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Abstract

Background: Ropivacaine is a widely used local anaes-
thetic drug, highly bound to plasma proteins with a 
free plasma fraction of about 5%. Therefore, the moni-
toring of free drug concentration is most relevant to 
perform pharmacokinetic studies and to understand 
the drug pharmacokinetic/pharmacodynamic (PK/PD) 
relationship.
Methods: A high-sensitivity liquid chromatography-
tandem mass spectrometry (LC-MS/MS) method using 
reverse-phase LC and electrospray ionisation mass 
spectrometry with multiple reaction monitoring (MRM) is 
described for the quantitation of both free and total ropi-
vacaine in human plasma. Ropivacaine-d7 was used as an 
internal standard (IS).
Results: The method was validated in the range 0.5–
3000 ng/mL, with five levels of QC samples and accord-
ing to the European Medicine Agency and Food and Drug 
Administration guidelines. The performance of the method 
was excellent with a precision in the range 6.2%–14.7%,  
an accuracy between 93.6% and 113.7% and a coeffi-
cient of variation (CV) of the IS-normalised matrix factor  

below 15%. This suitability of the method for the quantifi-
cation of free and total ropivacaine in clinical samples was 
demonstrated with the analysis of samples from patients 
undergoing knee arthroplasty and receiving a local ropiv-
acaine infiltration.
Conclusions: A method was developed and validated for 
the quantification of free and total ropivacaine in human 
plasma and was shown suitable for the analysis of clinical 
samples.

Keywords: EMA guideline; FDA guideline; free drug 
 concentration; human plasma; liquid chromatography; 
mass spectrometry; ropivacaine.

Introduction
Ropivacaine is the pure S(-)-enantiomer of propivacaine 
and is a long-acting local amide anaesthetic drug, 
widely used for surgery and for postoperative pain man-
agement. Its mode of action consists in eliciting nerve 
block via reversible inhibition of sodium ion influx in 
nerve fibres. It has a comparable analgesic profile as 
bupivacaine, the drug of choice for many years, but has 
improved central nervous system and cardiovascular 
safety. However, toxicity is still an issue, in particular 
cardiovascular events [1–3].

Ropivacaine is highly bound to plasma proteins, 
with a dominant binding to α1-acid glycoprotein [4, 5] 
and a free fraction of about 5% [6]. Therefore, the moni-
toring of the free drug concentration is of prime impor-
tance to understand therapeutic and toxic effects and to 
describe pharmacokinetic/pharmacodynamic (PK/PD) 
relationships.

The few analytical methods interested in the meas-
urement of free drug concentrations published to date 
described the quantification of either only the free con-
centration [7, 8] or the analysis of free and total ropiv-
acaine concentrations, with a unique [9] or two different 
methods [10, 11] to assess those two concentrations. 
These methods used mass spectrometry (MS) with sin-
gle-ion monitoring [9–11], triple quadrupole MS with 
the monitoring of a single transition per molecule [8], 
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or ultraviolet detection [7]. A chemically-related com-
pound [9–11] or deuterated ropivacaine [8] were used 
as the internal standard (IS), if any [7]. In these reports, 
the lower limit of quantification (LLOQ) for the free drug 
concentration was in the range 2–27 ng/mL whereas 
the upper limit of quantification (ULOQ) was between 
1000 and 2700 ng/mL. Moreover, none of these methods 
was validated according to guidelines from regulatory 
agencies.

In the present study, a validated liquid chromatog-
raphy-tandem mass spectrometry (LC-MS/MS) method 
was proposed for the simultaneous quantitation of free 
and total ropivacaine concentration in human plasma, 
with high-sensitivity and over a wide dynamic range. The 
validation was performed according to both European 
Medicines Agency (EMA) and Food and Drug Administra-
tion (FDA) guidelines for the validation of bioanalytical 
methods.

