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Abstract

Background: Autoimmune pulmonary alveolar proteinosis (aPAP) is a rare lung disease caused by the autoantibody
against granulocyte-macrophage colony stimulating factor (GM-CSF). The clinical course of aPAP is variable; in severe
cases, patients develop lethal respiratory failure due to pulmonary fibrosis. However, the pathogenesis of pulmonary
fibrosis in aPAP has never been delineated.

Case presentation: Here, we describe a rare case of aPAP that was subsequently complicated by microscopic
polyangiitis-related pulmonary fibrosis. The patient was a 75-year-cld Japanese man diagnosed with aPAP based
on the crazy-paving appearance on high-resolution computed tomography (HRCT), “milky” appearance of
broncho-alveclar lavage fluid (BALF), and elevated serum levels of the anti-GM-CSF antibody. The patient was
followed-up without aPAP-specific treatment for 3 years. During this pericd, both hematuria and proteinuria appeared;
in adcition, serum myeloperoxidase (MPOj-anti-neutrophil cytoplasmic antibody (ANCA) turned positive and increased
markedly. The second BAL performed one year after the diagnosis, showed that the "milky” appearance had resolved.
The HRCT showed that fibrotic changes had developad and that the crazy-paving appearance had disappeared.
These data suggest an association between pulmonary fibrosis that developed during the natural course of aPAP
and ANCA-related systemic vasculitis.

Conclusion: This is the first case report that suggests the existence of a pathogenetic relationship between
ANCA-associated systemic vasculitis and aPAP-related pulmonary fibrosis. The link between ANCA-associated
systemic vasculitis and aPAP-related pulmonary fibrosis requires further investigation.

Keywords: Pulmonary alveolar proteinosis, Pulmonary fibrosis, Myeloperoxidase antineutrophil cytoplasmic antibody

Background The clinical course of aPAP is variable. In the contem-

Autoimmune pulmonary alveolar proteinosis (aPAP), which
causes 90% of all PAP cases, is an autoimmune disease
caused by the presence of an autoantibody against
granulocyte-macrophage colony stimulating factor (GM-
CSF) {1]. The suppression of GM-CSF signaling by anti-
GM-CSF autoantibody disrupts the surfactant catabolism,
resulting in the accumulation of surfactant lipids and
proteins in pulmonary alveolar macrophages and alveoli.
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poraneous cohort of 223 Japanese aPAP patients, 3 pa-
tients (1.4%) were complicated by severe respiratory
failure due to pulmonary fibrosis (2]. And so far, there
have been, at least, 5 case reports, which highly sug-
gested the pathogenetic relationship between aPAP and
pulmonary fibrosis [3-71.

The pathogenesis of pulmonary fibrosis in aPAP is
unknown. It has been hypothesized that the retention
of lipoproteinaceous material in the alveoli, silica
exposure, and/or superimposed pulmonary infections
induces damage to cells lining the alveoli and causes
pulmonary fibrosis in aPAP patients [5]. In rats, the
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overexpression of GM-CSF in the lung by adenovirus-
vector leads to pulmonary fibrosis, suggesting an in-
conclusive relationship between GM-CSF therapy and
pulmonary fibrosis in patients with aPAP [8].

Anti-neutrophil cytoplasmic antibody (ANCA) is a sensi-
tive and specific marker for ANCA-associated systemic
vasculitis, as observed in granulomatosis with polyangiitis
(GPA), microscopic polyangiitis (MPA), “idiopathic” necro-
tizing crescentic glomerulonephritis and allergic granu-
lomatous angiitis [9]. In vitro and in vivo studies provide
compelling evidence that ANCA play a critical role in the
pathogenesis of ANCA-associated systemic vasculitis [10].
Pulmonary fibrosis due to alveolar capillaritis is a common
complication in ANCA-associated systemic vasculitis.
However, ANCA-related pulmonary fibrosis has never
been reported in association with aPAP.

Case presentation
A 75-year-old Japanese man, who self-identified as a
chronic smoker (30 pack-years), was referred to our
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hospital because of a cough, which had been continued
for 2 months, and an abnormal chest X-ray. He had no
significant past medical history. He was an owner of a
liquor shop and had no prior exposure to harmful dust.
The physical examination revealed fine crackles bilat-
erally over the lower lung. The laboratory findings
showed elevated levels of lactate dehydrogenase (376 U/
L; normal range, 120-242), Krebs von den Lungen-6
(17330 U/mL; normal range, 0-500), surfactant protein-
D (293.0 ng/ml; normal range, 0-110), carcinoem-
bryonic antigen (12 ng/mL; normal range, 0-5.0), and
CYFRA21.1 (cytokeratin-19 fragments) (26.5 ng/ml;
normal range, 0-20.0) in the serum. Serum antinuclear
antibody titer was 1:40 (normal range, <1:40), and
myeloperoxidase (MPO)-ANCA testing was negative.
The chest X-ray showed diffuse bilateral-ground-glass
opacities, and high-resolution computed tomography
(HRCT) showed a crazy-paving appearance (Figure 1A).
Bronchoscopy was performed; the broncho-alveolar
lavage fluid (BALF) from the left lingura (B®) showed a

A

v

(months)
B
100 800 ,
250 @
i
[ 200
= (5) & 50 150 %
L =% fai
i w00 S
=3 25 Z
@3 50
,,.?g\? O W.ﬁ “M [ — . T g E
0 & 0 5 10 15 20 25 30
{months)

Figure 1 During the clinical course of aPAP in this patient, HRCT images showed increased evidence of pulmonary fibrosis: reticular
opacity (arrows) and traction bronchiectasis (arrowheads). (&) Serum MPO-ANCA 1esting became positive and then increased significantly
(circie), while the resuits of pulmonary function tests, induding vital capacity (vC, diamond) and CO diffusing capacity {DLCO, square), deteriorated.

Serurm anti-GM-CSF antibody concertrations kept high and increased (B).
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typical “milky” appearance. The total cell count in
BALF was 320/uL. Differential cell count revealed 50%
alveolar macrophages, 36% lymphocytes, 12% neutro-
phils, 2% eosinophils. Pathological examination of a
transbronchial lung biopsy sample revealed periodic-
acid-Schiff stain-positive material along the alveolar
wall. After the serum anti-GM-CSF autoantibody con-
centration (28 pg/mL; normal range, <0.5) was con-
firmed and the comorbidity of hematological diseases,
such as chronic myelocytic leukemia, myelodysplastic
syndrome, or monoclonal gammopathy of undetermined
significance, were excluded, the patient was diagnosed
with aPAP.

Because the patient refused any specific treatment for
aPAP, including whole-lung lavage and GM-CSF inhal-
ation therapy, he was followed in the outpatient depart-
ment. Nine months later, his cough had worsened and
he began to experience dyspnea upon exertion, which
was classified using the modified Medical Research
Council Dyspnea Scale (nMRC) as grade 2. The chest
HRCT obtained at this visit showed that the crazy-
paving pattern had been replaced by fibrotic changes,
i.e., subpleural honeycombing and traction bronchiec-
tasis (Figure 1A). In contrast to the results obtained at
the time of diagnosis, the BALF was transparent, with-
out a “milky” appearance. Serum anti-GM-CSF auto-
antibody concentration was 23.5 pg/mL. Surprisingly,
serum MPO-ANCA testing was positive (134 [U/L) and
subsequently continued to rise (Figure 1B). In accord-
ance with the fibrotic changes seen on HRCT images,
the patient’s respiratory failure had worsened since
diagnosis (Figure 1B). The patient also showed signs of
hematuria and proteinuria. Although neither kidney
nor lung biopsies were performed because of the pa-
tient's general condition, the findings presented above
met the most recent criteria for MPA [11]. Because the
patient refused steroid and immunosuppressant treat-
ment, he has been followed-up for MPA without any
specific therapy.

