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Background: Rapid recovery protocols, as well as minimally invasive techniques, are used in daily prac-
tice in almost all surgical specialties. Rapid Rehabilitation Protocols are the most modern multifactorial 
approach for patients with hip, knee or spine surgery. Fast track protocols consist of a combination of 
minimally invasive surgical techniques, modified anesthesia, staged and personalized analgesia. These 
protocols have a steep learning curve and require the cooperation of all involved specialties (Orthopaedic 
surgeon, anesthesiologist, physiotherapist, nursing staff).
Material and Methods: The study was conducted simultaneously at the 2nd Orthopaedic Department of 
the National & Kapodistrian University of Athens, and other private hospitals for a period of 7 years (2013-
2020). In total, 826 arthroplasties were performed by the senior author (GCB), of which 515 were total hip 
arthroplasties (THA) and 311 total knee arthroplasties (TKA). The patients underwent combined spinal, 
epidural and intravenous general anesthesia with preservation of automatic breathing as it is considered to 
contribute to decreased length of stay (LOS), short-term complications, and transfusions. The rapid recovery 
protocol includes minimal invasive techniques, use of local infiltration anesthesia (LIA), use of tranexamic 
acid, low transfusion threshold, early mobilization, and immediate initiation of oral nutrition as well as 
complete abstinence from intravenous or intramuscular opioids that may cause nausea and vomiting.
Results: LOS range was 0-2 days for THAs with mean value: 1.33, and 1-2 days for TKAs with mean value: 
1.54. Transfusion with 1 unit of packed Red Blood Cells (PRBCs) was carried out for 14 patients undergoing 
THA (2.7%), and 4 patients undergoing TKA (1.3%). The difference in hemoglobin values preoperative and 
postoperative was -2.47 g/dL for THAs and -1.83 g/dL for TKAs. Two THA patients (0.3%) were re-admit-
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Background
Rapid recovery protocols as well as minimally in-
vasive techniques are now used in all surgical spe-
cialties. The first official report was made by the 
Danish surgeon Henrik Kehlet in 1997 [1]. ΕRAS 
protocols in the beginning were used in patients 
who underwent abdominal and rectal surgery. 
Bardram studied nine cases of patients receiving 
epidural anesthesia, early mobilization, and imme-
diate initiation of oral nutrition in the context of a 
rapid recovery protocol [2]. Τhe reduction of the 
postoperative pain contributes to the patients’ bet-
ter rehabilitation. Τhe number of the postoperative 
complications decreases and as a result the hospital 
stay.

Rapid Rehabilitation Protocols are the most mod-
ern multifactorial approach for patients with hip, 
knee, or spine surgery. Fast track protocols are a 
combination of minimally invasive surgical tech-
niques, modified anesthesia, staged analgesia, and 
personalized nutrition. These protocols have a large 
learning curve and require the cooperation of many 
different specialties (orthopedic surgeon, anesthesi-
ologist, physiotherapist, nursing staff). The number 
of patients undergoing primary total hip or knee ar-
throplasty continues to increase with costs remain-
ing high for the public health system [3]. Not only 
is cost reduction necessary but also newer practic-
es require shorter length of stay. The reduction of 

postoperative complications, readmission rate, and 
improved functional recovery are the goals of the 
fast-track protocols [3,4]. ERAS protocols include 
preoperative, intraoperative and postoperative in-
terventions [5].

Current rapid recovery protocols are difficult be-
cause they involve many processes that are com-
plicated, costly and time consuming. In the present 
study we present a simplified protocol with no in-
clusion criteria that is feasible for many, if all, clini-
cal environments. 

Materials and Methods
Between 2013-2020, we retrospectively collect-
ed data of unilateral total hip (THA) and knee ar-
throplasties (TKA) conducted at a university and a 
private clinic. There were no inclusion criteria; all 
patients that had no contra-indication to undergo 
THA or TKA were included in the study.

