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genotype 1 [2]. PVB19 has been shown to cause erythema
infectiosum in children as well as acute red cell aplasia in
patients who have conditions causing hematopoietic stress,
such as hemolytic anemia; this virus has also been impli-
cated in the pathogenesis of rheumatic arthritis, myocardi-
tis, nephritis, fulminant liver disease, and many other
conditions [3]. In HIV-1-positive patients, PVB19 may
persistently infect erythroid precursor cells, evade elimi-
nation by the immune system, and cause transfusion-
dependent pure red cell anemia (PRCA) [4]. PVB19-related
anemia can be resolved by treatment with intravenous
immunoglobulin (Ig) [5]. However, this treatment often has
a transient beneficial effect, and AIDS patients might
experience a relapse of anemia. Therefore, AIDS patients
may require periodic administration of intravenous Ig or
blood transfusions. In recent years, some reports have
shown that complete remission of PVB19-associated PRCA
can be achieved by treating patients with HAART [6-8].
Although patients with HIV-1 infection show high
seroprevalence of PVB19 [9], few reports have been pub-
lished on primary or persistent PVB19 infection, particu-
larly PVB19-related IRIS, in HIV-1-infected patients. In
this report, we describe the case of a man with AIDS who
presented with chronic PVB19-induced PRCA and IRIS
after undergoing HAART. We focus on the relationship
between the clinical presentation and immunological status
in this condition.

Case report

A 54-year-old HIV-1-positive man visited our hospital in
May 2006. He had been diagnosed with Preumocystis
Jiroveci pneumonia and treated with sulfamethoxazole/tri-
methoprim in February 2006. His initial CD4 cell count
was 35 cells/pl, and the plasma HIV-1 RNA level was
250,000 copies/ml. The results of other laboratory analyses
were normal, except for the presence of slight anemia
(hemoglobin level 11.5 g/dl). He reported that he had
traveled abroad to Southeast Asia for personal reasons.

In November 2006, he re-visited our hospital, and his
hemoglobin level had decreased to 7.7 g/dl. He did not
show any other symptoms, such as fever, rash, or arthral-
gia, or any signs of cardiac, renal, or hepatic disorders. He
did not report any direct contact with patients having ery-
thema infectiosum. Two weeks later, he experienced
dyspnea and was hospitalized immediately. Severe anemia
was detected (hemoglobin 5.3 g/dl), and blood transfusions
were performed (Fig. 1; Table 1). Gastrointestinal bleeding
and hemolytic anemia were ruled out. PVB19 infection was
suspected, and an immunoassay [Parvo B19 IgM-enzyme
immunoassay (EIA); “SEIKEN,” Denka Seiken, Tokyo,
Japan] revealed anti-PVB19 IgM antibodies in the serum.
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Fig. 1 The patient’s clinical course with the changes in the
hemoglobin levels and immunological status at the primary and
persistent PVB19 infection and at the resolution of PRCA. a The
upper solid line shows the time course of changes in the hemoglobin
(Hb) level. The closed boxes indicate transfusion of 2 U of packed red
blood cells. The lower solid line and the broken line represent the EIA
indices of anti-PVB19 IgG and IgM antibodies, respectively. The
gray bars show the concentration of serum PVB19-DNA. b Time
course of changes in the CD4 cell count, plasma HIV-1-RNA levels,
and CRP concentrations as well as the duration of HAART are shown

A qualitative polymerase chain reaction (PCR) analysis
performed at BML Inc. (Tokyo, Japan) revealed the pres-
ence of erythrovirus DNA in the serum. The commercial
assays for PVB19-DNA can detect erythrovirus DNA,
including the DNA of the newly described erythrovirus
variants (genotype 2 and 3) [2]. Quantitative assessment,
i.e., real-time PCR analysis, was not performed at this
point. The anti-PVB19 IgG antibody index assessed using
Parvo B19 IgG-EIA (Seiken, Denak Seiken) was borderline
positive (0.92). Examination of a bone marrow aspirate
revealed an aplastic marrow (myeloid/erythroid ratio 63:1).
Neither parasites nor hemophagocytic cells were found in
the aspirate. Although typical giant proerythroblasts were
not observed, acute PRCA caused by primary PVB19
infection was diagnosed. The patient was transfused with
6-8 U of blood per month. The anti-PVB19 IgG antibody
index gradually reduced and changed from borderline-
positive to negative, and the anemia did not improve; these
findings indicated a transition from primary PVBI19
infection to chronic and persistent infection. Intravenous Ig
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Table 1 Summarizing conditions of PVB19 infection, anemia, and immunological findings

