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ABSTRACT 
Background: 
Combined epidural analgesia (EA) and patient controlled analgesia (PCA) for postoperative pain control after 
total knee arthroplasty (TKA) is well established. Previous studies demonstrated the effectiveness of femoral 
nerve block (FNB) in combination with PCA. This study compares clinical efficiency and adverse events of 
pain therapy of an established (EA+PCA) and a modified (FNB+PCA) protocol.  
 
Methods: A retrospective, single-center cohort study analyzing TKA patients after subarachnoid anesthesia. 
Matched pair analysis was performed using filters for American Society of Anesthesiologists (ASA) classifica-
tion, age, gender, height, weight, comorbidities and prior use of analgesics. Surgical technique and postopera-
tive medication protocol were similar in both groups. Primary outcome was postoperative pain on movement 
assessed by a visual analog scale (VAS) and use of analgesics within 72 hours after surgery. Secondary, inci-
dence of adverse events (postoperative nausea and vomiting, pruritus, urinary retention and hypotension) was 
examined.   
 
Results: From a total of 846 patients, 104 matched pairs were built and analyzed within 72 hours after surgery. 
Mean VAS scores were similar in patients receiving EA+PCA (2.7 ± 1.1) or FNB+PCA (2.8 ± 1.2). Supple-
mental opioid administration was higher in EA+PCA patients. Hypotension was more frequent in EA+PCA as 
in FNB+PCA patients (36 % vs. 12 %). Combined adverse events were more frequent in EA+PCA as in 
FNB+PCA patients (75 % vs. 58 %).  
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Conclusion: Both FNB+PCA and EA+PCA results in equivalent degrees of analgesia after TKA. Converting an 
established mode of pain therapy to a modified protocol may decrease incidence of adverse events rather than 
improve quality of analgesia.  

 
Keywords: analgesia, epidural analgesia, femoral nerve block, postoperative pain, total knee arthroplasty 

 
INTRODUCTION 
The quality of postoperative pain therapy has a major impact on fast and functional recovery after total knee ar-
throplasty (TKA) [1]. Different modes of pain therapy have been applied including intravenously administered 
patient-controlled analgesia (PCA), wound infiltration with local anesthetics as well as epidural analgesia (EA) 
and femoral nerve blocks (FNB) [2]. Preferably, regional anesthesia after TKA would provide sufficient postop-
erative pain control, minimal additional analgesic requirements and enable faster recovery, and shorter hospital 
stay. 

Most previous prospective studies have compared different modes of pain therapy in stringent protocols 
with high adherence to predefined schedules [3]. However, there are little data on efficacy and adverse effects of 
pain therapy after converting an established protocol (EA) to a modified protocol (FNB) [4, 5]. 

In the present retrospective matched pair analysis, the null hypothesis was tested that FNB would pro-
vide analgesia that is similar to EA as determined by pain scores, opioid use and incidence of severe side effects. 
The alternative hypothesis examined the relationship of occurrence of adverse events and the pain therapy ap-
proach. 
 
MATERIALS & METHODS 
The study was approved by the Ethics Committee of the Otto-von-Guericke University Magdeburg and was con-
ducted in accordance with the Ethical Principles for Medical Research Involving Human Subjects outlined in the 
Declaration of Helsinki, the guidelines for Good Clinical Practice (GCP) and the data protection act of the feder-
al country Sachsen-Anhalt, Germany. The patients consent was waived for the reason of the retrospective study 
design. 

A total of 846 patients was considered from the orthopedic department of Magdeburg University Hospi-
tal, Germany, from which 413 patients underwent total knee arthroplasty (TKA) with combined subarachnoid 
and epidural anesthesia, and 433 patients were scheduled for TKA under subarachnoid anesthesia and femoral 
nerve block. 
 
Surgery: All patients received standard knee prosthesis via a medial para-patellar approach. The intervention 
was performed by an experienced team of four orthopedic surgeons in a standardized manner, both within 
groups and between groups. 