A total of 470 patients (155 men, 315 women) 27-
94 years old (mean: 68.4) underwent 515 THAs and 
287 patients (49 men, 238 women) 27-94 years old 
(mean: 74.7) underwent 311 TKAs. The surgeon con-
ducted preoperatively proper education of the pro-
cedures following surgery, the rapid recovery pro-
tocol, management of the expectations of the patient 
and discharge planning [6, 7, 8, 9, 10, 11, 12, 13, 14, 
15]. Pre-operative evaluation was arranged about 
7-10 days before surgery at the university clinic and 

ted on day 17 with acute infection and were treated with DAIR and exchange of the modular parts of the 
arthroplasty. One patient (0.2%) was re-admitted on day 25 due to anterior dislocation and 2 more patients 
had posterior dislocations. All cases were treated with closed reduction and were discharged at home on 
the same or next day. Another patient had recurrent dislocations and is scheduled for revision. Two TKA 
patients (0.6%) were re-admitted on day 15 and 18 with acute PJI and were treated successfully with DAIR. 
One patient (0.4%) was admitted on day 21 with periprosthetic fracture of the femur, related to a fall, treated 
with ORIF. One patient (0.4%) was admitted 2 months post-op with periprosthetic joint infection, treated 
with 2-stage revision (using a spacer). One elderly patient died at home on the 3rd postop day due to MI. 
Conclusions: Rapid recovery protocols are feasible and can be applied both at academic departments with-
in NHS as well as private clinics. “Ownership” of these protocols by a small team of surgeons, anesthetists, 
physiotherapists and nursing staff is the most important requirement for success.
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1-2 days before surgery at the private clinics.
All patients signed an informed consent. Pre-op-

erative evaluation included a thorough interview 
with the patient about their history, blood tests, 
12 lead ECG and chest, lumbar spine, pelvis/knee 
x-rays using a magnification ball, and if necessary, a 
full leg x-ray to check leg length discrepancy. At all 
instances the patient was informed about the rapid 
recovery protocol and that he/she will walk after 
surgery and leave hospital next day.

Preoperative planning was performed in all 100% 
of the cases to ensure the correct choice of the size 
and type of prostheses, their proper placement 
within a short OR time.

Patients were advised to bathe with povidone-io-
dine the night before surgery, to reduce the popu-
lation of skin microorganisms. Pre-surgery fasting 
of about 6-8 hours before surgery was advised [16]. 
The patients were admitted on surgery day. 

Two hours prior to incision, chemoprophylaxis 
with Vancomycin 15 mg/Kg is administered intra-
venously, due to the extended infusion time [17, 18].

The patient underwent combined spinal, epidural 
and intravenous general anesthesia with preserva-
tion of automatic breathing [19], although modern 
general anesthesia techniques with limitation of 
narcotics and certain inhalants can be also used 
[20]. In THAs the spinal anesthesia was performed 
at L2-L3 or L3-L4 spaces with administration of 15 
μg of fentanyl and 13 mg Ropivacaine 0.75%. In 
TKAs, spinal anesthesia was performed at T12-L1 
or L1-L2 spaces. In THAs the epidural catheter was 
removed immediately after surgery. In TKAs, the 
epidural catheter remained for analgesia with ad-
ministration of fentanyl 3 μg/mL and ropivacaine 
0.2% 2 mg/mL with flow 2-3 mL/hour.

Fifteen minutes before surgery, dexamethasone 8 
mg is administered intravenously, to reduce post-
operative nausea, vomiting and acute pain [21], Ce-
furoxime axetil 1.5 g IV as chemoprophylaxis and 
IV Tranexamic acid (TXA) 15 mg/Kg for blood loss 
control [22]. IV administration of TXA was repeated 
3 hours later. TXA was also administered intra-ar-
ticularly (3g, after closure of the fascia, with closed 
drainage), to reduce hemorrhage and the need for 
transfusion with blood [23].

Hypotensive anesthesia further contributes to 
blood loss control [22]. A tourniquet was used in 
TKAs, although there are clinical trials suggesting 
that tourniquet does not reduce the total blood loss 
from surgery, while having a negative impact on 
early recovery of muscle strength and lower ex-
tremity function [24].

No urethral catheter was used, although it seems 
that this practice slightly increases the incidence of 
Postoperative Urinary Retention [25].

Mini posterolateral approach with repair of hip 
adductors [26] was utilized in THAs using a ce-
mentless technique with porous coated acetabular 
prosthesis and porous coated 3D tapered or (HA) 
fully coated stem. Maximum effort was taken to 
avoid length discrepancies [27].

