transfusion in the TP group and 8 (2.6%) received a blood
transfusion in the ER group (𝑃 = 0.029). The odds ratio for
receiving a blood transfusion in the ER group was 0.45 (95%
CI: 0.27 to 0.74).
There was no difference in the mean preoperative, postoperative, or discharge haemoglobin level for the patients
who underwent a blood transfusion. The number of units
transfused was equal between the TP group and the ER group.
Table 4 shows the mean LOS in days per different
category. For patients undergoing a THR or TKR the mean

Traditional
protocol
(𝑛 = 52)

Operation (mean [SD])
THR
TKR
Blood transfusion
No
Yes
Age (yr)
30–50
50–60
60–70
70–80
80–91
Gender
Male
Female

Traditional
protocol
(𝑛 = 638)

Enhanced
recovery
(𝑛 = 629)

𝑃 value

5.8 [7.0]
5.2 [4.0]

4.7 [3.3]
4.9 [3.5]

<0.001
0.012

5.1 [5.1]
10.3 [9.2]

4.5 [3.0]
10.8 [6.3]

<0.001
0.416

4.1 [1.4]
4.2 [2.4]
4.5 [3.6]
6.3 [7.1]
8.4 [7.6]

3.7 [4.7]
4.0 [2.1]
3.9 [1.9]
5.2 [4.0]
7.0 [3.9]

0.002
0.457
0.001
<0.001
0.372

5.4 [6.3]
5.7 [5.2]

4.6 [3.9]
4.9 [2.9]

<0.001
0.002

Note: length of stay is a mean value in days. All outcomes are significantly
different (Mann-Whitney’s test).

LOS dropped significantly (P ≤ 0.001 and 0.012, resp.).
However, the most significant drop was seen for the patients
undergoing a THR. Patients undergoing a blood transfusion
stayed in hospital longer compared to patients who did not
undergo a blood transfusion (𝑃 ≤ 0.001). A correlation
between increasing age and a longer LOS was demonstrated.
Female patients undergoing a THR or a TKR were more likely
to stay in hospital longer (𝑃 = 0.001). Seventy-one (5.6%)
patients were discharged to an intermediate care facility; no
difference was found in this number between the ER group
and TP group.
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Table 5: Complications.

Thromboembolic complications
PE
DVT
Other cardiovascular
complications
Cerebrovascular complications
Other complications
Pneumonia
Haematoma
Wound infection
Gastric ulcer

Traditional
protocol
(𝑛 = 638)

Enhanced
protocol
(𝑛 = 629)

2 (0.3%)
7 (1.1%)

2 (0.3%)
5 (0.8%)

2 (0.3%)

3 (0.5%)

3 (0.5%)

1 (0.2%)

13 (2.0%)
2 (0.3%)
8 (1.3%)
2 (0.3%)

8 (1.3%)
1 (0.2%)
7 (1.1%)
1 (0.2%)

Note: there is no significant difference for all complications between the
traditional protocol and enhanced protocol (Chi-square test).

There was a total observed complications rate of 6.0% in
the TP group and 4.5% in the ER group, which is illustrated
in Table 5. The spread of complications was comparable
across both groups. There was no difference in VTE related
complications between the groups. During the study period
7 patients died within 90 days after surgery. In the TP group,
two patients died of pneumonia, one patient died of the
complications after a severe stroke, and one patient died of
a cardiac arrest. In the ER group, two patients had a cardiac
arrest and one patient died of pneumonia.