Date (year/month) PVB19 infection Anemia Decision of EIA PVB19-DNA CD4 cell HAART
(log copies/ml) count
PVB19-IgG PVBI19-IgM
2006/11 Primary infection Acute anemia +-— + ND 35 -
2007/1 Persistent infection with  Chronic anemia — + 10 29 -
high level viremia

2007/9 IRIS Deterioration + + 9 142 +
2007/11 Low level viremia Remission of PRCA  + + 3-5 106 +

ND not determined

therapy was not administered because it is an expensive
procedure.

From January 2007, HAART with tenofovir, emtricita-
bine, and efavirenz were initiated. The patient’s CD4 cell
count gradually increased, and his HIV-1 viral load became
undetectable after May 2007. At the beginning of July
2007, the CD4 cell count had increased to 105 cells/pl, and
seroconversion of IgG antibody was observed. Although
the serum PVB19-DNA level was unchanged, the hemo-
globin level increased to 9.8 g/dl, and the periodical blood
transfusions were discontinued.

Two months after the last transfusion, the patient
experienced episodes of dizziness and visited our hospital.
His hemoglobin level rapidly deteriorated to 6.5 g/dl, and
blood transfusion was repeated. The serum PVBI19 load
had reduced tenfold (from 10" to 10° copies/ml). After
3 days, he developed fever and neutropenia (1,100 cells/
pl), and circulating atypical lymphocytes were detected.
Serum biochemical assessments showed elevated concen-
trations of lactate dehydrogenase (LDH) (395 IU/) and
C-reactive protein (CRP) (16.47 mg/dl). No other symp-
toms such as rash or arthralgia and no signs of cardiac,
renal, or hepatic disorders were observed. The patient’s
symptoms disappeared, the abnormal test results reverted
to normal within a few days, and the anemia rapidly
improved. No further red blood cell transfusions were
required. In October 2007, the patient’s hemoglobin level
was within the normal range, and the PVB19-DNA load
decreased to 10° copies/ml. Although reexamination of
bone marrow aspirate was not performed, PVB19-induced
PRCA was completely resolved, and PVB19 IgG antibody
was persistently detected; PVB19-DNA (10® copies/ml),
however, was still detected.

Discussion
IRIS is a serious condition that can occur after the initiation

of HAART. This syndrome is usually self-limited, but it
may worsen and necessitate intervention. In our case, the

patient presented with transient inflammatory responses,
such as fever, shortly before the remission of PRCA. The
laboratory results revealed leucopenia, atypical lympho-
cytes, and elevation of the serum LDH level; these findings
were similar to those of a nonspecific response to viral
infections. Additionally, his anemia rapidly worsened
despite showing some improvement shortly before this
episode. His immunological state was improving: the CD4
cell count rose, seroconversion to anti-PVB19 IgG anti-
body was observed, and the serum PVB19-DNA level
showed a slight but significant decrease. On the basis of
these paradoxical findings, we thought that this was an
episode of IRIS. The recent literature contains only two
reports of severe IRIS. In one of the cases, the patient
presented with acute encephalitis [10]. In that case, the
patient had persistent PVB19 infection, and the complica-
tion of chronic PRCA was treated with intravenous Ig
therapy. Four weeks after initiating HAART, anemia
developed rapidly with acute onset of ataxia and aphasia.
Such a progression was unexpected because encephalitis is
a rare complication in PVB19 infection. In the other case,
acute and transient anemia developed after the initiation of
HAART, although no anemia and PVB19 infection were
detected before HAART [11]. Serum antibodies to PVB19
had not been fully confirmed in either of these cases. In all
three cases, rapid deterioration of anemia was observed
after HAART,; this finding seems to be a typical presen-
tation in IRIS associated with HAART for PVB19 infec-
tion. With the exception of anemia, the symptoms and
pathogenic conditions observed in our case are different
from those observed in the two above-mentioned cases.
Our case seems to be the most typical presentation of IRIS
because (1) the patient was proven to have a chronic
PVBI19 infection before HAART, (2) the immunological
parameters, such as the CD4 cell count and IgG antibody
production, showed an improvement during the course of
IRIS, and (3) the patient developed symptoms resembling
those of acute viral infection. The diagnosis of PVB19-
associated IRIS with atypical features may be difficult
because of the lack of diagnostic criteria. However, the
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findings in our case suggested that seroconversion to
antibody against PVB19 and the presence of anemia are
helpful in diagnosing PVB19-related IRIS.

