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Systolic Pressure Variation as an Earlier Hypovolemia Indicator and a
Guide for Volume Replacement with Hypertonic and Hyperoncotic
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RESUMO

Paiva Filho O, Braz JRC, Silva FP, Pedro TO, Nascimento Jr P - Va-
riacdo da Presséo Sistélica como Indicadora Precoce de Hipovole-
mia e Guia de Reposi¢ado Volémica com Solucao Hiperosmatica e
Hiperoncética no Céo

JUSTIFICATIVA E OBJETIVOS: Estudos introduziram novo
método para avaliagdo da pré-carga, baseado na analise da
variagao da pressao sistélica (VPS) durante ventilagéo artificial. O
objetivo desta pesquisa é avaliar se a VPS e sua derivada delta
down (ddown) sédo indicadoras precoces de hipovolemia e guias de
reposigdo volémica com solugdo hiperosmotica e hiperoncdtica.

METODO: Doze cées foram submetidos a sangramentosfparciais
de 5% da volemia até se atingir 20% da volemia (14 ml.kg™'). Antes
(controle) e apos cada sangramento foram realizadas analises
hemodinédmicas, respiratérias e sangiineas. Apés, os caes foram
submetidos a reposi¢do com solugdo de NaCl a 7,5% em dextran
70 a 3,75% (SHD) (4 ml.kg") e novas analises dos atributos
estudados foram realizadas aos 5 e 30 minutos apés a reposigao.

RESULTADOS: A presséo arterial média diminuiu durante o
sangramento e aumentou apds a reposi¢cdo, sem retornar aos
valores do controle. As pressées da artéria pulmonar e do atrio
direito (PAD) diminuiram antes e aumentaram apds a reposi¢do
para valores semelhantes aos do controle. A presséo da artéria
pulmonar ocluida (PAPO) diminuiu apds o primeiro sangramento e
manteve-se em valores abaixo aos do controle, mesmo apos a
reposigdo. O indice cardiaco néo se alterou, mas aumentou apos a
reposicdo, para valores superiores aos do controle. O indice
sistolico (IS) diminuiu antes e aumentou apos a reposi¢cdo, em
niveis superiores aos do controle. Os indices de resisténcia vascu-
lar sistémica (IRVS) e pulmonar (IRVP) ndo se alteraram antes,
mas diminuiram apés a reposigdo, com o IRVS em niveis inferiores
aos do controle, e o IRVP em niveis semelhantes aos do controle.
Os indices de trabalho sistélico dos ventriculos direito (ITSVD) e
esquerdo (ITSVE) diminuiram durante o sangramento, mas
aumentaram apos a reposicdo, com o ITSVD em niveis superiores
aos do controle e o ITSVE em niveis semelhantes aos do controle.
A VPS e ddown aumentaram progressivamente durante o
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sangramento e diminuiram apos a reposi¢do, mas mantendo-se
em valores superiores aos do controle. As maiores correlagbes de
VPS e ddown foram com IS, PAPO, PAD e ITSVE.

CONCLUSOES: No céo, nas condigbes empregadas, a VPS e sua
derivada ddown s&o indicadoras precoces de hipovolemia e guias
sensiveis de reposigdo volémica com SHD.

Unitermos: ANIMAL: c&do; REPOSICAO VOLEMICA: solucdo
hipertdnica e hiperoncética

SUMMARY

Paiva Filho O, Braz JRC, Silva FP, Pedro TO, Nascimento Jr P -
Systolic Pressure Variation as an Earlier Hypovolemia Indicator
and a Guide for Volume Replacement with Hypertonic and Hype-
roncotic Solution in Dogs

BACKGROUND AND OBJECTIVES: Studies have introduced a
new method for preload evaluation based on systolic pressure vari-
ation analysis (SPV) during mechanical ventilation. This research
aimed at evaluating whether SPV and its delta down derived
(ddown) are earlier hypovolemia indicators and guides for volume
replacement with hypertonic and hyperoncotic solutions.

METHODS: Twelve dogs were submitted to graded hemorrhage of
5% of their volume until reaching 20% of volume (14 mI.kg"). Be-
fore (control) and after every hemorrhage, hemodynamic,
ventilatory and blood parameters were evaluated. Then, dogs were
submitted to volume replacement with 7.5% NaCl in 3.75% dextran
70 (SHD) (4 ml.kg’"), and the parameters were again evaluated 5
and 30 minutes after volume replacement.

RESULTS: Mean blood pressure decreased during hemorrhage
and increased after SHD infusion, however without returning to
baseline values. Right atrium (RAP) and pulmonary artery pressure
(PAP) decreased before and increased after volume replacement
reaching values similar to baseline. Pulmonary capillary wedge
pressure (PCWP) decreased after the first hemorrhage and re-
mained below baseline values even after volume replacement. Car-
diac index has not changed, but increased after SHD infusion
reaching values above baseline. Stroke volume index (SVI) de-
creased before, and increased after volume replacement reaching
values above baseline. Systemic vascular and pulmonary resis-
tance did not change during hemorrhage, but decreased after vol-
ume replacement, with SVRI remaining below baseline values and
SVPRI in levels similar to baseline. Left ventricular stroke work in-
dex (LVSWI) and right ventricular stroke work index (RVSWI) de-
creased before and increased after SHD infusion, with RVSWI
remaining above baseline values and LVSWI in levels similar to
baseline. SPV and ddown progressively increased during hemor-
rhage and decreased after volume replacement, however remain-
ing above baseline values. Major SPV and ddown correlations were
found with SVI, PWCP, RAP, PAP and LVSWI.

CONCLUSIONS: In dogs under our experimental conditions, SPV
and its derived ddown are early hypovolemia indicators and sensi-
tive guides for volume replacement with hypertonic and
hyperoncotic solutions.

Key Words: ANIMAL: dog; VOLUME REPLACEMENT: hypertonic
and hyperoncotic solution
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INTRODUGAO

hipovolemia, secundaria a hemorragia ou perdas liqui-

das para o terceiro espaco, é de dificil detecg¢éo no pe-
riodo operatério, porque o0s sinais clinicos e
hemodinamicos mais utilizados para verificar a sua ocorrén-
cia ndo possuem boa especificidade. Estudos experimenta-
is introduziram um novo método para avaliacdo da
pré-carga, baseado na andlise da variacao da presséo arte-
rial sistélica durante a ventilagdo mecanica **. O aumento
na pressao intratoracica durante o periodo inspiratério da
ventilagdo mecanica diminui o retorno venoso e, conse-
guentemente, a pressao arterial, devido a reducao do volu-
me diastélico final do ventriculo esquerdo. Assim, a
variagdo da presséo sistélica (VPS) corresponde a diferen-
caexistente entre a pressao arterial sistélica maxima e a mi-
nima, obtida por meio de registro durante um ciclo
respiratdrio de ventilagdo controlada com volume corrente
fixo. Um breve periodo de apnéia permite que se anule a va-
riagdo da pressdo arterial sistdlica e se defina o seu valor de
referéncia, a partir do qual é possivel individualizar as vari-
antes delta down (ddown) da VPS, expressa em mmHg, cor-
respondente a diferenca entre o valor de referéncia e o valor
minimo da pressao arterial sistélica, e o delta up (dup), que
é a diferenca entre o valor maximo da pressao arterial sisto-
lica e o valor de referéncia (Figura 1).
Nohomem, aVPS e avariante ddown mostraram-se boasin-
dicadoras da estimacgao da pré-carga 48 OestudodaVPSe
de seus componentes ddown e dup demonstraram que es-
ses atributos podem auxiliar na avaliacdo da reposi¢éo volé-
mica, de acordo com arespostado ventriculo esquerdo **®°.
Na década de 1980, o conceito de ressuscitacao com a utili-
zacgdo de pequenos volumes de solugdo hiperosmatica de
cloretodesoddioa7,5% foiintroduzido napraticaclinica. Ape-

du
120 - Plato P ddow vPS
{ V'
1104 Ly
2 100
£
E
= 901
]
@
L 804
o
707
60 T T T T T T T 1
0 5 10 15 20 25 30 35 40
Tempo (segundos)

Figura 1 - A Variacao da Pressao Sistolica (VPS) é calculada como
a diferenga entre o maior e o menor valor da pressao sistélica
durante o ultimo ciclo respiratério ou o primeiro ciclo respirato-
rio posterior a uma fase de apnéia (platd). A VPS é separada
em dois segmentos: delta up (dup) e delta down (ddown): dup
é adiferenca entre a maior presséo sistélica e a pressao sisto-
lica da fase de platd (apnéia) e ddown, similarmente, é a dife-
renga entre a presséo sistélica da fase de platé e o menor valor
da presséo sistélica
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sar de aaplicacédo clinicadessa solucao ja ser conhecida ha
muitas décadas atras, o seu uso clinico somente se populari-
zou a partirde 1980, quando Velasco e col. ° relataram sobre-
vida importante de cdes submetidos a choque hemorragico,
aposreceberemsolugdodecloretode sédioa7,5%, emvolu-
me de 10% do total de sangue retirado.

Ainfuséo dasolucgao fisiolégica hiperosmoéticaem pequenos
volumes (3a6 ml.kg™) aumentarapidamente as fungdes car-
diovascular e metabdlica, por combinagéo de expanséo do
volume plasmatico, com rapido deslocamento do liquido in-
tersticial e do intracelular para o compartimento vascular, de
vasodilatagéo sistémica e aumento da performance miocar-
dica "91°,

Em adigdo ao beneficio no tratamento de choque, a solugdo
fisiolégica hiperosmolar tem-se mostrado efetiva no manu-
seio de hipovolemia associada a procedimentos cirdrgicos
maiores, como corre¢do de aneurismas aérticos™ erevascu-
larizac&o do miocardio 2.

Aadicdode dextran 70 a solugéo hiperosmolar, descrita pela
primeiravez por Smithe col. (1985) **, aumentaaduracdoea
intensidade da expansédo volémica sem que haja perda do
efeito hemodinamico '°. Enquanto a solucéo hiperosmolar
expande o espacgovascularmobilizando aguadascélulas, in-
clusive das hemaceas, aadicdo de um coldide hiperoncético
pode, seletivamente, reter mais agua no vaso. Em conse-
gUéncia, a associagdo das duas solugdes aumenta o débito
cardiaco e a taxa de sobrevida no choque hemorragico em
comparagado com o uso isolado da solug&o hiperosmética *”.
Resultados semelhantes foram obtidos com a adi¢cao de so-
luces de amido a solucéo do cloreto de sédio a 7,5% 5.
Christe col. (1997) *° sugeriram que o emprego de solugao fi-
siolégica hiperosmolar, associada a solugao de dextran 70 a
6%, que é hiperoncotica, abre novas perspectivas no manu-
seio do liquido no peri-operatério, em cirurgias eletivas e
emergenciais de aneurisma de aorta abdominal. Assim, ao
lado da boa estabilidade dos parametros hemodinamicos, o
balanco hidrico se mantém menos positivo do que durante a
expansdao volémicafeitaapenas com solugéo de Ringercom
lactato ou de amido, decrescendo, assim, a possibilidade de
formagdo de edema. Além disso, parece ocorrerem efeitos
microcirculatérios positivos da solugédo associada, que po-
dem ser altamente benéficos em pacientes de elevadorisco,
comoareducaodoedemaendotelial pds-isquémico, daade-
sividade leucocitariapos-capilar e aumento daperfusaoteci-
dual %%,

Emrevisdo daliteratura, ndo encontramos nenhuma pesqui-
sanacional ouinternacional que correlacionasse a VPS com
o0 emprego de solugéo fisioldgica hiperosmolar em associa-
¢do ou ndo com dextran em situacdo de choque hipovolémi-
co durante a anestesia.