A medial parapatellar approach was used in 
TKAs. The implant utilized in TKAs was always ce-
mented posterior stabilized femoral component and 
rotating platform tibial component.  Tibial stemed 
implant was used in obese patients (BMI>35) [28]. 
However, the ERAS Society makes no recommen-
dations for surgical technique [29].

Local Infiltration Analgesia was utilized in all cas-
es with a cocktail of Bupivacaine 0.5% (24 mL), Mor-
phine sulphate 8 mg (0.8 mL), Epinephrine (1:1000) 
300 μg (0.3 mL), Methylprednisolone acetate 40 mg 
(1 mL), Clonidine 1 μg/Kg, Cefuroxime axetil 750 
mg (10 mL) and Sodium chloride 0.9% (to reach vol-
ume 60 mL of total solution) [30]. Effectiveness of 
LIA in reduction of postoperative pain at THAs is 
ambiguous [31, 32, 33].

Proper hemostasis after tourniquet release and 
a drainage is also used in TKAs. However, some 
studies show that not only does it not help prevent 
hematomas, but it also increases the risk of blood 
loss because it eliminates the tamponade effect [34, 
35]. The drainage remained closed for 2 hours and 
opened every 2 hours for about 5 minutes. 

Warming blankets were used to prevent heat loss, 
as it is shown that normothermia reduces intraop-
erative bleeding, cardiovascular complications, and 
postoperative wound infection [36, 37].

Mobilization begins 1 to 3 hours after surgery: 
The patient was always motivated by the surgeon 
to stand up and walk using a walker or crutches. 
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The patient is also taught how to turn to the side, 
get out of bed, sit, and walk up and down the stairs. 
Physical therapy exercises are also shown on day 0 
[38].

Tramadol caps 50 mg 1 x 4, Celecoxib caps 200 
mg 1 x 2, Acetaminophen 1000 mg IV 1 x 3 were ad-
ministered on day 0 for the management of postop-
erative pain. There was a strict order for complete 
abstinence of intravenous or intramuscular opioids 
to prevent nausea and vomiting [20].

To reduce postoperative pain, swelling and blood 
loss, ice-therapy was used in TKAs for at least 20 
min every 4 hours, not counting sleeping hours. [39]

Transfusion threshold for most patients was kept 
at 8 g/dL. Patients with postoperative HGB < 8 g/
dL seem to have longer hospital stay and greater 
rates of readmissions [40]. Patients underwent ac-
cording to protocol a blood check for HCT, HGB 
and PLT in the afternoon of day 0 and in the morn-
ing of day 1. 

Anticoagulation medication started 6-10 hours 
after surgery with administration of Enoxaparin 
4000 IU SC once, continued by Apixaban tab 2.5 mg 
twice daily from day 1 and for a total of 30 days.[41]

Patients were discharged home if proper pain 
management and mobilization was achieved. Dis-
charge criteria for all patients were: the ability to 
ambulate 25 m at ground level, walk up and down 
the stairs, get out of bed to standing position, go to 
bathroom and use of the toilet independently, void 
independently, tolerate oral diet, maintain vital 
signs within normal limits without symptoms, sat-
isfactory pain control, abstinence of nausea or vom-
iting, patient comfort with discharge and appropri-
ate transportation and home assistance [42, 43].

Postoperative pain is managed at home with ad-
ministration of Acetaminophen tab 1000 mg PRN 
(no more than 3g/day) for THAs and Acetami-
nophen tab 1000 mg 1 x 3, Etoricoxib 90 mg 1 x 1 
(stop if SAP>160 mm Hg), Tramadol caps 50 mg 1 
x 3 for TKAs.

Close communication with patients via telephone 
and email or viber ensured patients’ safety and sat-
isfaction [44].

Blood tests (HCT, HGB, PLT) were required on 
5th post-op day, and, if necessary, on 10th post-op 

day, to monitor the trend of postoperative anemia. 
Removal of sutures (if applicable) was arranged on 
day 17. Clinical and radiological reassessment ar-
ranged at the 1st, 3rd and 12th postop months. 

Results
The length of stay was 0-2 days for THAs with 
mean value of 1.33 days, and 1-2 days for TKAs 
with mean of 1.54 days. All patients were mobilized 
successfully on day 0, 1 to 3 hours after surgery.  
Postoperative Urinary Retention was noted in 10 
cases necessitating catheter placement.

