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Abstract 

Background With the aging of human society, more and more elderly patients have to undergo surgery and anes-
thesia. Clinical observations have indicated from time to time that spinal anesthesia in the elderly appears to last 
longer than in young people, although there is limited research in this area and the mechanism is unclear at present 
time. This research work is expected to help understand the decline of local anesthetic metabolism in cerebrospinal 
fluid of elderly patients so as to help them with precise anesthesia and rapid rehabilitation.

Methods Twenty patients with spinal anesthesia in orthopedic lower limb surgery were selected to study the rate 
of drug metabolism in cerebrospinal fluid in two age groups, i.e.,18–30 years old and 75–90 years old. Ropivacaine 
in peripheral blood is used as a probe to reflect the speed of drug metabolism in cerebrospinal fluid. The contents 
of total Aβ protein and hyaluronic acid in the cerebrospinal fluid were investigated as well.

Results The equivalent dose of ropivacaine anesthetizes the elderly group for a longer time. The metabolism rate 
of ropivacaine in an elderly patient was slower than that of a young patient. No significant difference in total Aβ 
protein between the two groups was observed while hyaluronic acid in the elderly group was significantly higher 
than that in the young group.

Conclusions This study shows that the dose of ropivacaine should be reduced when used for anesthesia in elderly 
patients. The cumulation of ropivacaine and HA appears to imitate the degeneration of central lymphatic circulation 
metabolism in elderly people.
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Background
With the aging of human society, the number of opera-
tions for elderly patients is increasing year by year (Rump 
and Adamzik 2022). Clinical observations have indicated 
from time to time that spinal anesthesia in elderly peo-
ple appears to last longer than in young people (Veering 
et al. 1987), yet there is limited research in this area with 
few relevant data available in the open literature and the 
mechanism still is unclear at present time. Total Aβ pro-
tein in CSF (cerebrospinal fluid) has been reported to be 
a substance that impairs cognitive function and its con-
centration could be a predictive indicator of cognitive 
impairment (Lanni et  al. 2019). On the other hand, HA 
(hyaluronic acid) can be metabolized through lymphatic 
circulation and serves as a marker reflecting lymphatic 
circulation function (Jackson 2019). The meningeal lym-
phatic vessels have recently been recognized as an impor-
tant player in cognitive impairment (Da Mesquita et  al. 
2018). The objective of this study is to investigate the 
impact of age on the metabolic rate of ropivacaine and 
the function of lymphatic circulation between elderly and 
young patients. The outcome of this research is expected 
to help understand the basis of a decrease in local anes-
thetic metabolism in the cerebrospinal fluid of elderly 
patients to guide anesthesiologists in providing precise 
anesthesia and rapid recovery for elderly patients.

Materials and methods
Patients
Before recruiting the patients, the protocol of this trial 
was approved by the Ethics Committee at Tongji Medical 
College (number: 2019-s1107).

From October 20, 2019, to October 30, 2019, twenty 
adult patients hospitalized at the Union Hospital of 
Tongji Medical College in Wuhan, China who were 
scheduled to undergo internal fixation of lower limb frac-
ture were selected and assigned into two groups by age, 
a young group (18–30  years old, n = 10) and an elderly 
group (75–90  years old, n = 10), respectively, to receive 
spinal anesthesia. Exclusion criteria included: ASA III 
to V, past neurological and psychiatric disorders, con-
sumption of tranquilizers, long-term use of psychotropic 
drugs, diabetes, renal disease, active liver disease, severe 
visual or auditory handicap, inability or unwillingness 
to abide by the protocol, loss of follow-up, and bleeding 
greater than 200 mL intraoperative.

