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Abstract

Hyperglycemia and Gut Barrier Dysfunction
Satoshi Yajima, Hiroshi Morisaki and Junzo Takeda

Department of Anesthesiology, Keio University Schoo! of Medicine
35 Shinanomachi, Shinjuku-ku, Tokyo 160-8582, Japan

Hyperglycemia, caused by aggressive nutrition and insulin resistance obtained, is known to increase
the mortality rate in critically ill. Although the underlying mechanisms remain to be clarified, exces-
sive discharges of inflammatory cytokines and endothelial injury may contribute to the development of
organ dysfunction. Disruption of gut barrier function in critically ill easily permits further invasion of
intraluminal microorganisms and/or toxins into blood or lymph nodes, and causes remote organ failure.
Therefore, preservation of gut mucosal barrier has become one of therapeutic goals to improve the
mortality and morbidity in eritically ill. We therefore wonder if hyperglycemia per se could be a conse-
quential factor to disrupt gut barrier function, subsequently inducing bacterial translocation and multi-
ple organ failure. This review was aimed at examining the possibility of hyperglycemia-augmented
gut barrier dysfunction and at clarifying the roles of glycemic control with insulin infusion,
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Table 1 Patients Demographics and Intraoperative Characteristics

EPI group IVPCA group
(n=31) (n=40)
Age (yr) 62.5+10.7 61,2+9.8 NS
Sex (male/female) 3/17 2/13 NS
ASAPS (1/11) 11/20 19/21 NS
Duration of anesthesia (min) 189:+69 20368 NS
Duration of surgery (min) 115+63 129454 NS
Time to the first rehabilitation (day) 2.110.3 2.210.6 NS

Values are presented as mean=+SD or absolute frequency.

NS : no significant difference.
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Fig.1 Percentage of patients with VRS=0 or 1 (none or mild pain) at recovery room
* : Significant difference (p<0.05 vs EDB group)
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Table2 Percentage of Patients with Side Effect in Each Group (% (number))

EPI group IVPCA group p
(n=31) (n=40) value
Nausea score=1
0hr 16.2%(5) 20% (8) 0.70
24 hr 3.2%(1) 2.5%(1) 0.85
48 hr 0% (0) 0% (0) s
Sedation score=2
0hr 6.5%(2) 7.5%(3) 0.8
24 hr 3.2%(1) 0% (0) 0.25
48 hr 0% (0) 0% (0) -
Respiratory depression
(RR<8 breath + min™*) 0% (0) 0% (0) =
Deep venous thrombosis 19.6% (6) 25% (10) 0.36
Pulmonary embolism 6.5%(2) 2.5% (1) 0.79

Significant difference: p<0.05.
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patients : Defining the risk (The Second ASRA dominal surgery. Anaesthesia 2000 ; 55 : 315-22
Coansensus Conference on Neuraxial Anesthesia 6) Singelyn FJ], Vanderelst PE, GouverneurJM:
and Anticoagulation). Reg Anesth Pain Med Extended femoral nerve sheath block after
2003 ; 28 . 172-97 total hip arthroplasty : continuous versus
2) Wulf H, Biscoping J, Beland B, et al: patient-controlled techniques. Anesth Analg

Ropivacaine Epidural Anesthesia and Analge- 2001 ; 92 © 455-9
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Patient-Controlled Analgesia with Morphine in
the Perioperative Management of Hip Replace-
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< Original Article>

Tors 1

Chie Kinoshita, Shizuko Kosugi,
Saori Hashiguchi, Koichi Tsuzaki
and Junzo Takeda
Department of Anesthesiology, School of Medicine, Keio Universily

We compared epidural analgesia versus IVPCA with morphine after total hip
arthroplasty (THA). 71 patients undergoing THA were enrolled and randomized into
two groups. Patients in EDB group received general anesthesia (sevoflurane) followed
by epidural infusion postoperatively, and patients in IVPCA group received general
anesthesia (sevoflurane/remifentanyl) followed by IVPCA with morphine. Although
pain score at recovery room and arrival in the ward was higher in the IVPCA group
than in the EDB group, pain score after 2 hr after arrival in the ward was comparable.
The incidence of side effects (nausea and vomiting, sedation and respiratory depres-
sion) was similar in both group. Whereas IVPCA with morphine provided almost good
pain control during the first 48 hr after THA, additional measures should be taken into

account to cover an inadequate analgesia in the immediate postoperative period.
(J Clin Anesth (Jpm) 2009 ; 33 25-9)
Key words : Total hip arthroplasty, Postoperative analgesia, IVPCA
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Hypercapnic acidosis minimizes endotoxin-
induced gut mucosal injury in rabbits

Abstract Objecrive:  Recent evi-
dence demonstrated that hypercapnic
acidosis due to lung protective strat-
egy was not only permissive but also
even therapeutic for injured lung,
Since the effects of hypercapnic aci-
dosis on extra-pulmonary organs
remain to be clarified, we tested the
hypothesis that hypercapnic acidosis
protects gut mucosal barrier function
by modulating inflammation in a
rabbit model of endotoxemia,
Design: Prospective randomized
animal study. Serring:  University
research laboratory. Subjects: Male
New Zealand white rabbits. Inrer-
ventions: Thirty-two animals were
randomly allocated into two groups:
normocapnia (n = 17) and hyper-
capnia (n = 15). The latter group
received FICO; 5% under mechanical
ventilation to achieve hypercapnia
throughout the study periods, whereas
the former with F,CO,; 0%.

