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RESUMO:

Imbelloni LE, Moreira AD, Gaspar FC, Gouveia MA, Cordeiro JA —
Avaliacéo da Densidade dos Anestésicos Locais e da Combinacéo
com Adjuvantes. Estudo em Laboratdrio.

JUSTIFICATIVA E OBJETIVOS: Uma das mais importantes propri-
edades fisicas que afetam o nivel da analgesia obtida ap0s a inje-
¢80 subaracnoidea de um anestésico local é sua densidade relativa
a densidade do liquido cefalorraquidiano (LCR) a 37°C. O objetivo
deste trabalho foi determinar a densidade das solugbes de anesté-
sicos locais com e sem glicose e a combinagdo de anestésico lo-
cal com adjuvantes a 20°C, 25°C e 37°C em avaliagdo laboratorial.

METODO: A densidade (g.mL") foi medida como auxilio de um
densimetro DMA 450, sensivel a+ 0,00001 g.mL*. A densidade e
suas variacbes com a temperatura foram obtidas de todos os anes-
tésicos locais e suas combinagbes com opioides a 20°C, 25°C e
37°C. A solugéo é hiperbarica se sua densidade excede a 1,00099,
a solugdo é hipobarica quando a densidade esta abaixo de
1,00019 e é isobarica quando a densidade é maior que 1,00019 e
menor que 1,00099.

RESULTADOS: Ambos, anestésicos locais e adjuvantes, exibem
diminui¢do da densidade quando se aumenta a temperatura. A
37°C, todas as solugdes que contém glicose séo hiperbaricas. Na
auséncia de glicose, todas as solugbes sdo hipobaricas. A 37°C,
morfina, fentanil, sufentanil e clonidina s&o hipobaricas.

CONCLUSOES: A densidade dos anestésicos locais e adjuvantes
diminui com o aumento da temperatura e aumenta com a adicdo de
glicose. O conhecimento da baricidade, densidade relativa, ajuda
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na selegdo do anestésico local mais adequado e dos adjuvantes
para uso subaracnoideo.

Unitermos: ANALGESICOS: clonidina, fentanil, morfina, sufentanil;
ANESTESICOS, Local: bupivacaina, bupivacaina com excesso
enantiomérico de 50%, lidocaina; FARMACOLOGIA: densidade.

SUMMARY

Imbelloni LE, Moreira AD, Gaspar FC, Gouveia MA, Cordeiro JA —
Assessment of the Densities of Local Anesthetics and their
Combination with Adjuvants. An Experimental Study.

BACKGROUND AND OBJECTIVES: The relative density of a local
anesthetic in relation to that of the cerebrospinal fluid (CSF) at 37°
C is one of the most important physical properties that affect the level
of analgesia obtained after the subarachnoid administration of the
drug. The objective of this study was to determine the density of lo-
cal anesthetic solutions, with and without glucose, and the
combination of the local anesthetic with adjuvants at 20° C, 25° C,
and 37° C.

METHODS: The density (g.mL*) was determined by using a DMA
450 densimeter with a sensitivity of + 0.00001 g.mL2. The densities,
and variations, according to the temperature were obtained for all lo-
cal anesthetics and their combination with opioids at 20°C, 25°C, and
37°C. The solution is hyperbaric if its density exceeds 1.00099,
hypobaric when its density is lower than 1.00019, and isobaric when
its density is greater than 1.00019 and lower than 1.00099.

RESULTS: The densities of both local anesthetics and adjuvants
decrease with the increase in temperature. At 37° C, all glucose-
containing solutions are hyperbaric. In the absence of glucose, all
solutions are hypobaric. At 37°C, morphine, fentanyl, sufentanil, and
clonidine are hypobaric.

CONCLUSIONS: The densities of local anesthetics and adjuvants
decrease with the increase in temperature and increase when
glucose is added. The knowledge of the relative density helps select
the most adequate local anesthetic to be administered in the
subarachnoid space.

Key Words: ANALGESICS: clonidine, fentanyl, morphine, sufentanil;
ANESTHETICS, Local: bupivacaine, 50% enantiomeric excess
bupivacaine, lidocaine; PHARMACOLOGY: density.