The production of neutralizing antibodies plays a pivotal
role in the immune control of PVB19 infection [3]. Specific
IsM and IgG antibodies are. produced 2 and 3 weeks,
respectively, after primary PVB19 infection, and these
antibodies are responsible for the elimination of PVB19.
The EIA kits used in this case could be used only for
qualitative assessments. However, the EIA indices of anti-
PVB19 IgG and IgM antibodies can indicate the titer of
antibodies because these EIA kits include strong positive
controls with EIA indices that are at least higher than 1.5,
and the EIA indices of the clinical samples were up to 15
and showed good reproducibility. When evaluated on the
basis of EIA indices, the anti-PVB19 IgM antibody level
showed moderate elevation during primary PVB19 infec-
tion. In contrast, the samples were weakly negative for the
anti-PVB19 IgG antibodies. These observations suggested
that the class-switch recombination of B lymphocytes was
markedly disturbed during the infection, and this was
probably because of the dysfunction of CD4™ T lympho-
cytes. Lack of these protective antibodies may lead to the
transition from primary to persistent infection and permit
high-level PVB19 viremia [12].

In the pre-HAART era, some cases of chronic PRCA
with persistent PVB19 infection were treated with intra-
venous Ig therapy [5], in which the patients were admin-
istered neutralizing antibodies to PVB19. This treatment
results in a rapid decrease in the copy number of blood
PVB19-DNA from 10'° to 10° copies/ml and improvement
of anemia [13]. However, this treatment has a transient
effect, and many patients show recurrence of PRCA after
the treatment. It should be noted that this therapy cannot
clear the PVB19-DNA in the blood, and the DNA persists
at levels of about 10° copies/ml. These observations sug-
gest that administration of neutralizing antibody alone is
insufficient for eliminating PVB19. In our case, the patient
developed chronic PRCA, and the serum PVB19-DNA
level was 10'° copies/ml. Even after seroconversion to
anti-PVB19-DNA IgG antibody and the resolution of
PRCA, the viremia persisted, and the patient had viral
loads of 10°~10° copies/ml. We cannot exclude the possi-
bility that this might be caused by the production of an
incomplete neutralizing antibody [7]. PVB19 was, how-
ever, not eliminated in our patient, as was also the case in
previous reports of treatment with intravenous Ig. This
indicates the importance of immune mechanisms other than
humoral immune responses [14], such as those involving
cytotoxic T lymphocytes.

In our case, the relationship among clinical observa-
tions, immunoserological findings and the serum viral
load could be evaluated because intravenous Ig was not
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administered and immune recovery was prolonged. Physi-
cians must note that PVB19 can cause severe anemia in
HIV-1-infected patients [14], and detection of PVB19-
DNA must be performed in immunosuppressed patients
because of the lack of specific antibodies [12]. In addition,
detailed investigations on immune reactions to PVB19 will
facilitate a better understanding of the mechanism under-
lying immune reconstitution by HAART.

‘Written informed consent was obtained from the patient
for publication of this case report. A copy of the written
consent is available for review from the journal’s Editor-in-
Chief.
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ABSTRACT
Preoperative Evaluation, Preparation and Outcome
Prediction : Preface and Comments

Koji SUMIKAWA

Department of Anesthesiology, Nagasaki University School
of Medicine, Nagasaki 852-8501

In the practice of anesthesia for the patients undergo-
ing surgery, it is -required for-anesthesiologists to

improve the quality of perioperative management,
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decrease adverse events, and help the patients return
to daily life as soon as possible. The conditions crucial
in realizing this purpose include risk assessment, prepa-
ration of measures and implementation of effective
perioperative management. Furthermore, it is also nec-

essary to obtain informed consent based on reliable out-

B B:50%7%5

come prediction. In this special issue, essential points
for preoperative evaluation will be presented on the

basis of up-to-date information.

key words : preoperative evaluation, risk assess-

ment, outcome prediction
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Koji SUMIKAWA

Department of Anesthesiology, Nagasaki University School
of Medicine, Nagasaki 852-8501