A pesquisa experimental teve como objetivo verificar a im-
portanciadaVPS, de suas derivadas ddown e dup e dos indi-
ces hemodindmicos cardiovasculares como indicadores
precoces de hipovolemia e guias de reposi¢éo volémica, em
cdes submetidos a hipovolemia e a reposigéo volémica com
solugéo de cloreto de sddio a 7,5% em associa¢cao com dex-
tran 70 a 3,75%.
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METODO

Apos aprovacéo pelo Comité de Etica em Pesquisa Animal
local, foram utilizados 12 cdes adultos, sem raca definida,
compesoentre 19 e 29kg. Os animais, aposinducgéo anesteé-
sicacom propofol (6 mg.kg™) e fentanil (5 ug.kg™), por viave-
nosa, foram posicionados na goteira de Claude Bernard e
submetidosaintubagéoorotraqueal e ventilagéo controlada,
com volume corrente de 20 ml.kg™ e freqliéncia respiratéria
de 12 a 15 mov.min™, utilizando-se circuito com absorvedor
de CO,, pormeio do Aparelho de Anestesia Ohmeda modelo
Excel 210 SE (EUA) e biomonitor AS3 da Datex Ohmeda
(Finlandia). Inicialmente, realizou-se a manutengao anesté-
sicacomisofluranoa2,7% (duas Concentragdes Alveolares
Minimas- CAM parao céo) utilizando-se vaporizador calibra-
dodaOhmeda (EUA) e controle das frag6esinspirada e expi-
rada por meio do médulo de Analise de Gases, Halogenados
edaVentilacado. Foraminstalados: eletrocardidografode 3 ca-
nais (derivacado Dy), sensor do termdmetro no eséfago inferi-
or,daamostrade gasesinseexpirados e capnografia, juntoa
valvula em Y do circuito respiratorio e oximetria de pulso,
comsensoremformade pingacolocadonalinguadoanimal.
Realizou-se aquecimento da superficie corporal dos animais
cominsuflagcédo de ar aquecido entre 42 e 46 °C, por meio de
manta especifica, utilizando-se o aparelho WarmTouch da
Mallinckrodt (EUA). Realizou-se dissecc¢édo e cateterismo da
veiafemoraldireita (VFD), com cateterde polietileno PE 240,
para administracédo da dose inicial (0,6 mg.kg™) e de manu-
tencéo (10 pg.kg.min™) do bloqueador neuromuscular bro-
meto de rocurénio, ereposi¢cdovolémicanomomentoindica-
do, e da veia femoral esquerda (VFE), para infusao de solu-
cédo de Ringer com lactato (5 ml.kg*.h™*), por meio da bomba
deinfusdo continuaAnne, de dois canais, daAbbott (EUA).
Realizou-se dissecg¢édo e cateterismo, com cateter de polieti-
leno PE 240, das artérias femorais direita (AFD), para san-
gria do animal, e esquerda (AFE), para determinacdo da
pressao arterial média (PAM) e coleta de sangue para anali-
se de pH e gases sangiineos, no aparelho Chiron Diagnos-
tics, modelo Rapidlab 865 (Inglaterra). Realizou-se dissec-
¢do e cateterismo daveiajugular externadireitacomintrodu-
tor 8,5 F e passagem de cateter de Swan-Ganz 7F na artéria
pulmonar, para medida do débito cardiaco por termodiluigdo
edas press0Oes, alémde coletade sangue paraanalise daos-
molalidade plasmatica, hemoglobina, sddio e cloro, no apa-
relho Chiron Diagnostics, modelo Rapidlab 865 (Inglaterra).
Em seguida, os animais foram submetidos a esplenectomia,
por meio de laparotomia mediana.

Apés o preparo, reduziu-se a CAM expirada do isoflurano
para 1,4% (uma CAM para o c&o), iniciando-se o periodo de
estabilizacdo hemodinamica, com duragéo de 10 minutos.
Em seguida, registraram-se os valores das pressdes arteria-
is média (PAM), pulmonar (PAP), de atrio direito (PAD), pul-
monar ocluida (PAPO) e da VPS durante a ventilag&o e pau-
sa respiratéria (10 segundos). Realizou-se ainda coleta de
sangue arterial e venoso misto eregistro dos atributos hemo-
dindmicos, de ventilagdo, de oxigenacao e de temperatura
(momento Controle). Posteriormente, foram realizadas qua-
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tro retiradas sucessivas de 5% (3,5 ml.kg™*) do volume san-
guineototal (7% do peso corporal) do animal, totalizando 5%
(momento Ss), 10% (momento Sip), 15% (momento Sis) e
20% (momento S,p) davolemiado animal, sendo registrados
os atributos hemodinémicos, de ventilagéo, de oxigenagéo e
detemperatura, erealizada coleta de sangue arterial e veno-
somistoparaanalise dos atributos estudados, imediatamen-
te apOs cadaretirada de sangue do animal. Em seguida, rea-
lizou-se reposicdo volémica na VFD com solucao de cloreto
de sodio a 7,5% em associacao com dextran 70 a 3,75%
(SHD) (4 ml.kg™*), em tempo total de 10 minutos, empregan-
do-se bomba de infusdo peristaltica da Arcomed (Suica).
Ap6s 5 (momento RVs) e 30 (momento RV3p) minutos do tér-
mino da reposicao volémica, registraram-se os atributos,
como descritos anteriormente, realizou-se coleta de sangue
arterial e venoso misto, seguido do sacrificio do animal com
excesso de anestésico (pentobarbital sédico).

Os atributos estudados foram: Respiratorios - volume cor-
rente (VC - ml.kg™?), freqiiéncia respiratéria (FR - mov.min™),
pressao inspiratéria (PI - cmH,0), complacénciatoréacica (CT
- ml.cm™ H,0), pressédo expiratéria final de CO, (PerCO, -
mmHgQ) e saturagdo periférica da oxihemoglobina (SpO; - %);
Hemodinamicos - freqiiéncia cardiaca (FC - bat.min™),
pressao arterial média (PAM - mmHg), pressdo média da ar-
téria pulmonar (PAP - mmHg), pressao média do atrio direito
(PAD - mmHg), pressao da artéria pulmonar ocluida (PAPO -
mmHg), indices cardiaco (IC - L.min™*.m™), sistélico (IS -
ml.bat*.m?), de resisténcia vascular sistémica (IRVS -
dina.s.cm™.m™), de resisténcia vascular pulmonar (IRVP -
dina.s.cm®.m™), de trabalho sistélico dos ventriculos es-
querdo (ITSVE - g.min.m®) e direito (ITSVD - g.min.m ™), va-
riagdo da pressao sistolica (VPS - mmHg), delta dup (dup -
mmHg), delta down (ddown - mmHg); Sangiiineos - hemo-
globina (Hb-mg.dL™), s6dio plasmatico (Na*-mMol.L™), clo-
ro plasmatico (CI" - mMol.L™"), osmolalidade plasmatica
(Oplasm - mOsm.kg* H,0), pH arterial (pHa) e presséo par-
cial de di6xido de carbono arterial (PaCO,- mm Hg); Tempe-
ratura - esofagiana (Tesof - °C). A SHD foi preparada com a
associacao dasolucédo de cloreto de s6dio a20% (37,5ml) a
solucdode dextran70a6% emglicose a5% (62,5ml). Dessa
formaasolugéo final (100 ml) continha NaCl a 7,5% em solu-
¢éo de dextran 70 a 3,75%.

N&o existe um sistema de monitorizacao que realize o calcu-
loautomatico da VPS. Paraisto é necessério que se registre
acurvada pressao arterial durante alguns ciclos respiratori-
os e durante uma fase de apnéia, utilizando-se pequena ve-
locidade do papelde impresséo (Figura 1). Nadeterminagéo
dos atributos hemodinamicos que foram obtidos indireta-
mente, utilizou-se software do biomonitor AS3, com a intro-
ducao dos valores dos atributos necessarios.

Anélise Estatistica

Como a distribuicdo dos atributos foi ndo-paramétrica, apli-
cou-seinicialmente oteste de Friedman. Os contrastes entre
as medianas do grupo foram verificados pelo método de Stu-
dent-Newman-Keuls. Nessa situagdo, os resultados sao

363



PAIVA FILHO, BRAZ, SILVAE COLS

apresentados por meio de tabelas ou figuras, comindicacao
dos valores da mediana, primeiro (25%) e terceiro (75%)
quartis dos atributos estudados no grupo. Foram feitas tam-
bém regressdes lineares de Pearson para determinar a cor-
relagdoentre VPS, ddown e dup com os demais atributos he-
modinamicos estudados. Niveis de significanciamenores do
que 0,05 foram considerados significantes.

RESULTADOS

Os valores antropométricos e a distribuicdo de machos e fé-
meas no grupo estudado séo vistos na tabela I.

Tabela | - Valores Antropométricos e Distribuicdo do Sexo
no Grupo Estudado

Peso(kg) * Comprimento (cm) * Superficie corporal*  Sexo (M/F)

23,7+3,0 107,4 £ 6,6 0,81 +£0,07 11/1

* Valores expressos pela Média + DP

Os resultados dos atributos ventilatorios estéo apresenta-
dos na tabelall. Nao houve alteracdo significante dos atribu-
tos ventilatérios estudados, com excecdo da PerCO, que au-
mentou significativamente em relagé@o ao controle, nos mo-
mentos finais do sangramento e, ainda mais, ap6s a reposi-
¢ao volémica.

