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Abstract

This prospective study was carried out to estimate the effects of acute hypervolemic hemodilution (HHD) and
hypotensive anesthesia with isoflurane or sevoflurane on gastrc intramucosal perfusion in patients undergoing hip
surgery. Forty patients were allocated randomly to control groups (isoflurane [Group A; n=10] or sevoflurane
[Group B; n=10] anesthesia without hypotension) and hypotension groups (isoflurane-[{Group C; n=10] or sevoflu-
rane-[Group D; n=10] induced hypotension). After induction of anesthesia, HHD was produced by preoperative in-
fusion of 1,000 mL of 6% hydroxyethylstarch without removal of blood in all groups. Final hematocrit value was 24
to 25% in any group. Controlled hypotension was induced by increasing the inspired concentration of isoflurane or
sevoflurane, and mean arterial blood pressure was maintained at approximately 556 mmHg for 80 minutes in hy-
potension groups. Gastric intramucosal pH (pHi) were measured using tonometry for estimating gastric intramu-
cosal perfusion. The mean pHi values showed no change after hemodilution in any group. In control groups, the pHi
values showed no change throughout the time course. In hypotension groups, the pHi value decreased significant-
Iy at 80 minutes after starting hypotension and 60 minutes after recovery from hypotension, while they recovered
on the first post-operative day.

We conclude that the combination of HHD and hypotensive anesthesia with isoflurane or sevoflurane caus-
es gastric intramucosal hypoperfusion.
(JJOMT, 52 : 10—16, 2004)
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Introduction

Preoperative acute hemodilution can achieved in two ways. First, by withdrawal of blood and simultaneous in-
fusion of crystalloid or colloid solutions (acute normovolemic hemodilution, ANH"). Second, by rapid infusion of
the solutions without blood withdrawal (acute hypervolemic hemodilution, HHD*). HHD has shown to be a simple
and safe procedure for saving autologous blood in the patients undergoing hip surgery with a predicted blood loss
of about 1000 mL”. HHD with colloid substitutes can cause and keep hyperdynamic change because of a large in-
travascular volume for approximately 3 to 4 hours””. Controlled hypotension with HHD may be more effective for
avoiding allogenic transfusion, however, it may impair regional perfusion because of the reduction in the blood
oxygen carrying-capacity and in the perfusion pressure”.

Major reduction of splanchnic blood volume and flow can be vital in defending the perfusion of the important
organs, i.e., the brain and the heart, in acute hypovolemia”. The gastrointestinal mucosa may be particularly vul-
nerable to even mild degrees of hemorrahgic shock”. Gastric intramucosal carbon dioxide partial pressure (Pico.)
and calculated pH (pHi) using gastric tonometry have provided the indicators of systemic hypovolemia” and/or

gastrointestinal perfusion under clinical conditions'”"".
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Sevoflurane is similar to isoflurane in its effect on systemic and regional hemodynamics™, and a higher con-
centration of their anesthetics may suppress those hemodynamics™. So hypotensive anesthesia with inhaled anes-
thetics during HHD may cause the change of systemic and regional hemodynamics resulting in gastrointestinal hy-
poperfusion. However, no previous studies have evaluated gastrointestinal perfusion during isoflurane or sevoflu-
rane-induced hypotension with HHD in humans.

This study was carried out to evaluate the effects of hypotensive anesthesia with isoflurane or sevoflurane
combined with HHD on gastric intramucosal perfusion by measuring gastric pHi using tonometry.

Methods

The subjects of this investigation were 40 ASA physical status I or II total hip arthroplasty patients, aged 48 to
71 years, weighing 44 to 71 kg, without hypertension, ischemic heart disease, cerebral infarction, hepatic or renal
dysfunction, and anemia (hemoglobin < 11 g dL™"). The protocol was approved by the Nagasaki Rosai Hospital In-
stitutional Human Committee and written informed consent was obtained from each patient.