INTRODUCAO

A relacéo entre a densidade do anestésico local e do liqui-
do cefalorraquidiano (LCR), conhecida como baricidade, é
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baricidade de uma solugdo é 1,0000 a solucéo é isobérica;
> 1,0000 é hiperbarica e < 1,0000 ¢é hipobarica. Alguns au-
tores & sugerem que as solugBes usadas para raquianes-
tesia sejam consideradas hipobaricas quando suas
densidades sao menores que o limite inferior do intervalo
de confianca da densidade do LCR humano e hiperbaricos
guando suas densidades estdo acima do limite superior do
intervalo de confianca do LCR humano. Isto parece ser ma-
tematicamente correto.

Muitos dos valores para a densidade, densidade especifi-
ca e baricidade das solugdes dos anestésicos locais ou
adjuvantes citados na literatura tém sido realizados sem
fazer referéncia a temperatura, dificultando a comparacgéo
entre os resultados. Em razéo disto, as densidades foram
avaliadas em trés temperaturas (20°C, 25°C e 37°C), porém
a baricidade foi calculada a partir da densidade obtida a
37°C e utilizada densidade recentemente publicada 8. Os
resultados da avaliacdo da densidade nas trés temperatu-
ras (20°C, 25°C e 37°C) mostraram que ocorreu uma dimi-
nuicdo significativa com o aumento da temperatura com
todos os anestésicos estudados assim como com 0s
adjuvantes. Na temperatura do corpo humano (37°C) todas
as solucOes consideradas hipobaricas se mostraram
hipobaricas na avaliacdo com o densimetro. Porém a tem-
peratura do corpo modificou a densidade de todas as solu-
¢Oes isobaricas transformando-as em solugdes hipobéricas,
de acordo com outro trabalho °. A temperatura do corpo nédo
modificou a densidade das solugGes hiperbaricas. A adigédo
de adjuvantes modificou significativamente as densidades
de todas as solu¢des estudadas.

O resultado da densidade dos anestésicos locais e de suas
misturas foi consistente com picnémetro !, equacdo da reta
7 e método oscilométrico °. Porém, os resultados deste es-
tudo diferem de outro ° que determinou a densidade dos
anestésicos locais e dos adjuvantes usando método simi-
lar. O densimetro utilizado por eles ° proporciona precisédo
de 0,0001 g.mL?, que é inadequada para diferencas peque-
nas na densidade entre as solugdes. Por essa razdo, no
presente estudo foi utilizado um densimetro com precisdo
de 0,00001 g.mL. Todas as solugdes puras de lidocaina,
bupivacaina e bupivacaina em excesso enantiomérico
(S75:R25) sdo hipobaricas quando medidas a 37°C. Esses
resultados estdo de acordo com estudos realizados com
bupivacaina e ropivacaina usando a mesma técnica com
precisdo de cinco casas decimais %!, Todas as solugbes
hipobéricas (lidocaina a 0,6%, bupivacaina a 0,15% e
bupivacaina em excesso enantiomérico de 50% a 0,15%)
sdo hipobaricas na temperatura do corpo humano.

Os adjuvantes sao frequentemente adicionados aos anes-
tésicos locais com objetivo de melhorar a anestesia e pro-
longar a analgesia pés-operatéria. As densidades dos
opioides (morfina, fentanil e sufentanil) e clonidina se mos-
traram hipobaricas na temperatura de 37°C e quando adi-
cionados aos anestésicos locais reduzem a densidade da
nova solugdo tornando-a mais hipobarica, de acordo com
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outro trabalho 2, mas parece ndo apresentar efeito na pra-
tica clinica 1°® sugerindo que a mudanc¢a na densidade é
muito pequena. Embora a mudanca na densidade seja mi-
nima e clinicamente sem efeito, uma diminui¢cdo da densi-
dade de 0,0006 g.mL* pode influenciar a dispersao do
anestésico local 2.

Ao misturar partes iguais da solugéo isobérica de lidocaina
a 2% com solugéo hiperbérica de lidocaina a 1,5% ou a 2%
(glicose 8%) ocorreu diminuigdo na concentragdo de glicose
para 4%, alterando significativamente a densidade da nova
mistura, porém mantendo-a ainda hiperbarica. O mesmo
ocorreu quando se misturaram solugdes isobaricas de bupi-
vacaina a 0,5% e bupivacaina com excesso enantiomérico
a 0,5% com suas correspondentes solucdes hiperbaricas
(glicose a 8%). Desta forma, € possivel diminuir a quantidade
de glicose em 50% e as solugbes permanecerem hiper-
baricas.