Os resultados da hemodinamica cardiovascular séo vistos
nastabelasllle IV enasfiguras 2 e 3. OsvaloresdaFC, em-
bora se elevassem, ndo se alteraram significativamente du-
rante os momentos de sangramento e apos areposic¢ao volé-
mica. Os valores da presséao arterial média diminuiram signi-
ficativamente durante os momentos de sangramento e au-
mentaram significativamente apd6s a reposi¢cdo volémica,
mas sem atingirem os valores do controle. Os valores da
pressdo média da artéria pulmonar diminuiram significativa-
mente e progressivamente durante os momentos de sangra-
mento e aumentaram significativamente nos momentos se-
guintes areposicao volémica para valores semelhantes aos
do controle. Os valores da pressdo média do atrio direito di-
minuiram significativamente durante o sangramento e au-
mentaram significativamente nos momentos seguintes are-

Tabelall - Valores da Mediana, 1° e 3° Quartis do Volume Corrente (VC), Freqiiéncia Respiratoria (FR), Pressao Inspiratéria
(P)), Complacéncia Toracica (CT), Pressao Expiratoria Final de Dioxido de Carbono (PerCO,) e Saturagédo Periférica

de Oxihemoglobina (SpO;) Obtidos no Grupo Estudado

Atributos

PI (cmH,0)

CT (ml.cm™ H,0)

PerCO, (MmHg)

SpO; (%)

Momentos
VC (ml.kg™) FR (mov.min™)

Controle 19,5[18,8;20,4]a® 15,5[10,5;18,0]a
Ss 19,5[18,6;20,2]a 15,5[11,5;18,0]a
Sio 19,5[18,6;20,2]a 15,5[11,5;18,0]a
Sis 19,5[18,6;20,2]a 15,5[11,5;18,0]a
S 19,1[18,4;20,0]a 15,5[11,5;18,0]a
RVs 19,2[18,4;19,6]a 15,5[11,5;18,0]a
RV 19,1[18,6;20,7]a 15,5[11,5;18,0]a

15,0[14,0;17,0]a
15,0[14,5;17,0]a
15,0[14,5;16,0]a
15,0[14,5;17,0]a
15,5[14,5;17,5]a
15,5[14,0;17,0]a
16,0[14,0;16,5]a

34,0[32,0;41,5]a
34,0[31,5;42,0]a
33,5[31,0,40,5]a
34,0[30,5;41,5]a
35,0[30,5;42,0]a
37,0[31,0;41,5]a
36,5[30,5;42,0]a

34,0[33,5;35,5]a
35,0[33,5;36,0]a
36,0[34,0;36,0]a
36,0[33,5;38,0]b
38,0[35,5;38,0]c
42,0[38,5;44,5]d
40,0[38,0;43,5]d

99,0[97,0;100,0]a
99,0[98,0;100,0]a
99,0[98,5;100,0]a
99,0[98,5;100,0]a
99,0[98,0;100,0]a
99,0[97,5;99,0]a
99,0[98,0;99,0]a

(1) Momentos representados por medianas seguidas de letras mindsculas diferentes no grupo diferem significativamente (p < 0,05)

Tabela Il - Valores da Mediana, 1° e 3° Quartis da Frequéncia Cardiaca (FC), Pressao Arterial Média (PAM), Pressao do
Atrio Direito (PAD), Pressao da Artéria Pulmonar (PAP), Pressao da Artéria Pulmonar Ocluida (PAPO) e Indice Car-

diaco (IC) Obtidos no Grupo Estudado

Momentos Atributos

FC (bat.min™) PAM (mmHg) PAD (mmHg) PAP (mmHg) PAPO (mmHg) IC (L.min".m?)
Controle 128,0[113;145]a" 90,5[85,5;99,0]c 3,0[3,0;3,5]c 12,0[11,5;15,0]d 5,0[4,0;7,0]b 3,50[2,75;4,30]a
S 134,0[111;147]a 80,5[77,0;96,0]b 2,0[2,0;3,0]b 12,0[10,5;14,0]d 3,5[2,56,0]a 3,70[2,75;3,80]a
Sio 135,0[119;156]a 79,0[72,0;84,0]b 2,0[1,5;3,0]a 11,5[10,0;14,0]c 3,5[2,5:4,5]a 3,35[2,85;3,80]a
Sis 141,0[123;159]a 73,0[71,0;79,0]b 2,0[1,0;2,5]a 10,0[9,0;12,5]b 2,0[2,0;3,0]a 3,20[2,75;3,65]a
S2 146,0[121;166]a 74,0[67,0;80,5]a 2,0[1,0;2,5]a 9,5[9,0;11,5]a 2,0[1,5;3,0]a 3,45[2,90;3,80]a
RVs 143,0[128;162]a 79,0[75,5;84,5]b 3,0[2,0;3,0]d 13,011,5;14,0]d 3,0[2,0;4,0]a 5,05[4,40;5,75]c
RVao 142,0[132;163]a 83,5[71,5;93,0]b 2,0[1,5;2,0]c 12,5[11,5;14,5]d 3,0[2,0;4,5]a 4,70[4,20;5,30]b

@ Momentos representados por medianas seguidas de letras minUsculas diferentes no grupo diferem significativamente (p < 0,05)
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Tabela IV - Valores da Mediana, 1° e 3° Quartis do indicg Sistélico (IS), indice de Resisténcia Vascular Sistémica (IRVS),
Indice de Resisténcia Vascular Pulmonar (IRVP), Indice do Trabalho Sistélico do Ventriculo Esquerdo (ITSVE), Indi-
ce do Trabalho Sistélico do Ventriculo Direito (ITSVD) e Delta up (dup) Obtidos no Grupo Estudado

Momentos Atributos

IS (ml.bat*.m?) IRVS (dina.s.cm®m?)  IRVP (dina.s.cm®.m?) ITSVE (g.min.m?) ITVSD (g.min.m?) Dup (mmHg)
Controle  28,0[24,5;32,0]d © 2133[1658;2679]b 156[112;244]b 35,3[29,1;39,8]d 3,20[2,40:4,70]c 2,0[0,0:2,5]a
Ss 27,0[22,5;29,5]c 1944[1656;2489]b 147[131;271]b 29,0[26,2;35,6]c 3,20[2,60:3,95]c 0,6[0,0:1,5]a
S1o 25,0[22,0;28,0]b 1769[1675;2184]b 169[137;207]b 26,0[22,9;29,8]b 3,05[2,05;3,80]b 0,0[0,0;1,4]a
Sis 24,5[19,5;29,5]a 1776[1552;2057]b 190[144:263]b 27,1[19,6;30,8]b 3,10[1,95;3,60]b 0,0[0,0;1,9]a
Sao 23,0[20,5:27,0]a 1633[1505;2360]b 188[124;273]b 23,5[18,2;26,9]a 2,70[2,00:3,15]a 0,0[0,0:0,6]a
RVs 37,0[28,0;40,5]f 1250[1179:1633]a 140[119;195]a 35,0[30,5;44,5]e 4,80[3,80;5,70]d 0,0(0,0;0,1]a
RVao 31,5[26,5;38,0]e 1369[1240;1783]a 149[132;223]b 32,7[29,6;42,4]d 4,40[3,55;5,65]d 0,6(0,0;1,9]a

@ Momentos representados por medianas seguidas de letras mindsculas diferentes no grupo diferem significativamente (p < 0,05)
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Figura 2 - Box Plot Apresentando os Valores Minimos, do 1° Quartil,
da Mediana, do 3° Quartil e Maximo da Variacdo da Presséo
Sistélica nos Momentos Estudados
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Figura 3 - Box Plot Apresentando os Valores Minimos, do 1° Quartil,
da Mediana, do 3° Quartil e Maximo do ddown nos Momentos
Estudados
* P < 0,05: C< (85 = RV5: RV30) < SlO< Sl5< 820
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posicao volémica para valores inicialmente superiores aos
docontrole e, apds 30 minutos, semelhantesaosdo controle.
Os valores da pressao da artéria pulmonar ocluida diminui-
ram significativamente apds o primeiro periodo de sangra-
mento, mantendo-se, a seguir, nos demais momentos do
sangramento e dareposicao volémica, emvaloresinferiores
aos do controle. Os valores do indice cardiaco ndo se altera-
ram significativamente durante os momentos de sangra-
mento, mas aumentaram significativamente nos momentos
seguintes areposicaovolémica, paravalores superiores aos
do controle.

Os valores de IS diminuiram significativamente e progressi-
vamente durante o sangramento e aumentaram significati-
vamente apés a reposicao volémica, em niveis superiores
aosdocontrole. OsvaloresdoIRVS e IRVP néo se alteraram
significativamente durante o sangramento, mas diminuiram
significativamente apds areposicao volémica, sendo que no
momento final do estudo (RV30), IRVS manteve-se em niveis
inferiores aos do controle e aIRVP manteve-se em niveis se-
melhantes aos do controle. Ja ITSVE e ITSVD diminuiram
significativamente durante o sangramento, mas aumenta-
ram significativamente apds a reposicao volémica, sendo
gue em RV3q, 0 ITSVD manteve-se em niveis superiores aos
do controle e o ITSVE manteve-se em niveis semelhantes
aos do controle.

Os valores da VPS e de ddown aumentaram significativa-
mente e progressivamente ao longo do sangramento e dimi-
nuiram significativamente ap0ds a reposi¢ao volémica, mas
ainda se mantendo em valores superiores aos do controle
(Figuras 2 e 3). Jaos valores de dup néo se alteraram signifi-
cativamente.

Os niveis de sédio e cloro plasmaticos aumentaram signifi-
cativamente apos a reposicdo volémica (Figura 4 e Tabela
V), acarretando aumento significante da osmolalidade plas-
méatica (Figura 5). Os niveis da Hb, que ja haviam diminuido
progressivamente apés cada sangramento realizado, dimi-
nuiram ainda mais apos a reposigéo volémica (Tabela V). O
pHa diminuiu significativamente com o sangramento e ap0s
areposigdo volémica, enquanto a PaCO, aumentou signifi-
cativamente apos areposicdo volémica (Tabela V). Jada Tesof
ndo se alterou significativamente (Tabela V).
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O coeficiente de correlagdo de Pearson davariagdo da pres-
sao sistolica (VPS) e ddown com os demais atributos hemo-
dindmicosaolongodo experimento, comindicacao dos valo-
res de r e p estao apresentados na tabela VI.

Tabela VI - Coeficiente de Correlagao de Pearson da Variagao
da Presséo Sistolica (VPS), ddown e dup com os De-
mais Atributos Hemodinamicos ao Longo do Experi-
mento (n = 84), com Indicacao dos Valores der e p

Momentos

Figura 4 - Box Plot Apresentando os Valores Minimo, do 1° Quartil,
da Mediana, do 3° Quartil e Maximo do Sodio Plasmatico nos
Momentos Estudados
*p < 0,05 (S10=S15=S30) < (C=Ss) < RV3p < RV5
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Controle S, S, Sy Sy RV, RV,,
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Figura5 - Box Plot Apresentando os Valores Minimos, do 1° Quartil,
da Mediana, do 3° Quartil e Maximo da Osmolalidade Plasma-
tica nos Momentos Estudados
* p<0,05: Szu<(35:515)<(czslo)<(RV5=RV30)

Atributos VPS ddown dup
Presséo arterial r=-0,23751 r=-0,20551 r=-0,07062
média p = 0,0296 p =0,0613 p =0,5233
. P r=-0,43758 r=-0,36921 r=-0,21172
Indice cardiaco p =0,0001 p =0,0005 p=0,0532
Presséo da artéria r=-0,22916 r=-0,25773 r=0,15129
pulmonar p =0,0360 p=0,0179 p =0,1695
Presséo de atrio r =-0,44495 r=-0,53651 r=0,41326
direito p =0,0001 p =0,0001 p =0,0001
Presséo da artéria r=-0,47252 r=-0,57140 r=0,43389
pulmonar ocluida p = 0,0001 p =0,0001 p =0,0001
- . r=-0,59646 r=-0,56753 r=-0,03708
Indice sistdlico p=00001  p=00001  p=0,7377
indice de trabalho r=-0,40938 r=-0,36932 r =-0,09989
sistolico VD p =0,0001 p =0,0001 p =0,3660
indice de trabalho r=-0,54229 r=-0,49679 r=-0,09982
sistélico VE p =0,0001 p =0,0001 p =0,3663
indice de resisténcia r=0,33201 r=0,27765 r=0,18839
vascular sistémica p =0,0020 p =0,0001 p =0,0861
r=0,96708 r=-0,00327
VPS - p =0,0001 p=0,9765
r=0,96708 r =-0,24955
ddown p = 0,0001 p = 0,0221

A correlacao entre VPS e ddown foi elevada. A correlacao
desses atributos com os demais atributos hemodinamicos
foram, em sua maioria, significantes. As maiores correla-
¢desde VPSforam, emordemdecrescente, com: ddown, IS,
ITSVE, PAPO, PAP, IC e ITSVD, enquanto as de ddown fo-
ram, em ordem decrescente, com: VPS, PAPO, IS, PAD e
ITSVE. Jadupteve as maiores correlagdes comaPAPOe a
PAD.