Many studies have shown that ANCA production is
key to the pathogenesis of MPA. ANCA is known to
activate neutrophils and allow their accumulation at the
endothelial portion of a vasculitic lesion [12]. ANCA is
also an excellent diagnostic marker of MPA with specifi-
city of 96.3-99.1% [13]. Based on these findings, the
European League against Rheumatism and the American
College of Rheumatology established new criteria that
emphasized serum ANCA in the diagnosis of MPA [14].
A new criterion of MPA, proposed by Watts, lays more
emphasis on the role of ANCA in MPA diagnosis, wherein
histopathological signs of vasculitis are not essential for
the diagnosis [11]. Qur case met these criteria due to the
patient’s high level of MPO-ANCA and the associated
urinary findings.
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There are several reports of pulmonary fibrosis that
developed in patients with aPAP. In these cases, as in
ours, the features of PAP disappeared as pulmonary
fibrosis progressed [5,7]. As Luisetti et al. mentioned,
it is not possible for us to exclude that some subjects
diagnosed with diffuse fibrotic lung disease actually
represented the end-stage evolution of a previous pul-
monary alveolar proteinosis process [7]. If a patient’s
BALF or HRCT does not show a typical PAP appear-
ance at the time of admission, serum GM-CSF auto-
antibody is not usually measured. Thus, the link
between PAP and pulmonary fibrosis must be explored.
In this report, we suggest the role of ANCA-associated
systemic vasculitis in the pathogenesis of aPAP-related
pulmonary fibrosis. We sought to verify the existence
of ANCA-associated systemic vasculitis in patients with
aPAP-related pulmonary fibrosis, because in these cases,
steroids or immunosuppressants (including rituximab)
that are not usually used for the treatment of aPAP may
be effective for the treatment of pulmonary fibrosis [15].
There is one reported case of secondary PAP with high
levels of MPO-ANCA [16]. Further research will be neces-
sary to elucidate the link between aPAP and ANCA-
associated systemic vasculitis. Serum ANCA levels should
be examined in cases of aPAP complicated by pulmon-
ary fibrosis.

It is generally thought that autoimmune diseases are
induced by dysfunctional immunotolerance to self-
antigens due to genetic as well as environmental factors
[17]. Clinical evidence shows that the coexistence of auto-
immune diseases within an individual (i.e., polyautoimmu-
nity) is not uncommon, suggesting that these autoimmune
diseases have a common genetic or environmental root
[18]. It is also reported that aPAP sometimes accompanies
other systemic or organ-specific antoimmune diseases.
Seymour et al. reviewed 410 cases of PAP and reported
seven cases (1.7%) with coexisting autoimmune disor-
ders or positive autoimmune serology (rheumatoid arth-
ritis, two cases; anti-smooth muscle antibody positive, two
cases; multiple sclerosis, one case; IgA nephropathy, one
case; and celiac disease, one case) [19]. Inoue et al
reported three cases among 212 patients with aPAP that
were complicated by other autoimmune diseases including
polymyalgia rheumatica, GPA, and autoimmune hemolytic
anemia [2]. Whether the coexistence of aPAP and ANCA-
associated systemic vasculitis in our case was anecdotal
or due to shared underlying mechanisms remains to be
elucidated. However, it is known that air pollution and/
or infections sometimes overwhelm immunotolerance
to MPO, even in healthy individuals [20]. Owing to their
genetic tendency toward autoimmune disease and the
altered immunologic milieu in their lungs, aPAP patients
might be prone to developing an autoimmune reaction to
MPO, triggered by an unknown environmental factor.
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Conclusion

Previous research has not succeeded in explaining why
pulmonary fibrosis occurs in patients with aPAP, or
how we should treat this complication, which is often
associated with a poor prognosis. This is the first case
report to suggest a pathogenetic relationship between
ANCA-associated systemic vasculitis and aPAP-related
pulmonary fibrosis. The link between ANCA-associated
systemic vasculitis and aPAP-related pulmonary fibrosis
must be explored with further research.

Consent

Because the patient passed away due to the progression
of respiratory failure, written informed consent was
obtained from the patient’s wife for publication of this
case report and any accompanying images. A copy is
available for review by the Editor of this journal.
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Effects of Remifentanil on In-Hospital Mortality and
Length of Stay Following Clipping of Intracranial
Aneurysm: A Propensity Score-matched Analysis

Kanji Uchida, MD, PhD,* Hideo Yasunaga, MD, PhD,{ Masahiko Sumitani, MD, PhD,*
Hiromasa Horiguchi, PhD,} Kiyohide Fushimi, MD, PhD,§ and Yoshitsugu Yamada, MD, PhD*

Background: Remifentanil is an ultrashort-acting p-opioid re-
ceptor agonist and is especially suitable for neuroanesthesia. We
previously reported that general anesthesia with remifentanil for
brain tumor resection was associated with lower postoperative
mortality and shorter postoperative length of stay (LOS) when
compared with surgeries without remifentanil. This phenomen-
on may also exist during clipping of intracranial aneurysms
(ICAs), where brain tissue frequently suffers ischemia and re-
perfusion injury. We performed a propensity score-matching
study to compare in-hospital mortality and postoperative LOS
with and without remifentanil in such patients.

Methods: We used the Diagnosis Procedure Combination in-
patient database in Japan that includes 926 acute care hospitals
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to identify patients who underwent clipping of ICAs under
general anesthesia between July and December 2007.

Results: Of the 4502 patients who underwent ICA clipping, 1380
propensity-matched pairs (n = 2760) were included for outcome
comparison. The remifentanil group had significantly lower in-
hospital mortality than the nonremifentanil group (4.2% vs.
7.7%; P < 0.001). Use of remifentanil was an independent fac-
tor for lower in-hospital mortality (odds ratio = 0.52; 95%
confidence interval, 0.37-0.74; P < 0.001). By contrast, post-
operative LOS did not differ significantly between the 2 groups.
There was no difference in the occurrence of postoperative
complications except for hydrocephalus, which was more com-
mon with remifentanil.

Conclusions: This retrospective observational study demon-
strated a possible relationship between the use of remifentanil
for neuroanesthesia and reduced mortality of patients under-
going clipping of ICAs with open craniotomy, Prospective in-
terventional studies are necessary to confirm this relationship.

