Acta Orthopaedica 2021; 92 (x): x–x

1

Intraoperatively local infiltration anesthesia in hemiarthroplasty
patients reduces the needs of opioids: a randomized, double-blind,
placebo-controlled trial with 96 patients in a fast-track hip fracture
setting
Janne K HOFSTAD 1,2, Jomar KLAKSVIK 1,2, and Tina S WIK 1,2
1 Orthopaedic Research Centre, St Olavs Hospital Trondheim, Department of Orthopedic
2 Norwegian University of Science and Technology, NTNU Trondheim, Norway

Surgery, Trondheim University Hospital, Trondheim Norway;

Correspondence: janne.k.hofstad@ntnu.no
Submitted 2021-08-07. Accepted 2021-10-13.

Background and purpose — Local infiltration analgesia (LIA) is commonly used as a component in multimodal
analgesia. Pain management directed towards hip fracture
patients operated on with hemiarthroplasty is often based on
knowledge regarding pain treatment following elective surgery. In this elderly patient population, it is of value to clarify
whether adding local infiltration analgesia (LIA) to the postoperative analgesic regimen might reduce postoperative pain
or have an opioid-reducing effect.
Patients and methods — 96 hip fracture patients undergoing hemiarthroplasty in spinal anesthesia were included.
All patients received a multimodal pain regimen and were
randomized to receive either ropivacaine or placebo. All
patients received morphine depot-opioid and morphine as
rescue medication postoperatively. The primary endpoint
was pain during mobilization in the recovery unit on the day
of surgery. Secondary endpoints were pain during mobilization the day after surgery and postoperative opioid requirements on the first postoperative day.
Results — The levels of pain (NRS) during mobilization
both in the recovery unit and on the day after surgery were
similar in the 2 groups, with median 4 and 0.5 in the placebo group and median 3.5 and 1 in the ropivacaine group
respectively. Total consumption of opioids on day 0 and day
1 were 4.6 mg lower in the ropivacaine group (p = 0.04).
Pain during mobilization was registered for only 44 of 96
patients for several reasons, including lack of mobilization.
Interpretation — There were similar pain scores in both
the local infiltration and placebo group postoperatively.
However, substantially reduced opioid consumption was
found in patients receiving LIA.

One of the key parameters to faster recovery after hip fracture
surgery is an optimized perioperative pain regimen (1). The
management of pain in hip fracture surgery usually involves
use of opioid drugs. Opioids are known to cause a wide range
of adverse effects such as nausea, somnolence, respiratory
depression, and postoperative delirium (2,3). The fragile hip
fracture population are at high risk of serious perioperative
complications, and opioid use increases this risk (4). Postoperative pain is still the most challenging factor that hinders early
mobilization and rehabilitation after hip fracture surgery (5).
Multimodal analgesia for acute postoperative pain is commonly used in elective arthroplasty surgery (6). The concept of
the multimodal pain regimen is to combine different analgesics modulating different parts of the pain treatment to reduce
the use of opioids and thereby reduce the risk of opioid-related
adverse events (7). A multimodal pain regimen following
arthroplasty usually consist of spinal anesthesia, opioids, gabapentin, dexamethasone, NSAIDS, acetaminophen, and local
infiltration analgesia (LIA) (8). For total knee arthroplasty
patients LIA has been found effective (9), whereas the same is
not found for total hip arthroplasty patients (10).
There are surprisingly few studies investigating the postoperative pain management following hemiarthroplasty in hip
fracture patients (11,12). The pain management is often based
on knowledge regarding pain treatment of elective total hip
arthroplasty patients, although both the nature of the injury and
the patient population are quite different. It is therefore important to clarify whether adding LIA to the perioperative analgesic regimen might reduce postoperative pain or the need for
opioids for hip fracture patients undergoing hemiarthroplasty.
The potential gain of optimized pain treatment and reduction
of opioid side effects is high for this vulnerable patient group.
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We investigated the effect of adding perioperative LIA
with ropivacaine to a multimodal analgesic regime without
NSAIDs, with respect to pain intensity and opioid use in hip
fracture patients receiving hemiarthroplasty.

