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Abstract. Local anesthetic of ropivacaine was demonstrated
to reduce the postoperative pain in elderly patients. This
study investigated the pharmacokinetics of ropivacaine at
different concentrations in elderly patients subjected to fascia
iliaca compartment block. Forty patients with femoral neck
fracture at American Society of Anesthesiologists (ASA) I-I1
status, undergoing fascia iliaca compartment block (FICB)
were randomized to two groups receiving 0.7 ml/kg of
solution containing 0.375% ropivacaine (group L) or 0.5%
ropivacaine (group H). Samples of venous blood were obtained
immediately at different time points after FICB, and the
total and free plasma concentrations of ropivacaine were
measured by liquid chromatography-electrospray ioniza-
tion-tandem mass spectrometry (LC-ESI-MS/MS). Statistical
analysis was carried out using a pharmacokinetic calculation
program (DAS 3.0). Visual Analogue Scale (VAS) scores
were significantly decreased after FICB in both groups, and
VAS score in group H was lower compared with group L.
The total maximum plasma concentration (C,,,,) and the
free C,,, of ropivacaine in group H was higher than that in
group L (P<0.05). The decrease of the total and free plasma
concentration was operation time-dependent. Neither group
showed signs of central nervous system and circulatory system
toxicity. On the basis of these results, the concentrations of
0.375 and 0.5% ropivacaine held an efficiently analgesic effect
for FICB, suggesting that ropivacaine can be employed in anal-
gesic therapy. However, both concentrations have a potentially
theoretical risk of local anesthetics poisoning, suggesting that
a lower concentration may be a safer option for a single large
volume of FICB.
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Introduction

In emergency medical treatment, patients with femoral neck
fracture often suffer from severe pain, resulting in some
complications, especially in the elderly. In response to this,
several non-steroidal anti-inflammatory drugs (NSAIDs),
including acetaminophen, have been applied to control the
pain (1), although the actual effect is not satisfying. NSAIDs
can cause cardio-renal toxicity (2), gastrointestinal bleeding (3)
and platelet inhibition (4,5). In addition, it has been demon-
strated that the application of opioids, such as fentanyl and
morphine, often cause nausea and vomiting, as well as other
common side-effects, including excessive sedation, respiratory
depression and delirious symptoms (6-9). Up to now, for most
of the patients in the emergency room effective and secure
analgesia were unavailable, which was one of the factors of
acute deliria (10).

Fascia iliaca compartment block (FICB) has been reported
to provide a more extensive blocking range and better anal-
gesic effect compared with the three-in-one femoral nerve
block (11,12). FICB has been widely used in perioperative
analgesia by anesthesiologists with a good effect (13,14).
Randomized controlled trials (RCTs) and low quality results
have suggested that FICB could be well used in the management
of acute pain in patients with femoral neck fracture (15-17).
However, in a previous clinical study it was reported that the
analgesic effect of FICB mainly depends on the capacity of
the local anesthetic solution. Occasionally, in order to obtain
a longer duration of analgesia, a higher concentration of local
anesthetics has been considered to apply clinically. However,
the incidence of local anesthetic systemic toxicity (LAST)
may increase with the dose increase (18).

Ropivacaine, a stereo-specific levorotary local anes-
thetic, has been widely utilized in peripheral nerve block
analgesia (19). Compared with bupivacaine, ropivacaine
exerts vasoconstrictor effects and has a lower cardiac toxicity
risk, and therefore has been widely used in surgical anal-
gesia (20,21). A previous report by Paut et al (22) showed
that a maximum plasma concentration (C,,,, of >50% in
children with FICB is more than twice the alert concentration
of ropivacaine (2.2 ug/ml), without the occurrence of serious
LAST, indicating that FICB may have a higher risk of LAST in
specific populations. Also, a case report revealed that a severe
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LAST occurred after the interscalene brachial plexus block
with 75 mg ropivacaine in a 76-year old female patient (23).
In addition to the local anesthetic dose, the occurrence of
LAST is closely related to the blood flow of the injection
region. However, it has been reported that compared with
young adults, elderly patients have poor blood vessels in tissue
surrounding the nerves, thus, a slower absorption of local
anesthetic in the elderly causes a low C,,, and prolonged time
to reach the maximum plasma concentration (T,,,,) (24,25).
Free plasma concentration of local anesthetic is known to be
the key factor of LAST. Torup et al (26) have reported that
although the total plasma concentration of ropivacaine of
~30% in patients exceeded the alert of neurotoxicity after
bilateral transverse fascia block, no toxicity reaction occurred
clinically, as the free plasma concentration was below the
warning level. Therefore, the effective and safe dose of ropiva-
caine in patients, and especially the elderly, is important to be
investigated comprehensively.