4. Discussion
This study demonstrates that, since the introduction of our
local ER protocol, blood transfusion for patients undergoing
elective total hip or total knee replacement has been significantly reduced, without increasing the number of VTE
complications. Furthermore, there was a reduction in mean
LOS, especially for the patients undergoing a THR, without
an increase in the number of readmissions.
The number of blood transfusions dropped significantly
in the ER group, with an odds ratio of 0.45 (95% CI: 0.27
to 0.74). This is most likely the result of the combination
of tranexamic acid and local adrenaline infiltration. There
are multiple studies reporting the benefits of tranexamic acid
for reducing blood transfusion rates for patients undergoing
elective arthroplasty [12–14]. Although blood transfusions do
not seem to be related to an increased mortality rate [15], they
are related to a higher rate of wound infection and can lead
to severe transfusion reactions [16, 17]. Furthermore, blood
transfusion has a significant associated cost (m125 per unit,
ref. NHS Blood and Transplant 2012).
The postoperative haemoglobin drop was equal in both
the TP group and the ER group. The number of units
transfused was also comparable between the groups. This
supports the fact that transfusion practice did not change in
the study period.

The LOS significantly reduced in the ER group. We found
that LOS was associated with certain patient characteristics.
In the ER group, patients undergoing a THR stayed for an
equal period of time in hospital compared with the TKR
group. Before implementation of the protocol the length
of stay was, on average, a day longer compared to the
TKR patient group. Patients whose postoperative recovery
was complicated with severe blood loss requiring a blood
transfusion stayed longer in hospital (mean of 10.5 days),
compared to the patients who did not receive blood (5.2
days) (𝑃 ≤ 0.001). Increasing age was directly correlated to
prolonged hospital stay; this is in line with other comparable
studies [1, 18, 19]. This is most likely directly related to the
increased incidence of comorbidities with age and social
circumstances. Whilst occupational therapists are members
of our arthroplasty MDT, their role between pre-ER protocol
and post-ER protocol did not change. They routinely assess
patients in the postoperative period to facilitate discharge.
This was the case for both patient cohorts. A potential area
of improvement to bring down LOS would be to see if this
process could be any more efficient. Nevertheless, this study
shows clearly that the elderly patient has more benefit from
the ER protocol compared to the younger patient.
Females had a longer LOS compared to males, which has
been previously shown in other studies [1, 18]. There is no
clear explanation for this finding. Both females and males
benefitted equally from the ER approach.
Readmission rates in our study were low (3.3% in TP
group and 2.7% in ER group) and there was no difference in
the number of readmissions between the two groups (𝑃 =
0.327). Compared to similar study designs our readmission
rate was remarkably lower (2.7% versus 5%, Husted et al.,
2008 [1], and 4.8%, Malviya et al., 2011 [3]). However, our
mean LOS was longer compared to other similar studies (4.8
days, ER group, in our study versus 3.8 days, Husted et al.,
2008 [1], and 3.7 days, Malviya et al., 2011 [3]).
During the study period the number of VTE complications did not differ between the TP group and the ER group.
There are studies which reported a reduced incidence of VTE
events in their ER group; this effect is most likely due to
the early mobilisation and adequate VTE prophylaxis [2, 4].
There was no significant difference in the incidence of other
complications between the TP group and the ER group. There
may be a small trend towards fewer complications in the ER
group, but this study is underpowered to properly assess this.
Limitations of our study are in the retrospective design.
Furthermore, the TP group and the ER group are from different time periods. Although no differences in distribution of
the patients were identified and no other changes in treatment
for elective arthroplasty were made other than the implementation of the ER protocol, this may be a confounding factor.
The reduction in the number of postoperative transfusions
in the ER group is most likely due to a combination of local
injection of adrenalin, tranexamic acid, and standardised
wound management. Tranexamic acid is potentially, given
the previously published results, the largest contributing
factor to this reduction [6–8].
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The enhanced recovery protocol compromises multiple
factors of which perioperative tranexamic acid, early mobilisation, adequate analgesia monitored by a specialised “pain
team,” and start of anticoagulation immediately postoperatively are the most important. This study showed a reduction
in LOS which is likely to be multifactorial.
In conclusion, our ER protocol led to a significant reduction in postoperative transfusion rate after elective TKR and
THR, without an increased incidence of VTE complications.
Furthermore, a significant reduction in LOS without an
increase in the number of readmissions was seen in the ER
group. The reduction in both LOS and blood transfusions has
obvious beneficial cost implications.
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