In this special issue, essential points in preoperative
evaluation are presented on the basis of up-to-date
information. Myasthenia gravis should be evaluated
according to individual severity. Muscular dystrophies
may lead to rhabdomyolysis perioperatively. Schizophre-
nia is predisposed to developing torsade de pointes.
Depression could be a risk factor of acute myocardial

infarction. Infants may be influenced by anesthesia with

Bk Br:50%9%

respect to brain development. Elderly patients should
be evaluated on the basis of age, physiological states,
coexisting diseases and the type of surgery. Difficult air-
way management can be predicted by Mallanpati classi-
fication and thyromental distance. Jehovah’s Witness of
ages below 15 should be informed about the policy of
life-saving blood transfusion. Oral contraceptive is asso-
ciated with a fivefold-increased risk of perioperative

venous thromboembolism.

key words : preoperative evaluation, neuromuscular

disease, disposition, preoperative drug
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ABSTRACT

The effects of systemic administration of exogenous nitric oxide (NO) donor on hepatic arterial
buffer response (HABR) have not yet been studied in an anesthetized model. In this study, 28
anesthetized pigs received administration of sodium nitroprusside (SNP) or nitroglycerin (NTG) as
exogenous NO donors. Pressure-flow (P-Q) relationships in the hepatic artery defined the pressure
at zero flow (Pgna =0) and flow-dependent resistance (R). The magnitude of HABR was evaluated
by comparing the change in hepatic arterial blood flow (AQha) divided by the change in portal
venous blood flow (AQpv), using the index of change in blood flow (AQha/AQpv). Mean arterial
pressure decreased from baseline (95.6 £+ 3.8 mmHg) to SNP condition (68.3 & 1.9 mmHg) and
decreased from baseline (92.7 + 4.4 mmHg) to NTG condition (66.2 & 1.7 mmHg). Mean index of
change in blood flow (AQha/ AQpv) was also significantly increased from baseline (0.19 & 0.12) to
SNP condition (0.28 £ 0.17; p = .009) and from baseline (0.18 + 0.17) to NTG (0.28 & 0.20; p < .05). In
conclusion, systemic administration of SNP and NTG increases HABR with reduced hepatic arterial
tone under decreased mean arterial pressure, presumably via exogenous NO enhancing another
regulatory system and reducing the pressure gradient for sinusoidal washout.

Keywords: hépaﬁc arterial buffer response, pig, nitric oxide, sodium nitroprusside (SNP), nitroglycerin (NTG)

INTRODUCTION

“Total liver blood flow is regulated by changes in hep-

atic arterial resistance (Rha), when portal venous blood
flow (Qpv) changes as the hepatic arterial buffer re-
sponse (HABR). A number of studies have revealed
modification of HABR function under pathophysio-
logical conditions, including both the maintenance of
HABR under hypotension conditions [1-3] and the im-
pairment of HABR [4-6].

Received September 30, 2009; accepted January 5, 2010.
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University, Clinical Physiology, 1-7-1 Sakamoto, Nagasaki, 8528558
Japan. E-mail: ayuse@nagasaki-u.acjp

Endogenous nitric oxide (NO) represents an important
regulator of hepatic arterial flow [2, 6-10]. However,
it has also been suggested that endogenous NO does
not mediate the HABR under physiological conditions
[6, 9]. We have previously found that under anesthe-
sia, local control of hepatic arterial blood flow (Qha)
at baseline showed increased gain after NO-synthase
(NOS) inhibition, via HABR and autoregulation [6].
Furthermore, Grund et al. [9] reported that NO repre-
sents an important regulator of Rha but does not medi-
ate the HABR. Since NO normally diminishes autoreg-
ulatory control in other organs, inhibition of NOS in
the hepanc artery indeed could be expected to increase
gain in the HABR.
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Sodium nitroprusside (SNP) and nitroglycerin (NTG)
are nonenzymatic NO  donors that have commonly
been used as vasodilators to control arterial pressure

- during general anesthesia. Although the influences of
‘SNP and NTG on systemic circulation and splanchnic

circulation have been extensively studied [1-4], little
information is available regarding the effects of SNP
and NTG on HABR under inhalational anesthesia. We
hypothesize that systemic administration of SNP and
NTG significantly influences HABR in different ways.
The purpose of the present study. was to investigate
the quantitative influence of systemic administration
of exogenous SNP and NTG on HABR in a physiologi-
cal anesthetized porcine model established previously
[6,11,12].

MATERIAL AND METHODS

The study protocol was approved by the animal re-
search committee of the Nagasaki University and com-
plied with the animal research and animal care guide-
line of the Japanese Ministry of education, Science,
Sports and Culture.