Anesthesia and surgery
Anesthesia method was practiced according to the rou-
tine of our hospital. Subarachnoid block was performed 
at the  L3–4 vertebral interspace with 25 G spinal needle. A 
CSF sample of 2 mL was extracted from the subarachnoid 

space and stored at − 20 °C for future use. A ropivacaine 
(naropin, Astrazenca AB, SE -151 85, Sodertalje, Sweden) 
dose of 15 mg was then injected into the same subarach-
noid space through the spinal needle without detaining a 
spinal catheter. The anesthesia level was adjusted to  T12 
level by adjusting the angle of head height and the fluctu-
ation of blood pressure was maintained between 70 and 
130% before operation. The heparin anticoagulant venous 
blood was extracted at 0.5, 1, and 2 h after spinal anes-
thesia. No sedative or analgesic drug was used during 
the operation. Anesthesiologists who do not know the 
research plan are responsible for recording the patient’s 
condition during the operation.

Determination of total concentration of ropivacaine 
in plasma
The total concentration of ropivacaine was determined 
with high-performance liquid chromatography (Chen 
et  al. 2020; Gromov et  al. 2021) (HPLC, 2995 pump, 
2996 diode array detector, Waters, USA). The HPLC 
column was a shim-pack C18 column (250 mm × 6 mm, 
5  microns) and the pre-column was Alltech C18 
(10  mm × 4.6  mm, 5  microns). The mobile phase was 
potassium dihydrogen phosphate/acetonitrile (75/25) 
buffer (pH 3.0). The column temperature was maintained 
at 25 ℃, flow rate at 1.0 mL/min, detection wavelength at 
210 nm, and sample injection amount at 20 μL. Lidocaine 
(Zhaohui Pharmaceutical Co., Ltd., Shanghai, China) was 
used as the control substance in this work.

Quantitative analysis of total Aβ protein and hyaluronic 
acid (HA) in CSF
Total Aβ protein concentration in CSF was determined 
using a bicinchoninic acid assay kit (Zhang et  al. 2019) 
(P0010S, Beyotime Biotechnology, Nantong, Jiangsu 
Province, China). The optical densities were recorded 
using an enzyme mark instrument (SPECTRAMAX 
190, Molecular Devices Corp., Sunnyvale, CA, USA) at 
450 nm wavelength. A calibration curve was thus gener-
ated to calculate the protein concentrations in CSF.

The HA level in CSF was determined using an enzyme-
linked immunosorbent assay kit for human HA accord-
ing to the manufacturer’s instruction (Yoo et  al. 2018) 
(ml064280, Shanghai Enzyme-linked Biotechnology Co., 
Ltd., Shanghai, China). The sample treatment was the 
same as with total Aβ protein. The optical density devel-
oped in proportion to the amount of specific cytokine 
was recorded using an enzyme mark instrument (SPEC-
TRAMAX 190, Molecular Devices Corporation, Sun-
nyvale, CA, USA) at 450  nm wavelength. A calibration 
curve was then generated to calculate the concentration 
of HA in CSF.
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Statistical analysis
All data in this work were expressed as means ± S.D. Sta-
tistical analysis was conducted using SPSS 23.0 for Win-
dows (SPSS Co., Ltd., Chicago, IL, USA). Baseline and 
demographic characteristics between the two groups 
were compared with paired χ2 or Yates’ corrected χ2 test 
for discrete variables and with independent samples t 
tests for continuous variables. A value of P less than 0.05 
indicates that the difference is statistically significant.

Results
Patient population
Table 1 shows that there was no significant difference in 
height, weight, blood sugar, albumin level, liver, and kid-
ney function between the two groups of patients studied 
in this work. The operation time, blood pressure, and 
heart rate were similar between the two groups. The 
maintenance time of anesthesia in elderly patients was 
significantly prolonged than that of the young ones. All 
patients have a good prognosis without delirium, though.

Total concentration of ropivacaine in plasma
Figure 1 shows that at either 0.5 h or 1 h after ropivacaine 
administration, the plasma concentrations of ropivacaine 
in the young group were significantly higher than those 
of the elderly group (Fig. 1, *P < 0.05). However, the dif-
ference in plasma concentrations of ropivacaine was 
insignificant between the two groups at 2  h after spinal 
anesthesia.