A tight tourniquet was used to minimize blood loss and improve surgery conditions. No drains were left 
in the knee joint after surgery. A single intravenous dose of cefuroxime (1.5 g) was given for prophylactic anti-
microbial chemotherapy and enoxaparine (20–40 mg) was administered subcutaneously for antithrombotic 
prophylaxis. Wound management includes ice packs and lower limb compression bandage according to routine 
procedures. 
 
Regional anesthesia and postoperative pain management: In the EA group, subarachnoid anesthesia was per-
formed as double needle technique [6]. A 25 G or 27 G Sprotte needle was placed in the lumbar subarachnoid 
space, and an epidural catheter was inserted approximately 4 cm cranially into the epidural space by means of an 
18 G Tuohy needle. Hyperbaric bupivacaine (0.5 %, 2-3 ml) in combination with morphine (0.04 mg·ml-1) was 
injected for subarachnoid anesthesia. The first dose of the epidural local anesthetic (5-8 ml ropivacaine 0.2 %) 
was administered in the operating theatre at the end of surgery. The extent of the regional block was evaluated 
after admission to the recovery unit. Postoperatively, epidural catheter was used for pain control according to 
standard procedures on the peripheral ward. 

In the FNB group, subarachnoid anesthesia was performed in a similar way. After identifying the lumbar 
subarachnoid space, 2-3 ml of hyperbaric bupivacaine 0.5 % plus 0.04 mg·ml-1 morphine was injected. Thereaf-
ter, a femoral nerve catheter was advanced using a neurostimulation technique to identify the correct needle po-
sition. The first dose of local anesthetic (15-20 ml ropivacaine 0.2 %) was administered via the femoral nerve 
catheter in the theatre. The quality of FNB was evaluated after transferring the patient to the recovery unit. Post-
operatively, FNB was applied for pain control according to standard procedures on the peripheral ward. 

After recovery from subarachnoid anesthesia, intravenous piritramide (0.05 -0.1 mg·kg-1) was titrated to 
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achieve sufficient pain relief. For pain assessment, a Visual Analog Scale (VAS, fig.1) with symbols and corre-
sponding numbers reflecting the pain-level (0 = no pain; 1-3 = mild pain; moderate to severe pain = 4-6; very 
severe pain = 7-9; worst pain possible = 10) was used. Sufficient pain relief was defined as < 3 on this scale. 
After returning to the peripheral ward, all patients were treated with intravenous piritramide and non-opioid an-
algesics (metamizole, ibuprofen) according to standard protocols. In advance to physical therapy (30 min), 5-
8 ml ropivacaine 0.2 % (EA) or 20 ml ropivacaine 0.2 % (FNB) were administered, respectively.  

 
 
 
 
The patients were followed for the first three postoperative days in order to assess VAS and frequency 

of adverse events defined as postoperative nausea and vomiting (PONV), hypotension, itching, urinary reten-
tion, muscle weakness, neurological deficits and postoperative delirium. Adverse events were recorded at the 
routine daily ward round, at the discretion of hospital staff or if medication was necessary/administered (e.g. 
antiemetic drugs). 
 
Outcome measures:  The primary outcome measure was defined as postoperative VAS, both during physical 
therapy and at rest. Secondary outcome measures included opioid consumption for pain therapy, adverse events 
during pain therapy and length of hospital stay. The measurement intervals were defined as follows: 

Day 0: day of surgery 
Day 1: first postoperative day 0 – 24 hours 
Day 2: second postoperative day 24 – 48 hours 
Day 3: third postoperative day 48 – 72 hours 

 
Statistical analysis: Statistical analysis was performed using computer software (SPSS, version 22; SPSS 
Inc., Chicago, IL). With reference to previous studies, power calculations on the basis of a two-sided design at a 
significance level of 5 % (⍺ = 0.05) and a probability of 80 % (β = 0.20) revealed that at least 44 patients were 
needed to detect a 50 % reduction in pain scores (VAS ± SD = 3 ± 2.5) [7], and to compare the analgesic 
efficiency and the occurrence of adverse events it would require at least 66 participants [8]. 
In order to consider the high inter-individual variability in primary and secondary outcomes, 208 patients were 
included. 