Patients and methods
Patients
All patients admitted to the hospital with femoral hip fracture
scheduled for hemiarthroplasty were screened for inclusion in
this study from December 2015 to May 2018. Patients were
included regardless of age and ASA score. Exclusion criteria were patients not competent to give consent to the study,
patients operated on with a different surgical approach than
the direct lateral approach, patients receiving general anesthesia, and patients receiving femoral nerve blockade less than 4
hours before surgery. Removal of osteosynthesis material in
the same surgery also led to exclusion from the study. Finally,
patients with contraindications to receiving any part of the
multimodal anesthetic regime such as ropivacaine, dexamethasone, acetaminophen, and spinal anesthesia were also
excluded from this study.
Randomization and blinding
Surgeons and healthcare personnel in the post-anesthesia care
unit (PACU) as well as the patients were blinded to the type
of treatment. Patients were randomized to receive either infiltration with local anesthesia or placebo (saline). The patients
were screened for inclusion after admission to the orthopedic
trauma unit by the orthopedic resident on call. Sealed numbered envelopes were opened by the operating nurse on the
day of surgery. LIA or placebo was prepared in 3 unmarked 50
mL syringes by the operating room nurse before the patient,
the anesthetic personnel, and the surgeon arrived in the operating room.
Study intervention
All patients were on a standardized clinical fast-track pathway
and transported directly to the orthopedic trauma ward unit
after their radiographs were obtained to avoid unnecessary
waiting time. While still ambulatory the patients were treated
with oxygen, fluid, and morphine as needed. As soon as possible after admission to hospital, the patients received a femoral
hip blockade consisting of ropivacaine 2 mg/mL up to 40 mL.
Standard preoperative pain treatment was acetaminophen 1g
every 6th hour and morphine 2.5–5 mg as needed. Preoperatively they were given a single dose of dexamethasone 16–20
mg. A standardized program for intraoperative fluid administration was followed, consisting of Ringer’s acetate and antibiotic prophylaxis with cephalothin 2 g given 30–60 minutes
before surgery. After surgery, the patients received Dolcontin
10 mg every 12th hour as depot-opioid and morphine intravenously or orally as rescue opioid (Table 1).

Table 1. Medications throughout the study

Medication

Pre- PrePeri- Postopera- medi- opera- operative cation
tive
tive

Morphine (2.5–5 mL iv)
x			
Acetaminophen (1 g every 6 h)
x
x
x
Femoral hip blockade
ropivacaine 2 mg/mL up to 40 mL
> 4 h before surgery
x			
Dexamethasone (16–20 mg)		
x		
Spinal anesthesia
bupivacaine 0.25% plain 1½–4 mL
with added fentanyl or epinephrine 			
x
Cephalothin (2 g i.v.)			
x
Morphine depot 10 mg x 2				
Rescue opioid i.v./orally				
Ropivacaine (saline) 2 mg/mL
maximum 4 mg/kg			
x

x

x
x

All patients were scheduled for surgery within 24 hours and
operated on between 8 am and 1 pm. All patients were operated on under spinal anesthesia with bupivacaine 0.25% plain
1½–4 mL and added fentanyl or epinephrine on an individual
basis, preferably at the L2/L3 or the L3/L4 vertebral interspace.
The patients were randomized to receive either LIA or placebo. The LIA consisted of ropivacaine 2 mg/mL up to 4 mg/
kg with an added 0.5 mL of epinephrine 1 mg/mL. The placebo group received saline 0.9%. Both groups had a maximum
of 150 mL liquid infiltrated around their hips in a standardized
manner after relocation of the hip joint intraoperatively. The
first 50 mL was injected in the periacetabular remaining capsular tissue, and 50 mL was inserted in the gluteus muscles
and the proximal part of the iliotibial tract. The last 50 mL was
inserted in the subcutaneous layers (8).
After surgery, the patients followed a standardized fast-track
clinical pathway for hip fracture, and whenever possible they
were mobilized in the PACU as soon as the effect of the spinal
anesthetic had worn off. Thereafter the patients were transferred to a specialized trauma unit with a well-defined and
experienced program for multimodal orthogeriatric rehabilitation (13). On the 1st postoperative day, the patients whenever
possible were mobilized with help from a physiotherapist.
Study parameters
The primary endpoint was pain sensation during mobilization
in the PACU (day 0). The secondary endpoint was pain during
mobilization in the orthopedic trauma unit on the 1st postoperative day after surgery (day 1), and total opioid consumption
on day 0 and day 1.
Pain at rest and pain during mobilization were registered
using the numeric rating scale for pain (NRS), on day 0 and
on day 1. The patients were asked a standardized question:
“On a scale from 0–10, where 0 is no pain and 10 is the worst
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Screened for inclusion
n = 407
Excluded (n = 288):
– not meeting inclusion criteria, 239
– declined to participate, 10
– other reasons, 39
Randomized
n = 119
Allocated to placebo treatment (n = 60)
Received allocated treatment (n = 60)