Key Words: remifentanil, clipping of intracranial aneurysm,
subarachnoid hemorrhage, postoperative mortality, general
anesthesia, Diagnosis Procedure Combination, propensity score
matching, large administrative claim database

(J Neurosurg Anesthesiol 2014;00:000-000)

Remifentanil, a p-opioid receptor agonist, has a unique
pharmacokinetic profile, including a short half-life.!
The clinical efficiency of remifentanil is especially recog-
nized in neuroanesthesia, where rapid postoperative
emergence is often desirable.? Using a Japanese nation-
wide administrative database,> we recently reported that
general anesthesia with remifentanil is associated with
reduced postoperative mortality as well as shorter post-
operative length of stay (LOS) compared with fentanyl
alone in patients undergoing brain tumor resection. In
patients undergoing rectal cancer surgery with intra-
operative epidural anesthesia, the above phenomenon was
not observed, possibly indicating that the surgical stress
response that can be suppressed by epidural anesthesia
may affect postoperative outcome. This response may
also be efficiently suppressed by remifentanil in neuro-
surgery, consequently creating better outcomes.*
Ruptured intracranial aneurysm (ICA) constitutes
15% of all cerebrovascular accidents, with an incidence of
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> 700,000 cases per year in the United States.” Thirty-day
mortality is reported to be approximately 45% in the
United States® and 34% in Japan® and half of the survi-
vors suffer irreversible brain damage.® Postoperative
neurological deficits are common due to factors such as
brain retraction, vessel occlusion, and intraoperative
hemorrhage,” especially in ruptured ICA.,

In our previous report, we included patients without
any preoperative changes in consciousness (Japan Coma
Scale [JCS] = 0), to exclude those with preoperative brain
damage/ischemia that may have affected the postoperative
outcome.” Until now, it was unknown how general anes-
thesia with remifentanil affects early postoperative out-
comes in patients with increased intracranial pressure.

In the present study, we hypothesized that general
anesthesia supplemented with remifentanil works favor-
ably to early postoperative outcome in patients under-
going clipping of ICAs. To address this hypothesis, we
retrospectively surveyed a large administrative claims da-
tabase in Japan and applied propensity score-matched
analyses to compare factors related to postoperative out-
come between remifentanil and nonremifentanil patients
who underwent clipping of ruptured/unruptured ICAs.

METHODS

Data Source

The details of the Diagnosis Procedure Combina-
tion (DPC) database have been described previously.**?
Briefly, the DPC is a Japanese case-mix classification
system linked with a lump-sum payment system launched
in 2002 by the Ministry of Health, Labour, and Welfare
of Japan. All 82 academic hospitals in Japan are obliged
to use the DPC system, whereas community hospitals can
use it voluntarily. In 2007, 926 hospitals, approximately 3
million patients were enrolled in the system that repre-
sents about 45% of all inpatient admissions to acute care
hospitals in Japan. A survey of DPC-participating hos-
pitals is conducted between July 1 and December 31 an-
nually by the DPC-Research Group, funded by the
Ministry of Health, Labour, and Welfare,!0:11

The database includes the following information:
unique identifier for each hospital; age and sex, diagnoses
at admission, comorbidities, in-hospital complications
recorded using text data in the Japanese language and the
International Classification of Diseases 10th Revision
codes; medical procedures coded using original Japanese
codes; duration of anesthesia (min); list of drug and the
dates when it was used; and LOS and discharge status.
The level of consciousness at admission for all patients
was evaluated using JCS, which is widely used by
Japanese clinical facilities including emergency services
for assessment of consciousness level. The JCS and the
Glasgow Coma Scale are well correlated.?

This study was based on a secondary analysis of
administrative claims data. Given the anonymous nature
of the data, the requirement for informed consent was
waived. Study approval was obtained from the Institu-

2 | www.jnsa.com

tional Review Board of the Graduate School of Medicine
at the University of Tokyo (IRB# 3501).

Patient Selection

From the 3 million inpatients recorded between July
1 and December 31, 2007, we selected patients who un-
derwent clipping of ruptured/unruptured ICA with open
craniotomy under general anesthesia. We then selected
patients who received fentanyl or remifentanil during
general anesthesia and divided them into 2 subgroups: (a)
patients who received both remifentanil and fentanyl; and
(b) those who received fentanyl alone. We excluded pa-
tients who died within 3 days after admission because we
suspected that the preoperative brain damage in these
patients was so serious that physiological derangement
would have occurred, and that this might have led the
anesthesia care provider to choose conventional opioids
such as fentanyl.!? Figure | shows a diagram illustrating
how the patients were included for the analysis.

2,990,000 cases of inpatients
L collected Jul 1 to Dec 31, 2007
A
P
6,186 cases of ICA clipping under
general anesthesia
F" ™y
4,513 cases with either fentanyl /
remifentanil+fentanyl
% vy
11 died within 3
days after
admission
s ™
Fentanyl Remifentanil
only + Fentanyl
1,809 cases 2,693 cases
\. J
5] )
Propensity-score matching
- ™
Fentanyl Remifentanil
only + Fentanyl
1,380 cases 1,380 cases
\. J

FIGURE 1. Patient inclusions and exclusions. The numbers of
patients included/excluded based on each inclusion/exclusion
criterion are demonstrated. ICA indicates intracranial aneurysm.
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Patient Background Data

Patient background data that could potentially
affect the study end points, such as age, sex, and
comorbidities, were assessed. The comorbidities were as
follows: hypertension, diabetes, chronic heart disease
(ischemic heart disease, valvular heart disease, car-
diomyopathy, or congenital heart disease), chronic lung
disease (emphysema, chronic bronchitis, bronchiectasis,
asthma, interstitial lung disease, or pulmonary hyper-
tension), liver cirrhosis, and chronic renal failure. We also
evaluated the use of volatile anesthetic agents (sevo-
flurane, isoflurane, enflurane, or halothane), nitrous ox-
ide, and propofol for each patient. We assessed the type
of hospital (academic, nonacademic) and hospital in-
patient volumes for ICA clipping, because these factors
could potentially affect postoperative outcomes, including
mortality.!> Hospital volumes were determined by the
number of ICA clipping procedures performed during the
study period, using the unique identifier for each hospital.
Numbers of clipping and duration of anesthesia, which
may indicate whether surgical difficulties occurred, were
included. Use of blood transfusion, which is correlated
with intraoperative bleeding, was also included because it
affects postoperative outcomes.

For postoperative complications, we extracted
postoperative cerebral infarction, cerebrovascular spasm,
cerebral hemorrhage, hydrocephalus, pulmonary com-
plications, cardiovascular complications, sepsis, and dif-
fuse intravascular coagulation according to the Japanese
text and International Classification of Disease-10 codes
in the database.

End Points

The primary end point was in-hospital mortality.
Postoperative LOS, postoperative complications includ-
ing hydrocephalus, brain infarction, and cardiovascular
and respiratory complications were assessed as a secon-
dary end point.

Statistical Analysis

As the patients were not randomly assigned to re-
ceive remifentanil, we used propensity score matching!!14
to adjust for differences in baseline characteristics. We
applied one-to-one matched analysis on the basis of the
estimated propensity scores for each patient. The log odds
of the probability that a patient received remifentanil
were modeled for potential confounders including age,
sex, type of aneurysm (unruptured or ruptured), pre-
operative consciousness level, number of clippings, pre-
operative comorbidities (hypertension, diabetes mellitus,
chronic lung disease, cardiovascular disease, liver cir-
rhosis, or chronic renal failure), duration of anesthesia,
blood transfusion, type of hospital, and hospital volume.
We also included anesthetic agents other than opioids
that can affect postoperative recovery, such as nitrous
oxide, volatile anesthetics, and propofol. The C-statistic
for evaluating the goodness of fit was calculated. Each
patient who received remifentanil was matched with a
patient who did not receive remifentanil with the closest

© 2014 Lippincott Williams & Wilkins

estimated propensity on the logit scale within a specified
range (0.6 of the pooled SD of estimated logits). 11,14

We compared in-hospital mortality rates and post-
operative LOS between the remifentanil and non-
remifentanil groups using the y” test and the log-rank test,
respectively. The multivariate logistic regression model
included age, sex, remifentanil use, and other covariates
used for propensity score matching, while also adjusting
for clustering of patients within hospitals using a gener-
alized estimating equation.!’