O DMA 4500/5000 é o primeiro densimetro a utilizar o mé-
todo do tubo de oscilagdo em formato de U a fazer medidas
de densidade em uma grande faixa de viscosidade e de
temperatura. Em razdo da densidade do LCR néo ter uma
grande variacdo em condic¢des clinicas, é possivel predizer
com precisdo a baricidade dos anestésicos e adjuvantes
em relacéo ao LCR. Este estudo em laboratdrio mostrou que
todos os anestésicos hiperbaricos ou hipobaricos sao mo-
dificados pela adi¢do de adjuvantes, porém permanecem
hiperbaricos ou hipobaricos. Os resultados demonstraram
gue algumas solugdes comumente chamadas isobaricas
sdo na realidade hipobaricas.

Assessment of the Densities of Local
Anesthetics and Their Combination with
Adjuvants. An Experimental Study

Luiz Eduardo Imbelloni, TSA, M.D.; Adriano Dias Moreira, M.D.;
Flavia Cunha Gaspar, M.D.; Marildo A. Gouveia, TSA, M.D;
José Antdnio Cordeiro

INTRODUCTION

The relationship between the density of the local anesthetic
and the cerebrospinal fluid (CSF), known as baricity, is one
of the most important determinants of the distribution of the
local anesthetic in the leptomeningeal space 2. The baricity
of the solution being injected and the position of the patient
are the primary determinants of the dispersion of the drug 34.
Several expressions (specific mass, absolute density,
specific weight, relative density) are frequently used to
describe the characteristics of the solutions used in spinal
blocks. The absolute density of a solution is determined by
the coefficient between the mass of the solution and the vo-
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lume it occupies. Baricity is the relative density of local anes-
thetics when compared to that of the CSF. The temperature
of the CSF is always the same as the human body (+ 37°C)
while the temperature of most solutions administered in the
leptomeningeal space is almost always that of the operating
room (+ 20°C). The temperature of the local anesthetic
reaches an equilibrium with the body temperature (37°C),
very quickly, before being fixed at the nerve roots. To determi-
ne the baricity and predict the dispersion of local anesthetics,
the density of the CSF and that of the local anesthetic should
be measured at 37-38°C. Several authors define the density
of the solution that exceeds 95% ° or 99% °© of the confidence
limit for the CSF as hyperbaric, and the density below this
limit as hypobaric. Opioids and other drugs are frequently
used as adjuvants in spinal blocks; however, their densities
are not reported in several situations. The first report on the
measurement of the specific density of the CSF at 37°C used
a specific scale 5. In 2000, the density and baricity of the
mixtures used in spinal blocks were determined for the first
time in Brazil using the straight-line equation 7. The density
of any drug in a solution cannot be determined by a simple
formula or physicochemical table since the density depends
on the physical status of the solution. The objective of this
experimental study was to determine the density of the
solutions injected in the leptomeningeal space at 20°C,
25°C, and in clinical conditions, at 37°C, and in association
with adjuvants, using a latest-generation densimeter.

METHODS

The densities of all drugs tested were determined at 20°C,
25°C, and 37°C using a densimeter (Anton Paar DMA 4500;
Paar Scientific, Ltd., London, UK).

Isobaric solutions of 2% lidocaine (Batch #08042620), 0.5%
bupivacaine (Batch #07129084), and enantiomeric excess
(S75:R25) 0.5% bupivacaine (Batch #08031702); solutions
containing 8% glucose and 1.5% lidocaine (Batch #094/03),
2% lidocaine (Batch #095/03), 0.5% bupivacaine (Batch
#0803208), and enantiomeric excess (S75:R25) 0.5% bupi-
vacaine (Batch #07064070); hypobaric solutions of 0.6%
lidocaine (Batch #08042620), 0.15% bupivacaine (Batch
#07129084), and enantiomeric excess (S75:R25) 0.15%
bupivacaine (Batch #08031702); and the following adjuvants:
morphine, fentanyl, sufentanil, and clonidine. The mixtures of
hyperbaric 1.5% and 2% lidocaine with isobaric 2% lidocaine,
hyperbaric 0.5% bupivacaine and hyperbaric enantiomeric
excess (S75:R25) 0.5% bupivacaine with the isobaric solutions
of the same substances at a proportion of 50% of each one
were also evaluated. The first part of the study was designed
to measure the density of the drugs removed from a batch
at 20°C, 25°C, and 37°C. For each drug, several vials were
mixed to complete a volume of 20 mL, and the median density
was obtained from the measurement of three samples.
The second part of the study was designed to determine the
effects of adding morphine (100 ug) (Batch #08042484),
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fentanyl (20 pg) (Batch #08042635), sufentanil (5 pg) (Batch
#07107202), and clonidine (30 pg) (Batch #08032077 to the
anesthetics described above at 37°C, and comparing them
with the density of the solutions in the same temperature. In
a 20 mL syringe, local anesthetics were mixed with the
adjuvants, at proportions that correspond to the clinical values
determined for each adjuvant. The median density was
obtained by measuring three samples.