Patients and methods

Case selection and grouping. After obtaining the approval
from the Ethics Committee of the First Affiliated Hospital
of Zhejiang Chinese Medicine University (Hangzhou,
China) (no. 2013-k-058), 40 patients at American Society of
Anesthesiologists (ASA) I-1I stage with femoral neck fracture,
60-85 years of age, were enrolled in the study. Patients with the
following conditions were excluded from the study: patients
under treatment for chronic pain; with local anesthetic allergy;
with injection site infection; body mass index >30 kg/m?; lower
extremity nerve disease; comprehension barriers on the Visual
Analogue Scale (VAS). All the patients were informed of the
study and signed a consent form. According to the random
Digital Envelope method, patients were randomly assigned
to receive FICB with a 0.7 ml/kg of solution containing
0.375% ropivacaine (group L) or 0.5% ropivacaine (group H),
as previously described (27-29).

FICB operation. In the emergency room, patients were given
oxygen saturation (SPO,), non-invasive arterial blood pressure
and electrocardiograph (ECG) monitoring and recording were
carried out, and vein channels were established. A needle
was placed 1 cm below one-third the distance from the pubic
tubercle toward the anterior superior iliac spine (ASIS). The
skin was pierced with a large diameter needle and then inserted
into a blunt needle (16G Tuohy) at 45 degrees until iliac fascia.
Prior to the infusion of ropivacaine, the position of the needle
was confirmed by ultrasound. Subsequently, group L received
0.7 ml/kg of 0.375% ropivacaine (Naropine®; AstraZeneca AB),
and group H received 0.7 ml/kg of 0.5% ropivacaine.

VAS scoring. Pain was evaluated based on VAS, with O char-
acterizing no pain and 10 used for the most intense pain. VAS
scores were recorded before and at 20 min after the block.
To guarantee the objectivity of the data, VAS and block were
assessed in a blinded manner to patient treatment, and statis-
tical analysis was carried out after the separate assessments.

Block scope assessment. The block range of lateral, anterior and
medial thigh, corresponding to the lateral femoral cutaneous
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Table I. General characteristics of patients in both groups.

Variables Group L (n=20) Group H (n=20) P-value
Age (years) 76.4+5.6 73.8+6.3 0.176
Sex (M/F) 8/12 10/10 0.751
Weight (kg) 57.1£10.8 62.3+8.6 0.100
Height (cm) 162.5+8.3 160.9+12.6 0.636
ASA physical 7/13 5/15 0.730

status (I/1T)

ASA, American Society of Anesthesiologists.

nerve, femoral nerve and obturator nerve area, was tested with
the cold sensation disappearance method. The detailed data
on nerve blocking at the three sites were recorded at 20 min
after the operation, including failure, in one, two or three nerve
innervation areas.

Assessment of cardiovascular and nervous system toxicity.
The effect of local anesthetics on auditory and/or visual
impairment, perioral numbness, tingling, paresthesia and/or
paralysis, muscle twitching and/or muscle stiffness, and artic-
ulation disorders, were evaluated before, and at 1 or 2 h after
FICB operation.

Blood sample collection and testing. Samples (3 ml) of
venous blood were obtained immediately, and at 15, 30,
45, 60, 90 and 120 min after FICB. Plasma was isolated
within an hour and frozen immediately at -80°C. The liquid
chromatography-electrospray ionization-tandem mass spec-
trometry (LC-ESI-MS/MS) was applied to determine the
total and free plasma concentration of ropivacaine. The free
plasma concentration was obtained by equilibrium dialysis.
The concentration-vs.-time curve of plasma ropivacaine was
simulated using DAS 3.0 pharmacokinetic software (Anhui
Provincial Drug Clinical Evaluation Center) to calculate the
pharmacokinetic parameters, namely, C, ., Ty.x, €limination
half-time (T,,,z), area under the plasma concentration-time
curve (AUC,_), area under the plasma concentration-time
curve extrapolated to infinity (AUC,_.), and clearance (CL,/F).

Statistical analysis. SPSS 19.0 statistical software (IBM Corp.)
was used for statistical analysis. All quantitative measurement
data were expressed as the mean + standard deviation (SD) and
analyzed by Student's t-test. Dichotomous data (age, sex, thigh
sensory blocks) were analyzed using Chi-square test. P<0.05
was considered to indicate a statistically significant difference.

Results

General characteristics. There was no significant difference in
sex ratio, age, ASA classification, height and weight between
the groups, as shown in Table 1.

Effect of analgesia, block and nervous system toxicity. FICB
achieved good analgesic effect in groups L and H. The VAS
scores were recorded before FICB and at 20 min after FICB. As
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Table II. VAS scores before and at 20 min after FICB.