We compared the proportion of patients discharged
from hospital between the subgroups in each covariate
using the Kaplan-Meier method and log-rank tests. Cox
proportional hazards regression analysis was performed
to model the concurrent effects of various factors on the
proportion of patients discharged, including age, sex, re-
mifentanil use, and other covariates used for propensity
score matching.

We presented odds ratios and 95% confidence in-
tervals (95% Cls) for the logistic regressions and hazard
ratios and 95% ClIs for the Cox regressions. The thresh-
old for significance was P < 0.05. All statistical analyses
were conducted using IBM SPSS version 19.0 (IBM
SPSS, Armonk, NY).

RESULTS

Of the 3 million inpatients, we identified 6186 ICA
clipping procedures performed between July and De-
cember, 2007. After inclusion of patients who were ad-
ministered either fentanyl or remifentanil, we selected 4502
patients who underwent clipping of unruptured or ruptured
ICAs under general anesthesia (2693 with both remifentanil
and fentanyl and 1809 with fentanyl alone) (Table 1). Using
one-to-one propensity score matching, we selected 1380
pairs from the remifentanil and nonremifentanil groups.
The C-statistic was calculated to be 0.733.

Table 1 shows background data for patients in the
remifentanil and nonremifentanil groups who underwent
ICA clipping, before and after propensity score matching.
Remifentanil was more likely to be used in patients with
an unruptured ICA, those with longer duration of anes-
thesia, and those treated in academic hospitals. Mean
hospital volume for clipping was higher in the re-
mifentanil group. Remifentanil was less likely to be used
in patients with cardiovascular disease. Before propensity
score matching, the proportions of remifentanil patients
receiving nitrous oxide or volatile agents were sig-
nificantly lower than those of nonremifentanil patients,
whereas propofol was more frequently used in the re-
mifentanil group than in the nonremifentanil group. After
propensity score matching, patient distributions were
closely balanced between the remifentanil and non-
remifentanil groups.

Table 2 shows the results of y* tests for post-
operative in-hospital mortality and log-rank tests for
postoperative LOS comparing the remifentanil and non-
remifentanil groups. There was a significant difference in
in-hospital mortality between the 2 groups (4.2% vs.
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TABLE 1. Patient Backgrounds and Use of Volatile Agents

Before Propeusity Score Matching

After Propensity Score Matching

Remifentanil and

Fentanyl Alone

Remifentanil and

Fentanyl Alone

Fentanyl (n = 2693) (n = 1809) P Fentanyl (n = 1380) (n = 1380) P
Patient background
Age (mean £ SD) 61.2 4 11.8 61.8 4 12.3 0.115 61.7£11.9 61.6 £ 12.3 0.786
Sex (malc) (n [%]) 915 (34.0) 611 (33.8) 0.889 491 (35.6) 465 (33.7)  0.298
Diagnosis and consciousness level (n [%)])
Unruptured ICA 1289 (47.9) 665 (36.8) < 0.001 552 (40.0) 538 (39.0) 0.484
Ruptured ICA with JCS grade 0 416 (15.4) 299 (16.5) 232 (16.8) 213 (15.4)
Ruptured ICA with JCS grade | 391 (14.5) 334 (18.5) 234 (17.0) 229 (16.6)
Ruptured ICA with JCS grade 2 294 (10.9) 239 (13.2) 176 (12.8) 184 (13.3)
Ruptured ICA with JCS grade 3 303 (11.3) 272 (15.0) 186 (13.5) 216 (15.7)
No. clippings
1 2277 (86.3) 1561 (84.6) 0.104 1175 (85.1) 1182 (85.7) 0.706
=2 416 (15.4) 248 (13.7) 205 (14.9) 198 (14.3)
Comorbidities (n {%])
Hypertension 783 (29.1) 502 (27.8) 0.334 409 (29.6) 396 (28.7) 0.586
Diabctes 121 (4.5) 66 (3.6) 0.164 53 (3.8) 52 (3.8) 0.921
Cardiovascular discascs 78 (2.9) 73 (4.0) 0.037 53 (3.8) 57 (4.1) 0.697
Chronic hung discases 88 (3.3) 43 2.4 0.081 42 (3.0) 39 (2.8) 0.735
Liver cirrhosis 3(0.1) 2(0.1) 0.993 2 (0.1) 2(0.1) 1.000
Chronic renal failure 14 (0.5) 18 (1.0) 0.063 7 (0.5) 12 (0.9) 0.250
Duration of ancsthesia 6.1 %24 584 2.1 < 0.001 59+23 59+£22 0.907
(mean £ SD) (h)
Blood transfusion (yes [%]) 276 (10.2) 212 (11.7) 0.120 150 (10.9) 160 (11.6) 0.547
Academic hospital (n [%]) 647 (24.0) 168 (9.3) < 0.001 141 (10.2) 162 (11.7) 0.201
Hospital volume for clipping surgery 35.1 £ 49.1 27.1 = 28.0 < 0.001 27.8 £ 37.9 29.0 = 30.4 0.366
(pcr 6mo [mean # SDYJ)
Usc of other anesthetics (n [%])
Nitrous oxide 264 (9.8) 507 (28.0) < 0.001 238 (17.2) 271 (19.6) 0.105
Volatilc agents 1884 (70.0) 1627 (89.9) < 0.001 1183 (85.7) 1212 (87.8) 0.103
Propofol 2460 (91.3) 1477 (81.6) < 0.001 1186 (85.9) 1180 (85.5) 0.744

ICA indicates intracranial aneurysm: JCS, Japan Coma Scale.

7.7%; P < 0.001). This phenomenon was observed in
patients with ruptured ICAs with worse preoperative level
of consciousness (ie, JCS Grade 3). Only 1 in-hospital
death occurred among the patients with unruptured

ICAs. Postoperative LOS was not significantly different
between the 2 groups. The occurrence of postoperative
neurological, cardiovascular, pulmonary, and infectious
complications did not differ significantly between the

TABLE 2. Comparison of In-Hospital Death and Postoperative Complications by x* Test and Comparison of Postoperative Length

of Stay by Log-Rank Test

Remifentanil and Fentanyl (n = 1380)

Fentanyl Alone (n = 1380)

P

In-hospital death (n [%])
Overall
Diagnosis and consciousness level
Ruptured ICA with JCS grade 0
Ruptured ICA with JCS grade |
Ruptured ICA with JCS grade 2
Ruptured ICA with JCS grade 3
Unruptured 1CA
Postoperative LOS (mean [95% CI}) (d)
Postopcrative complications (n [%])
Cerebral infarction
Cerebrovascular spasm
Cerebral hemorrhage
Hydrochephalus
Pulmonary complications
Cardiovascular complications
Sepsis, DIC
Postoperative LOS (mean [95% CI}) (d)

58 (4.2)

3/232 (1.3)
19/234 (8.1)
14/176 (3.0)
22/186 (11.8)

0/552 (0)

37.7 (35.9-39.4)

93 (6.7)
117 (8.5)

13 (0.9)
185 (13.4)

90 (6.5)

23 (1.7)

17 (1.2)
37.7 (35.9-39.4)

106 (7.7)

11/213 (5.2)
20/229 (8.1)
25/184 (13.6)
49216 (22.7)
1/538 (0.2)

36.7 (34.9-38.4)

113 (8.2)
112 (8.1)
10 (0.7)
150 (10.9)
101 (7.3)
24 (1.7)
19 (1.4)

36.7 (34.9-38.4)

< 0.001

0.019
0.812
0.086
0.004
0.311
0.433

0.147
0.730
0.530
0.041
0.409
0.883
0.737
0.433

Cl indicates confidence interval: DIC, disseminated intravascular coagulation; ICA, intracranial aneurysm: JCS, Japan Coma Scale; LOS, length of stay.
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groups except for hydrocephalus, which was more com-
mon in the remifentanil group.