Baricity was determined by the relationship between the
density of the anesthetic or anesthetic with adjuvant at 37°C
and the density of CSF, based on a recently published study
8, Solutions were considered hypobaric when the density was
below the lower limit of the confidence interval (1.000019) of
the CSF density. The solution was considered hyperbaric
when its density exceeded the 99% confidence limit of the
CSF density (1.000099). Solutions were considered isobaric
when their densities varied between 1.000019 and 1.000099.
The density of all solutions tested was expressed as median
and interquartile, and comparisons were made with the
Mood test for medians, since some tests between non-
variable measurements do not allow the use of analysis of
variance. A p < 0.05 indicates a significant difference.

RESULTS

Table | shows the median of the density and standard de-
viation for water, local anesthetics, and adjuvants at 20°C,
25°C, and 37°C. Water density decreases significantly with
the increase in temperature (p = 0.011, 8. > J,... > d,,.0)-
The median density of each local anesthetic and adjuvant
was significantly different at the different temperatures: the
highest value corresponded to 20°C (9, > 8,... > 8.,..). The
density of the adjuvant (morphine, fentanyl, sufentanil, and
clonidine) decreased with the increase in temperature (6
> 825"C > 837"6)'

Increasing the temperature decreased the densities of the
hyperbaric solutions, but they remained hyperbaric in all tem-
peratures (Table 1). The density of the solutions prepared as
“isobaric” (2% lidocaine, 0.5% bupivacaine, and 50% enan-
tiomeric excess 0.5% bupivacaine) fell below the lower limit
of the CSF. Those solutions are hypobaric in all measure-
ments (Table | and Figure 1). The increase in temperature
reduced significantly the density of the hypobaric solutions,
but they all remained hypobaric (Table I).

Table Il shows the densities of the anesthetics and their
mixture with the adjuvants, at 37°C and the doses commonly
used in the institution where the study was conducted. At
37°C, all hypobaric anesthetics are hypobaric. The addition
of any adjuvant to hypobaric anesthetics reduced the density
of those solutions significantly, maintaining them hypobaric.
At 37°C, all isobaric anesthetics are hypobaric. The addition
of any adjuvant to isobaric anesthetics reduced even more
the density of those solutions, making them hypobaric. At
37°C, all hyperbaric anesthetics are hyperbaric. The addition

20°C
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Table | — Densities of Distilled Water, Local Anesthetics, and Adjuvants in Different Temperatures

20°C

25°C

37°C

p

Distilled water

0.5% Bupi Iso

0.5% S75:R25 Iso
0.5% Bupi Hyper
0.5% S75:R25 Hyper
0.15% Bupi Hypo
0.15% S75:R25 Hypo
2% Lido Iso

0.6% Lido Hypo

2% Lido Hyper

1.5% Lido Hyper

0.5% Bupi Hyper + 0.5% Bupi Iso
(50:50)

0.5% S75:R25 Hyper + 0.5%
S75:R25 Iso (50:50)

1.5% Lido Hyper + 2% Lido Iso (50:50)
2% Lido Hyper + 2% Lido Iso (50:50)
Morphine

Fentanyl

Sufentanil

Clonidine

0.99823 (0.00001)
1.00440 (0.00000)
1.00450 (0.00000)
1.03017 (0.00005)
1.02929 (0.00000)
0.99995 (0.00000)
1.00007 (0.00000)
1.00417 (0.00002)
1.03157 (0.00000)
1.03080 (0..00001)
1.03080 (0.00001)
1.01698 (0.00002)

1.01696 (0.00000)

1.01786 (0.00000)
1.01800 (0.00004)
1.00512 (0.00002)
0.99897 (0.00001)
1.00448 (0.00006)
1.00539 (0.00007)

0.99710 (0.00000)
1.00318 (0.00001)
1.00326 (0.00002)
1.02874 (0.00006)
1.02793 (0.00010)
0.99878 (0.00001)
0.99894 (0.00004
1.00294 (0.00001)
1.03019 (0.00002)
1.02943 (0.00001)
1.02943 (0.00001)
1.01604 (0.00002)