Naanalise dacorrelacao de Pearson em cada momento, iso-
ladamente, verificou-se, em todos os momentos, correlagédo
significante e elevada (r sempre acima de 0,90) entre VPS e
ddown.Nocontrole,alnicacorrelacaosignificante que ocor-
reufoideddowncomaPAPO. Nos momentos de sangramen-
to, VPS e ddown tiveram correlagéo significante com IS,

Tabela V - Valores da Mediana, 1° e 3° Quartis da Hemoglobina (Hb), Cloro (Cl) Plasmatico, pH arterial (pHa), Pressao Expi-
ratoria Final do Dioxido de Carbono Arterial (PaCO,) e Temperatura Esofagiana (Tesor) Obtidos no Grupo Estudado

Momentos Atributos
Hb (mg.dlI™) Cl- (mOsm.L™) pHa PaCO, (mmHg) Tesof (°C)

Controle 13,0[12,3;14,2]g™ 110,5[109,0;112,0]a 7,38[7,33;7,45]d 36,2[34,8;38,6]a 38,3[37,7;39,3]a
Ss 13,3[12,5;13,9]f 110,0[108,5;112,0]a 7,38[7,31;7,44]c 38,6[35,7;39,9]a 38,3[37,7;39,1]a
S1o 12,3[11,9;13,6]e 110,0[107,5;112,0]a 7,38[7,32;7,41]c 37,5[36,5;42,5]a 38,2[37,7;39,1]a
Sis 12,5[11,9;13,5]d 110,5[108,0;112,0]a 7,36[7,30;7,42]c 40,1[36,5;43,5]a 38,2[37,7;39,0]a
Sz 11,9[11,1;13,2]c 110,0[109,0;112,5]a 7,34[7,29;7,40]b 37,8[35,4;42,3]a 38,3[37,8;39,0]a
RVs 10,9[10,1;11,1]a 122,5[121,0;125,5]c 7,30[7,23;7,34]a 46,0[41,1;49,6]b 38,2[37,8;38,8]a
RV, 11,1[10,6;11,3]a 119,5[117,0;122,5]b 7,30[7,25;7,38]a 44,5[39,8;48,1]b 38,3[37,8;38,7]a

@ Momentos representados por medianas seguidas de letras mindsculas diferentes no grupo diferem significativamente (p<0,05)
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ITSVE e PAPO, além do IC em RV3o. Apds a reposigédo com
SHD, houve correlacaosignificantedaVPSeddowncomISe
PAPO, enquanto ddown, isoladamente, apresentou intera-
¢ao significante também com a PAD e a ITSVE.

DISCUSSAO

Optou-se pelo cdo de porte médio a grande por apresentar
padrées hemodinamicos compativeiscomosdohomemeta-
manho apropriado para suportar a preparacao cirlrgica em-
pregadanapesquisae facilitaramonitorizagdo hemodinami-
ca, por meio da instalagédo de cateter na artéria pulmonar.

A manutencdo do volume corrente, pressao inspiratoria e
complacénciaem valores uniformes aolongo do experimen-
to foi importante, pois VPS, ddown e dup sofrem influéncia
dessesatributos. O volume corrente utilizado foi semelhante
aodo cao emvigilia (20 ml.kg™)?2. Perele col (1987) * utiliza-
ram volume corrente de 12 ml.kg™ e veste inflavel em torno
do térax do cdo para manter a complacéncia toracica seme-
Ihante & do homem. Nesse e em nosso estudo, quando nédo
se utilizou veste inflavel no cé@o, a complacéncia toracica foi
semelhante a do homem. Os diferentes volumes correntes
empregados nas duas pesquisas podem explicar os resulta-
dos obtidos.

Ovolume de sangue circulante do cdo adulto e saudavel é de
7% do peso corporal * e o volume sangiineo retirado de cada
animal foi de 14 ml.kg™ determinando hipovolemiade graus|
all (Committe on Trauma) ?%. O fato de a retirada de sangue
ter sido realizada em quatro periodos, com intervalo de 15
minutos entre eles, certamente evitou que houvesse altera-
¢Oes cardiocirculatérias mais importantes do que as que
ocorreram, pois permitiu que o animal compensasse, ao me-
nos parcialmente, a perda da volemia.

Tanto o volume plasméatico como o de hemaceas sao parcial-
mente restaurados na fase inicial do choque hemorragico
(graul), masaintensidade desses ajustesvariaentre osindi-
viduos e as espécies.

Com a ativagao do sistema simpatico ocorre constricao dos
vasos de capacitancia, que provoca grande mobilizacédo
central do sangue localizado nas grandes e pequenas veias,
com aumento na pré-carga. Nessa fase também comeca a
ocorrer vasoconstri¢éo arterial, com restricdo de fluxo aos
territérios cutaneo, muscular esquelético, renal e esplancni-
co, enquanto no cérebro e miocardio ocorre vasodilatacao
mediada localmente.

Arestauracao do volume plasmatico resulta da vasoconstri-
cao seletiva pré-capilar, que reduz a pressao hidrostaticado
sistema microcirculatério. Como resultado, a pressao oncoé-
tica passa a predominar, com absorcao de fluido intersticial.
Essefendmeno é conhecido como autotransfuséointernaou
shift transcapilar, que compensa as perdas plasmaticas e
tende a provocar hemodiluicao **.

Arestauracdodovolume de heméaceas circulantes € também
dependente da ativacdo simpatica, com esplenoconstrigéo,
gue é muito eficiente no cao, por causa do grande volume do
baco, conseguindo transferir para a circulacao as reservas
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de sangue, com elevado hematdcrito, acumuladas no parén-
quima esplancnico.

Aesplenectomia, paramelhor controle davolemiadurante os
periodos de sangramento causou hipovolemia relativa nos
animais, considerando-se que a reposicao volémica nesse
periodo com Ringer com lactato foipequena (5ml.kg™.h™). O
fato da VPS em muitos cées ser constituida apenas por
ddown no momento controle reforga essa idéia. Os demais
atributos hemodin&micos estudados estavam dentro da fai-
xade normalidade para o cdo sob anestesia??, o que reforca,
aindamais aimportanciadaVPS e de ddown comoindicado-
res precoces de hipovolemia. Durante o sangramento e situ-
acdes de hipovolemia, como se verificou na pesquisa, o
ddown pode aumentar muito tornando-se responsavel por
praticamente toda a VPS *®. Os valores normais de ddown
sdode5a6 mmHg,dodupde2a4 mmHgedaVPSde8al0
mmHg .

Adetecc¢édo dahipovolemiainsidiosano per-operatério é difi-
cil e alguns atributos, como a FC e a PAM, utilizados clinica-
mente, nem sempre sdo bonsindicadores de alteragéo volé-
mica, como verificamos na presente pesquisa. Mesmo a
PAPO, considerada importante 2, apresenta limitacées
como indicadora do volume diastdlico final do ventriculo es-
querdo °252¢,

Napresente pesquisa, durante os momentos de sangramen-
to, ddown foi o atributo que apresentou melhor correlacéo
com cada nivel de sangramento, junto com a hemoglobina.
Os atributos que também apresentaram boa correlagdo em
cada fase do sangramento foram: VPS, PAP, IS e ITSVD.
Alguns atributos nao apresentaram nenhuma correlagéo
com os niveis de sangramento, como FC, IC, IRVS, IRVP e
dup.

Assim, tanto a VPS como ddown tém se mostrado indicado-
res sensiveis de hipovolemia no c&o ** e no homem *>7%’,
Durante a fase inspiratéria da ventilagdo, o aumento das
pressdes intratoracica e intraluminal do atrio direito aumen-
tam aresisténcia ao retorno venoso, diminuindo a pré-carga
do atrio direito e o volume de ejecao do ventriculo direito. No
paciente hipovolémico, estaredugéo é ainda mais importan-
te. Apds alguns batimentos cardiacos, a diminuicao do volu-
me ejetado pelo ventriculo direito repercutir4 no ventriculo
esquerdo. A diminuicdo do volume de ejecao do ventriculo
esquerdo ocorre em proporgdes idénticas a diminuicdo do
volume de ejecdo do ventriculo direito, e provoca diminui¢édo
dapressao arterial sistélica. Adiminuicdo dapressao arterial
sistélica, que ocorre nafase expiratoria, poderaserinterrom-
pidapelainsuflacdodociclorespiratorio seguinte, caso afre-
qliéncia respiratéria seja elevada, superior a 20 ciclos.min™
28 Ainfluéncia da ventilacdo controlada sobre o retorno ve-
noso € limitada quando ocorre diminuigdo de complacéncia
pulmonar ou aumento dacomplacénciatoracica’. AVPS nado
pode ser utilizada como indice de enchimento ventricular es-
querdo em pacientes portadores de edema pulmonar ou sob
ventilagdo espontanea em conseqiiéncia dos diferentes vo-
lumes correntes que ocorrem neste tipo de ventilagao °.
No choque hipovolémico ocorre diminuicdo do débito cardia-
coeaumentodaresisténciavascularsistémica. Nessasitua-
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¢ao, as modificagBes do retorno venoso, provocadas pela
ventilagdo artificial, serdo maiores. Demonstrou-se em paci-
entes com sepse e sob tratamento com catecolaminas, que o
componente ddown da VPS é um indicador importante da
resposta do débito cardiaco ainfusdode volume ?°. AVPS eo
ddown apresentam altera¢c8es mais importantes durante a
hipovolemia absoluta do que durante a hipotenséo arterial
provocada pelo nitroprussiato de sédio 2. AVPS também nao
pode ser interpretada na presenca de disritmias arritmicas,
sendo que o ritmo nodal pode aumentar a VPS por reduzir a
pré-carga efetiva.

Apés a reposigdo volémica, alguns atributos hemodinami-
cos retornaram aos valores iniciais de controle, como PAD,
PAP, IRVP e ITSVE. Entretanto, alguns atributos permane-
ceram em valores inferiores aos do controle, como a PAM,
PAPO e IRVS. Ja outros valores hemodinamicos permane-
ceram em valores acima do controle, como IC, IS e ITSVD.
Deve-seressaltarque oaumentoimportante do IC é umadas
caracteristicas da acéo da solugéo hiperosmolar *°.