Patients were premedicated with intravenous ranitidine 50 mg approximately 2 hours before anesthesia in-
duction, intramuscular atropine sulphate 0.5 mg, and hydroxyzine hydrochloride 1 mg kg™, approximately 1 hour
before anesthesia induction. Ranitidine was used as a histamine (H;)-blocker in premedication for preventing gas-
tric intraluminal production of CO.". Patients were continuously monitored with pulse oximetry (Oxypal OLV-
1200, Nihon Kohden Co., Ltd., Tokyo, Japan) and three lead electrocardiogram. A radial arterial catheter was in-
serted for continuous monitoring of arterial blood pressure (ABP) and for obtaining blood samples. ABP and heart
rate (HR) were automatically recorded (Bed side monitor BSM-8500, Life Scope 12, Nihon Kohden Co., Ltd.,
Tokyo, Japan). Anesthesia was induced with intravenously thiamylal 5 mg kg™, and fentanyl 2 u g kg'. Tracheal in-
tubation was facilitated with intravenously vecuronium bromide 0.1 mg kg™'. After induction of anesthesia, patients
were allocated randomly to control groups (isoflurane [Group A; n=10] or sevoflurane [Group B; n=10] anesthesia
without hypotension) and hypotension groups (isoflurane-induced hypotension [Group C; n=10] or sevoflurane-in-
duced hypotension [Group D; n=10]). The patients were divided by sealed envelope assignment into each group.
Anesthesia was maintained with either isoflurane (Groups A and C) or sevoflurane (Groups B and D) supplement-
ed with 60% nitrous oxide (N,O) in oxygen (0O.) at a total gas flow of 5 L minusing a Drager Narcomed Model 4
anesthesia machine (North American Drager, Telford, PA) with a semiclosed circle system using a soda lime canis-
ter. Intravenous fentanl, 1 to 2 pug kg™ and vecuronium, 0.05 mg kg™ were injected during surgery as required. Ven-
tilation was controlled to maintain end-tidal carbon dioxide tension (ETCO,) at approximately 4.8 kPa. ETCO, and
end-expiratory concentration of isoflurane (1.2 to 1.6%) or sevoflurane (1.4 to 2.0%) were continuously monitored
and recorded by anesthetic gas monitor (Capnomac; Datex Intsrumentarium, Helsinki, Finland). Acetated Ringer’s
solution was infused to the amount of 10 mL kg™ before surgery during a 4-hour period. The infusion was continued
at a rate of 6 mL kg hr' during surgery. Additional acetated Ringer’s solution was infused at three times the
amount of blood loss. Rectal temperature was maintained at 36.0 to 36.5°C using a circulating water blanket and
ajusting temperature to 25°C and humidity to 50% in the operating room. After induction of anesthesia, HHD was
produced by preoperative infusion of 1,000 mL of 6% hydroxyethylstarch solution (HES; molecular weight=70,000)
without removing blood. 6% HES was infused at a rate of approximately 50 mL min" using a rapid infusion pump.
Acetated Ringer’s solution and HES were infused at body temperature (36.5°C) after warming by medical warmer
(NIKO Electric Medical Co., Ltd., Tokyo, Japan). Controlled hypotension was induced by increasing the inspired
concentration of isoflurane (2.0 to 3.0%) in Group C or sevoflurane (2.4 to 3.6%) in Group D, and maen arterial
blood pressure (MAP) was maintained at 55 to 60 mmHg for approximately 80 minutes during surgery. In groups A
and B, autologous blood of 200 mL was obtained from patients on the 21st day prior to surgery and 200 mL was ob-
tained on the 14th day before surgery, and stored at 4°C in a blood refrigerator. The volume of blood loss was esti-
mated during operation by weighing swabs and measuring suction drainage, and after operation by measuring
blood collected from the wound drainage. In all groups, autologous blood was stored by a cell saver (Haemolite,
Haemonetics Corp., Boston, MA) during and after surgery and retransfused after surgery, In groups A and B, pre-
operative autologous blood donation also was retransfused after surgery.

Gastric Pico., was indirectly measured by tonometry. A balloon-tipped nasogastric tube for gastric tonometry
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(TRIP NGS Catheter, Tonometrics, Inc., Worcester MA, USA) was inserted into the stomach and the correct posi-
tion checked by roentgenography and by ausculation. Two-half mL of a saline solution was injected into the bal-
loon. Thirty minutes later, 1 mL of the solution was aspirated (resembling the dead space of the tube) and discard-
ed. The remaining 1.5 mL was then aspirated and the Pco. in the solution was determined with a blood gas analyz-
er. At the same time, samples of arterial blood were obtained for calculation of sodium bicarbonate (HCO;) and
measurement of serum lactate.

Measurements, including hematocrit (Hct), hemodynamics (MAP and HR), arterial blood gas, gastric Pico, and
concentration of serum lactate were made before hemodilution (T0), after hemodilution (T1), 80 minutes after
starting hypotension (T2), 60 minutes after recovery from hypotension (T3), and on the first post-operative day
(T4).

Arterial blood gas was analyzed by a blood gas analyzer (ABL-4, Radiometer Corp., Copenhagen, Denmark).
Arterial lactate was measured by enzymatic analysis (enzyme immunoassay kit, Determiner LA, Kyowa Medix,
Tokyo, Japan). Het value was determined by centrifugation. The blood samples were analyzed immediately after
collection in the operating room. In order to obtain gastric Pico., the measured value of Pco, in the saline solution
was calculated using a time-dependent Pco, correction for equilibration period between intraluminal Pco, and Pco,
in the saline of the tonometer. The equilibration time of saline was set as 30 minutes at TO and T1, 80 minutes at
T2, 60 minutes at T3 according to surgical procedure and 90 minutes at T4. Gastric pHi was calculated with a mod-
ification of the Henderson-Hasselbalch equation using Pico, measured and arterial HCO; values according to the
recommendation by Fiddian Green et al'"”.