1.01566 (0.00004

1.01656 (0.00000)
1.01681 (0.00002)
1.00395 (0.00006)
0.99784 (0.00001)
1.00331 (0.00001)
1.00415 (0.00001)

0.99330 (0.00000)
0.99930 (0.00000)
0.99940 (0.00000)
1.02360 (0.00020)
1.02370 (0.00010)
0.99510 (0.00010)
0.99510 (0.00010)
0.99900 (0.00010)
0.99950 (0.00010)
1.02600 (0.00000)
1.02520 (0.00000)
1.01200 (0.00010)

1.01130 (0.00020)

1.01200 (0.00000)
1.01140 (0.00050)
0.99980 (0.00010)
0.99410 (0.00000)
0.99930 (0.00000)
0.99940 (0.00000)

0.011 - 20 > 25 > 37
0.011 - 20> 25 > 37
0.043 -20>25>37
0.043 - 20 > 25 > 37
0.011 - 20 > 25> 37
0.043 - 20 > 25 > 37
0.011 - 20 > 25 > 37
0.011 - 20 > 25 > 37
0.043 - 20 > 25 > 37
0.011 — 20 > 25 > 37
0.011 - 20 > 25 > 37
0.043 - 20 > 25 > 37

0.011 - 20 > 25> 37

0.011 - 20 > 25 > 37
0.043 - 20 > 25 > 37
0.043 - 20 > 25 > 37
0.043 - 20 > 25 > 37
0.011 — 20 > 25 > 37
0.043 - 20 > 25 > 37

of any adjuvant to hyperbaric solutions reduced their den-
sities, but they all remained hyperbaric.

Table 1l compares pure local anesthetics with the addition
of adjuvants at the usual doses at 37°C, showing that this
addition reduced significantly the density of all solutions.
Table IV shows the results of the mixture of isobaric solutions
(2% lidocaine, 0.5% bupivacaine, and 50% enantiomeric
excess 0.5% bupivacaine) with hyperbaric solutions (1.5%
lidocaine, 2% lidocaine, 0.5% bupivacaine, and 50%
enantiomeric excess 0.5% bupivacaine, all of them with 8%
glucose) at a 50% proportion, showing that the reduction of
glucose to 4% corresponded to a significant reduction in
density (p < 0.0005), but maintaining the final solution
hyperbaric. The addition of adjuvants to the mixture of isobaric
with hyperbaric solutions at the proportion of 50% reduced
significantly the density of the mixtures, which still remained
hyperbaric (Table IlI).

Figure 1 shows the densities of all medications studied and
their hypo- and hyperbaricity.
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DISCUSSION

This study measured the densities of the different local
anesthetics and adjuvants frequently used in spinal anesthe-
sia, in different temperatures, using a latest generation
densimeter (DMA4500) that uses mechanical oscillation
resonance, and has a precision of + 0.00001 g.mL? (range
of 0 to 3 g.mL?). The DMA 4500 is calibrated daily with dry air
and distilled water. The increasing of temperature from 20°C
to 25°C or 37°C led to a significant reduction in the density
of all solutions used. Many of the substances studied are
isobaric at the temperature of the operating room, but when
they are evaluated at 37°C or when they are warmed up by
the encounter with the CSF they become hypobaric.

The baricity and temperature of local anesthetics are im-
portant factors that affect the cranial dispersion of spinal
anesthesia 2. The CSF is an isotonic aqueous fluid similar
in constitution to the interstitial fluid. The terms density, specific
gravity, and baricity define physical characteristics, but they are
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Table 1l — Densities of Distilled Water and Local Anesthetics Associated with Adjuvants at 37°C

+ Mo = 100ug

+ Fenta = 20ug

+ Sufenta = 5ug

+ Clo = 30ug

Distilled water

0.5% Bupi Iso

0.5% S75:R25 Iso
0.5% Bupi Hyper
0.5% S75:R25 Hyper
0.15% Bupi Hypo
0.15% S75:R25 Hypo
2% Lido Iso

0.6% Lido Hypo

2% Lido Hyper

1.5% Lido Hyper
0.5% Bupi Hyper + 0.5% Bupi Iso (50:50)

0.5% S75:R25 Hyper + 0.5% S75:R25
Iso (50:50)

1.5% Lido Hyper + 2% Lido Iso (50:50)
2% Lido Hyper + 2% Lido Iso (50:50)