AVPS e o ddown permaneceram em valores superiores aos
do controle, indicando que a reposi¢éo volémica com solu-
¢do hiperosmadtica e hiperoncética, no volume utilizado (4
ml.kg™), melhorou mas ndo normalizou a volemia. O fato de
varios caes apresentarem, apos a reposi¢do volémica, VPS
constituidas apenas de ddown, reforgam a idéia de que os
animais ainda se encontravam em hipovolemia.

A expansao plasmética com SHD determina rapida diluicao
da hemoglobina e das proteinas plasmaticas do sangue *°,
como se verificouemrelagcdo a hemoglobina. Enquanto a so-
lucéo hiperosmolar de cloreto de s6dio a 7,5% expande o vo-
lume plasmatico pela mobilizacao de dgua celular, a adigédo
de dextran 70, um coldide hiperoncético, a essa solugéo au-
mentao poderderetencdodaaguadentrodovasocomgran-
de expans&o do volume plasmatico 3*. Embora a infuséo de
SHD em animais submetidos a hemorragia aumente rapida-
mente ovolume plasmatico, o volume sangiiineo permanece
abaixo do normal *”**. Isto pode explicar, em nossa pesqui-
sa,amanutencdo daVPS e do ddownem valoresinferiores
aos do controle apds a infusédo de SHD. Deve-se ressaltar
que asolucdodedextran 70 empregadano estudo apresen-
tou concentragdo (3,75%) inferior a normalmente utilizada
(6%), o que pode ter também influenciado o resultado obti-
do.

Estudo sobre a pré-carga ventricular, por meio da VPS e da
ecocardiografia transesofagiana, em 21 pacientes submeti-
dos acirurgiadaaorta, e que se encontravam na Unidade de
Terapia Intensiva sob sedacao e ventilacao, mostrou que as
dimensdes do ventriculo esquerdo no final da diastole corre-
lacionaram-se bem com a magnitude da VPS (r =0,80) e de
ddown (r = 0,83). Apd6s expanséao volémica, realizada em
dois periodos com albumina humana a 5% (250 ml), houve
correlacaolinear significante doddowncomaéareadiastélica
final do ventriculo esquerdo (EDa) (r = 0,63) e com o indice
cardiaco (IC) (r=0,55). Assim, quanto maior o valor inicial do
ddown, maiorfoiaalteragdodo EDaedoICapdsareposicao
volémica. Segundo os autores, esses resultados demons-
tram que a andlise da VPS fornece valiosas informacgdes so-
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bre apré-cargae arespostaaexpansao devolume do ventri-
culo esquerdo °.

Na presente pesquisa, a infusdo de solugdo hiperosmatica
associada a solugao hiperoncética determinou, pelo efeito
da primeira solugéo, aumento significante da osmolalidade
plasmatica, por causa do aumento do cloro e sodio plasmati-
co. Geralmente aosmolalidade plasmatica e aconcentragdo
de sédio e cloro retornam aos niveis de controle apds 24 ho-
ras de administragdo da solucao hiperosmolar. Embora néo
haja relato de efeitos adversos, pacientes sob uso de solu-
¢do hipertdnica necessitam monitoragdo dos niveis de so-
dio.

Em pacientes sob anestesia submetidos a hipovolemia, por
retirada de 1000 ml de sangue, observou-se que areposi¢cao
com 0 mesmo volume de solugédo de amido reduziua VPS e
ddown paravalores inferiores aos do controle . Varios auto-
res observaram que a associagéo da solugdo hiperosmatica
com solugéo hiperoncoética (60 mmHg) resulta em maior au-
mento do volume plasmatico, da pressao arterial e do débito
cardiaco, todos dose-dependentes da solugdo de dextran
17.19.32:34 5 ) de amido °. Recentemente, demonstrou-se que
parte da eficiénciadasolugéo hiperosmaéticae hiperoncotica
na expansao volémica deve-se a mobilizacao de proteinas
intestinais para a circulagdo, em proporgdo maior que a da
solugéo fisioldgica *°.

O ddown, que durante a hipovolemia é praticamente respon-
savel por toda a VPS %, ap6s a administracédo de liquidos
(cristaléides ou coléides) diminui **7?°, enquanto durante a
hipervolemia e/ou insuficiéncia cardiaca congestiva ele pra-
ticamente desaparece ®. Assim, napresencadeinsuficiéncia
circulatoria, o ddown pode também diferenciar a disfungéo
miocéardicadainadequacao da pré-carga. Umacurvade fun-
¢do do ventriculo esquerdo elevada (boaresponsividade ao
volume) se associa ao aumento do ddown enquanto a hori-
zontalizagdo dessa curva (ma responsividade) se associa a
diminuicdo do ddown *°.

Resultados semelhantes foram obtidos em pacientes com
sepse e alteragdo miocardica que, em resposta a rapida ex-
panséo volémica, apresentaram aumento relativo do dup 2°.
Esse aspecto reforga aimportancia de medidas isoladas de
ddown e dup, além da VPS. Ainterpretacéo da elevagédo da
VPS comosinalde hipovolemiaquando a mesmaé caracteri-
zada por dup dominante sobre ddown, pode levar a adminis-
tracao injustificada de liquidos.

Ainfusdo de SHD néo foi desprovida de efeitos colaterais,
como o ocorréncia de acidose hiperclorémica em decorrén-
ciada hipernatremia e hipercloremia, além da solugéo infun-
dida apresentar pH ao redor de 5,0. O aumento da PaCO; e
PerCO,, decorrente do grande aumento do IC que se seguiu
ainfusao da solucao, certamente também contribuiu para a
acidose.

Concluindo, no céo, nas condi¢gBes experimentais emprega-
das, a VPS e principalmente sua derivada ddown sao indica-
doras precoces de hipovolemia e guias sensiveis da reposi-
cdovolémica, sendo superiores a alguns indices hemodina-
micos, como apressaodaartériapulmonarocluidaeoindice
cardiaco.
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SYSTOLIC PRESSURE VARIATION AS AN EARLIER HYPOVOLEMIA INDICATOR AND A GUIDE FOR
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Systolic Pressure Variation as an Earlier
Hypovolemia Indicator and a Guide for
Volume Replacement with Hypertonic and
Hyperoncotic Solution in Dogs

Odilar de Paiva Filho, TSA, M.D., José Reinaldo Cerqueira
Braz, TSA, M.D., Fredson de Paula e Silva, M.D., Tiago
OtavioPedro,M.D., PaulodoNascimento Junior, TSA, M.D.

INTRODUCTION

Hypovolemia secondary to hemorrhage or fluid losses to the
third space are difficult to be detected in the perioperative pe-
riod because their most common clinical and hemodynamic
signs have low specificity. Experimental studies have intro-
duced a new method for preload evaluation based on the
analysis of systolic blood pressure variation during mechani-
cal ventilation **. The increased intra-thoracic pressure dur-
ing mechanical ventilation inbreathing period decreases ve-
nous return and, as a consequence, blood pressure due to
end right ventricle diastolic volume decrease. So, systolic
pressure variation (SPV) corresponds to the difference be-
tween upper and lower systolic blood pressure obtained dur-
ing one mechanical ventilation respiratory cycle with fixed
tidal volume. Abrief apnea allows systolic pressure variation
to be nulled and to define its reference value, as from which it
is possible toindividualize SPV delta down (ddown) variants
expressed in mmHg and corresponding to the difference be-
tweensystolicblood pressurereference andlowervalue, and
delta up (dup) which is the difference between systolic blood
pressure reference and upper value (Figure 1).

120 A Plateau { ddow SPV
4«

110

100+

90

Pressure (mmHg)

80

70

60 T T T T T T T 1
0 5 10 15 20 25 30 35 40
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Figure 1 -Systolic pressure variation (SPV) is calculated as the dif-
ference between the highest and lowest systolic pressure va-
lue during the last respiratory cycle of first respiratory cycle
after a phase of apnea (plateau). SPV is divided in two seg-
ments: delta up (dup) and delta down (ddown): dup is the diffe-
rence between the highest systolic pressure and the plateau
phase systolic pressure (apnea) and ddown is the difference
between plateau phase systolic pressure and the lowest systo-
lic pressure value
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In men, SPV and ddown are good indicators for preload esti-
mates *®. The study of SPV and its components ddown and
dup has shown that those attributes may help in volume re-
placementevaluation, accordingtoleftventricle response >*°.
Duringthe 1980s, the conceptofresuscitationusing low 7.5%
sodium chloride hypertonic solution volumes was introduced
in the clinical practice. Whereas this clinical application was
already known several decades ago, its clinical use only be-
came popular as from 1980, when Velasco et al. ° have re-
ported major survival of dogs submitted to hemorrhagic
shockafterreceiving 7.5% sodium chloride inavolume corre-
sponding to 10% of total removed blood.

The infusion of low hypertonic saline volumes (3 to 6 ml.kg™)
promptly increases cardiovascular and metabolic functions
by combining plasma volume expansion with fast movement
of interstitial and intracellular fluid to the vascular compart-
ment, systemic vasodilatation and myocardial performance
increase "%

In addition to the benefitsin treating shock, hypertonic saline
is effective to treat hypovolemia associated to major surgical
procedures, such as aortic aneurysm correction ** and myo-
cardial revascularization **"**,

The addition of dextran 70 to the hypertonic solution, de-
scribed for the first time by Smith et al. (1985) *°, increases
volume expansion duration and intensity without losing the
hemodynamic effect °. While the hypertonic solution ex-
pands the vascular space by mobilizing water from the cells,
including red cells, the addition of a hyperoncotic colloid may
selectively retain more water within the vessel. As a conse-
quence, the association of both solutions increases cardiac
output and survival rate after hemorrhagic shock, as com-
pared to hypertonic solution alone *’. Similar results were ob-
tained with the addition of amide solutions to 7.5% sodium
chloride *2.

Christ et al (1997) *° have suggested that hypertonic saline
associated to 6% dextran 70, which is hyperoncotic, opens
new perspectives to handle perioperative fluids in elective
and emergency abdominal aorta aneurysm surgeries. So, to-
gether with good hemodynamic stability, fluid balance is
maintained less positive than during volume expansion with
lactated Ringer’s or amide solutions, thus decreasing the
chances for edema. In addition, there seems to be positive
microcirculatory effects of the associated solution, which
may be highly beneficial in very high risk patients, such as de-
creased post-ischemia endothelial edema and post-capillary
leucocyte adhesiveness, and increased tissue perfusion
20,21

In reviewing the literature, we have found no domestic or in-
ternational research correlating SPV to the use of hypertonic
saline associated or notto dextran in hypovolemic shock dur-
ing anesthesia.