Data are expressed as means (SD). Statistical analysis was performed using analysis of variance and a Bonfer-
roni’s correction. A p-value less than 0.05 was considered statistically significant.

Results

The groups were similar in demographic characteristics, operative period, hypotensive period, blood loss, uri-
nary output, and infusion volume (Table 1). No patinet had homologous transfusion during and after surgery in all
groups.

The changes of blood gas variables in all groups are shown in Table 2. No differences were observed between
the four groups throughout the time course. There was no apparent acidemia or alkalemia in any group. The
changes of Het and MAP are shown in Figure 1. After hemodilution, final Hct value was 24 to 25% in any group.
MAP was maintained at approximately 95 mmHg in control groups (Group A and B) and approximately 556 mmHg
during controlled hypotension in hypotenision groups (Groups C and D).

The changes of lactate, gastric pHi in all groups are shown in Figure 2. No differences in lactate values were

Table[LO Patient Group Characteristics

Group A Group B Group C Group D

OnO 100 On0O 100 OnO 100 OnO 100
Agel yrJ 61050 0 6801 630510 700 600 520 710 61048 0 6901
Gender female/male 9/1 9/1 8/2 8/2
WeightO kgO 550 60 530 70 540 60 560 80
Operative timed min0 1080] 1000 10601 90 1130 1200 10900 1100
Hypotensive period minJ — — 810 70 800 50
Intraoperative infusion volumel mLO 2,38000 2110 2,312010 2010 221101920 2,1900] 20801
Intraoperative blood lossC0 mLO 6080 1970J 6140 1890J 4870199011 4920110300
Intraoperative urinary outputl mLO 2340 780 28801 630J 18701 8100 2170970
Postoperative infusion volumed mLO 1,36501 22500 1,38401 16801 1,3230 2080 1,4060] 18501
Postoperative blood lossC0 mLO 5241 26101 4780 23601 4970 2110 511019201
Postoperative urinary outputt mLO 49207 1830 47000 1820 46200 2760 5050 2130
MAC-h 140020 1800 0.30 280030° 3200400

Results are means] SDO T P 0 0.05 vs. Group A, “P [0 0.05 vs. Group B. Intraoperative infusion volume does not include
the volume of 6% hydroxyethylstarch for hemodilution in all groups. Group A, isoflurane anesthesia without hypotension ;
Group B, sevoflurane anesthesia without hypotension ; Group C, hypotensive anesthesia with isoflurane ; Group D,
hypotensive anesthesia with sevoflurane ; MAC-h, minimum alveolar concentration per hour.
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Table[20 Changes in Arterial Blood Gas Variables

Variable Group TO T1 T2 T3 T4
pHa A 74610 0.0360 746801 0.0340) 7.4640 0.0380 745801 0.0330) 745201 0.0460J
B 7.4650 0.0320 7.4660 0.0230) 7.4540 0.0340 7.4600 0.0290) 74580 0.0410
C 7.4580 0.0400 7.4590 0.03500 7.4530 0.0360 7.4550 0.0410 7.4490 0.0430
D 7.4540 0.0280 745200 0.0310 7.448[1 0.0330 7.45000 0.03400 7.4530 0.0440
Pao2l] mmHgO A 18001 230 18201 2801 1720 220 17800 260 16801 380
B 1760 190 1740 240 16801 260J 1720 210 1590 410
C 17200 200 1800 310 16601 2401 1760 280J 13200 3400
D 18801 2901 1760 220 17801 3001 18200 2701 16900 440
Pacozl] mmHgU A 380 20 37020 37030 390 30 420050
B 360 30 350 30 360 20 380 30 4000 50
C 38030 360 20 360 30 37030 410 60
D 37030 360 30 37030 380130 400 40

Results are meansl SDO Group A, isoflurane anesthesia without hypotension ;

Group B, sevoflurane anesthesia without

hypotension ; Group C. hypotensive anesthesia with isoflurane ; Group D, hypotensive anesthesia with sevoflurane ; pHa arterial
blood pH ; Pao, arterial oxygen partial pressure ; Paco, arterial carbon dioxide partial pressure ; TO, before hemodilution ; T1,
after hemodilution ; T2, 80 minutes after starting hypotension ; T3, 60 minutes after recovery from hypotension ; T4, first post-

operative day.
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Figure 1. Time course of changes in hematocrit and mean arterial blood pressure (nJ 10

for each point in all groups).