Figure  2 shows that there was no statistically signifi-
cant difference in total Aβ protein in CSF between the 
two groups (93.01 ± 2.49  ng/mL vs 94.72 ± 1.42  ng/mL, 
P = 0.261) in all cases. However, HA concentration in 
the elderly group was noticeably higher than that in the 
young group(44.99 ± 2.18  ng/mL vs 40.40 ± 1.39  ng/mL, 
P = 0.046).

Discussion
Our study showed that the concentration of ropivacaine 
in the peripheral blood of the elderly group increased 
slowly and the duration of anesthesia maintenance 
was significantly longer than that of the young patients 
when there was essentially no difference in renal func-
tion and albumin level. This could result from that the 
metabolism rate of ropivacaine in CSF of an elderly 
patient is slower than that of a young one. Similarly, 
Veering et al. (Lanni et al. 2019) have reported that the 
same dose of bupivacaine is maintained for a longer 
time during spinal anesthesia in elderly patients, in line 
with our clinical observations. It is thus suggested that 
the dosage of ropivacaine for elderly patients should be 
appropriately reduced during spinal anesthesia and the 
monitoring time should be appropriately extended.

It is interesting to note that the level of HA in CSF 
of elderly patients is significantly higher than that of 
young patients. Due to its high molecular weight (Gar-
nica-Galvez et  al. 2021; Fang et  al. 2021), the classic 
metabolic pathway of HA (Wege et al. 2021) is through 
lymphatic drainage. As a result, the higher level of HA 
in the elderly group might imply that the CLC (cen-
tral lymphatic circulation) function of elderly patients 
is slower than that of young patients. Ma et  al. (Ma 
et  al. 2017) proposed that CLC was the major outflow 
pathway for both large and small molecular tracers in 
mice. They reported that there was a substantial decline 
in CSF lymphatic outflow in aged mice compared to 
young ones, suggesting that the lymphatic system 
might represent a target for age-associated neurologi-
cal conditions. As both ropivacaine and HA appear to 
imitate the degeneration of CLC metabolism in elderly 
people, promoting CLC and reducing long-term reten-
tion of harmful substances in cerebrospinal fluid might 
be helpful to improve rehabilitation.

Table 1 Demographic characteristics of the patients studied

* Compared with the young group (P < 0.05)

Group Young group Elderly group P value

Age (year) 34 ± 5.76 75 ± 7.64*  < 0.001

Weight (kg) 65.15 ± 19.39 71.48 ± 22.56 0.420

Blood sugar (mmol/L) 5.3 ± 1.39 6.6 ± 1.74 0.283

Infusion volume (mL) 825 ± 125 795 ± 175 0.416

Albumin (g/L) 46 ± 6.63 43 ± 7.54 0.257

BUN (mmol/L) 5.48 ± 0.75 6.36 ± 1.21 0.247

CREA (μmol/L) 63.08 ± 16.33 68.66 ± 18.11 0.659

Blood pressure (MAP, mmHg) 94 ± 4.41 97 ± 11.1 0.674

Heart rate (bpm) 76.4 ± 11.67 85.4 ± 16.46 0.398

Operation time (min) 107 ± 75.60 93 ± 20.75 0.730

maintenance time of anesthesia (min) 135 ± 40.57 165 ± 75.26* 0.039
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This work is clearly a very preliminary study attempt-
ing to relate ropivacaine and HA levels with the decline 
of CLC function in elderly people. Further research 
work is definitely required to understand the work-
ing mechanism, particularly when there is still limited 
understanding of human CLC.

Genetic studies, biochemical data, and animal models 
have suggested that Aβ is a critical species in the patho-
genesis of cognitive impairment in the elderly [14]. In 
this work, we did not observe any differences in total Aβ 
protein level in CSF between the elderly and the young 
patients, nor did any patients experience postoperative 

Fig. 1 Total concentration of ropivacaine in plasma after ropivacaine administration

Fig. 2 Total Aβ protein and HA levels in CSF in different groups
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delirium or cognitive impairment. More research is 
needed on the relationship between spinal anesthesia and 
postoperative cognitive dysfunction.