Our experimental research aimed at evaluating the impor-
tance of SPV, its derived ddown and dup, and of cardiovascu-
lar hemodynamic indices as early hypovolemia indicators
and guides for volume replacement in dogs submitted to
hypovolemia and volume replacement with 7.5% sodium
chloride associated to 3.75% dextran 70.
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METHODS

After local Animal Research Ethics Committee approval, 12
adultmongreldogs, weighing 19to 29 kg were used. After an-
esthetic induction with intravenous propofol (6 mg.kg™) and
fentanyl (5 pg.kg™), the animals were positioned on Claude
Bernard trough and submitted to tracheal intubation and me-
chanical ventilation with tidal volume of 20 ml.kg™* and respi-
ratory rate of 12 to 15 mov.min'l,using a circuit with CO, ab-
sorberand an OhmedaAnesthesiamachine model Excel 210
SE (USA)andbiomonitor AS3from Datex Ohmeda (Finland).
Initially, anesthesia was maintained with 2.7% isoflurane (2
Minimum Alveolar Concentrations - MAC for the dog) using
and Ohmeda (USA) gagged vaporizer and control of inspired
and expired fractions with the gas, halogenate and ventila-
tion analysis module. The following monitoring were in-
stalled: 3-channel ECG (D, lead), thermometer sensor in
lower esophagus, inspired and expired gases analyzer sen-
sor and capnography close to the respiratory circuit Y valve,
and pulse oximetry with forceps-like sensor placed on ani-
mal’s tongue.

Animals body surface was warmed with heated air between
42 - 46 °C inflated through a specific blanket using
Mallinckrodt ‘s WarmTouch device (USA). Rightfemoral vein
(RFV)wasdissectedand apolyethylene PE 240 catheterwas
inserted for the administration of initial (0.6 mg.kg™) and
maintenance (10 pug.kg.min™*) rocuronium doses and volume
replacementattherighttime. Leftfemoral veinwas dissected
and a catheter was inserted for lactated Ringer’s solution in-
fusion (5 ml.kg™t.min™) through Abbott's Anne 2-channel
continuous infusion pump (USA).

Right femoral artery was dissected and catheterized with PE
240 polyethylene catheter for hemorrhage and left femoral
artery was dissected and catheterized to determine mean
blood pressure and for blood collection for pH and blood
gases analysis in the Chiron Diagnostics’ device Rapidlab
865 (UK). Right external jugular vein was dissected and
catheterized with an 8.5 F introducer and insertion of 7F
Swan-Ganz catheter in the pulmonary vein to measure car-
diac output by thermodilution and pressures, in addition to
blood collection for plasma osmolality, hemoglobin, sodium
and chlorine analysis in the Chiron Diagnostics’ device
Rapidlab 865 (UK). Then, animals were submitted to
splenectomy via median laparotomy.

After preparation, isoflurane expired MAC was decreased to
1.4% (1 MAC for the dog), for al0-minute period of
hemodynamic stabilization. Then, mean blood pressure
(MBP), pulmonary pressure (PP), right atrium pressure
(RAP), pulmonary capillary wedge pressure (PCWP) and
SPV values were recorded during ventilation and respiratory
pause (10 seconds). Mixed arterial and venous blood were
also collected and hemodynamic ventilation, oxygenation
and temperature parameters were recorded (control mo-
ment). Next, four successive withdrawals of 5% (3.5 ml.kg™)
of total blood volume were performed (7% of body weight), in
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atotal of 5% (moment Ss), 10% (moment S;p), 15% (Moment
Si15) and 20% (moment Syo) of animal’s blood volume, and
hemodynamic, ventilation, oxygenation and temperature pa-
rameters were recorded in addition to mixed arterial and ve-
nous blood collection for the analysis of the attributes imme-
diately aftereachhemorrhage. Then, volumewasreplacedin
the RFV with 7.5% sodium chloride associated to 3.75% dex-
tran 70 (SHD) (4 ml.kg™) in a total time of 10 minutes using
Arcomed’s peristaltic infusion pump (Switzerland). Five (mo-
ment RVs) and 30 (moment RV3o) minutes after volume re-
placementcompletion attributes were recorded and samples
of mixed arterial and venous blood collected, followed by ani-
mals’ euthanasia with excessive anesthesia (sodium
pentobarbital).

Attributes studied were: Respiratory - tidal volume (TV -
ml.kg™), respiratory rate (RR - mov.min™), inspiratory pres-
sure (IP - cmH.0), chest compliance (CC - ml.cm™H,0), end
tidal CO; (PetCO, - mmHg) and hemoglobin peripheral satu-
ration (SpO;, - %); Hemodynamic - heart rate (HR -
beat.min!), mean blood pressure (MBP - mmHg), mean pul-
monary artery pressure (MPAP - mmHg), mean right atrium
pressure (MRAP - mmHg), pulmonary capillary wedge pres-
sure (PCWP-mmHg) cardiacindex (Cl-L.min"*.m?), systolic
index (SI-ml.beat™.m?), systemic vascular resistance index
(SVRI - dyne.s.cm™.m®), pulmonary vascular resistance in-
dex (PVRI - dyne.s.cm®.m?), left ventricle stroke work
(LVSW - g.min.m™), right ventricle stroke work (RVSW -
g.min.m?), systolic pressure variation (SPV - mmHg), delta
up (dup-mmHg), deltadown (ddown - mmHg); Blood - hemo-
globin (Hb - mg.dL®), plasma sodium (Na* - mMol.L®),
plasmachlorine (CI"-mMol.L™), plasmaosmolality (Oplasm -
mOsm.kg™ H,0), arterial pH (pHa) and arterial partial carbon
dioxide pressure (PaCO, - mmHg); Temperature - esopha-
geal (Tesoph - °C). SHD was prepared with the association of
20% sodium chloride (37.5 ml) and 6% dextran 70 in 5% glu-
cose (62.5 ml). This way, final solution (100 ml) contained
7.5% NacCl in 3.75% dextran 70.

Thereisnomonitoring system able to automatically calculate
SPV. It is necessary to record blood pressure curve during
some respiratory cycles and during an episode of apnea, us-
ing slowvelocityinthe printing paper (Figure 1). Todetermine
indirectly obtained hemodynamic attributes a biomonitor
AS3 software was used, with the entry of necessary attribute
values.

Statistical Analysis

Sinceattributes distribution was non-parametric, Friedman’s
test was initially applied. Contrasts among group medians
were evaluated by Student-Newman-Keuls testand data are
presented as tables or figures with indications of attributes
median, first (25%) and third (75%) quartiles. Pearson linear
regression was used to determine the correlation of SPV,
ddown and dup with other hemodynamic parameters. Signifi-
cance level was considered p < 0.05.

Revista Brasileira de Anestesiologia
Vol. 53, N° 3, Maio - Junho, 2003



RESULTS
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Demographics data are shown in table 1.

Table | - Demographics Data

Ventilatory attributes are shown in table Il. There have been
no significant differences in respiratory parameters, with the
exception of PerCO,, which was significantly increased at fi-
nalhemorrhage and even more aftervolume replacement, as
compared to control.

Weight (kg) *

Length (cm) *

Body surface *

Gender (M/F) Hemodynamic cardiovascular results are shown in tables IlI

23.7+3,0

107.4 + 6.6

0.81 £0.07

11 and IV and figures 2 and 3. HR values, although high, were not

* Values expressed in Mean + SD

significantly changed during hemorrhage and after volume re-
placement. Mean blood pressure has significantly de-

Table Il - Values of Median, 1% and 3™ Quartiles of Tidal Volume (TV), Respiratory Rate (RR), Inspiratory Pressure (IP),
Chest Compliance (CC), Carbon Dioxide End Expiratory Pressure (PerCO;) and Peripheral Oxygen Hemoglobin Sa-
turation ( SpO5,)

Moments Attributes
TV mlkg?) HR (mov.min™) Pl (cmH0) CC (ml.cm™ H,0) PerCO, (mmHg) SpO, (%)

Control 19.5[18.8;20.4]a® 15.5[10.5;18.0]a 15.0[14.0;17.0]a 34.0[32.0;41.5]a 34.0[33.5;35.5]a 99.0[97.0;100.0]a
Ss 19.5[18.6;20.2]a 15.5[11.5;18.0]a 15.0[14.5;17.0]a 34.0[31.5;42.0]a 35.0[33.5;36.0]a 99.0[98.0;100.0]a
Sio 19.5[18.6;20.2]a 15.5[11.5;18.0]a 15.0[14.5;16.0]a 33.5[31.0;40.5]a 36.0[34.0;36.0]a 99.0[98.5;100.0]a
Sis 19.5[18.6;20.2]a 15.5[11.5;18.0]a 15.0[14.5;17.0]a 34.0[30.5;41.5]a 36.0[33.5;38.0]b 99.0[98.5;100.0]a
S 19.1[18.4;20.0]a 15.5[11.5;18.0]a 15.5[14.5;17.5]a 35.0[30.5;42.0]a 38.0[35.5;38.0]c 99.0[98.0;100.0]a
RVs 19.2[18.4;19.6]a 15.5[11.5;18.0]a 15.5[14.0;17.0]a 37.0[31.0;41.5]a 42.0[38.5;44.5]d 99.0[97.5;99.0]a
RV3o 19.1[18.6;20.7]a 15.5[11.5;18.0]a 16.0[14.0;16.5]a 36.5[30.5;42.0]a 40.0[38.0;43.5]d 99.0[98.0;99.0]a

™ Moments represented by medians followed by different small letters within the group are significantly different (p < 0.05)

Table 11l - Values of Median, 1% and 3™ Quartiles of Heart Rate (HR), Mean Blood Pressure (MBP) Right Atrium Pressure
(RAP), Pulmonary Artery Pressure (PAP), Pulmonary Capillary Wedge Pressure (PCWP) and Cardiac Index (Cl)

Moments Attributes

HR (beat.min™) MBP (mmHg) RAP (mmHg) PAP (mmHg) PCWP (mmHg) Cl (L.mint.m?)
Control 128.0[113;145]a® 90.5[85.5;99.0]c 3.0[3.0;3.5]c 12.0[11.5;15.0]d 5.0[4.0;7.0]b 3.50[2.75;4.30]a
Ss 134.0[111;147]a 80.5[77.0;96.0]b 2.0[2.0;3.0]b 12.0[10.5;14.0]d 3.5[2.5;6.0]a 3.70[2.75;3.80]a
Sio 135.0[119;156]a 79.0[72.0;84.0]b 2.0[1.5;3.0]a 11.5[10.0;14.0]c 3.5[2.5;4.5]a 3.35[2.85;3.80]a
Sis 141.0[123;159]a 73.0[71.0;79.0]b 2.0[1.0;2.5]a 10.0[9.0;12.5]b 2.0[2.0;3.0]a 3.20[2.75;3.65]a
Sz 146.0[121;166]a 74.0[67.0;80.5]a 2.0[1.0;2.5]a 9.5[9.0;11.5]a 2.0[1.5;3.0]a 3.45[2.90;3.80]a
RVs 143.0[128;162]a 79.0[75.5;84.5]b 3.0[2.0;3.0]d 13.011.5;14.0]d 3.0[2.0;4.0]a 5.05[4.40;5.75]c
RV3o 142.0[132;163]a 83.5[71.5;93.0]b 2.0[1.5;2.0]c 12.5[11.5;14.5]d 3.0[2.0;4.5]a 4.70[4.20;5.30]b

@ Moments represented by medians followed by different small letters within the group are significantly different (p < 0.05)