Allocated to ropivacaine treatment (n = 59)
Received allocated treatment (n = 59)

Excluded from analysis (n = 13):
– general anesthetic, 3
– dead in PACU, 1
– femoral hip blockade < 4 h
before surgery, 2
– incorrect registration of study patient, 7

Excluded from analysis (n = 10):
– general anesthetic, 3
– posterior approach, 1
– total arthroplasty, 1
– intraoperative fracture, 1
– incorrect registration of study patient, 4

Analyzed (n = 47)

Analyzed (n = 49)

Figure 1. CONSORT 2011 flow chart of patients throughout the study.

imaginable pain, can you define the pain you have right now?”
Mobilization in the PACU was defined as movement of
the legs while in bed, sitting on the bedside, or standing next
to the bed. All patients were mobilized with a walker in the
orthopedic ward unit on day 0 or day 1 depending on the time
of surgery. Patients arriving in the ward unit late at night were
mobilized on day 1.
The use of opioids was registered on day 0 and on day 1. In
addition, the length of hospital stay was registered.
Statistics
With a level of significance of 0.05%, and a power of 80%, a
1-point difference in NRS will be detected with 47 patients in
each group. We aimed to include 120 patients in the study to
account for dropouts.
The continuous numeric variables for pain score were tested
for normality of distribution with histogram and QQ plot. The
2 groups were compared with the Mann–Whitney U-test, as
data were not normally distributed. Pain score and total consumption of opioids are presented as median (range). As pain
score was collected for only half of the included patients, the
median group results are presented descriptively.

Morphine, oxycodone, oxycodone depot, and
ketobemidone were calculated using the equianalgesic ratio of each opioid relative to morphine
(14,15).
A generalized linear mixed model (GLMM)
was used to analyze opioid use on day 0 and day
1. Square-root transformation was applied to the
dependent variable to obtain normality of model
residuals. Model estimates presented are backtransformed to the original scale. The model consisted of 2 groups and 2 time points as fixed factors, adjusted for age, sex, and ASA. Normality of
residuals was verified by histogram.
All statistical analyses were conducted with IBM
SPSS version 26 (IBM Corp, Armonk, NY, USA).

Ethics, registration, and potential conflict of
interest
Written and verbal consent was obtained from
each patient before inclusion in the study, and the study was
conducted in accordance with the Declaration of Helsinki.
The project was approved by the regional committees for
medical and research ethics (16/1201). The study was registered at ClinicalTrials.gov (identifier NCT02585011). This
research did not receive any funding. No competing interest
declared.

Results
407 patients were considered for inclusion, of whom 119 were
included and randomized. The most common cause for exclusion was dementia and comorbidity. 47 patients in the placebo
group and 49 patients in the ropivacaine group were included
in the analyses (Figure 1 and Table 2).
52 of the patients could not indicate pain scores during the
first mobilization due to lack of mobilization, fragility, comorbidity, and lack of nursing staff resources. Pain scores were
not given for 25 of 47 patients in the placebo group and 27 of
49 patients in the ropivacaine group. Opioid consumption was
provided for all patients (Table 3).
Table 3. Results. Values are median (range)

Table 2. Baseline demographics

Factor

Placebo
(n = 47)

Mean age (range)
Female sex, n
Median ASA (range)
Mean BMI
Mean minutes of surgery (range)
Surgery within 24 h, n
Median LOS, days (range)

83 (69–94)
32
3 (1–4)
23.4
81 (55–119)
44
5 (3–11)