Table 3 shows the results of logistic generalized es-
timating equation regression analysis of in-hospital mor-
tality following ICA clipping. The remifentanil group had
a significantly lower mortality than the nonremifentanil
group (odds ratio = 0.52; 95% CI, 0.37-0.74; P < 0.001).
Greater age and male sex were significantly associated
with higher mortality. Worse preoperative consciousness
level and intraoperative blood transfusion were also as-
sociated with higher in-hospital mortality. Academic
hospital and preoperative hypertension were associated
with lower mortality. Number of clippings, duration of
anesthesia, and hospital volume were not significant
predictors for in-hospital mortality. Use of other anes-
thetic agents including propofol, nitrous oxide, and vol-
atile agents was not significantly associated with in-
hospital mortality.

Table 4 shows the results of Cox proportional
hazards regression analysis of the proportion of patients

TABLE 3. Logistic Regression Analysis of In-Hospital Mortality
OR 95% CI P

Age (y)
<49 Reference
50-59 1.27 0.71-2.28 0.421
60-69 1.64 0.90-2.99 0.105
70-79 1.75 0.94-3.25 0.077
>80 2.58 1.25-5.32 0.01
Sex
Male Reference
Female 0.61 0.43-0.86 0.004
Comorbiditics
Hypertension 0.65 0.43-0.97 0.035
Diabetes 1.17 0.48-2.85 0.733
Cardiac discasc 1.47 0.61-3.56 0.397
Chronic lung discase 1.67 0.87-3.19 0.122
Liver cirrhosis 2.39 0.36-16.00 0.367
Chronic renal failure 2.05 0.56-7.54 0.278

Diagnosis and consciousness level
Unruptured ICA 0.03 0.01-0.25 0.001
Ruptured ICA with JCS grade 0  Reference
Ruptured ICA with JCS grade | 2.85 1.53-5.31 0.001
Ruptured ICA with JCS grade 2 3.53 1.85-6.72

< 0.001

Ruptured ICA with JCS grade 3 5.79 2.98-11.25 < 0.00!
Blood transfusion

No Reference

Yes 2.50 1.67-3.75 < 0.001
No. clippings

1 Reference

>2 1.03 0.60-1.77 0.919
Type of hospital

Nonacademic Reference

Academic 0.53 0.29-0.96 0.035
Duration of anesthesia (h) 1.00 1.00-1.00 0.616
Hospital volume (/y) 0.99 0.98-1.00 0.159
Ancsthetic agent used

Fentanyl alone Reference

Remifentanil and fentanyl 0.52 0.37-0.74 < 0.001

Nitrous oxide 0.88 0.55-1.41 0.595

Volatile agent 0.70 0.41-1.20 0.200

Propofol 1.12 0.69-1.80 0.655

Cl indicates confidence interval; 1CA, Intracranial aneurysm; JCS, Japan
Coma Scale; OR, odds ratio.
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TABLE 4. Cox Regression Analysis of Hospital Discharge

HR 95% CI P

Age (y)

<49 Reference

50-59 0.87 0.76-0.98 0.028

60-69 0.72 0.63-0.81 < 0.001

70-79 0.56 0.49-0.64 < 0.001

>80 : 0.47 0.38-0.60 < 0.001
Sex

Male Reference

Female 1.10 1.01-1.20 0.024
Comorbiditics

Hypertension 1.00 0.92-1.09 0.968

Diabetes 0.70 0.57-0.87 0.001

Cardiac disease 0.81 0.66-0.99 0.039

Chronic lung diseasc 0.82 0.64-1.05 0.114

Liver cirrhosis 1.45 0.47-4.54 0.520

Chronic renal failure 0.36 0.21-0.61 < 0.001
Diagnosis and consciousncss level ,

Unruptured ICA 3.13 2.78-3.52 < 0.001

Ruptured ICA with JCS grade 0 Reference

Ruptured ICA with JCS grade 1 0.74 0.65-0.85 < 0.001

Ruptured ICA with JCS grade 2 0.63 0.54-0.73 < 0.001

Ruptured ICA with JCS grade 3 0.44 0.38-0.51 < 0.001
Blood transfusion

No Reference

Yes 0.65 0.57-0.75 < 0.001
No. clippings

1 Reference

>2 0.90 0.81-1.01 0.069
Type of hospital

Nonacademic Reference

Academic 1.30 1.15-1.47 < 0.001
Duration of anesthesia (h) 0.91 0.90-0.93 < 0.001
Hospital volume (/y) 1.003 1.001-1.004 < 0.001
Anesthetic agent used

Fentanyl alone Reference

Remifentanil and fentanyl 1.06 0.98-1.14 0.163

Nitrous oxide 1.01 091-1.12 0.885

Volatile agent 0.81 0.72-0.91 0.885

Propofol 0.91 0.82-1.02 0.120

Cl indicates confidence interval; HR, hazard ratio; ICA, Intracranial aneur-
ysm; JCS, Japan Coma Scale.

discharged from hospital following ICA clipping. Greater
age, male sex, diabetes, cardiac disease, chronic renal
failure, intraoperative blood transfusion, and longer du-
ration of anesthesia were significantly associated with a
lower proportion of discharge. Better preoperative con-
sciousness level and treatment in an academic or high-
volume hospital were significantly associated with the
higher proportion of discharge. Use of anesthetic agents
including remifentanil was not significantly associated
with the proportion of patients discharged.

DISCUSSION
On propensity score-matched analysis, patients who
underwent ICA clipping under general anesthesia with
remifentanil had significantly lower in-hospital mortality
than those anesthetized without remifentanil, but there
was no significant difference in postoperative LOS, or the
incidence of postoperative neurological, cardiovascular,
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or respiratory complications except for hydrocephalus
between the remifentanil and nonremifentanil groups,
Male sex, greater age, blood transfusion, and worse
preoperative consciousness level were significantly asso-
ciated with increased mortality, as in previous pub-
lications.'®!® After adjustment for preoperative and
intraoperative variables that are associated with outcome,
use of remifentanil was an independent factor for low in-
hospital mortality. Mortality was significantly lower in
the remifentanil group even in patients with ruptured ICA
with preoperative JCS grade 3 (11.8% vs. 22.7%;
P =0.004, Table 2), indicating a possible association
between the use of remifentanil and lower mortality even
in patients with preexisting brain damage and increased
intracranial pressure because of rupture of aneurysms.

Limitations

Because our data were based on an administrative
claims database, several limitations should be acknowl-
edged and our results interpreted carefully. First, and
most importantly, this is a nonrandomized retrospective
study. Although we used propensity score matching to
adjust for differences in baseline characteristics, the re-
sults could have been biased by several unmeasured
confounders. For example, no data were available re-
garding the size and location of aneurysms, or clot
thickness evaluated by computed tomography.'® We did
not have commonly used clinical grading scales for sub-
arachnoid hemorrhage in the database such as Hunt &
Hess grade, Fisher grade, or World Federation of Neu-
rosurgical Societies grade estimated by GCS combined
with the presence of motor deficit that were known to be
closely associated with outcome after subarachnoid
hemorrhage,'” although we used JCS that was known to
correlate well with GCS.® In the present study, worse JCS
was significantly associated with higher mortality, con-
firming the legitimacy of using the JCS for propensity
score matching. We also did not have records of surgical
procedures that could have affected the patients’ out-
comes, such as temporary clipping, although we adjusted
for the duration of anesthesia because of its presumed
association with the surgical difficulty.