Materials and methods
Chemicals and reagents

Ropivacaine [(2S)-N-(2,6-dimethylphenyl)-1-propylpiperidine-2-car-
boxamide] (C17H26N2O; monoisotopic mass: 274.205 g/mol; LogP: 2.9) 
and the IS ropivacaine-d7 [(2S)-N-(2,6-dimethylphenyl)-1-(propyl-d7)-
2-piperidinecarboxamide] (C17H19D7N2O; monoisotopic mass: 
281.248 g/mol) were supplied by Alsachim (Illkirch, France). LC-MS-
grade formic acid was supplied by Sigma Aldrich (Saint Quentin Fal-
lavier, France). LC-MS-grade methanol, acetonitrile and water were 
from Fisher Scientific (Illkirch, France). A buffer containing 100 mM 
sodium phosphate and 150  mM NaCl pH 7.40  was prepared accord-
ing to previous reports [9]: a basic solution was made by dissolving 
14.2 g/L Na2HPO4 and 8.77 g/L NaCl in water; an acidic solution was 
made by dissolving 15.6 g/L NaH2PO4 · 2H2O and 8.77 g/L NaCl in water. 
The basic solution was then titrated with the acidic solution to pH 
7.40. Blank human plasma was obtained from the local blood bank.

Working, calibration standard (CS) and quality control 
(QC) solutions

Stock solution of ropivacaine and IS (1 g/L) were prepared in meth-
anol. Working solutions of ropivacaine for CS were prepared at 
10   concentrations (2.5, 5, 25, 50, 250, 500, 2500, 5000, 10,000 and 
15,000 ng/mL) by dilution of the stock solution in methanol. Work-
ing solutions of ropivacaine for QC preparation were also prepared 
separately at 15, 150, 2500, 15,000 and 22,500 ng/mL by dilution of 
the stock solution in methanol. A working solution of IS (5000 ng/mL) 
was obtained by dilution of the stock solution in methanol.

QC samples were prepared in bulk in blank plasma at concen-
trations of 1.5, 15.0, 250.0, 1500.0 and 2250.0 ng/mL. Solutions and QC 
samples were stored at −20 °C.

Sample preparation with equilibrium dialysis

Unknown samples were processed as described by Abbas and col-
leagues using equilibrium dialysis [9]. Briefly, plasma samples and 
buffer were temperature equilibrated at 37 °C for 1  h before being 
processed. The free and bound fractions were separated using rapid 
equilibrium dialysis device single-use plates with inserts made of 
two side-by-side chambers separated by a vertical cylinder of dialysis 
membrane with a molecular-weight cut-off of 8  kDa (Fisher Scien-
tific).

Each insert was filled with 300 μL of plasma sample on one side 
and 500 μL of buffer on the other side and dialysis was carried out for 
6 h at 37 °C with shaking at 300 rpm. The support plate of the dialysis 
device was covered with a self-adhesive plastic film and no volume 
variation was observed during this step. Then, 50 μL were taken from 
the plasma (representing total ropivacaine) and buffer (representing 
free ropivacaine) compartments and put into conical 1.5  mL tubes. 
Ten microlitres of IS (5000 ng/mL ropivacaine-d7 in methanol) and 
10 μL of 0.1% formic acid in water were then added. Then 50 μL of 
blank plasma was added to the buffer sample and 50 μL of buffer was 
added to the plasma sample. Samples were vortexed, then 340 μL of 
acetonitrile was added. Samples were vortexed for 2 min and centri-
fuged at 7800 g for 10 min. One hundred microlitres of the superna-
tant layer were taken to injection vials for LC-MS/MS analysis.

Preparation of CSs and QC samples

As the matrix of the unknown samples was composed of 50% plasma 
and 50% buffer, both for the total and free concentration samples, the 
calibration curves and QC samples were prepared in the same matrix 
as follows: calibration curves were prepared by spiking 50 μL of blank 
plasma with 10 μL of the appropriate mentioned stock or a working 
solution in order to produce the CS equivalent to 0.5, 1.0, 5.0, 10.0, 
50.0, 100.0, 500.0, 1000.0, 2000.0 and 3000.0 ng/mL. For QC samples, 
50 μL of plasma QC sample was put into conical 1.5 mL tubes. Then, 
10 μL of IS (5000 ng/ml ropivacaine-d7 in methanol), 10 μL of 0.1% 
formic acid in water and 50 μL of buffer were added to the plasma 
sample. As for unknown samples, calibration and QC samples were 
then vortexed, 340 μL of acetonitrile was added, samples were again 
vortexed for 2 min and centrifuged at 7800 g for 10 min.