Twenty-eight male pigs with a body weight of
21-27 kg (mean 24.8 + 4.2 kg) were fasted for 24
hr with ad libitum access to water. As described in
our prior study [12], anesthesia was induced using
intramuscular administration of pentobarbital sodium
(10 mgkg™!) and ketamine (20 mgkg™) followed
by cannulation of an ear vein and intravenous (i.v.)

. administration of additional pentobarbital sodium (2

184

mgkg™). All surgical procedures were performed
under sterile conditions. Since the whole study was
maintained sterile at all times and lasted such for
a short time (approximately 3 hr) with no survival
included, we did not use antibiotics as pre-emptive
antiseptic therapy in this study. Pigs were placed in
a supine position on a heated surface (38-40°C), and
tracheotomy was performed. Anesthesia was main-
tained with sevoflurane 2% plus 50% nitrous oxide
and 50% oxygen in order to obtain adequate analgesic
effect while continuously measuring the expired
gas concentration of sevoflurane (Narcotica; Fukuda
Denshi, Tokyo, Japan). As muscular relaxation was
needed for surgical instrumentation and measurement
of pressure-flow relationships without any respiratory
fluctuations, neuromuscular blockade was maintained
using a nondepolarizing agent (vecuronium bromide)
administered with the evidence of spontaneous muscle
activity. Mechanical ventilatory support was provided
using a constant volume time-cycled ventilator. Tidal
volume (8-12 ml-kg™!) and ventilatory rate (12-14
cycles-min~") were adjusted to maintain arterial partial
pressure of carbon dioxide (PCO;) within 30-40 torr.

The right carotid artery was cannulated with a fluid-
filled catheter for the measurement of systemic mean
arterial pressure (mean Psysa) and withdrawal of
blood samples. The right subclavian vein was can-
nulated for fluid infusion and drug administration.
A balloon-tipped pulmonary arterial catheter was in-
serted via the right internal jugular vein to measure
cardiac output. '

The liver was exposed by a midline abdominal inci-
sion.’A drainage catheter was inserted into the urinary
bladder. The portal vein and common hepatic artery
were gently dissected free from surrounding tissue. A
fluid-filled catheter was inserted into the portal vein

- through the side branch to 1 cm of the hilum of the

liver to measure portal venous pressure (Ppv). The gas-
troduodenal artery was cannulated with a fluid-filled
catheter to measure hepatic arterial pressure. Care was
taken that the catheter tip was positioned at the bifur-
cation of common hepatic and gastroduodenal arteries
to optimize the pressure recording without obstructing
flow to the liver. The right gastric artery, cystic artery,
and all other hepatic arterial branches were ligated so
that the common hepatic artery was the only artery
supplying blood directly to the liver. We used splene-
tomized animal model, in which all other tributaries
of the portal vein between the splenic vein and liver
hilum were ligated in order to establish the theoretical
maximal increase of Qha in response to a reduction of
Qpv. After this general surgical preparation was com-
pleted, splenectomy was performed so that Qpv was
exclusively supplied by the superior mesenteric artery.
All branches of the celiac artery were ligated (right gas-
tric artery, splenic artery, and all other collaterals) so
that the hepatic artery was exclusively supplied by the
celiac artery. Hydraulic vessel occluders (inner diame-
ter 6 mm; outer diameter 12 mm; length 8 mm; Hazen
Everett, NJ, USA) were placed around the celiac artery -
and superior mesenteric artery to allow independent
control of both flows. Appropriately sized ultrasonic
flow probes were placed downstream around the com-
mon hepatic artery and portal vein.

A catheter was placed in the anterior hepatic vein via
the external jugular vein, and location of the catheter
was confirmed by direct palpation. The catheter was
withdrawn 0.5-1.0 cm from the wedge position to al-
low measurement of hepatic venous pressure. When
surgical procedures were completed, the abdominal
wall was reapproximated and towels were placed on
the surface to minimize heat loss.

Methods of Measurement

Blood flows were measured using ultrasound transit
time flow probes (Transonic, Ithaca, NY), and vascu-
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Figure 1. Experimental protocol. Pressure-flow (P-QR)
relationships were generated at baseline and under SNP and
NTG infusion.