Second, we could not evaluate the doses of intra-
operative anesthetics and concurrent effects of various
other drugs that could potentially have affected the
postoperative outcomes. Although our logistic regression
analyses for other anesthetics showed that no other agents
were significantly contributed to in-hospital mortality,
further prospective studies are required to confirm the
present results and explore the underlying mechanism
behind the better postoperative outcome observed in the
remifentanil group.

Third, we could not completely exclude the possi-
bility that outcome was associated with individual anes-
thesia care providers’ choices made according to their
patients’ preoperative physiological status. In the present
study, we adjusted preoperative cardiovascular co-
morbidities between groups. However, we should be
aware of other factors that could not be extracted from
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the present data set. For example, one may not choose
remifentanil for those patients with serious physiological
derangement due to lethally increased intracranial pres-
sure. We excluded those who died within 3 days post-
operatively before propensity score matching. Even if we
included these patients in the analysis, results were not
altered. Postoperative neurological, cardiovascular,
pulmonary, and infectious complications did not differ
significantly between groups except for hydrocephalus,
which was more common in the remifentanil group. This
observation indicates that preoperative and intra-
operative physical status may not be significantly different
between groups and cannot solely account for post-
operative complications or mortality.

Fourth, our propensity score matching was based
on complete pooling of the characteristics information
across hospitals, which might have caused residual
confounding by the site effect. We did not use the non-
pooling approach (ie, matching patients in each hospital)
because of the paucity of data available to support the
propensity score estimation within each hospital alone.

Fifth, choice of drug may be somewhat correlated
with quality of care, which may affect postoperative
outcome. Generally, nitrous oxide is recognized as
harmful to brain in neurosurgery, especially for those
with increased intracranial pressure?’ (although recent
studies had conflicting results?!??) and its use may rep-
resent inferior care that 1s associated with increased
mortality. In our present data set, use of nitrous oxide
was not associated with mortality. Similarly, those who
did not choose to use remifentanil might have given poor
intraoperative and postoperative care to the patients,
which might have contributed to the poor outcomes. In
the present study, hospital volume for ICA clipping had
no significant effect on postoperative mortality. Besides,
the remifentanil group did not show significant im-
provement in postoperative LOS and mortality among
patients who underwent rectal cancer surgery extracted
from the same database.* However, we should be aware
of this possible bias, which cannot be excluded.

Speculations on the Neuroprotective
Mechanisms of Remifentanil

There are a number of previous papers that describe
the physiological/biochemical factors that could affect
postoperative outcome for patients undergoing ICA
clipping that may be modulated by the use of re-
mifentanil. These include the suppression of stress-related
endocrine responses, hyperglycemia, and inflammation.

Hyperglycemia in SAH is known to be associated
with worse outcomes.>>?* General anesthesia with re-
mifentanil may supé)ress further increases in blood glu-
cose during surgery”>%% that could damage intact as well
as ischemic neurons. Remifentanil with propofol sup-
presses intraoperative increases in blood glucose during
craniotomy.?’

Several lines of evidence indicate that remifentanil
strongly suppresses surgical stress-related endocrine re-
sponses compared with fentanyl-based or sevoflurane
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anesthesia.?%2% This effect of remifentanil persists into the
early postoperative period®>?®?® and may serve better
postoperative recovery.

In addition, several publications also suggest that
remifentanil may suppress inflammatory reactions after
surgical insults in rats, 3 mice,®! and humans.3? Systemic
inflammation is known to be associated with worse post-
operative outcomes®® and suppression of postoperative
inflammatory reactions in general anesthesia with re-
mifentanil might be associated with better outcomes.

Furthermore, the use of remifentanil may provide
better brain conditions for surgery. Opioids including
fentanyl and remifentanil do not have any effects on
carbon dioxide reactivity or intracranial pressure,’*3
whereas volatile anesthetics contribute to brain swelling
by their vasodilatory effect.?® Remifentanil patients might
be exposed to smaller amounts of volatile anesthetics than
nonremifentanil patients and this may help to avoid brain
swelling, which may be deleterious to the brain when in-
tracranial pressure is increased due to SAH.3%37

In our previous report, remifentanil use was asso-
ciated with shorter LOS in patients undergoing brain
tumor resection without preoperative disorders in con-
sciousness.* However, in the present study, use of re-
mifentanil was not significantly associated with shorter
LOS although preoperative and intraoperative factors
associated with increased mortality were also associated
with greater LOS. One possible reason for the present
results is that there were more survivors among re-
mifentanil patients than among nonremifentanil patients.
Those patients were suspected to have greater brain
damage and may have required prolonged intensive care.
ICA clipping accompanied by decompression craniotomy
required patients to stay in hospital until further surgery
to repair their skull defect. These factors may have con-
tributed to diminishing the difference in early post-
operative recovery between the 2 groups. After surgery,
patients may receive hypnotics/narcotics other than re-
mifentanil for sedation and that can mask differences in
recovery. Prolonged postoperative use of hypnotics is
reported to be a cause of postoperative cognitive im-
pairment.3® Besides, generally longer postoperative LOS
in Japan than in the United States due to differences in
health care delivery systems>® may also mask differences
in patients’ postoperative early recovery.

The above descriptions are speculations and based
on the limitations described earlier, we should be prudent
to make any definitive statement from the present study
that may change our regular clinical practice before ob-
taining other prospective studies that confirm our present

results.

CONCLUSIONS
In conclusion, this propensity score-matched retro-
spective survey in Japan indicates a possible association
between remifentanil use and less postoperative mortality
in patients undergoing clipping of ICAs. The present data

& 2014 Lippincott Williams & Wilkins

should be confirmed by other prospective investigations
before reaching any conclusions that could change our
clinical practice.

REFERENCES

1. Kapila A, Glass PS, Jacobs JR, ct al. Mcasured context-sensitive
half-times of remifentanil and alfentanil. Anesthesiology. 1995;83:
968-975.

. Fodale V, Schifilliti D, Pratico C, et al. Remifentanil and the brain.
Acta Anaesthesiol Scand. 2008;52:319-326.

3. Uchida K, Yasunaga H, Miyata H, ct al. Impact of remifentanil
introduction on practice patterns in general anesthesia. J Anesth.
2011;25:864-871.

4. Uchida K, Yasunaga H, Miyata H, ct al. Impact of remifentanil usc
on early postoperative outcomes following brain tumor resection or
rectal cancer surgery. J Anesth. 2012;26:711-720.

. Warlow CP. Epidemiology of stroke. Lancet. 1998;352:51-84.

. Inagawa T, Takahashi M, Aoki H, et al. Ancurysmal subarachnoid
hemorrhage in Izumo City and Shimane Prefecture of Japan:
outcome. Stroke. 1988;19:176-180.

7. Todd MM, Hindman BJ, Clarke WR, et al. Intraoperative
Hypothermia for Aneurysm Surgery Trial (IHAST) Investigators:
mild intraoperative hypothermia during surgery for intracranial
ancurysm. N Engl J Med. 2005;352:135-145.

8. Ono K, Wada K, Takahara T, et al. Indications for computed
tomography in patients with mild head injury. Newrol Med Chir.
2007;47:291-298.