LC-MS/MS system and analysis procedure

The LC-MS method was optimised via testing of several chromato-
graphic columns and mobile phase compositions to achieve the 
greatest sensitivity. The final chromatography and MS parameters 
were as follows. Chromatography was performed with an UltiMate 
3000 Quaternary Rapid Separation Pump (Thermo Scientific Dionex, 
Villebon, France), using a 1.7 μm Acquity UPLC BEH C18 column 
(100 × 2.1 mm i.d.) (Waters, Guyancourt, France) maintained at 40 °C 
in an UltiMate 3000 Rapid Separation Thermostated Column Com-
partment (Thermo Scientific Dionex). Three microlitres were injected 
into the chromatographic system with an UltiMate 3000 Rapid 
Separation Autosampler (Thermo Scientific Dionex) with a sample 
stack maintained at +8 °C. The mobile phase was a gradient of ace-
tonitrile and water both containing 0.1% formic acid. The starting 
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composition was 10% acetonitrile, reaching 50% at 4  min. Then a 
clean-up step at 90% acetonitrile was run for 2 min. Finally, initial 
conditions were restored and maintained for 2 min. The flow rate was 
500 μL/min and the total run time was 8.0 min.

Compounds were ionised with a heated electrospray ionisa-
tion source and detected with a triple quadrupole Quantiva mass 
spectrometer (Thermofisher) using multiple reaction monitoring 
(MRM). Nitrogen (N2-45 nitrogen generator, VWR International, Fon-
tenay sous bois, France) was employed as a sheath and auxiliary gas 
and argon (Messer, Puteaux, France) was used as a collision gas. 
The electrospray source was set to the positive ion mode. Instrument 
parameters were optimised using a continuous 10 μL/min infusion 
of ropivacaine and IS (1 mg/L in the mobile phase). The source para-
meters were as follows: ion spray voltage: 3300V; vaporiser tempera-
ture: 150 °C; sheath and aux gas pressure: 2 and 8 arbitrary units, 
respectively; ion transfer tube temperature: 300 °C; collision gas 
pressure: 1.5 mTor; Q1 and Q3 resolution: 0.7 FWHM and cycle time: 
1 s. The ions, transitions and RF lens values selected for the analysis 
of each compound are detailed in Table 1. Data acquisition and pro-
cessing was performed using Chromeleon v 6.80 (Thermo Scientific 
Dionex) and Xcalibur v3.0.63 (Thermofisher).

Method validation procedure

The developed method was validated according to the European 
Medicines Agency guideline (EMEA/CHMP/EWP/192217/2009 Rev.1 
Corr.2) and Food and Drug Administration guideline (Bioanalytical 
Method Validation – Guidance for Industry, May 2018) for the fol-
lowing parameters: selectivity, carry-over, LLOQ, calibration curve, 
accuracy, precision, matrix effect and stability.

LLOQ: The LLOQ was defined as the lowest concentration measur-
able with a signal superior or equal to 5 times the signal of a blank 
sample, an accuracy between 80% and 120% and a precision with a 
coefficient of variation (CV) of ±20% or less over six measurements. 
The LLOQ was used as the lowest CS.

Calibration curve: Calibration curves included a blank sample, a 
zero sample, and 10 CSs over the following concentration range: 
0.5  ng/mL (LLOQ) to 3000.0 ng/mL (ULOQ). Quantitation was 
achieved by plotting the peak area ratios of ropivacaine to the IS ver-
sus concentration followed by regression analysis, excluding blank 

and zero samples. Back-calculated concentrations of at least six CSs 
out of the 10 (including the LLOQ) had to be within 85%–115% of the 
nominal concentrations, except for the LLOQ for which the range 
was 80%–120%.

Selectivity and carry over: Human plasma samples from six differ-
ent donors were used. First, six samples without ropivacaine and IS 
added (blank samples) were processed and compared to samples 
from the same donors spiked with ropivacaine at the LLOQ and IS. To 
evaluate the carry-over, a blank sample was analysed immediately 
after the highest CS in each run. Assay selectivity was defined by the 
ratio between the area of ropivacaine or IS in samples spiked at the 
LLOQ and their area in blank samples, the means of which had to be 
greater than 5 for ropivacaine and greater than 20 for ropivacaine-d7 .