Table IV - Values of Median, 15" and 3" Quartiles of Systolic Index (Sl), Systemic Vascular Resistance Index (SVRI), Pulmo-
nary Vascular Resistance Index (PVRI), Left Ventricle Stroke Work Index (LVSWI), Right Ventricle Stroke Work Index
(RVSWI) and Delta up (dup)

Moments Attributes

SI (ml.beat™.m?) SVRI (dyne.s.cm®.m? PVRI (dyne.s.cm®>m?  LVSWI (g.min.m?) RVSWI (g.min.m) Dup (mmHg)
Control 28.0[24.5;32.0]d” 2133[1658;2679]b 156[112;244]b 35.3[20.1;39.8]d 3.20[2.40:4.70]c 2.0[0.0;2.5]a
Ss 27.0[22.5:29.5]c 1944{1656;2489]b 147[131;271]b 29.0[26.2;35.6]c 3.20[2.60;3.95]c 0.6[0.0:1.5]a
St 25.0[22.0:28.0]b 1769[1675;2184]b 169[137;207]b 26.0[22.9;29.8]b 3.05[2.05:3.80]b 0.0[0.0:L.4]a
Sis 24.5[19.5:29.5]a 1776[1552:2057]b 190[144:263]b 27.1[19.6;30.8]b 3.10[1.95;3.60]b 0.0[0.0;1.9]a
S 23.0[20.5;27.0]a 1633[1505;2360]b 188[124:273]b 23.5[18.2:26.9]a 2.70[2.00:3.15]a 0.0[0.0;0.6]a
RVs 37.0[28.0;40.5]f 1259[1179:1633]a 140[119;195]a 35.0[30.5;44.5]e 4.80[3.80:5.70]d 0.0[0.0:0.1]a
RVao 31.5[26.5:38.0]e 1369[1240;1783]a 149[132;223]b 32.7[29.6:42.4]d 4.40[3.55;5.65]d 0.6[0.0:1.9]a

® Moments represented by medians followed by different small letters within the group are significant different (p < 0.05)
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Figure 2 - Box Plot Presenting Minimum Values of 1% Quartile, Me-
dian, 3" Quartile and Maximum Systolic Pressure Variation in
Studied Moments
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Figure 3 - Box Plot Presenting Minimum Values of 1% Quartile, Me-
dlan 3" Quartile and Maximum ddown in Studied Moments
*p <0.05: C < (S5=RVs5=RV3) < S1p< S15< Sz

creasedduring hemorrhage and have significantlyincreased
after volume replacement, however without reaching base-
line values. Mean pulmonary artery pressure has signifi-
cantly and progressively decreased during hemorrhage and
have significantly increased after volume replacement, to
values similar to baseline. Mean right atrium pressure has
significantly decreased during hemorrhage and has signifi-
cantlyincreased after volume replacement, to values initially
higher than baseline and, after 30 minutes, to values similar
to baseline. Pulmonary capillary wedge pressure has signifi-
cantly decreased after the first hemorrhage and remained
lower than baseline during remaining hemorrhage periods
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and volume replacement. Cardiac index has not significantly
changed during hemorrhage, bur significantly increased af-
ter volume replacement to values above baseline.
Slhassignificantlyand progressively decreased duringhem-
orrhage and has significantly increased after volume re-
placement,tolevelsabovebaseline.IRVS and IRVP have not
significantly changed during hemorrhage, but have signifi-
cantly decreased after volume replacement and, in the final
moment of the study (RV3p), IRVS was maintained in levels
below baseline and IRVP was maintained in similar levels to
baseline. ITSVE and ITSVD have significantly decreased
during hemorrhage, but have significantly increased after
volume replacement. In R3p, ITSVD was maintained above
baseline and ITSVE was maintained in levels similar to base-
line.

SPV and ddown have significantly and progressively in-
creased during hemorrhage and have significantly de-
creased after volume replacement however maintaining lev-
els above baseline (Figures 2 and 3). Dup has not signifi-
cantly changed.

Plasma sodium and chloride levels have significantly in-
creased after volume replacement (Figure 4 and Table V)
causing a significant increase in plasma osmolality (Figure
5). Hb levels, which had progressively decreased after each
hemorrhage, decreased even more after volume replace-
ment (Table V). pHa has significantly decreased with hemor-
rhage and after volume replacement, while PaCO; has signif-
icantly increased after volume replacement (Table V). Tesopn
has not significantly changed (Table V).

Pearson’s correlation of systolic pressure variation (SPV)
and ddown with remaining hemodynamic attributes studied
along the experiment, with indication of values r and p, are
shown in table VI.

165 A

160 A

*
*
155 A *
*
*
145 A

140 A

Plasma Sodium (mMol*)
=
(42
o

Control S, Sy S, S, RV, RV,,

Hemorrhage Volume Replacement

Moments

Figure 4 - Box Plot Showing Minimum, 1% Quartile, Median, 3"
Quartile and Maximum Plasma Sodium Volumes in Studied
Moments
*P <0.05: (S10=S15=S30) <(C=S5) <RV 3<RV5
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Table V - Values of Median, 1% and 3" Quartiles of Hemoglobin (Hb), Plasma Chlorine (CI), arterial pH (pHa), Carbon dioxide
End Expiratory Pressure (PaCO,) and Esophageal Temperature (Tesoph)

Moments Attributes
Hb (mg.dI™) Cl- (mOsm.L™) pHa PaCO, (mmHg) Tesoph (°C)

Control 13.0[12.3;14.2]g" 110.5[109.0;112.0]a 7.38[7.33;7.45]d 36.2[34.8;38.6]a 38.3[37.7;39.3]a
Ss 13.3[12.5;13.9]f 110.0[108.5;112.0]a 7.38[7.31;7.44]c 38.6[35.7;39.9]a 38.3[37.7;39.1]a
Sio 12.3[11.9;13.6]e 110.0[107.5;112.0]a 7.38[7.32;7.41]c 37.5[36.5;42.5]a 38.2[37.7;39.1]a
Sis 12.5[11.9;13.5]d 110.5[108.0;112.0]a 7.36[7.30;7.42]c 40.1[36.5;43.5]a 38.2[37.7;39.0]a
S2 11.9[11.1;13.2]c 110.0[109.0;112.5]a 7.34[7.29;7.40]b 37.8[35.4;42.3]a 38.3[37.8;39.0]a
RVs 10.9[10.1;11.1]a 122.5[121.0;125.5]c 7.30[7.23;7.34]a 46.0[41.1;49.6]b 38.2[37.8;38.8]a
RV3o 11.1[10.6;11.3]a 119.5[117.0;122.5]b 7.30[7.25;7.38]a 44.,5[39.8;48.1]b 38.3[37.8;38.7]a

@ Moments represented by medians followed by different small letters within the group are significantly different (p < 0.05)

340 A

330 1

320 1

310 1

Plasma Osmolality (mOsm.Kg™* H,0)
*

300 1

290

Control S S, S, S, RV, RV,,

Hemorrhage Volume Replacement

Moments

Figure 5 - Box Plot showing Minimum, 1% quartile, Median, 3" Quar-
tile and Plasma Osmolality in Studied Moments
*p< 0,05: Sy < (55 = 515) < (C = SlO) < (RV5 = RV30)

Correlation between SPV and ddown was high. The correla-
tion of those attributes with remaining hemodynamic attrib-
utes was mostly significant. Higher SPV correlations were, in
decreasing order, with: ddown, SI, ITSVE, PCWP, PAP, CI
and ITSVD, while higher ddown correlations were, in de-
creasing order, with SPV, PCWP, SI, DBP and ITSVE. Dup
had its higher correlations with PCWP and DBP.

Analyzing Pearson’s correlation in each moment, it was ob-
served a significant and high correlation in all moments (r al-
ways above 0.90) between SPV and ddown. The only signifi-
cantcorrelationin the control group was between ddown and
PCWP. During hemorrhages, SPV and ddown had significant
correlations with SI, ITSVE and PCWP, in addition to Cl in
RV30. After volume replacement, there has been a significant
correlation of SPV and ddown with SI and PCWP, while
ddown alone had a significant interaction also with DBP and
ITSVE.
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Table VI - Pearson’s Correlation Coefficient of Systolic Pres-
sure Variation (SPV), ddown and dup with Remaining
Hemodynamic Attributes throughout the Experiment
(n = 84), with Indication of r and p values

Attributes SPV ddown dup
r=-023751  r=-0.20551  r=-0.07062

Mean blood pressure  ,_ 9596 p=0.0613 p=0.5233
o r=-043758  r=-0.36921  r=-0.21172

Cardiac index p =0.0001 p = 0.0005 p = 0.0532
Pulmonary artery r=-022916  r=-0.25773  r=0.15129

presssure p =0.0360 p=0.0179 p =0.1695
. ) r=-044495  r=-0.53651  r=0.41326

Right atrium pressure  ,'_ 5991 p = 0.0001 p = 0.0001
Pulmonary capillary r=-0.47252 r=-0.57140 r=0.43389

wedge pressure p =0.0001 p =0.0001 p =0.0001
L r=-059646  r=-0.56753  r=-0.03708

Systolic index p =0.0001 p = 0.0001 p =0.7377
. r=-040938  r=-0.36932  r=-0.09989

RV stroke work index p = 0.0001 p = 0.0001 p = 0.3660
. r=-054229  r=-0.49679  r=-0.09982

Lvstoke workindex ,_ 0001 p=00001  p=0.3663
Systemic vascular r=0.33201 r=0.27765 r=0.18839

resistance index p =0.0020 p = 0.0001 p =0.0861
r=0.96708 r =-0.00327

SPv - p = 0.0001 p=0.9765
r=0.96708 r =-0.24955

Ddown p = 0.0001 p=0.0221

DISCUSSION

Medium to large size dogs were used for having
hemodynamic parameters compatible to humans and an ad-
equate size to stand surgical preparation used in the re-
search to help hemodynamic monitoring through a catheter
inserted in the pulmonary artery.

Tidal volume, inspiratory pressure and compliance main-
tained in uniform levels along the experiment was important,
because SPV, ddown and dup are influenced by such attrib-
utes. Tidal volume used was similar to that of the awaken dog
(20ml.kg™")?2. Pereletal. (1987) * have used atidal volume of
12 ml.kg™ and inflatable vest around dogs chest to maintain
chest compliance similar to that of humans. In this and in our
study, where no inflatable vest was used in the dog, chest
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compliance was similar to humans. Different tidal volumes
used in the two studies may explain results obtained.
Circulating blood flow in the adult and healthy dog is 7% of its
body weight * and blood volume removed from each animal
was 14 ml.kg™* determining hypovolemiadegreesIto Il (Com-
mittee on Trauma) . Blood removalin four periods at 15-min-
ute intervals has surely prevented major cardiocirculatory
changes because it allowed the animal to compensate, at
least partially, volume loss.

Both plasma and red cells volume are partially restored dur-
ing early hemorrhagic shock (degree 1), but the intensity of
such adjustment varies among individuals and species.
The activation of the sympathetic system leads to capaci-
tance vessels constriction, causing major central mobiliza-
tion of the blood located in large and small veins, thus in-
creasing preload. In this stage, there is also arterial
vasoconstriction with restricted flowto skin, muscle-skeletal,
renal and splancnic territories, while there is a locally-medi-
ated vasodilatation in brain and myocardium.