- lar pressures were measured with pressure transduc-
ers (AP-611G; Nihon Kohden, Tokyo, Japan). Pressure

and flow signals were continuously recorded on a pen |

recorder (WR8500-8; Nihon Kohden). Pressure trans-
ducers were calibrated simultaneously with the same
gain and zeroed to the level of the portal vein. Cardiac
output was measured at the beginning of each condi-
tion with baseline Qpv and Qha using a thermodilution
computer (AP-611G; Nihon Kohden). Five serial injec-
tions of 5 mlof ice-cold 5% dextrose solution were made
at arbitrary times within the respiratory cycle, and the
five values of cardiac output were averaged. Arterial
blood gas measurements were made using an I-STAT
analyzer (FUSQ, Tokyo, Japan).

Pressure-flow (P-Q) Relationships

Hepatic arterial pressure-flow (P-Q) relationships were
genherated during multiple-step decreases in Qha from
baseline to zero produced by gradual inflation of the oc-
cluder on the celiac artery. The following criteria were
used to generate a P-Q relationship in the hepatic artery
under steady-state conditions. A wide flow range from
0 to 100% of hepatic artery baseline flow was used,
and zero-flow pressure (Pgha=0) Was obtained at ac-
tual zero flow. Stable flow and pressure (15-30 s fol-
lowing a step decrease in hepatic artery flow) were
required with constant Py,. Hepatic arterial P-Q rela-
tionships were analyzed using least-squares linear re-
gression analysis to determine the slope and zero flow
pressure axis intercept in the hepatic artery (Pgna=0)

Experimental protocol

2% Sevoflurane +
<« —50% Oxygen+ —— o
50% Nitrous Oxide
. . NTG
:m::mm Surgical Recovery  <— gnp—>
Procedure Periods infusion
Induction B o . W
y (60 min) (60 min) (30 min)
Control SNP, NTG
PQR [PQR|

Figure 2, Example of hepatic arterial pressure-flow (P-QR)
relationships. There was significant (p < .0001) difference of
the regression coefficient between P-QR under baseline and
P-QR under zero flow in portal venous blood flow.

(Figure 2). During the generation of each P-Q relation-
ship in the hepatic artery, Rha was calculated using the
following equation:

* Rha = (Pha — Pgha = 0)/Qha. (1)

Evaluation of HABR

The HABR was elicited by reducing Qpv from baseline
to low flow produced by occlusion around the supe-
rior mesenteric artery. Systemic and regional hemody-
namic parameters were obtained and hepatic arterial
P-Q relationships were generated at baseline and at
low flow in the portal vein. The magnitude of HABR
was evaluated by comparing changes in hepatic arte-

" rial blood flow (AQha) with changes in portal venous

blood flow (AQpv), using the index of change in blood
flow (AQha/AQpv).

Experimental Protocol

Twenty-eight pigs were divided into three experimen-
tal groups: sevoflurane control group, SNP group,
and NTG group. Twelve pigs were studied in SNP-
administered condition, and nine pigs were studied in
NTG-administered condition. Seven pigs were addi-
tionally studied in 4% sevoflurane anesthesia without
administrating any exogenous NO donor in order to
test the effect of mean arterial pressure on HABR.
In all studies, 60 mm was allowed for hemodynamic
stabilization after surglcal preparation. Anesthesia was
then maintained with 2% sevoflurane plus 50% nitrous
oxide and 50% oxygen (GOS). The hemodynamic
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parameters and the baseline P-Q relationship were
measured as the control period defined at baseline
under GOS anesthesia after maintaining anesthesia
for 30 min. In the SNP group (n = 12), SNP (3.0-5.0
pgkg ™ min~1) was administered with reduction of

" systemic mean arterial pressure (mean Psysar) (MAP,

186

60-80 mmHg). In the NTG group (1 = 9), NTG (20-30
pg-kg™ min~!) was administered with reduction of
mean systemic arterial pressure (MAP, 60-80 mmHg).
To test the effect of MAP itself, we used 4% sevoflurane
plus 50% nitrous oxide anesthesia as a positive control.
In the Sev4% group (n = 7), 4% sevoflurane plus
50% nitrous oxide and 50% oxygen was used for the
maintenance of anesthesia to provide a consistent
arterial pressure compared with SNP and NTG groups
(MAP, 60-80 mmHg). Hemodynamic parameters and
the P-Q relationship were determined after 30-min
maintenance under reduced systemic mean arterial
pressure conditions in both groups (Figure 2). After
the experiment, the animals were deeply anesthetized
with supplemental dose of i.v. injection of pentobar-
bital (20 mg kg™) under maintenance anesthesia (4%
sevoflurane plus 50% nitrous oxide and 50% oxygen)
and sacrificed by i.v. injection of KCL (40 meq/20 cc).