Accuracy and precision: Accuracy (measured value/nominal value) 
and precision CV were determined for the five QC levels and for the 
LLOQ. Six replicates of each QC level were processed the same day for 
the intraday assay, whereas each QC level was processed 6 times on 3 
different days over a period of 2 weeks for the interday assay. The data 
was analysed using analysis of variance. For QCs, accuracy had to be 
within 85%–115% of the nominal values and precision of ±15%, while 
values between 80% and 120% and ±20% were accepted for accuracy 
and precision of the LLOQ, respectively.

Precipitation recovery, matrix effect and overall recovery: Human 
plasma samples from six different donors were used to investigate 
precipitation recovery, matrix effect and overall recovery. Three pro-
cedures (A, B and C) were performed on each blank plasma sample 
or matrix-free samples spiked at two QC concentrations (1.5 and 
2250.0 ng/mL) to evaluate these parameters: (A) ropivacaine and IS 
were spiked in plasma samples and the complete sample prepara-
tion procedure was carried through; (B) blank matrix samples were 
prepared using the complete sample preparation procedure, 400 μL 
of supernatant were transferred as usual at the end of the precipita-
tion step, then ropivacaine and the IS were spiked and the prepa-
ration procedure finished; (C) ropivacaine and the IS were spiked 
in 450 μL of matrix corresponding to the final sample composition 
(50 μL water, 10 μL 0.1% formic acid in water, 50 μL buffer and 340 μL 
acetonitrile) and directly injected.

The chromatographic peak areas obtained using the three proce-
dures for the two lowest and highest QC levels were analysed for both 
ropivacaine and IS and for each donor or matrix-free sample. Precipita-
tion recovery was defined by the ratio between the peak area obtained 
in procedure A and the peak area obtained in procedure B. The matrix 
effect was assessed by calculating the matrix factor, defined as the 
ratio between the peak area obtained in a blank matrix spiked with 
ropivacaine and IS (procedure B) and the peak area obtained in a pure 
solution of the analytes in the absence of matrix (procedure C). The 
IS-normalised matrix factor was calculated by dividing the matrix 
factor of ropivacaine by the matrix factor of the IS. The CV of this IS-
normalised matrix factor had to be less than 15%. Overall recovery was 
defined as the ratio between the peak area obtained in procedure A and 
the peak area obtained in procedure C. The overall method  recovery of 
the IS had to be ±15% of ropivacaine recovery.

Stability: The stability of working solutions in methanol was 
 studied for 9 months with storage at −20 °C. The stability of plasma 
QC samples was studied after short-term storage for 24 h at 4 °C and 

Table 1: Mass spectrometry parameters.

Parameter Value

MRM transitions, m/z and collision energy, %
 Ropivacaine 275.2 → 126.3 (17)a, 98.3 (44)
 IS 282.3 → 133.2 (22)a, 105.2 (39)
RF lens (V)
 Ropivacaine 67
 IS 67

MRM, multiple reaction monitoring transitions are expressed 
as precursor ion → product ion (collision energy); aUnderlined 
values also correspond to the most intense product ion used for 
quantification. IS, internal standard.
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+20 °C and after long-term storage for 1 year at −20 °C. The stability of 
processed samples in the autosampler was studied after storage for 
24 h at +20 °C and up to 1 week at +8 °C. In addition, the stability of 
QC samples after three freeze and thaw cycles (samples were frozen 
for 24 h between cycles) was assessed.

Analysis of study samples

To confirm the suitability for the analysis of clinical samples, the 
developed method was applied to measure free and total ropivacaine 
concentration in plasma samples from four patients undergoing 
bilateral total knee arthroplasty. This study complied with the World 
Medical Association Declaration of Helsinki regarding ethical con-
duct of research involving human subjects. It was approved by the 
Danish National Data Protection Agency and patients gave informed 
consent for participating in the study. Those patients received two 
400  mg local infiltrations of ropivacaine, one in each knee. Time 
points for sampling were before and 5, 10, 15, 30 min after the first 
dose, as well as before, 5, 10, 15, 60, 120 min, 4 h, 8 h and 24 h after 
the second dose.