Ropivacaine
(n = 49)
82 (68–98)
36
3 (2–4)
23.6
73 (43–139)
47
5 (3–9)

Pain at

n

Placebo
(n = 47)

Day 0			
NRS mobilized 22
4 (0–9)
NRS at rest
30 0.5 (0–6)
Opioid use, mg 46 10.3 (0–52.5)
Day 1			
NRS mobilized 22
5 (3–10)
NRS at rest
21
0 (0–5)
Opioid use, mg 47 15.0 (0–60)

Ropivacaine
n
(n = 49)
22
33
49

3.5 (0–7)
1 (0–8)
7.5 (0–45)

23
5 (0–10)
24
1 (0–6)
49 15.0 (0–76.5)

p-value

0.2

0.5
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the LIA group. There are some differences in the
studies that might explain this: in one of the studRopivacaine
Ropivacaine
Placebo
Placebo
ies NSAIDs were added to the LIA (11). In addi8
tion, the LIA group received preemptive analgesic
60
medication whereas the control group did not. Both
6
adding NSAIDs and opioids to the LIA compound
40
and giving preoperative opioids to only one group
4
complicates the identification of which component
contributed to the outcome, making the results of
20
the study difficult to interpret (8). Further, adding
2
NSAIDs and opioids to the LIA mixture is controversial and generally not recommended for elderly
0
0
Rest Mobilization
Rest Mobilization
Day 0
Day 1
comorbid patients due to severe adverse effects
Day 0
Day 1
such as kidney injuries and gastrointestinal disturFigure 2. Boxplot showing pain score
Figure 3. Boxplot showing opioid use
bance (16).
(NRS) during mobilization on day 1 and
on day 0 and on day 1. For boxplot
on day 0. The horizontal lines indicate
interpretation, see Figure 2
The other study used LIA without NSAIDs (12).
median. The boxes represent interquarTheir
findings of reduced pain sensation, however,
tile range, and the whiskers extend to
were after 36 and 60 hours postoperatively, which
the minimum or maximum case/value
within 1.5 times height of the boxes.
is quite late when reckoning that the LIA effect would last up
to 24 hours (17). The study included only 12 patients in each
group, which underlines the need for more confirmatory studPrimary outcome
ies. Thus, our study provides knew knowledge indicating that
The median pain score during mobilization on day 0 was 4 LIA without NSAIDs might have an opioid-reducing effect in
(0–9) and 3.5 (0–7) in the placebo and ropivacaine group the first postoperative 24 hours after surgery for hemiarthrorespectively. The median pain score during mobilization on plasty patients.
day 1 was 5 in both groups (Figure 2). 44 and 46 patients were
The opioid-reducing effect of LIA in hip fracture patients is
mobilized with a walker on the first postoperative day in the in contrast to studies on elective primary THA patients (10,18).
ropivacaine and the placebo group respectively.
This may be explained by differences in the patient population
such as old age, comorbidity, and low BMI, as the degree of
Secondary outcome
ropivacaine-induced sensory and motor block is shown to be
Median opioid consumption on day 0 was 10 (0–53) and 7.5 age and dose dependent (19). In addition, NSAIDs are not part
(0–45) mg in the placebo and ropivacaine group respectively of the multimodal pain regimen for hip fracture patients.
(p = 0.2), whereas median opioid consumption on day 1 was
The effect of LIA with ropivacaine in hip fracture patients
15 (0–60) and 15 (0–77) mg in the placebo and ropivacaine operated on with internal fixation has been investigated,
group respectively (p = 0.5) (Figure 3). Comparing the opioid finding no reduction in postoperative pain score or opioid
use between the 2 groups for day 0 and 1, controlling for age, consumption (20,21). In these studies, LIA was given as a
sex, and ASA score, the model estimate for the placebo group bolus dose intraoperatively, and thereafter postoperatively
was 14.3 mg and 9.7 mg for the ropivacaine group (p = 0.04). as repeated injections through a catheter placed intraoperatively for 48 hours. Also, these studies had only a few patients
included, indicating that this might be a difficult patient population from which to recruit patients.
Discussion
Studies investigating LIA in hip fracture patients in general
This study aimed to evaluate the effect of intraoperative LIA report a low pain score in the early postoperative phase, demgiven to hemiarthroplasty patients on pain intensity and con- onstrating that the patients are well pain relieved (11,12). In
sumption of opioids on the first postoperative day. Pain scores our study, the multimodal analgesic regimen included both
were similar between the groups, but registered for only preoperative dexamethasone and a femoral hip blockade.
approximately half the patients and therefore not tested statis- Dexamethasone is a long-acting prophylactic agent to reduce
tically. The median opioid consumption was substantially less nausea and vomiting, and also to reduce postoperative pain.
in the LIA group when accounting for the covariates age, sex, A single dose of dexamethasone provides postoperative pain
and ASA group, indicating some effect of intraoperative LIA relief (22) and is proven to be safe in hip fracture patients (23).
for hemiarthroplasty patients.
The femoral hip blockade consisted of ropivacaine 2 mg/mL
Our findings of reduced opioid consumption are in accor- up to 40 mL. Patients receiving the hip blockade less than 4
dance with 2 other randomized trials on hemiarthroplasty hours before surgery were excluded from the study. A singlepatients (11,12). These studies also found reduced pain for shot nerve block is demonstrated to be effective as preoperaPain score (RNS)