Statistical Analysis

A paired t-test was used to assess the effects of SNP
and NTG on hemodynamic parameters, slopes of P-
Q relationships, and hepatic arterial closing pressure
(Pgha =0) in the hepatic artery. The magnitude of HABR
was statistically analyzed using the paired t-test. Val-
ues of p < .05 were considered statistically significant.
Values are presented as mean =+ standard deviation
(SD).

RESULTS

Tables 1, 2, and 3 show systemic and regional hemo--
dynamics of the hepatic artery and portal-vein under

baseline anesthesia and under administration of SNP,
NTG, and 4% sevoflurane, respectively.. With SNP and
NTG, significant changes compared to the control con-

dition were reflected in arterial hemodynamic changes,

specifically with decreases in MAP, Rha, and Pgha = ¢.

In brief, SNP reduced vascular tone in the systemic
and hepatic arterial beds. MAP significantly (p < .0001)
decreased from baseline (95.6 & 3.8 mmHg) to SNP con-
dition (68.3 £ 1.9 mmHg). The heart rate (HR) did not
change from baseline (119.9 + 6.6) compared to SNP
condition (122.5 + 3.8). Rha significantly decreased
from baseline (11.7 + 4.4 mmHg ml }min-kg™?) to
SNP condition (9.1 + 3.2 mmHg-ml l-minkg™?).

Table1l. Systemic and regional hemodynamics in baseline
and SNP conditions (n = 12)

Psysart = mean systemic arterial pressure, HR = heart rate, CO = cardiac
output, Qpv = portal venous blood flow, Ppv = portal venous pressure, Phv
= hepatic venous pressure, Qha = hepatic arterial blood flow, Rha = hepatic
arterial resistance, P — o = hepatic arterial zero flow pressure; Qpv +
Qha = total liver blood flow; Pop, = o — Ppv represents pressure gradient
between Py, — g and Ppv; Ppv - Phv represents pressure gradient between
ha =0 P
Ppv and Phv; *p <.05 vs. control value.

Table2. Systemic and regional hemodynamics in baseline
and NTG conditions (n = 9)

Psysart = mean systemic arterial pressure, HR = heart rate, CO = cardiac
output, Qpv = portal venous blood flow, Ppv = portal.venous pressure, Phv
= hepatic venous pressure, Qha = hepatic arterial blood flow, Rha = hepatic

arterial resistance, Pop, — o = hepatic arterial zero flow pressure; Qpv +
Qha = total liver blood flow; Pth = ( — Ppv represents pressure gradient
betweenPoy,, — o and Ppv; Ppv—Phv represents pressure gradient between
Ppv and Phv; *p <.05 vs. conirol value.
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Table3. Systemic and regional hemodynamics in baseline
and 4% sevoflurane conditions (n =7)

Psysart = mean systemic arterial pressure, HR = heart rate, CO = cardiac

output, Qpv = portal venous blood flow, Ppv = portal venous pressure, Phv
= hepatic venous pressure, Qha = hepatic arterial blood flow, Rha = hepatic
arterial resistance, Pop, — o = hepatic arterial zero flow pressure; Qpv +
Qha = total liver blooil?lcw; PQha = 0 — PpV represents pressure gradient
betweenPqyp, — g and Ppv; Ppv - Phv represents pressure gradient between
Ppv and Phv; *p <.05 vs. control value.

Pgna =0 significantly decreased from baseline (16.4 £+
1.3 mmHg) to SNP condition (13.1 + 1.6 mmHg). Pres-
sure gradient across the liver (Pqna=o — Ppv) signifi-
cantly decreased from baseline (6.8 + 1.2 mmHg) to
SNP condition (4.3 + 0.9 mmHg).

In brief, NTG reduced vascular tone in the systemic
and hepatic arterial beds. MAP significantly decreased
from baseline (92.7 £+ 4.4 mmHg) to NTG condition
(66.2 + 1.7 mmHg; p < .0001). The HR did not change
from baseline (118.6 + 3.9) compared to NTG condition
(119.7 + 3.2). Rha significantly decreased from baseline
(10.7 £ 5.1 mmHg-ml~*min-kg™*) to NTG condition
(6.7 + 2.8 mmHg:ml~-minkg™). Pora=o decreased
significantly from baseline (17.2 £+ 1.1 mmHg) to NTG
condition (16.0 + 1.2 mmHg). Pgha=0 — Ppv signifi-
cantly decreased from baseline (7.9 & 2.5 mmHg) to
NTG condition (7.4 + 1.4 mmHg).