Results and discussion

Sample preparation

Several sample preparations methods exist to separate 
free and bound drug concentrations. For human plasma, 
equilibrium dialysis, ultrafiltration and ultracentrifuga-
tion are commonly reported [12, 13]. Equilibrium dialy-
sis is considered as the gold-standard approach [14] and 
methods using a rapid equilibrium dialysis device are the 
most popular techniques [15]. Equilibrium dialysis was 
also the main technique used for the measurement of the 
free concentration of ropivacaine [9–11] and we used the 
method previously described by Abbas and colleagues 
[9]. In contrast with ultrafiltration where non-specific 
binding is a major issue, equilibrium dialysis is consid-
ered as a gold-standard method as the unbound fraction 
is believed to be unaffected by non-specific absorption, as 
a new equilibrium occurs with a lower total concentration 
but the same free concentration [13]. Therefore, to assess 
if non-specific binding may affect total drug concentra-
tion, we compared total ropivacaine concentrations in 48 
plasma samples processed with or without the dialysis 
step and the results were analysed with a Passing-Bablok 
regression. Measured concentrations were in the range 
68–3011 ng/mL, the slope (lower 95% CI–upper 95% CI) 
was 1.0530 (0.9767–1.1242) and the coefficient of correla-
tion was 0.970 (results not shown), suggesting the absence 
of significative non-specific binding.

LC-MS/MS analysis

Ropivacaine is a lipophilic compound (log P = 2.9) the per-
formance of different C18 analytical columns was investi-
gated. The following columns were tested: Accucore C18 
(Thermo Scientific) 2.6 μm 100 × 2.1 mm i.d.; Hypersil gold 
PFP (Thermo Scientific) 1.9 μm 100 × 2.1 mm i.d.; Hypersil 
gold (Thermo Scientific) 1.9 μm 100 × 2.1 mm i.d.; Acquity 
UPLC BEH C18 (Waters) 1.7 μm 100 × 2.1 mm i.d.; Accucore 
phenyl hexyl (Thermo Scientific) 2.6 μm 100 × 2.1 mm i.d. 
All these different analytical columns allowed the reten-
tion of ropivacaine, at times between 2.5 and 3.9  min 
(Figure 1). The composition of the mobile phase was also 
optimised by comparing different isocratic conditions and 
gradients. The highest and narrowest ropivacaine peaks 
were observed with the BEH C18 column, using a con-
centration of acetonitrile increasing from 10% to 50% in 
4  min. Retention time was 3.7  min and these conditions 
were therefore used for the rest of the study.

With a pKa at 8.1, ropivacaine is protonated when using 
an acidic mobile phase. In line with this, the precursor 
ions for the detection of ropivacaine and ropivacaine-d7 in 
the positive ionisation mode were the protonated [M + H]+ 
adduct ions with m/z of 275.2 and 282.3, respectively. Two 
products ions were observed during the fragmentation of 
each precursor ion. The most intense MRM transitions, 
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Figure 1: Representative LC-MS/MS chromatograms obtained for 
ropivacaine (250 ng/mL) with the different analytical columns tested.
Acuccore C18 (blue), Acuccore phenyl hexyl (yellow), Hypersil gold 
(green), Acquity BEH C18 (red), Hypersil gold PFP (black). The ordinate 
scale represents the intensity normalised to the highest peak.
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i.e. 275.2 → 126.3 and 282.3 → 133.2 were used for the quan-
tification of ropivacaine and ropivacaine-d7, respectively, 
whereas the other transition for each compound was used 
for confirmation. Representative chromatograms of the 
analysis of CS and patient samples are shown in Figure 2.

Method validation

LLOQ

The LLOQ was set at 0.5 ng/mL, providing a signal supe-
rior to 5 times the signal of a blank sample (cf. supra) and 
with intra- and interday CVs of 17.8% and 11.6%, respec-
tively, and intra- and interday accuracies between 87.1 and 
95.8% and 91.5%, respectively. This method has excellent 
sensitivity, increasing by 4- to 54-fold the sensitivity of 
methods described to date. This is relevant with respect 
to the measure of low free drug concentrations as concen-
trations as low as 1 ng/mL (and even lower) have already 
been reported in clinical trials [16, 17].