9. Sumitani M, Uchida K, Yasunaga H, ct al. Prevalence of malignant
hyperthermia and relationship with anesthetics in Japan: data from
the diagnosis procedure combination databasc. Anesthesiology.
2011;114:84-90.

10. Yasunaga H, Yanaihara H, Fuji K, et al. Impact of hospital volume
on postoperative complications and in-hospital mortality following
renal surgery: data from the Japanmese diagnosis procedure
combination databasc. Urology. 2010;76:548-552.

11. Yasunaga H, Horiguchi H, Kuwabara K, ct al. Outcomes following
laparoscopic  or open distal gastrectomy for early-stage
gastric cancer: a propensity-matched analysis. Ann Surg. 2013;257:
640-646.

12. Claassen J, Vu A, Kreiter KT, ct al. Effect of acute physiologic
derangements on outcome after subarachnoid hemorrhage. Crit
Care Med. 2004;32:832-838.

13. Connolly ES Jr, Rabinstein AA, Carhuapoma JR, ct al. American
Hcart Association Stroke Council; Council on Cardiovascular
Radiology and Intervention; Council on Cardiovascular Nursing;
Council on Cardiovascular Surgery and Anesthesia; Council on
Clinical Cardiology. Guidelines for the management of ancurysmal
subarachnoid hemorrhage: a guideline for healtheare professionals
from thec American Heart Association/American Stroke Associa-
tion. Stroke. 2012;43:1711-1737.

14. Rosenbaum PR, Rubin DB. Constructing a control group using
multivariate matched sampling mecthods that incorporate the
propensity scorc. Am Stat. 1985;39:33-38.

15. Hubbard AE, Ahern J, Fleischer NL, ct al. To GEE or not to GEE:
comparing population average and mixed models for cstimating the
associations between neighborhood risk factors and health.
Epidemiology. 2010;21:467-474.

16. Britz GW, Salem L, Newell DW, ct al. Impact of surgical clipping
on survival in unruptured and ruptured cerebral ancurysms: a
population-based study. Stroke. 2004;35:1399-1403.

17. Naidech AM, Jovanovic B, Wartenberg KE, ct al. Higher
hemoglobin is associated with improved outcome after subarach-
noid hemorrhage. Crit Care Med. 2007;35:2383-2389.

18. Rosengart AJ, Schultheiss KE, Tolentino J, et al. Prognostic factors
for outcome in patients with aneurysmal subarachnoid hemorrhage.
Stroke. 2007;38:2315-2321.

19. Ogilvy CS, Carter BS. A proposed comprehensive grading system to
predict outcome for surgical management of intracranial ancurysms.
Neurosurgery. 1998;42:959-968.

]

DN n

www.jnsa.com | 7

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this ariicle is prohibited.



Uchida et al

| Neurosurg Anesthesiol » Volume 00, Number 00, B B 2014

. Reinstrup P, Messcter K. Cercbrovascular response Lo nitrous oxide.

Acta Anaesthesiol Scand. 1994;38:761-762.

. McGregor DG, Lanicr WL, Pasternak JJ, ct al. Intraoperative

Hypothermia for Ancurysm Surgery Trial Investigators. Effect of
nitrous oxide on necurologic and ncuropsychological function after
intracranial ancurysm surgery. Anesthesiology. 2008;108:568-579.

2. Pasternak JJ, McGregor DG, Lanier WL, ot al. THAST Inves-

tigators. Effect of nitrous oxide use on long-term neurclogic and
ncuropsychological outcome in patients who received temporary
proximal artery occlusion during cerebral ancurysm clipping
surgery. Anesthesiology. 2009;110:563-573.

23. Kruyt ND, Bicssels GJ, de Haan RJ, et al. Hyperglycemia and

clinical outcome in ancurysmal subarachnoid hemorrhage: a meta-
analysis. Stroke. 2009;40:¢424-c430.

. Latorre JG, Chou SH, Nogucira RG, ct al. Effective glycemic

control with aggressive hyperglycemia management is associated
with improved outcome in ancurysmal subarachnoid hemorrhage.
Stroke. 2009:40:1644-1652.

25. Thn CH, Joo JD, Choi JW, ct al. Comparison of stress hormone

response, interleukin-6 and anaesthetic characteristics of two
anacsthetic techniques: volatile induction and maintenance of
anacsthesia using sevofluranc versus total intravenous anacsthesia
using propofol and remifentanil. J Int Med Res. 2009;37:1760-1771.

26. Weale NK., Rogers CA, Cooper R, ct al. Effect of remifentanil

infusion ratc on stress response to the pre-bypass phase of pediatric
cardiac surgery. Br J Anaesth. 2004;92:187--194.

. Cok OY. Ozkosc Z, Pasaoglu H, ct al. Glucose response during

craniotomy: propofol-remifentanil versus isofluranc-remifentanil.
Minerva Anestesiol. 2011;77:1141~1148.

28. Kabon B, Kugener A, Gruenberger T, ct al. Effects of continuous

remifentanil administration on intra-operative subcutancous tissue
oxygen tension, Anaesthesia. 2007;62:1101-1109.

. Winterhalter M, Brandl K, Rahe-Mceyer N, ct al. Endocrine stress

response and inflammatory activation during CABG surgery. A

8 | www.jnsa.com

30.

31

33.

34.

38.

39.

randomized trial comparing remifentanil infusion to intermittent
fentanyl. Ewr J Anaesthesiol. 2008;25:326-335.

Hascgawa A, lwasaka H, Hagiwara S, ct al. Remifentanil and
glucose suppress inflammation in a rat modcl of surgical stress. Surg
Today. 2011;41:1617-1621.

Zongze Z, Jia Z, Chang C. et al. Protective effects of remifentanil on
septic mice. Mol Biol Rep. 2010;37:2803-2808.

. Ke JJ, Zhan J, Feng XB. et al. A comparison of the cffect of total

intravenous anacsthesia with propofol and remifentanil and inhala-
tional anacsthesia with isofluranc on the release of pro- and anti-
inflammatory cytokines in paticnts undergoing open cholecystec-
tomy. Anaesth Intensive Care. 2008:36:74-78.

Neal CP, Mann CD, Garcea G, ct al. Preoperative systemic
inflammation and infectious complications after rescction of color-
cctal liver metastases. Arch Surg. 2011;146:471-478.

Petersen KD, Landsfeldt U, Cold GE, ct al. Intracranial pressurce
and cercbral hemodynamic in patients with cercbral tumors: a
randomized prospective study of patients subjected to craniotomy in
propofol-fentanyl, isofluranc-fentanyl or sevoflurane-fentanyl ancs-
thesia. Anesthesiology. 2003;98:329-336.

. Ostapkovich ND, Baker KZ, Fogarty-Mack P, ct al. Cerebral blood

flow and CO; recactivity is similar during remifentanil/N,O and
fentanyl/N,O ancsthesia. Anesthesiology. 1998;89:358-363.

. Matta BF, Heath K. Tipping K, ct al. Dircct cercbral vasodilatory

cffects of sevofluranc and isofluranc. Anesthesiology. 1999;91:677-680.

. Sakabe T, Nakakimura K. Effects of ancsthetic agents and other

drugs on cercbral blood tflow. metabolism and intracranial pressurc.
In: Cottrell JE, Smith DS, cds. Anesthesia and Neurosurgery.
St. Louis: Mosby; 1994:149-174.