In brief, 4% sevoflurane reduced vascular tone in the
systemic and hepatic arterial beds. MAP decreased
significantly from baseline (91.0 + 2.8 mmHg) to
4% sevoflurane condition (71.9 + 14.5 mmHg; p <
.0001). Rha decreased significantly from baseline (11.2
+ 4.7 mmHg-ml~*-minkg™) to 4% sevoflurane con-
dition (8.8 + 3.6 mmHg-ml~"-minkg™). Pona=o in-
creased from baseline (13.6 + 1.6 mmHg) to 4 sevoflu-

rane condition (14.6 + 0.5 mmHg). Popa—o — Ppv
increased significantly from baseline (5.3 + 1.8 mmHg)
to 4% sevoflurane condition (6.5 + 21 mmHg;
p < .05).

Evaluation of the HABR is presented in Figure 3. Mean
index of change in blood flow (AQha/AQpv) was also
significantly increased from baseline (0.19 + 0.12) to
SNP condition (0.28 & 0.17; p = .009) and from baseline
(0.18 +0.17) to NTG (0.28 & 0.20; p < .05). Mean index of
change in blood flow (AQha/ AQpv) decreased signifi-
cantly from baseline (0.16 £ 0.12) to the 4% sevoflurane
condition (0.09 &£ 0.02; p < .05).

DISCUSSION

Mechanism of Potentiation by Exogenous
NO Donors on HABR ’

Why exogenous NO donors SNP and NTG increased
HABR gain compared to baseline remains unclear.
Several possible mechanisms may explain  this
phenomenon.

The first mechanism may involve direct positive
feedback of NO on adenosine release. Endogenous NO
has been suggested to facilitate peripheral vascular
adenosine-mediated dilation in the human forearm
[13], while exogenous NO reportedly enhances adeno-
sine release in the central nervous system [14-17].
Exogenous NO may thus enhance adenosine release in
the space of Mall, augmenting HABR gain. Second, the
interaction between NO and hydrogen sulfide (H,S)
should be noted. Other than adenosine, regulation
of the HABR has been shown to further involve-the
gaseous inorganic compound H;S [18]. Several studies
support the existence of strong interactions between
NO and H;S to regulate vasorelaxation [19-21]. Third,
changes in local regulation of mediators by changes
in pressure gradient across the liver should be consid-
ered. Adenosine is thought to be constantly secreted

into the fluid space of Mall, with the concentration of

adenosine regulated by washout into the portal vein
[22]. The pressure gradient across the liver circulation,
i.e., hepatic artery, portal vein, and hepatic vein, may

thus affect the efficiency of the “adenosine washout

mechanism.”

Clinical Implications

The use of exogenous NO donors may be of use in
pathophysiological conditions such as endotoxemia
and ischemia reperfusion injury. Sufficient levels of
NO have been sugges%ed to be important in preventing
hepatic damage from endotoxemia [23]. Several stud-
ies have recently investigated the effects of systemic
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Figure 3. Effects of SNP, NTG, and 4% sevoflurane on magnitude of HABR. The HABR during baseline and with SNP, NTG, or »

4% sevoflurane. The data was presented with mean = SD,

application of NO donors in hepatic perfusion during
early-stage endotoxemia [24-27]. Tamandl et al. [27]
clearly suggested that the early administration of the
NO donor SNP (3.0 ug-kg~!-min~!) into the portal vein
during endotoxemia restores the HABR in a porcine
model of endotoxemia. Furthermore, it has been re-
ported by Chavez-Rivera et al. [28] that exogenous and
endogenous NO, but not iNOS inhibition, improves
the function and survival of ischemically injured liv-
ers. Most recently, Walsh et al. [29] and Phillips et al.
[30] have suggested that NO may protect liver func-
tion against ischemia reperfusion injury. Our findings
may provide additional information on the effect of
systemic administration of SNP and NTG on HABR in
a pathophysiological porcine model.

In conclusion, systemic administration of SNP or NTG
in sevoflurane-anesthetized pigs increased the gain of
the HABR (47-55%) in correlation with reduced vascu-
lar tone in the proximal hepatic arterial bed, probably
via dilation of arterioles in the pre-sinusoidal compart-
ment elicited by exogenous NO.
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