Calibration curve

Due to the 3.5-log dynamic range between the LLOQ and 
ULOQ, the calibration range was defined by 10 calibra-
tion standards in the range 0.5–3000.0 ng/mL. The visual 

inspection of the graphs plotting the peak area ratios of 
ropivacaine to the IS versus concentration suggested the 
linearity of the response, justifying the choice of an ordi-
nary least square model to fit the data. As the pattern 
of residuals plotted as a function of the concentration 
was heterogeneous, demonstrating heteroscedasticity, 
a weighted least square regression model was applied 
with a 1/x weighing factor. Mean fitted equation obtained 
from eight curves was y = 0.00072 (±0.00005) x −0.00011 
(±0.00014) (mean ± SD) and mean least squares linear 
regression correlation coefficient (r2) was 0.9973 (±0.0026).

The interday CVs of the back-calculated concentra-
tions of the 10 calibration standards ranged from 2.1% to 
12.2% and the mean bias ranged from −4.0% to 5.1%. In 
contrast with previously described methods, this method 
allows the quantification of ropivacaine over a wide 
dynamic range and up to 3000 ng/mL, which is impor-
tant for measuring total concentrations up to this order of 
magnitude [16, 17], using a single calibration curve and a 
linear model [7, 8, 10, 11].

Selectivity and carry over

The mean of the ratio between the ropivacaine area in 
samples spiked at the LLOQ and blank samples was 14; 
for the IS, the mean was greater than 25,000, demon-
strating the selectivity for both molecules. The peak area 
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Figure 2: Chromatograms of ropivacaine and IS.
Representative LC-MS/MS chromatograms of ropivacaine (two upper graphs in each panel) and IS (two lower graphs in each panel) obtained 
after the analysis of a calibration standards at the LLOQ (A), at the ULOQ (B) and of a patient sample for free-drug (C) or total drug analysis (D).
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of ropivacaine and IS in blank samples injected after the 
highest CS were lower than 5% of the peak area at the LLOQ 
(n = 6), therefore no carry-over occurs after the analysis of 
samples with ropivacaine concentrations up to the ULOQ.

Accuracy and precision

Intraday and interday precision and accuracy of the QC 
samples at the five concentration levels are summarised in 
Table 2. Intraday precision ranged from 6.2% to 10.0% with 
an accuracy ranging from 93.6% to 113.7%. Interday preci-
sion ranged from 10.0% to 14.7% with an accuracy from 
99.1% to 108.2%. The developed method is thus highly 
precise and accurate in a wide range of concentrations.

Precipitation recovery, matrix effect and overall recovery

The results are summarised in Table 3. The precipita-
tion recovery was between 87.8% and 99.4% for both 

ropivacaine and IS. The matrix effect of ropivacaine was 
concentration-independent as the matrix factor was 
112.2% at the low QC level and 103.5% for the high QC 
level. The IS-normalised matrix effect was in the range 
89.1%–100.3%, demonstrating the usefulness of the deu-
terated IS. The CVs of the IS-normalised matrix effect were 
lower than 15% for the two QC levels. The overall recovery, 
which combines the evaluation of precipitation recovery 
and matrix effect is in perfect agreement with the men-
tioned findings.

Stability

The difference between the peak area of working solutions 
in methanol stored for 9 months at −20 °C and freshly pre-
pared solutions was less than 5%, demonstrating the sta-
bility of working solutions.

The stability of ropivacaine in plasma QC samples was 
tested by storing sample sets at either +4 °C or +20 °C for 

Table 2: Accuracy and precision data for ropivacaine plasma QC samples.