In conclusion, our study shows that the metabolism of 
ropivacaine in cerebrospinal fluid of elderly patients is 
slower than that of younger patients. It is suggested that 
the dosage of ropivacaine for elderly patients should be 
appropriately reduced during spinal anesthesia.

Acknowledgements
We want to thank Prof. Xianju Huang and Prof. Danqing Zhang for their techni-
cal guidance.

Authors’ contributions
D. L. analyzed ropivacaine concentration in CSF; F.C.and Z. W. analyzed 
and interpreted the patient data of this study; Y. M. and D. Z. analyzed HA 
concentration in CSF; D. B. analyzed total Aβ protein concentration in CSF; Z. 
Z. planned the experiment, interpreted experimental data, and drafted the 
manuscript. All authors read and approved the final manuscript.

Funding
This study was supported by the Science and Technology Department of Xin-
jiang Uygur Autonomous Region (2022D01F44) and Bethune Public Welfare 
Foundation (bnmr2021008).

Availability of data and materials
The datasets used and/or analyzed in the current study are available from the 
corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
This study is in accordance with the ethical standards of the institutional 
and/or national research committee and with the 1964 Helsinki Declaration 
and its later amendments or comparable ethical standards. Before recruiting 
the patients, the protocol of this trial was approved by the Ethics Commit-
tee at Tongji Medical College (investigator’s name: Zhao Zhang. number: 
2019-s1107). Informed consent was obtained from all individual participants 
included in the study.

Consent for publication
Yes.

Competing interests
The authors declare no competing interests.

Author details
1 Department of anesthesiology, Union Hospital, Tongji Medical College, 
Huazhong University of Science and Technology, 1277 Jiefang Avenue, 
Wuhan 430022, People’s Republic of China. 2 College of Medicine and Health 
Science, Wuhan Polytechnic University, Wuhan, People’s Republic of China. 
3 People’s Hospital of Bortala, Mongolian Autonomous Prefecture, Bole City, 
People’s Republic of China. 

Received: 23 November 2022   Accepted: 28 February 2024

References
Chen S, Ma J, Wang X, Zhou Q. Simultaneous determination of ropivacaine and 

3-hydroxy ropivacaine in cerebrospinal fluid by UPLC-MS/MS. Biomed Res 
Int. 2020;2020:8844866. https:// doi. org/ 10. 1155/ 2020/ 88448 66.

Da Mesquita S, Fu Z, Kipnis J. The meningeal lymphatic system: a new player in 
neurophysiology. Neuron. 2018;100(2):375–88. https:// doi. org/ 10. 1016/j. 
neuron. 2018. 09. 022.

Fang Y, Shi L, Duan Z, Rohani S. Hyaluronic acid hydrogels, as a biological 
macromolecule-based platform for stem cells delivery and their fate 
control: a review. Int J Biol Macromol. 2021;189:554–66. https:// doi. org/ 
10. 1016/j. ijbio mac. 2021. 08. 140.

Garnica-Galvez S, Korntner SH, Skoufos I, Tzora A, Diakakis N, Prassinos N, 
Zeugolis DI. Hyaluronic acid as macromolecular crowder in equine 
adipose-derived stem cell cultures. Cells. 2021;10(4):859. https:// doi. org/ 
10. 3390/ cells 10040 859.

Gromov K, Grassin-Delyle S, Foss NB, Pedersen LM, Nielsen CS, Lamy E, Troelsen 
A, Urien S, Husted H. Population pharmacokinetics of ropivacaine used 
for local infiltration anaesthesia during primary total unilateral and simul-
taneous bilateral knee arthroplasty. Br J Anaesth. 2021;126(4):872–80. 
https:// doi. org/ 10. 1016/j. bja. 2020. 11. 038.