Measurements and results:  Arterial
blood gas, intramucosal pH (pHi) and
portal blood flow were assessed at
baseline, 2-h and 4-h infusion of
lipopolysaccharide. At 4 h, ileal
myeloperoxidase (MPO) activity and
intestinal permeability were mea-
sured. The animals in the hypercapnia
group showed apparent hypercapnic
acidosis and progressive intramucosal
acidosis at 4 h, accompanied by sig-
nificantly lower intestinal
permeability versus normocapnia
group. Ileal MPO activity was com-
parable between the study groups.
Conclusions:  Hypercapnic acidosis
attenuates endotoxin-induced gut
barrier dysfunction possibly through
neutrophil-independent mechanisms.

Keywords Hypercapnia - Bacterial
translocation - Intramucosal pH -
Myeoloperoxidase

Introduction

Lung protective strategy has been recognized as a valu-
able approach to improve the outcome of critically ill
patients with acute respiratory distress syndrome (ARDS)
[1, 2]. With this strategy, low tidal volume ventilation to
obviate alveolar overextension results in hypercapnic
acidosis. Recent study demonstrated that hypercapnic
acidosis had a protective or even therapeutic effect on
injured lungs [3, 4], whereas the other group alarmed that
hypercapnic acidosis retarded plasma membrane wound
resealing in a model of ventilator-induced lung injury [5].

Although the key component to provide its protective
property is primarily considered as being acidosis,
hypercapnic acidosis is more effective to minimize lung
injury rather than metabolic acidosis [6]. On the contrary,
hypercapnia by itself has potent vasodilating property to
provide sufficient oxygen delivery to tissues, particularly
in the coronary and cerebral circulation [7, 8. In addition,
an increasing amount of evidence indicates that several
components of inflammation, including production of
reactive oxygen species and cytokines and activation of
nuclear factor-xB, were diminished under hypercap-
nic acidosis [9, 10]. Collectively, protective effects of
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hypercapnic acidosis on injured organs are mainly pro-
duced through its vasodilating and/or anti-inflammatory
mechanisms.

While critically ill patients complicated by ARDS is
believed to die not owing to respiratory failure but to the
other organ failure, the effect of hypercapnic acidosis on
extra-pulmonary organs remains to be fully determined.
In ex vivo experimental condition, previous studies
showed that reperfusion with hypercapnic perfusate aug-
mented the recovery of myocardial function after
prolonged ischemia and reduced the infarct size after
coronary artery occlusion [11, 12], On the other hand, the
impact of hypercapnic acidosis on the gut, the most
fragile organ against any type of insults [13], remains
unclear and may differ depending on conditions of criti-
cally ill or study subjects. Besides, at the microcirculatory
level of gut mucosa, hypercapnia by itself possesses the
contra-lateral effects, i.e., direct local vasodilation and
indirect local vasoconstriction by sympathetic simulation
[10]. Since tissue accumulation of activated neutrophils
plays consequential roles to regulate gut barrier function
[14], we tested the hypothesis that hypercapnic acidosis
preserved gut mucosal function through the modulation of
neutrophil dynamics in splanchnic area in a rabbit model
of endotoxemia.

Materials and methods

Detailed descriptions of all procedures are available in the
online supplement.

Study protocol

After preparatory surgery as described previously [15,
16], 32 healthy rabbits were randomly assigned to two
groups, normocapnia (n = 17) and hypercapnia (n = 15)
groups: the former was mechanically ventilated with
F,CO, 0% and the latter with F,CO, 5%. After baseline
measurements (Fig. 1), lipopolysaccharide (LPS: 15 pg/
kg per minute) infusion was initiated with aggressive fluid

therapy throughout the study periods. At 4-h study period,
we determined the changes of gut mucosal permeability
using fluorescein isothiocyanate-conjugated dextran
(FD4). Lung and ileal tissues were obtained for the
measurement of wet to dry weight ratio. To examine the
time-course effects of hypercapnic acidosis on normal
rabbits, we also studied eight sham animals that received
the same catheterization without LPS infusion under the
same study protocol.

Measurement of intramucosal pH, gut mucosal
permeability and biochemical analyses

Gut intramucosal pH (pHi) was monitored using an
automated air tonometry (Tonocap, Datex Ohmeda, Hel-
sinki, Finland) [16, 17] throughout the study period. To
examine the effects of systemic acidosis on pHi over the
hypercapnic and endotoxemic stages, we further exam-
ined the PCO, gap defined as the difference between
measured PrCO, and PaCO;. Gut mucosal permeability
was measured using an in situ loop preparation as
described previously [16, 18]. The results were corrected
for the plasma protein contents measured by the Lowry
method [19]. Arterial blood samples were used to deter-
mine white blood cell (WBC), blood gas and lactate.
Residual arterial blood and portal blood samples were
centrifuged and stored for measurements of lactate
dehydrogenase (LDH) activity [16]. As an index of leu-
kocyte sequestration, MPO activity of ileal wall was
assayed [20]. At the completion of experiments, a ran-
domly selected left or right lung was lavaged to measure
protein concentration of bronchoalveolar lavage fluid
(BALF) [21].

Statistical analysis

Data are expressed as mean =+ standard deviation unless
otherwise specified. Analysis of variance with repeated
measures and Friedman test was applied where appro-
priate.  Differences were considered  statistically

Fig. 1 Schematic drawing of
experimental protocol
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