QC concentration, 
ng/mL

  Concentration found 
each day, mean ± SEM

 
 

Intraday (n = 6) 
 

Interday (n = 6)

CV, %  Accuracy, % CV, %  Accuracy, %

1.5   D1: 1.6 ± 0.1   10.0  93.6–104.7  13.1  99.1
  D2: 1.5 ± 0.1        
  D3: 1.4 ± 0.1        

15.0   D1: 17.1 ± 0.6   7.0  104.9–113.7  10.9  108.2
  D2: 15.7 ± 0.3        
  D3: 15.9 ± 0.4        

250.0   D1: 283.6 ± 7.2   8.6  100.7–113.4  14.7  107.7
  D2: 273.4 ± 12.9        
  D3: 251.8 ± 6.9        

1500.0   D1: 1587.7 ± 48.2   6.2  95.3–105.8  13.4  101.6
  D2: 1554.6 ± 41.0        
  D3: 1429.7 ± 21.8        

2250.0   D1: 2426.8 ± 50.9   7.7  99.4–107.9  10.0  103.6
  D2: 2327.3 ± 50.8        
  D3: 2236.5 ± 104.8        

CV, coefficient of variation; QC, quality control.

Table 3: Precipitation recovery, matrix effect, and overall method recovery of ropivacaine and IS in human plasma (mean ± SEM % [CV %]).

  Precipitation 
recovery

  Matrix factor  IS-normalised 
matrix factor

  Overall recovery

Ropivacaine
 1.5 ng/mL (n = 6)   99.4 ± 2.2 (5.4)   112.2 ± 2.7 (6.0)  100.3 ± 3.1 (7.7)  111.6 ± 4.1 (9.0)
 2250 ng/mL (n = 6)   93.9 ± 1.9 (5.0)   103.5 ± 0.7 (1.7)  89.1 ± 1.9 (5.1)   97.2 ± 1.8 (4.4)
IS
 100 ng/mL (n = 12)   87.8 ± 1.6 (6.5)   114.2 ± 1.7 (6.3)  NA   100.1 ± 1.6 (5.4)

CV, coefficient of variation; IS, internal standard; NA, not applicable.
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24 h or exposing them to three freeze/thaw cycles. For all 
these conditions, the differences between the measured 
and nominal concentrations were in the range −12.6% to 
9.8% (mean = −0.2%). After long-term storage for 1 year 
at −20 °C, the differences between the measured and 
nominal concentrations were in the range −5.0% to 14.8% 
(mean = 8.9%). Therefore, ropivacaine is stable in plasma 
in these conditions.

The stability of processed QC samples was evalu-
ated by reinjection (with a new calibration curve) of the 
samples kept at +4 °C in the autosampler after 24 h, 72 h 
and 7  days and for the five QC levels (1.5, 15, 250, 1500 
and 2250 ng/mL, n = 6 for each level). All the differences 
between the measured and nominal concentrations were 
in the range −12.5% to 13.1% (mean = −1.6%), showing the 
stability of processed samples up to 7 days in the autosam-
pler. Also, the stability of processed QC samples was eval-
uated at +20 °C after 24 h. All the differences between the 
measured and nominal concentrations were in the range 
−8.1% to −0.9% (mean = −3.2%). Processed samples can 
thus be stored or reanalysed after storage up to 7 days in 
the autosampler.

Analysis of study samples

Free and total plasma ropivacaine concentrations meas-
ured in four patients undergoing knee arthroplasty and 
receiving a local ropivacaine infiltration are shown in 
Figure 3. Concentrations were in the range 0.9–62.7 ng/mL 
for the free concentration and in the range 19.4–2125 ng/mL 
for the total drug, highlighting the usefulness of a LLOQ at 
0.5 ng/mL and a ULOQ at 3000 ng/mL.

Conclusions
In conclusion, a method for the quantitation of free and 
total ropivacaine in human plasma is described, adding 
the following advantages when compared to previously 
published methods: (1) use of a specific MRM method with 
the monitoring of a quantification transition and a confir-
mation transition, (2) use of a deuterated IS, (3) very high 
sensitivity, (4) wide range of the calibration curve, suited 
for the measure of clinical concentrations of both free and 
total ropivacaine in a single analytical run, (5) assessment 
of stability for working solutions, plasma and processed 
samples, (6) method validation according to the EMA and 
FDA guideline, with five levels of QC samples (7) valida-
tion of the suitability of the method with clinical samples.
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