Transfusion with 1 RBC was carried out for 14 
patients undergoing THA (2.7%), and in 4 patients 
undergoing TKA (1.3%). Due to early transfusion 
on day 0 or 1, no delay of discharge was noted.

Five TKA patients developed postoperative tran-
sient drop foot that occurred in the evening of day) 
and recovered next morning. These patients were 
discharged on day 2.

ΔHGB (difference of HGB at discharge from 
pre-surgery) for THAs was -2.47 g/dL and for 
TKAs -1.83 g/dL.

Two THA patients (0.3%) were re-admitted on day 
17 with acute infection and were treated with DAIR 
and exchange of the modular parts of the arthroplas-
ty. One patient (0.2%) was re-admitted on day 25 due 
to anterior dislocation and 2 more patients had pos-
terior dislocations. All cases were treated with closed 
reduction and were discharged at home on the same 
or next day. Another patient had recurrent disloca-
tions and is scheduled for revision. 

Two TKA patients (0.6%) were re-admitted on 
day 15 and 18 with acute PJI and were treated suc-
cessfully with DAIR. One patient (0.4%) was ad-
mitted on day 21 with periprosthetic fracture of 
the femur, related to a fall, treated with ORIF. One 
patient (0.4%) was admitted 2 months post-op with 
periprosthetic joint infection, treated with 2-stage 
revision (using a spacer). 

One elderly patient died at home on the 3rd postop 
day due to MI. 

There were no patients lost at the follow-up.

Discussion
In our study all patients underwent combined anes-
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thesia (spinal, epidural and intravenous general an-
esthesia with preservation of automatic breathing). 
General anesthesia with use of fentanyl and propo-
fol, succinylcholine or rocuronium only for intuba-
tion, and sevoflurane for maintenance of anesthe-
sia, is also a comparable and acceptable method for 
rapid recovery protocols at least in THAs. In TKAs 
epidural anesthesia is a critical part of multimodal 
analgesic strategy [40]. 

The use of tourniquet in TKAs to avoid osseous 
bleeding is necessary during the application of ce-
ment to achieve optimum cement technique. Nev-
ertheless, it is not necessary during the whole sur-
gical procedure, if hypotensive epidural anesthesia, 
optionally augmented by IV epinephrine [45]) is 
accomplished, resulting in reduced blood loss and 
transfusion rates [46]. The intraoperative use of 
tourniquet is recognized as a cause of postoperative 
pain and reduction in strength of quadriceps for up 
to 3 months postoperatively [24]. However, Harsten 
et al showed that, in fast track TKA, not using tour-
niquet compared to using a tourniquet was not su-
perior in preserving knee-extension strength at the 
48-h primary endpoint [47].

Zhang Q et al showed no difference in range of 
motion, quadriceps strength, total (intraoperative 
and postoperative) blood loss, hemoglobin drop, 
superficial wound, or prosthetic joint infection, DVT 
and hospital stay, with or without the use of a drain 
[34]. In some cases (eg, atrial fibrillation), in which 
the patients are on double anticoagulation the use of 
drainage is strongly recommended to prevent post-
operative hematomas. Aspirin as VTE prevention, 
may probably give surgeons more confidence not to 
use a drainage after TKA.

Local infiltration analgesia in THAs has been 
tested by many studies. There is little evidence 
to support LIA in THA, provided that multimod-
al oral non-opioid pain treatment is used [49, 
50]. On the contrary in TKAs, most trials report-
ed reduced pain and opioid requirements when 
LIA was utilized compared with a control group 
treated with placebo / no injection [51]. LIA may 
provide postoperative pain relief 6-12 hours after 
surgery [52]. 

Current clinical practice has shown that THA as 
an outpatient procedure is feasible and safe; pa-
tients have the surgery in the morning, and in the 
evening, they are discharged at home with instruc-
tion for close monitoring during the early postoper-
ative period. Achieving the same result with TKAs, 
with satisfactory management of pain without epi-
dural analgesia, since the catheter is removed after 
8-12 hours, using only multimodal pain control, is 
still a true challenge.

Conclusion
Rapid recovery protocols are feasible and can be ap-
plied both at private clinics and in academic depart-
ments without complicated and costly procedures. 
“Ownership” of these protocols by a small team of 
surgeons, anesthetists, physiotherapists  and nurs-
ing staff is the most important requirement for suc-
cess. A
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