All data were tested for normal distribution with the Shapiro-Wilks test. Non-normally distributed data 
were analyzed with the Mann-Whitney-U-Test, Pearson chi-square test and Fisher´s exact test, as appropriate. 
Results are presented as frequencies, mean (SD), or median with inter-quartile ranges (IQR). The level of signif-
icance was chosen to be 0.05. 
 
 
RESULTS 
A total of 846 patients underwent total knee arthroplasty in the orthopedic department of the University Hospital 
within a period of 2 years. A number of 506 patients scheduled for elective surgery (ASA physical status II-III, 
age > 18 years) were included in the study. The main exclusion criterion was conversion to general anesthesia.  

The matching of the samples was performed using computer software EXCEL 2013 (Microsoft Corp, 
Redmond, WA). By using filters for ASA-classification, age, gender, height, weight, body mass index (± 2 kg·m

Figure 1: Scheme of a Visual Analog Scale (VAS) used in the study to evaluate the pain level 
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-2), comorbidities and preoperative use of analgesics, 104 (matched) pairs were randomly generated. 298 patients 
were excluded from analysis because of comorbidities, preoperative analgesic use or missing data. 

After matching for the predefined variables, 208 patients were included into the analysis. The patient 
characteristics are presented in table 1. Surgical outcome was favorable in all patients and length of hospital stay 
was similar in both groups. 
 
 
 

 
 

 

ASA American Society of Anesthesiologists, BMI body mass index, EA epidural analgesia, FNB femoral nerve 
block, There were no differences regarding VAS at movement between both patient groups up to 72 hours after 
TKA. The mean VAS scores were in patients receiving EA+PCA: 2.7 ± 1.1 vs. FNB+PCA: 2.8 ± 1.2. 

During the postoperative course, more patients in the EA group needed additional intravenous opioids 
(piritramide) for pain relief as compared with the FNB group (fig. 2). Consumption of oral non-opioid analgesics 
was similar between both groups (fig. 3). The use of EA both for pain therapy at rest and prior to physical thera-
py was significantly lower on the second and third postoperative day as compared with FNB (fig. 4). 

During the first 24 hours after TKA, 64 patients in the EA group and 66 patients in the FNB group suf-
fered from nausea and vomiting (PONV). The incidence decreased to 31 patients, both in the EA group and in 
the FNB group, 24-48 hours after TKA. Within 48-72 hours after TKA, 7 patients (EA group) and 7 patients 
(FNB group) suffered from PONV without any significant differences between the groups. 

In contrast, arterial hypotension was more frequent in the EA group in comparison with the FNB group 
(37 patients vs. 13 patients, p < 0.001). Likewise, combined adverse events (urinary retention, pruritus, muscle 
blockade) was 75 % in the EA group and 59 % in the FNB group, p < 0.005). 

 
 
 
 
 
 
 

  EA FNB p-value 

Age (years), mean (±SD) 69 (±8.1) 70 (±7.9) 0.338 

Height (cm), mean (±SD) 167.5 (±8.3) 165.0 (±8.5) 0.320 

Weight (kg), mean (±SD) 83.4 (±16.6) 81.8 (±16.3) 0.332 

BMI (kg·m-2), mean (±SD) 29.85 (±5.34) 29.52 (±5.54) 0.572 

Gender (Male/female) 36/68 36/68 1.000 

ASA 1/2/3 5/76/23 5/76/23 1.000 

Preoperative analgesics n (%) 48 (46.2) 45 (43.3) 0.780 

Diabetes mellitus, n (%) 19 (18.3.9) 21 (20.2) 0.861 

Hypertension, n (%) 80 (76.9) 86 (82.7) 0.388 

Duration of surgery (min), mean (±SD) 74 (±22) 68 (±27) 0.118 

Table 1: Patient data  
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EA epidural analgesia, FNB femoral nerve block, TKA total knee arthroplasty 
 