Plasma volume recovery is a result of pre-capillary selective
vasoconstrictionthatdecreases microcirculation hydrostatic
pressure. Asaresult, oncotic pressure predominates with in-
terstitial fluid absorption. This phenomenon is known as in-
ternal self-transfusion or transcapillary shift, which compen-
sates plasma losses and tends to cause hemodilution .
Circulating red cells volume replacement is also dependent
on sympathetic activation with splenoconstriction, which is
very efficient in dogs due to their large spleen, and is able to
transfer to circulation blood reserves, with high hematocryt
accumulated in the splancninc parenchyma.

Splenectomy, to better control volume during hemorrhage,
has causedrelative hypovolemiain the animals, considering
that volume replacement with lactated Ringer’s in this period
was low (5 ml.kg™.h™). The fact that SPV in many dogs con-
sisted only of ddown at control moment, reinforces this idea.
Other hemodynamic attributes studied were within normal
ranges for anesthetized dogs 2, thus further reinforcing the
importance of SPV and ddown as early indicators of
hypovolemia. During hemorrhage and hypovolemia, as ob-
served inour research, ddown may significantly increase be-
coming responsible for almost all SPV *®. Normal ddown val-
uesare5to 6 mmHg, normal dup values are 2to 4 mmHg and
normal SPV values are 8 to 10 mmHg 56,

Insidious perioperative hypovolemia is difficult to detect and
some clinically used attributes, such as HR and MBP, are not
always good indicators of volume changes, as it was ob-
served in this research. Even PCWP, considered significant
12 has limitations as indicator of left ventricle end diastolic
volume %226,

Inourresearch, during hemorrhage, ddown was the attribute
with the best correlation with each hemorrhage level, to-
gether with hemoglobin. Other attributes with good correla-
tion in each hemorrhage stage were: SPV, PAP, Sl and
ITSVD. Some attributes had no correlation with hemorrhage
levels, such as HR, CI, IRVS, IRVP and dup.
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So, both SPV and ddown are sensitive hypovolemia indica-
tors in dogs and humans *>7%’.

During ventilation inspiratory phase, the increase in right
atrium intrathoracic and intraluminal pressure increases ve-
nous return resistance decreasing right atrium preload and
right ventricle ejection volume. In hypovolemic patients, this
decreaseisevenmoreimportant. After some heartbeats, the
decrease in right ventricle ejection volume will affect the left
ventricle. The decrease in left ventricle ejection volume is
proportionally identical to right ventricle ejection volume de-
crease and causes systolic blood pressure decrease. The
decrease in systolic blood pressure, observed during the ex-
piratory phase, may be interrupted by nextrespiratory cycle if
respiratory rate is above 20 cycles.min™ 2. The influence of
mechanical ventilation on venous return is restricted when
there is pulmonary compliance decrease or chest compli-
ance increase *. SPV cannot be used as a left ventricular fill-
ing index in patients with pulmonary edema or under sponta-
neous ventilation, due to different tidal volumes observed
with this type of ventilation ®.

During hypovolemic shock, there is cardiac output increase
and systemic vascular resistance increase. In this situation,
changesinvenous return determined by mechanical ventila-
tionwill be more intense. It has been shown that in sepsis pa-
tientsbeingtreated with catecholamines, SPVddownisama-
jorindicator of cardiac output response to volume infusion %°.
SPV and ddown show more important changes during abso-
lute hypovolemiathan during sodium nitroprossiate-induced
arterial hypotension ?. Also, SPV cannot be interpreted in the
presence of arrhythmias, and nodal rhythm may increase
SPV by decreasing effective preload.

Some hemodynamic parametersreturnedto baseline values
after volume replacement, such as DPB, PAP, IRVP and
ITSVE. However, some attributes remained below baseline
values, suchas MBP, PCWP and IRVS. Other hemodynamic
parameters remained above baseline values, such as ClI, Si
and ITSVD. Ithasto be stressed thatimportant Clincrease is
a characteristic of the hypertonic solution *°.

SPV and ddown remained above baseline values, indicating
that volume replacement with hypertonic and hyperoncontic
solutions in the volume used in this study (4 ml.kg™), has im-
proved but not normalized volume. The fact that dogs have
presented SPV consisting only of ddown after volume re-
placement reinforces the idea that animals where still
hypovolemic.

Plasma expansion with SHD determines fast hemoglobin
and blood plasma protein dilution *°, as it has been observed
with hemoglobin. While 7.5% sodium chloride hypertonic so-
lution expands plasma volume by mobilizing cellular water,
the association of dextran 70, a hyperoncotic colloid, in-
creases water retention in the vessel with major plasma vol-
ume expansion 3. Although the fast increase in plasma vol-
ume after SHD infusion in animals submitted to hemorrhage,
blood volume remains belownormalvalues’3*. Thismay ex-
plain in our study the maintenance of SPV and ddown below
baseline values after SHD infusion. It has to be stressed that
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dextran 70 used in this study had a lower concentration
(3.75%) than that normally used (6%), which may have also
influenced our results.

A study on ventricular preload through SPV and
transesophageal echocardiography, in 21 patients submit-
tedtoaortic surgeriesand admitted tothe ICU under sedation
and ventilation, has shown thatleft ventricle size at the end of
diastole was well correlated to SPV (r = 0.80) and ddown (r =
0.83) range. After volume expansion, obtained in two steps
with 5% humanalbumin (250 ml), there has beenasignificant
ddown linear correlation with left ventricle end diastolic area
(EDa)(r=0.63)and cardiacindex (Cl)r=0.55). So, the higher
theinitialddownvalue, the greater the EDa and Cl change af-
ter volume replacement. According to the authors, these re-
sults have shown that SPV analysis supplies valuable infor-
mation about preload and left ventricle response to volume
expansion °.

In our study, hypertonic solution associated to hyperoncotic
solution has determined, by the effect of the first solution, a
significantincrease in plasma osmolality due to the increase
inplasmachlorine and sodium. Ingeneral, plasma osmolality
and sodiumand chlorine concentrationreturnto baseline lev-
els 24 hours after hypertonic solution administration. Al-
thoughthere are noreports ofadverse events, patients under
hypertonic solutions need sodium levels monitoring.
Inanesthetized patients submitted to hypovolemia by remov-
ing 1000 ml of blood, it was observed that replacement with
the same volume of amide has decreased SPV and ddown to
values below baseline®. Several authors have observed that
the association of hypertonic and hyperoncotic solutions (60
mmHg) results in higher plasma volume, blood pressure and
cardiac outputincrease, all of them dose-dependent on dex-
tran 17193234 or amide solution ®. Recently it has been shown
that part of the hypertonic and hyperoncotic solution efficacy
for volume expansion is due to the mobilization of intestinal
proteinstothe circulationin a higher proportion as compared
to saline solution .

Ddown, which during hypovolemiais virtually responsible for
all SPV ', decreases after fluid administration (crystalloids
or colloids) **72° while it virtually disappears during
hypervolemia and/or congestive heart failure ®. So, in the
presence of circulatory failure, ddown may also differentiate
myocardial dysfunction from inadequate preload. A high left
ventricle function curve (good responsiveness to volume) is
associatedtoanincreaseinddown, while the flattening of this
curve (poor responsiveness) is associated to decreased
ddown *°.

Similar results were obtained in sepsis and myocardial dis-
ease patients who, in response to fast volume expansion,
showed a relative dup increase ?°. This reinforces the impor-
tance of isolated ddown and dup measurements, in addition
to SPV measurements. Theinterpretation of SPVincrease as
a sign of hypovolemia when it is characterized by dup domi-
natingddown, mayleadto unjustifiable fluid administration.
SHD infusion had side-effects, such as hyperchloremic aci-
dosis as a consequence of hypernatremia and
hyperchloremia, in addition to a pH of approximately 5.0.The
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increase in PaCO; and PgrCO,, as a consequence of major
Cl increase following solution infusion, has certainly also
contributed to acidosis.

In conclusion, in dogs and in our experimental conditions,
SPV, and especiallyddown, are early hypovolemiaindicators
and sensitive guides for volume replacement, being better
than some hemodynamic parameters, such as pulmonary
capillary wedge pressure and cardiac index.
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RESUMEN

Paiva Filho O, Braz JRC, Silva FP, Pedro TO, Nascimento Jr P -
Variacion de la Presion Sistolica como Indicadora Precoz de Hi-
povolemia y Guia de Reposicion Volemica con Solucion Hipe-
rosmoética e Hiperoncética en el Perro

JUSTIFICATIVA Y OBJETIVOS: Estudios introdujeron un
nuevo método para evaluacion de la pré-carga, baseados en la
analisis de la variacion de la presion sistélica (VPS) durante
ventilacién artificial. El objetivo de esta investigaciéon es
evaluar se la VPS y la derivada delta down (ddown) son
indicadoras precoces de hipovolemia y guias de reposicion
volémica con solucién hiperosmdtica e hiperoncotica.

METODO: Doce perros fueron sometidos a sangramientos
parciales de 5% de la volemia hasta llegar a 20% de la volemia
(14 ml.kg'"). Antes (control) y después de cada sangramiento
fueron realizadas analisis hemodinamicas, respiratorias y
sanguineas. Después, los perros fueron sometidos a la
reposicién con solucion de NaCl a 7,5% en dextran 70 a 3,75%
(SHD) (4 ml.kg™") y nuevas andlisis de los atributos estudiados
fueron realizadas a los 5 y 30 min después de la reposicion.

RESULTADOS: La presion arterial media diminuyé durante el
sangramiento y aumento6 después de la reposicion, sin retornar
alos valores del control. Las presiones de la arteria pulmonar y
del atrio derecho (PAD) diminuyeron antes y aumentaron
después de la reposicion para valores semejantes a los del
control. La presiéon de la arteria pulmonar ocluida (PAPO)
diminuyé después del primero sangramiento y se mantuvo en
los valores abajo a los del control mismo después de la
reposicioén. El indice cardiaco no se alter6, mas, aumento
después de lareposicion, para valores superiores alos del con-
trol. El indice sistdlico (1S) diminuyé antes y aumenté después
de la reposicion, en niveles superiores a los del control. Los
indices de resistencia vascular sistemica (IRVS) y pulmonar
(IRVP) no se alteraran antes, mas diminuyeron después de la
reposicion, con el IRVS en niveles inferiores a los del control y
el IRVP en niveles semejantes a los do control. Los indices de
trabajo sistoélico de los ventriculos derecho (ITSVD) e izquierdo
(ITSVE) diminuian durante el sangramiento, mas aumentaron
después de lareposicion, con el ITSVD en niveles superiores a
los del control y el ITSVE en niveles semejantes a los del con-
trol. La VPS y ddown aumentaron progresivamente durante el
sangramiento y diminuyeron después de la reposicion, mas
manteniendo en valores superiores a los del control. Las
mayores correlaciones de VPS y ddown fueron con IS, PAPO,
PAD y ITSVE.

CONCLUSIONES: En el perro, en las condiciones utilizadas, la
VPS y su derivada ddown son indicadoras precoces de
hipovolemia y guias sensibles de reposiciéon volémica con
SHD.
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