Opioid use (mg)

10

80
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tive analgesia for hip fracture patients, reduces the needs for
opioids before surgery and decreases postoperative delirium
(24,25). The use of preoperative femoral hip blockade alone
has, however, not shown a reduction in postoperative opioid
consumption (25).
The multimodal analgesic regimen and generally low pain
scores might make it difficult to measure improved pain relief
by using pain intensity as an outcome variable. It is therefore
relevant also to consider secondary outcome variables such
as opioid consumption, or level of activity. Our secondary
outcome, opioid consumption on day 0 and on day 1, was
similar between the 2 study groups. However, when analyzing
the results considering relevant covariates such as age, sex,
and ASA group there was a difference in model estimate of
4.6 mg opioid in favor of the LIA (p = 0.04). This indicates
some effect of adding intraoperative LIA with ropivacaine to
the multimodal pain regimen following hemiarthroplasty. The
difference of 4.6 mg can be considered clinically relevant in
respect of this elderly, fragile patient group.
Limitations and strengths of the study
Clinical studies on hip fracture patients with patient-reported
outcomes might be challenging to execute, as the patients
are elderly, fragile, and prone to postoperative delirium. The
emergency admission and surgery are handled by on-call personnel who often have a busy working schedule. In this study,
we reached the planned number of patients included, but pain
scores postoperatively were collected for only roughly half of
the patients. This is a major limitation of this study. There are
several explanations for the missing data. First, the study was
conducted in a university hospital with a major emergency
department, involving different staff in the registration of pain
scores. The work pressure is high in this setting and filling
out a form to contribute to a clinical study might not be prioritized. Second, the study population are fragile with high
comorbidity. Mobilization in the PACU was difficult and was
abandoned for some patients. In addition, the transfer between
the PACU and the orthopedic ward often happened late at
night, and the patient was asleep or too tired to be mobilized
or to set a pain score.
As some patients were operated on late at night, the opioid
consumption on the day of surgery could vary among patients.
An alternative method could have been to register data a given
number of hours after surgery; however, the time of surgery
was evenly distributed between the two study groups.
The strength of our study is the high number of patients
included, compared with other studies on this patient population. In addition, data on postoperative opioid consumption
was complete. Further, all patients were in a standardized
orthogeriatric setting. All patients received a perioperative
standardized multimodal pain regimen and were operated on
under spinal anesthesia with the same surgical approach and
the same surgical procedure. This makes the interpretation of
the results valid.
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Conclusion
In conclusion, local infiltration anesthesia with ropivacaine
did not provide any reduction in pain score after fast-track
hemiarthroplasty. Patients receiving ropivacaine, however,
had a reduction in need for opioids.
All the authors contributed to planning of the study. JKH and TSW wrote
the article and conducted the study. JKH, TSW, and JK conducted the data
analyses and interpreted the results.
The authors thank the nurses and doctors who contributed to the registration
of data for this study.
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