 
 

Figure 2: Summarized opioid (piritramide) consumption at day 0 (day of surgery) and in the postopera-
tive course (day 1-3). Data are grouped for epidural analgesia (EA) or femoral nerve block (FNB) after 
total knee arthroplasty (TKA). Note that opioid consumption was lower when FNB was used for postoper-

ative pain relief in comparison to EA (﹡p<0.05). 

Figure 3: Summarized metamizole consumption at day 0 (day of surgery) and in the postoperative peri-
od (day 1-3). Data are grouped for epidural analgesia (EA) or femoral nerve block (FNB) after total knee 
arthroplasty (TKA). Note that equivalent metamizole doses were necessary for adequate pain therapy in 
both groups. 
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DISCUSSION 
The data of the present study demonstrate that the both regional anesthetic techniques, epidural analgesia and 
femoral nerve block, provide an adequate quality of postoperative pain therapy. Postoperative pain relief on 
movement in both groups was sufficient, indicated by a level of < 3 (mild pain) on the Visual Analog Scale. 

Despite appropriate analgesia, supplemental consumption of intravenous opioids and metamizole on 
demand as well as combined adverse events were more frequent in patients who were scheduled for epidural 
analgesia. 

The main indication for TKA is to improve function, pain relieve and to increase quality of life in pa-
tients with degenerative knee joint disease. TKA is a common surgical procedure with an age-standardized rate 
varying between 75 operations per 100000 in Norway, 132 operations per 100000 in Germany, 174 per 100000 
in Switzerland and 221 per 100000 in the United States [9-14]. However, TKA in general is associated with sig-
nificant postoperative pain [1]. Multimodal analgesic approaches including regional anesthesia techniques have 
been widely applied for postoperative pain therapy. Lumbar epidural analgesia in combination with patient con-
trolled analgesia (PCA) has been considered to be the standard technique for pain control after hip surgery and 
knee replacement surgery [15]. 
However, placement of an epidural catheter carries a definite risk for neurological complications. Alternative 
techniques such as FNB combined with PCA or local anesthetic wound infiltration have been advocated for pain 
therapy after TKA [5]. 

Over two years all consecutive patients undergoing TKA under subarachnoid anesthesia were consid-
ered for a matched pair analysis. The American Society of Anesthesiologists (ASA) physical status classification 
system, age, gender and comorbidities were used for patient stratification. This approach is confirmed by a pro-
spective study using the New Zealand Joint Registry. In 18434 patients undergoing orthopedic surgery, ASA 
class was associated with postoperative outcome, functional status and frequency of revision operations. The 
mean age, gender distribution, ASA classes and comorbidities in the present study are comparable to different 
studies on TKA [16, 17]. During both periods of time surgical techniques, regional anesthesia, postoperative 
care, and attending surgeons and anesthetists were unchanged. The matched pairs analysis was performed with-
out using propensity scores to eliminate heterogeneity of the sample size. Thus our data reflect the analgesic 
management in a representative cohort of patients undergoing TKA. 