0.99390 (0.00030)
0.99930 (0.00010)
0.99850 (0.00520)
1.01920 (0.00040)
1.02070 (0.00020)
0.99540 (0.00030)
0.99540 (0.00040)
0.99860 (0.00030)
0.99530 (0.00030)
1.02380 (0.00020)
1.02280 (0.00020)
1.01100 (0.00010)
1.00990 (0.00050)

1.01059 (0.00020)
1.01150 (0.00010)

0.99350 (0.00000)
0.99810 (0.00020)
0.99820 (0.00020)
1.01850 (0.00020)
1.01760 (0.00010)
0.99470 (0.00040)
0.99420 (0.00030)
0.99810 (0.00010)
0.99440 (0.00020)
1.02050 (0.00080)
1.02010 (0.00000)
1.00860 (0.00030)
1.00790 (0.00020)

1.00890 (0.00030)
1.00950 (0.00000)

0.99420 (0.00010)
0.99930 (0.00000)
0.99930 (0.00010)
1.01910 (0.00010)
1.01800 (0.00050)
0.99560 (0.00040)
0.99540 (0.00030)
0.99890 (0.00010)
0.99570 (0.00020)
1.02180 (0.00030)
1.02090 (0.00010)
1.00930 (0.00000)
1.00900 (0.00010)

1.00920 (0.00030)
1.01050 (0.00000)

0.99400 (0.00010)
0.99927 (0.00010)
0.99900 (0.00060)
1.02280 (0.00030)
1.02250 (0.00020)
0.99530 (0.00030)
0.99540 (0.00010)
0.99700 (0.00140)
0.99530 (0.00000)
1.02350 (0.00090)
1.02350 (0.00010)
1.01080 (0.00090)
1.01090 (0.00030)

1.01120 (0.10010)
1.01150 (0.00030)

Mo — morphine; Fenta — fentanyl; Sufenta — sufentanil; Clo — clonidine

Table Ill — Median Densities of Distilled Water and Local Anesthetics Compared with the Addition of Adjuvants at 37°C

PS + Mo + Fenta + Sufenta + Clo p
Distilled water 0.99330 0.99390 0.99350 0.99420 0.99400 0.05SP<F<C,M<S
0.5% Bupi Iso 0.99930 0.99930 0.99810 0.99930 0.99927 0.25
0.5% S75:R25 Iso 0.99940 0.99850 0.99820 0.99930 0.99900 0.005
F<C<S<SP;M<S<SP
0.5% Bupi Hyper 1.02360 1.01920 1.01850 1.01910 1.02280 0015F<S,M<C<SP
0.5% S75:R25 Hyper 1.02370 1.02070 1.01760 1.01800 1.02250 0015F<S<M<C<SP
0.15% Bupi Hypo 0.99510 0.99540 0.99470 0.99560 0.99530 0.050
F<SPCMS; SP<M<S
0.15% S75:R25 Hypo 0.99510 0.99540 0.99420 0.99540 0.99540 0.047F<SP<C,S;F<S
2% Lido Iso 0.99900 0.99860 0.99810 0.99890 0.99700 0.005C<F<M<S,SP
0.6% Lido Hypo 0.99500 0.99530 0.99440 0.99570 0.99530 0.015F<SP<M,C<S
2% Lido Hyper 1.02520 1.02380 1.02050 1.02180 1.02350 0.015F<S<C,M<SP
1.5% Lido Hyper 1.02520 1.02280 1.02010 1.02090 1.02350 0.015F<S<M,C<SP
0.5% Bupi Hyper + 0.5% Bupi Iso (50:50) 1.01200 1.01100 1.00860 1.00930 1.01080 0015F<S<M,C<SP
0.5% S75:R25 Hyper + 0.5% S75:R25 1.01130 1.00990 1.00790 1.00900 1.01090 0.015F<S<M<S<SP
Iso (50:50)
1.5% Lido Hyper + 2% Lido Iso (50:50) 1.01200 1.01059 1.00890 1.00920 1.01120 0.015
F<M,SP,C; S<M,SP,C
2% Lido Hyper + 2% Lido 1so(50:50) 1.01140 1.01150 1.00950 1.01050 1.01150 0.050F<S<M,C, SP

Mo — morphine; Fenta — fentanyl; Sufenta — sufentanil; Clo — clonidine; PS — Plin solution.
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Table IV — Densities of the Mixtures of Isobaric Solutions with Hyperbaric Solutions with 8% Glucose at 50% Proportion