Jackson DG. Hyaluronan in the lymphatics: The key role of the hyaluronan 
receptor LYVE-1 in leucocyte trafficking. Matrix Biol. 2019;7879:219–35. 
https:// doi. org/ 10. 1016/j. matbio. 2018. 02. 001.

Lanni C, Fagiani F, Racchi M, Preda S, Pascale A, Grilli M, Allegri N, Govoni S. 
Beta-amyloid short- and long-term synaptic entanglement. Pharmacol 
Res. 2019;139:243–60. https:// doi. org/ 10. 1016/j. phrs. 2018. 11. 018. Epub 
2018 Nov 22.

Ma Q, Ineichen BV, Detmar M, Proulx ST. Outflow of cerebrospinal fluid is pre-
dominantly through lymphatic vessels and is reduced in aged mice. Nat 
Commun. 2017;8(1):1434. https:// doi. org/ 10. 1038/ s41467- 017- 01484-6.

Rump K, Adamzik M. Epigenetic mechanisms of postoperative cognitive 
impairment induced by anesthesia and neuroinflammation. Cells. 
2022;11(19):2954. https:// doi. org/ 10. 3390/ cells 11192 954.

Veering BT, Burm AG, van Kleef JW, Hennis PJ, Spierdijk J. Spinal anesthesia 
with glucose-free bupivacaine: effects of age on neural blockade and 
pharmacokinetics. Anesth Analg. 1987;66(10):965–70. PMID: 3631592.

Wege J, Anabtawi M, Blackwell MA, Patterson A. Lymphangioma forma-
tion following hyaluronic acid injection for lip augmentation. Cureus. 
2021;13(1):e12929. https:// doi. org/ 10. 7759/ cureus. 12929.

Yoo E, Salyer ACD, Brush MJH, Li Y, Trautman KL, Shukla NM, De Beuckelaer A, 
Lienenklaus S, Deswarte K, Lambrecht BN, De Geest BG, David SA. Hyalu-
ronic acid conjugates of TLR7/8 agonists for targeted delivery to second-
ary lymphoid tissue. Bioconjug Chem. 2018;29(8):2741–54. https:// doi. 
org/ 10. 1021/ acs. bioco njchem. 8b003 86.

Zhang Z, Wu Z, Xu Y, Lu D, Zhang S. Vascular endothelial growth factor 
increased the permeability of respiratory barrier in acute respiratory dis-
tress syndrome model in mice. Biomed Pharmacother. 2019;109:2434–40. 
https:// doi. org/ 10. 1016/j. biopha. 2018. 11. 132.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1155/2020/8844866
https://doi.org/10.1016/j.neuron.2018.09.022
https://doi.org/10.1016/j.neuron.2018.09.022
https://doi.org/10.1016/j.ijbiomac.2021.08.140
https://doi.org/10.1016/j.ijbiomac.2021.08.140
https://doi.org/10.3390/cells10040859
https://doi.org/10.3390/cells10040859
https://doi.org/10.1016/j.bja.2020.11.038
https://doi.org/10.1016/j.matbio.2018.02.001
https://doi.org/10.1016/j.phrs.2018.11.018
https://doi.org/10.1038/s41467-017-01484-6
https://doi.org/10.3390/cells11192954
https://doi.org/10.7759/cureus.12929
https://doi.org/10.1021/acs.bioconjchem.8b00386
https://doi.org/10.1021/acs.bioconjchem.8b00386
https://doi.org/10.1016/j.biopha.2018.11.132

	Comparison of metabolic rates of ropivacaine in cerebrospinal fluid as inferred from plasma concentrations between elderly patients and young patients
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Materials and methods
	Patients
	Anesthesia and surgery
	Determination of total concentration of ropivacaine in plasma
	Quantitative analysis of total Aβ protein and hyaluronic acid (HA) in CSF
	Statistical analysis

	Results
	Patient population
	Total concentration of ropivacaine in plasma

	Discussion
	Acknowledgements
	References