Epidural anesthesia plus PCA has been used as a standard pain therapy after TKA for many years. The 
main reason to modify the perioperative pain therapy protocol was an increasing number of patients with defined 
contraindications against epidural catheterization. In addition, different studies have demonstrated that FNB may 
be an efficient mode of pain therapy after TKA although conflicting data had been published. The present data 

Figure 4: Frequency (numbers) of utilization of pain therapy at rest and prior to physical therapy at day 
0 (day of surgery) and in the postoperative period (day 1-3). Data are displayed for test dose, epidural an-
algesia (EA) and femoral nerve block (FNB) after total knee arthroplasty (TKA). EA was used less fre-
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demonstrate that, after converting postoperative pain therapy from EA plus PCA to FNB plus PCA, the quality 
of analgesia, physiotherapy, rehabilitation and surgical outcome have not been impaired. Moreover, piritramide 
consumption within 0 to 72 hours after TKA was significantly lower in the FNB group as compared to the EA 
group, which may significantly decrease the risk of postoperative respiratory depression. We did not observe 
less PONV despite a decreased opioid consumption during 0 to 48 hours postoperatively. This may be explained 
by a combination of bupivacaine and morphine for subarachnoid anesthesia. Although the quality of neuraxial 
blockade and duration of postoperative analgesia can be considerably improved by intrathecal morphine, the 
incidence of PONV may be even higher [18]. In addition, patients were treated with oral metamizole, which also 
may induce nausea and vomiting [19].  

FNB plus PCA was associated with less episodes of arterial hypotension. The avoidance of hemodynam-
ic complications has a major impact in surgical patients of higher age [20]. In particular, perioperative hypoten-
sive episodes affect outcome after non-cardiac surgery [21]. Thoracic and lumbar epidural anesthesia induce 
sympathetic blockade and vasodilation in lower extremities. In patients with pre-existing hypertension, compen-
satory mechanisms are less efficient and may result in severe hypotension [22, 23].  
FNB plus PCA is associated with less adverse events such as urinary retention, muscle blockade and pruritus. 
Although patient satisfaction after surgery is primarily affected by pain, adverse effects such as PONV and uri-
nary retention have clearly an additional effect. 

A pain therapy protocol using FNB plus PCA may exert advantages in orthopedic surgery of the lower 
extremities. Anti-coagulants are routinely used after major orthopedic surgery which may limit the applicability 
of epidural catheter techniques [24]. An unexpected finding was the rather lacking use of regional analgesia after 
TKA at rest and prior to physical therapy by the patients themselves. According to our standard procedures, or-
thopedic surgeons and staff nurses take care of pain management depending on the time schedule of physical 
therapy. A majority of patients received a test dose (3-5 ml ropicavaine 0.2 %) via the epidural catheter that was 
supplemented by intravenous and/or oral analgesics. Our data are in accordance with a previous study that 
demonstrated that staff nurses tend to accept higher VAS scores in patients with epidural catheters [25]. A pro-
spective analysis describing a separate needle technique for combined subarachnoid and epidural analgesia re-
vealed that 22 of 201 epidural catheters (almost 11 %) have not been used in the postoperative course [26]. Pe-
ripheral regional anesthesia may thus be favorable in orthopedic patients due to a higher acceptance by staff 
nurses and orthopedic surgeons. 

Some remarks must be included to assess the limitations of the present study. First, patients undergoing 
TKA with general anesthesia were excluded. This may have influenced our results since postoperative pain ther-
apy is different in patients with contraindications against neuraxial and/or peripheral blockade. Nevertheless, the 
vast majority of TKA was performed under subarachnoid anesthesia during both periods, and the bias from ex-
cluding patients with general anesthesia is likely small. In addition, intravenous piritramide was mostly used for 
postoperative pain therapy, which is common practice in Germany. Opioids with different pharmacokinetics and 
pharmacodynamics such as morphine may result in different analgesic levels after TKA [27, 28]. Finally, the 
results apply only to the immediate and short postoperative period of EA or FNB plus PCA in the PACU and on 
the peripheral ward. We were not able to follow our patients after discharging from the hospital. Thus, the preva-
lence and degree of chronic pain after TKA was not assessed. 
 
CONCLUSIONS 
Pain therapy using FNB plus PCA provides adequate analgesia in patients undergoing TKA. Converting an es-
tablished mode of pain therapy to a modified protocol may decrease incidence of adverse events rather than im-
prove the quality of analgesia.  
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