0.5 % Bupi Hyper
0.5% Bupi Hyper + 0.5% Bupi Iso (50:50)

0.5% S75:R25 Hyper
0.5% S75:R25 Hyper + 0.5% S75:R25 Iso (50:50)

2% Lido Hyper
2% Lido Hyper + 2% Lido Iso (50:50)

1.5% Lido Hyper
1.5% Lido Hyper + 2% Lido Iso (50:50)

37°C p
1.02360 (0.00020) < 0.0005
1.01200 (0.00010)

1.02370 (0.00010) < 0.0005
1.01130 (0.00020)
1.02520 (0.00000) < 0.0005
1.01140 (0.00050)
1.02520 (0.00000) < 0.0005

1.01200 (0.00000)

hipobarico «— hiperbarico

1

15
14
Pl ﬂ‘23
I:“|

AL e e e - - - - — - —WN

F — — — - — — - — - - — — — — — =N

|
|
|
I
|
|
|
|
|
|
|
|
|
|
|
|
I
|

. Distilled water

S75:R25% 0.15% Hipobarica
Bupivacaina 0.15% Hipobarica
Fentanyl

Lidocaina 0.6% Hipobérica
Morphine

Clonidine

. S75:R25 0.5% Isobérica

. Sufentanil

10. Bupivacaina 0.5%

11. Lidocaina 2% Isobérica

12. Lidocaina 1.5% Hiperbarica

]i'g + Lidocaina 2% Isobarica (50:50)
”8 13. Bupivacaina 0.5% Hiperbérica

| + Bupivacaina 0.5% Isobéarica (50:50)
! 16 14. Lidocaina 2% Hiperbarica

I 7 + Lidocaina 2% Isobérica (50:50)
i 15. S75:R25 0.5% Hiperbarica

o + S75:R25 0.5% Isobérica (50:50)
o 16. Lidocaina 1.5% Hiperbarica
W11 17. Lidocaina 2% Hiperbarica

CONOUAWNE

I
Q- hY

Densidade (m.mL™?)

il I I I I I I I I
Ogg’bggggﬁa'?é)gggbf ()0162306%’()09653Xﬂ$0'\—6&0 QX%Q,’E)Q’I}%SQ%%QQ 19. Bupivacaina 0.5% Hiperbarica

18. S75:R25% 0.5% Hiperbarica

Figure 1 — Densities of the Solutions Relative to the Upper Limit of Hypo- and Hyperbaricity 2

frequently used in a less than precise manner leading to
confusion. Density is defined as the weight by unit of volume
(g.mL1) of a solution at a specific temperature, while the
specific gravity of a solution is calculated by the density of
water. The density of the human CSF is not uniform, and it can
vary with age, gender, pregnancy, and several diseases;
similarly, the baricity can also vary. The dynamics of the CSF
flow and the pharmacokinetics of the drugs after spinal
administration are not completely understood. When referring
to solutions injected in the leptomeningeal space, the
densities provide more precise information than baricities.
Baricity is the relationship between the density of a solution
and the density of the CSF. By definition, when the baricity of
a solution is 1.0000, the solution is isotonic; > 1.0000, it is
hyperbaric; and if < 1.0000, it is hypobaric. Some authors @
suggest that the solutions used in spinal blocks should be
considered hypobaric when their densities are lower than the
lower limit of the confidence interval of the density of the
human CSF. This seems mathematically correct.
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Several of the values of density, specific gravity, and baricity
of local anesthetics solutions or adjuvant mentioned in the
literature are done so without mentioning the temperature
they were measured at, hindering comparison of the
results. For this reason, densities were measured at three
different temperatures (20°C, 25°C, and 37°C); baricity,
however, was calculated using the density at 37°C publi-
shed recently 8. The results of density assessment at the
three temperatures (20°C, 25°C, and 37°C) showed a
significant reduction with the increase in temperature for all
local anesthetics and adjuvants studied. At the temperature
of the human body (37°C), all hypobaric solutions were
hypobaric when evaluated by the densimeter. However, the
body temperature changed the density of all isobaric
solutions, turning them into hypobaric solutions, similar to
the results of another study °. The body temperature did not
change the density of the hyperbaric solutions. The addition
if adjuvants changed significantly the densities of all
solutions studied.
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The results of the density of local anesthetics and their
mixtures were consistent with the pycnometer ?, straight-line
equation 7, and oscillometric method °. However, the results
of the present study differ somewhat from another study ©
that determined the density of local anesthetics and
adjuvants using similar methodology. The densimeter used
in that study ° had a precision of 0.0001 g.mL?, which is not
adequate for small differences in the density of different
solutions. For this reason, in the present study, a densimeter
with a precision of 0.00001 g.mL* was used. All pure
solutions of lidocaine, bupivacaine and enantiomeric excess
(S75:R25) bupivacaine are hypobaric at 37°C. Those results
are in agreement with those of studies with bupivacaine and
ropivacaine using the same technique and with the same
degree of precision &%, All hypobaric solutions (0.6%
lidocaine, 0.15% bupivacaine, and 50% enantiomeric excess
0.15% bupivacaine) are hypobaric at body temperature.
Adjuvants are frequently added to local anesthetics to
improve anesthesia and prolong postoperative analgesia.
Opioids (morphine, fentanyl, and sufentanil) and clonidine
showed to be hypobaric at 37°C and, when added to local
anesthetics, they reduce the density of the new solution,
making it more hypobaric, according to another study 2, but
it does not seem to have any effect on clinical practice 13
suggesting that the change in density is very small. Although
the change in density is minimal and clinically unimportant,
a reduction in density of 0.0006 g.mL* can influence the
dispersion of the local anesthetic 2.