TO T1 T2 T3 T4

Group A, isoflurane anesthesia without hypotension; Group B, sevoflurane anesthesia with-

out hypotension ; Group C, hypotensive anesthesia with isoflurane ; Group D, hypotensive

anesthesia with sevoflurane ; Het, hematocrit ; MAP, mean arterial blood pressure ; TO, be-

fore hemodilution ; T1, after hemodilution ; T2,80 minutes after starting hypotension ;

T3,60 minutes after recovery from hypotension ; T4, the first post-operative day. Results
are means+ SD. "p0 0.05, “pO 0.01, Significantly different from TO, # pO 0.05, Signifi-
cantly different from Group A or Group B.
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Figure 2. Time course of changes in serum lactate, gastric pHi (nO 10 for each point in all
groups). Serum lactate value showed no change in any group throughout the study. The
mean pHi values showed no change after hemodilution in any group. In hypotension
groups, the mean pHi values showed significant decreases 80 minutes after starting hy-
potension and 60 minutes after recovery from hypotension, whereas they recovered on the
first post-operative day.

Abbreviations as in Figure 1. pHi, gastric intramucosal pH. Results are means+ SD. "' p 0
0.05, Significantly different from TO0, [0 p [ 0.05, Significantly different from Group A or
Group B.

observed throughout the study in any group. The mean pHi values showed no change after hemodilution in any
group. In control groups, the pHi values showed no change at T2, T3 and T4. In hypotension groups, the pHi values
decreased significantly at T2 and T3, while they recovered on the first post-operative day. The values in hypoten-
sion groups showed significant differences from control groups at T2 and T3.

There were no gastroenterologic problems after surgery in the patients.

Discussion

The present study suggests that the combination of HHD and hypotensive anesthesia with isoflurane or
sevoflurane causes gastric intramucosal hypoperfusion.

A decrease in gastric pHi can indicate the insufficient oxygenation and/or the hypoperfusion of the gastric in-
116)

tramucosal mucosa. Suttner et al™. have evaluated splanchnic perfusion using gastric phi and the mucosal-arterial

Pco, gradient.

17)

Although the critical value of the low gastric pHi would be less than 7.32 or 8.35 in critically ill patients ", peri-
operative studies have taken a pHi less than 7.32 as evidence of intramucosal acidosis'.

Malan et al. ' reported that the cardiovascular effects of sevoflurane at 1.0 minimum alveolar anesthetic con-
centration (MAC) were similar to those of isoflurane in volunteers.

Sevoflurane-N,O or isoflurane at 1.0 MAC decreases in MAP, cardic output (CO) and mean poulmonary arter-
ial pressure (MPAP). HHD under anesthesia may” or may not' increase in CO and MPAP.

In the present study, HHD under isoflurane or sevoflurane anesthesia did not show excessively an increase of
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ABP and a decrease of arterial oxygen partial pressure (Pao,) and did not cause gastric intramucosal acidosis.
These results indicate that isoflurane or sevoflurane could attenuate cardiovascular responses to HHD for inducing
vasodilation, besides HHD under isoflurane or sevoflurane anesthesia would maintain regional hemodynamics for a
sufficient intravascular volume resulting in preservation of the adequate distribution to gastric intramucosal perfu-
sion.

The combination of HHD and hypotensive anesthesia with isoflurane or sevoflurane caused a gastric intramu-
cosal acidosis. Three patients of both groups showed pHi values of less than 7.32. The results suggest that the low

pHi might be due to inadequate distribution of gastric intramucosal perfusion.

19) 20)

During isoflurane-induced hypotension in humans Co may ™~ or may not™ decrease and systemic vascular re-
sistance (SVR) may decrease at a MAP of 40 mmHg. A high concentration of sevoflurane or isoflurane significantly
) In gas-

trointestinal perfusion, it has been reported that 1.5 MAC of sevoflurane or isoflurane with 50% N,O decreased the

12)21)

may decrease CO, SVR and total hepatic and renal blood flows at a MAP of 50 or 60 mmHg in animals

blood flow in stomach and small intestine at a MAP of 67 mmHg in swine®, and 1.7 MAC of isoflurane or sevoflu-

rane did not decrease it at a MAP of 50 mmHg in rats"™.

It seems that in spite of HHD with a sufficient intravascular volume, isoflurane or sevoflurane-induced hy-
potension might cause systemic and regional hemodynamic changes resulting in blood flow redistribution within
splanchnic circulation for preserving hepatic and renal perfusion. Splanchnic hypoperfusion may be easily caused
by simpathomimetic and hormonal vasoactive stimulation.

In the present study, the impairment of gastric intramucosal perfusion in the combination would be mild from
a clinical view point.

In conclusion, the combination of HHD and hypotensive anesthesia with isoflurane or sevoflurane causes gas-
tric intramucosal hypoperfusion.
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