Variables Group L (n=20) Group H (n=20) P-value
Before FICB 6.30+£0.97 6.46+1.02 0.614
At 20 min 2.87+0.73% 2.27+0.82%° 0.020
after FICB

1P<0.05, compared with before FICB;"P<0.05, compared with group L.
VAS, Visual Analogue Scale; FICB, fascia iliaca compartment block.

Table III. Thigh sensory blocks at 20 min after FICB in the two
groups [n (%)].

Sensory block  Group L (n=20) Group H (n=20) P-value

LFC+F
LFC+F+0O

20 (100.0)
15 (75.0)

20 (100)
17 (85)

1.00
0.695

FICB, fascia iliaca compartment block; LFC, lateral femoral cuta-
neous; F, femoral; O, obturator.

Table IV. Comparison of the kinetic parameters of total plasma
pharmacokinetics of ropivacaine in the two groups.

Parameters Group L (n=20) Group H (n=20) P-value
AUC,, (mg/l x h) 2.48+0.76 3.36+0.63 <0.01

AUC,. (mg/lxh)  7.82+1.37 8.68+1.04 0.034
t,,z (h) 2.78+1.02 2.28+0.61 0.072
Thax (h) 0.53+0.12 0.56+0.09 0.428
CL,/F (m*h/kg) 40.8x14.7 38.9+12.0 0.662
Cax (mg/1) 1.56+0.42 2.17+£0.56 <0.01

AUC,,, area under the plasma concentration-time curve; AUC,_,, area
under the plasma concentration-time curve extrapolated to infinity;
Tz, elimination half-time; T, time to reach the maximum plasma
concentration; CL,/F, clearance; C,,,,, maximum plasma concentration.

Table V. Comparison of the kinetic parameters of free plasma
pharmacokinetics of ropivacaine in the two groups.

Parameters Group L (n=20) Group H (n=20) P-value
AUC,, (ug/lxh) 50.82+16.40 72612121 <0.01

AUC,.. (ug/lxh)  91.63£23.20  207.12+44.61 <0.01

t,5z (h) 1.66+0.52 1.87+0.68 0.280
Toax (h) 0.52+0.15 0.59+0.17 0.175
CL, (m3/h/kg) 2,134.0+658.2  1,900.6+723.1 0.291
Cax (g/l) 43.5+14.6 53.4+13.1 0.030

AUC,,, area under the plasma concentration-time curve; AUC, .., area
under the plasma concentration-time curve extrapolated to infinity;
Tz, elimination half-time; T,,,,, time to reach the maximum plasma
concentration; CL,/F, clearance; C,,,,, maximum plasma concentration.
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Figure 1. Concentration of (A) total plasma ropivacaine and (B) free plasma
ropivacaine versus operation time.

shown in Table II, the VAS score was reduced from 6.30+0.97
to 2.87+0.73 in group L, while at the same time it was reduced
from 6.46+1.02 to 2.27+0.82 in group H (P<0.05). Also, the
VAS score was lower in group H than that in group L (P<0.05)
at 20 min after FICB. The lateral femoral cutaneous nerve and
femoral nerve were completely blocked at 20 min after the
operation in both groups. In group H, the simultaneous blocking
rate of lateral femoral cutaneous nerve, femoral nerve and
obturator nerve was 85%, similar to 75% of group L (P>0.05),
as shown in Table III. After FICB, none of the patients in either
group was reported with auditory/visual deficits or articulation
disorders, or other neurological problems.

Influence of pharmacokinetic parameters of ropivacaine.
The results of the detection of the pharmacokinetics
parameters of total and free plasma ropivacaine are shown
in Tables IV and V. No detectable differences were observed
in t,,z, CL,/F and T,,,, of exposed total and free plasma of
ropivacaine between groups H and L (P>0.05). The AUC of
exposed total and free plasma of ropivacaine was higher in
group H than that in group L (P<0.05). T,,,, of ropivacaine was
0.56+0.09 and 0.53+0.12 in groups H and L, respectively. The
total C,,,, of ropivacaine was 2.17+0.56 in group H, higher than
1.56+0.42 in group L (P<0.05). The free C,,, of ropivacaine
was 53.4+13.1 in group H, higher than 43.5+14.6 in group L
(P<0.05). There were 4 patients with total plasma concentra-
tion of ropivacaine >2.2 pg/ml at some points in each group.
The highest value was 3.13 and 3.34 pg/ml in groups L and H,
respectively. Neither group showed signs of central nervous
system and circulatory system poisoning.