When mixing equal parts of the isobaric solution of 2% lido-
caine with the hyperbaric solution of 1.5% or 2% (8% glu-
cose) lidocaine, the concentration of glucose decreased to
4%, changing significantly the density of the new mixture, but
still maintaining it hyperbaric. The same happened when
isobaric solutions of 0.5% bupivacaine and enantiomeric ex-
cess 0.5% bupivacaine were mixed with their corresponding
hyperbaric solutions (8% glucose). Thus, it is possible to
decrease the amount of glucose by 50% while the solutions
remain hyperbaric.

The DMA4500/5000 is the first densimeter to use the U-tube
oscillation method and measure densities over a wide ran-
ge of viscosities and temperature. Since the density of the
CSF does not show wide variation in clinical conditions, it is
possible to predict with precision the baricity of local anes-
thetics and adjuvants in relation to the CSF. This experimental
study showed that all hyperbaric or hypobaric local anesthe-
tics are changed by the addition of adjuvants; however, they
remain hyper- or hypobaric. The results demonstrated that
some solutions commonly called isobaric are, in reality,
hypobaric.
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RESUMEN

Imbelloni LE, Moreira AD, Gaspar FC, Gouveia MA, Cordeiro JA —
Evaluacién de la Densidad de los Anestésicos Locales y de la
Combinacién con Adyuvantes. Estudio en Laboratorio.

JUSTIFICATIVA Y OBJETIVOS: Una de las mas importantes
propiedades fisicas que afectan el nivel de la analgesia obtenida
después de la inyeccion subaracnoidea de un anestésico local, es
su densidad relativa a la densidad del liquido cefalorraquideo (LCR)
a 37°C. El objetivo de este trabajo fue determinar la densidad de
las soluciones de anestésicos locales con y sin glucosa y la
combinacién de anestésico local con adyuvantes a 20°C, 25°C y
37°C en evaluacion laboratorial.

METODO: La densidad (g.mL™) se midié con la ayuda de un den-
simetro DMA 450 sensible a + 0.00001 g.mL™. La densidad y sus
variaciones con la temperatura se obtuvieron de todos los anesté-
sicos locales y de sus combinaciones con opioides a 20°C, 25°C
y 37°C. La solucion es hiperbarica si su densidad excede a
1.00099, la solucién es hipobarica cuando la densidad esta por de-
bajo de 1,00019 y es isobarica cuando la densidad es mayor que
0,00019 y menor que 1,00099.
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RESULTADOS: Ambos anestésicos locales y los adyuvantes, arro- CONCLUSIONES: La densidad de los anestésicos locales y adyu-
Jan una reduccion de la densidad cuando se aumenta la temperatura. vantes se reduce con el aumento de la temperatura y aumenta con
A 37°C, todas las soluciones que contienen glucosa son hiperba- la adicion de glucosa. El conocimiento de la baricidad, densidad
ricas. Con la falta de glucosa, todas las soluciones son hipobaricas. relativa, ayuda a la seleccioén del anestésico local mas adecuado
A 37°C, morfina, fentanil, sufentanil y clonidina son hipobaricas. y de los adyuvantes para uso subaracnoideo.
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