The changes of total and free plasma ropivacaine concen-
tration were shown to be time-dependent (Fig. 1). That is, total
and free plasma ropivacaine concentrations declined gradually
with the prolongation of the operation time.
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Discussion

The present study was designed to evaluate the efficacy and
safety of ropivacaine at different concentrations on analgesia
in elderly with femoral neck fracture after FICB. The results
revealed that both concentrations, 0.375 and 0.5% of ropiva-
caine, demonstrate a favorable effect in analgesia for FICB.

It is universally understood that the incidence of femoral
neck fractures in older adults, both men and women, increases
exponentially with age (30). It has been demonstrated that the
systemic function of the elderly patients gradually declines,
and the pain caused by the fracture decreases diagnostic
accuracy while increasing therapeutic difficulty for clinicians,
even leading to severe hemodynamic changes or triggering of
cardiovascular and cerebrovascular events. In light of these
outcomes, it is indispensable to develop early analgesia and
active treatment. The FICB technique, improving the patient
activities and reducing complications, is used more widely
as preoperative analgesia in the elderly patients with femoral
neck fractures (31). In line with the aforementioned research,
our study suggests that FICB has a positively analgesic effect
in elderly patients.

A previous report demonstrated that ropivacaine possesses
evident postoperative analgesia capacity as reflected by the
postoperative VAS score reduction (32). Consistent with this
finding, our study showed that the VAS scores were obvi-
ously declined both in group L and H after FICB, and VAS
score in group H was remarkably lower than that in group L.
Additionally, the lateral femoral cutaneous nerve and femoral
nerve were completely blocked at 20 min after operation in
both groups. Simultaneously blocking rates of lateral cuta-
neous nerve, femoral nerve and obturator nerve in group H
and L, were 85 and 75%, respectively, higher than the results of
Yun et al (33). Their study showed that 40% of lateral femoral
cutaneous nerve, femoral nerve and obturator nerve were
simultaneously blocked and 60% of lateral femoral cutaneous
nerve and femoral nerve were blocked. The possible reason
for this inconformity is that the blocking needle used in the
study by Yun et al was 22 G, compared with the 16 G needle
of the present study, which may caused the needle to pierce
the muscle group. In the present study we used ultrasound to
confirm the final injection location of ropivacaine. Consistent
with our data, two other studies found that ultrasound-guided
FICB significantly improved the three nerve block success
rate, hinting that ultrasound can improve the success rate of
puncture even with a fine needle (34,35). Overall, the evidence
showed that a higher level of ropivacaine, remaining within the
safe-dose range, influenced indexes of postoperative analgesia
more intensely.

It has been suggested that a high-dose longitudinal
supra-inguinal FICB with 0.5% ropivacaine enables the reduc-
tion of morphine consumption after total hip arthroplasty,
although, the safety of this dose is not settled (36). Another
report has shown that high plasma concentration of ropiva-
caine is also prone to produce a certain toxic reaction (37).
In the present study, we found that the C,,,, of ropivacaine
was 2.17+0.56 in group H, higher than 1.56+0.42 in group L
(P<0.05). Over 2.2 ug/ml is thought to cause anesthetics
poisoning (29). There were 4 patients with total plasma concen-
trations of ropivacaine >2.2 pg/ml at some points in each group.
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Neither group showed signs of central nervous system and
circulatory system poisoning. The free C,,,,, of ropivacaine was
rather low in both groups, specifically 53.4+13.1 and 43.5+14.6
in group H and L, respectively. Besides, the T,,,, was 0.56+0.09
and 0.53+0.12 in group H and L, respectively. However, it was
found that the peak concentration of 11 patients appeared in
15 min, due to the experimental design, and no point before
15 min was chosen. There may be some bias in the pharma-
cokinetic analysis of DAS 3.0, and therefore the peak value of
drugs may occur earlier. The rich vascular muscle between iliac
fascia space may lead to rapid absorption, suggesting that high
dose and high-dose injection between iliac fascia space may
bring the risk of local anesthetics poisoning. Different from the
results of Paut er al (22), reported in pediatric FICB, the results
of the present study revealed that the maximum concentration
occurred at 20-90 min. The heart and nervous system toxicity
from the free section, and the plasma concentrations of ropiva-
caine to induce toxic reaction is still not unified. In spite of this, it
is realized that the concentration of 0.5% ropivacaine remains a
risk for further extensive analgesia treatment based on our data.
However, our results are based on a small sample size without
young subjects as control, so the difference between the elderly
and young people is unclear. Sampling time also needs further
study. For elder patients, the most important factor involved in
drug pharmacokinetics is the decreased liver function.

In conclusion, 0.375% and 0.5% of ropivacaine have a
favourable effect in analgesia for FICB. Nonetheless, there is a
theoretical risk of local anesthetics poisoning in both groups,
suggesting that a lower dose might be a good choice for a
single large volume of FICB.
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