Pandharipande P, Shintani A, Pcterson I, ct al. Lorazepam is an
independent risk factor for transitioning to delirium in intensive care
unit patients. Anesthesiology. 2006;104:21-26.

Yim AP, Arifi AA, Wan S. Coronary artery bypass grafting in the
clderly: the challenge and the opportunity. Chesr. 2000;117:1220-1221.

& 2014 Lippincott Williams & Wilkins

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Section Editor: Avery Tung

The Effects on Gastric Emptying and Carbohydrate
Loading of an Oral Nutritional Supplement and an
Oral Rehydration Solution: A Crossover Study with

laghetic Resonance Imaging

Makoto Nakamura, MD,* Kanji Uchida, MD, PhD,* Masaaki Akahane, MD, PhD,T Yasushi Watanabe, T
Kuni Ohtomo, MD, PhD,T and Yoshitsugu Yamada, MD, PhD*

BACKGROUND: Preoperative administration of clear fluids by mouth has recently been endorsed
as a way to improve postoperative outcomes. A carbohydrate-containing beverage supplemented
with electrolytes or proteins may have additional benefits for patients’ satisfaction. However,
effects on gastric residual, nausea, and emesis and the effectiveness of these beverages for
improving patients’ hydration status have not been well defined.

METHODS: We evaluated changes in gastric volume over time by magnetic resonance xmagmg,
as well as blood glucose levels, before and after administration of 500 mL oral rehydration solu-
tion (ORS) containing 1.8% glucose and electrolytes in 10 healthy volunteers. The same volume
of an oral nutritional supplement (ONS) containing 18% glucose and suppiemental arginine (545
mOsm/kg) was given to the same population using a crossover design.

RESULTS: The mean (median, 95% confidence interval) gastric fluid volume at 1 hour after oral
ingestion was 55.0 (55.3, 39.0-70.9) mL in the ORS group, whereas 409.2 (410.9, 371.4-
447.0) mL in the ONS group (P = 0.0002). The gastric fluid volume of all participants in the
ORS group returned to <1 mbL/kg at 90 minutes after ingestion, whereas none reached <1 mL/
kg at 120 minutes in the ONS group. The ONS group showed a sustained increase in the blood
glucose level after ingestion (P < 0.0001 to baseline at 30, 60, 120 minutes), while the ORS
group showed an initial increase (P < 0.0001, P = 0.04, P = 0.205 at each time point).
CONCLUSIONS: ORS supplemented with a small amount of glucose showed faster gastric emp-
tying, which may make it suitable for preoperative administration. In contrast, ONS supple-
mented with arginine with a relatively low osmolality was associated with a longer time for

gastric emptying, although it showed a sustained increase in blood glucose level.

Analg 2014,118:1268-73)

uring the past decade, based on the assumption
hat so-called clear fluids should be cleared from
he stomach by 2 to 3 hours, several international

guidelines'™ shortened preoperative fasting periods for
clear fluids from overnight (>10 hours) to 2 to 3 hours before
induction of anesthesia, though neither a strict formula for
clear fluids nor a maximum safe volume for preoperative
administration has been determined.
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Recently, preoperative administration of fluid supple-
mented with glucose has even been endorsed to restore
dehydration, ameliorate patients’ discomfort, and reduce
the incidence of postoperative insulin resistance,” which
should improve overall postoperative outcomes. After the
announcement of the Enhanced Recovery After Surgery
protocol, an additional nutritional supplement in the bever-
ages has been preferred for preoperative use; 400 mL of a
12.5% carbohydrate-containing drink has been shown to be
safe in patients undergoing major abdominal surgery.>10-14

Glucose-supplemented oral rehydration solution (ORS)
(O5-1®, Otsuka Pharmaceutical Factory, Tokushima, Japan)
contains both salts and glucose, and its osmolality is simi-
lar to that of serum; it is advocated for hydration pur-
poses, especially for dehydrated patients. The beverage is
assumed to be quickly eliminated from the stomach and is
preferable for preoperative hydration for patients undergo-
ing surgery. ORS is reported to be safe for preoperative use
in the low-risk Japanese surgical population, although the
precise performance of ingested beverages in vivo has not
been reported.

An arginine-containing oral nutritional supplement
(ONS) (Arginaid Water®, Nestle Health Science Company,
Tokyo, Japan) is a clear fluid supplemented with 18% glu-
cose, 2% protein including arginine, and 0.008% zinc, and it
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has an osmolality of 545 mOsm/kg. Its calorie (0.8 kcal /mL)
and glucose content (18%) are sufficient to fulfill the
Enhanced Recovery After Surgery protocol’® Arginine
facilitates healing from pressure ulcers”” and from surgi-
cal wounds,”® and it enhances the immunity of trauma
patients.!” Serum zinc decreases after surgery® and zinc
supplementation has been reported to be protective in an
endotoxemic mouse model.? Therefore, perioperative
administration of this beverage may help patients recover
faster after surgery. However, the relatively higher glu-
cose content and additives such as arginine in the bever-
age might compromise gastric emptying. There has been a
limited number of papers on the efficacy and safety of this
beverage in terms of gastric emptying.”

Magnetic resonance imaging (MRI) creates high-resolu-
tion images that distinguish gastric liquid from air and gas-
tric wall, allowing direct measurement of gastric volume to
be determined in real time.!%#-

In the present study, the time course changes in gastric
fluid volume (GFV) were evaluated by MRI, and carbohy-
drate loading efficiency was evaluated by measuring blood
glucose levels after the administration of either ORS or ONS
to 10 healthy volunteers in a crossover design to validate the
efficacy and safety of these 2 beverages for preoperative use.

The protocol for this randomized, double-blind, crossover
study involving healthy volunteers was approved by the
Ethics Committee of the Graduate School of Medicine,
University of Tokyo (IRB#3476), and it was conducted
in accordance with the Declaration of Helsinki-Ethical
Principles for Medical Research Involving Human Subjects
and with the Ethical Guidelines for Clinical Research issued
by the Ministry of Health, Labour, and Welfare in Japan.
Written, informed consent was obtained from all partici-
pants before enrollment.

Ten healthy adult men (28-53 years), with no risk factors
for delayed gastric emptying (e.g., morbidly obese, diabetes
mellitus on medical treatment, past gastrointestinal disor-
ders that required in-hospital treatment) and suitable for
MRI scanning (e.g., no metal/implants in the body), were
studied. A medical questionnaire was administered before
recruitment to confirm the participants’ background.

Each participant was randomized in a crossover man-
ner to groups ONS (Arginaid Water® Nestle Healthcare
Science Company, Tokyo, Japan) or ORS (OS-1®, Otsuka
Pharmaceutical Factory, Tokushima, Japan) (Fig. 1). The
composition of each test solution is shown in Table 1.
Participants were asked to drink 500 mL either OS-1®
(ORS group) or Arginaid Water® (ONS group) on 2 sepa-
rate occasions >5 days apart. Participants were instructed
to abstain from alcohol, caffeine, medications, and strenu-
ous exercise after 9:00 M of the day before examination.
They were asked to avoid food after 8:00 am (>10 hours
before ingestion) and beverages after 12 noon on the day of
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Figure 4. Schematic illustration of the experimental procedures.
Closed circles indicate measurement or sampling. All participants in
the present study started ingestion of beverages (O minutes in the
schematic) at approximately 6:00 pm.

ONS-oral nutritional
supplement, (Nestle
Health Science
Company, Arginaid

ORS-oral vehydration
solution, (Otsuka
Pharmaceutical

Water® ) Factory, 08-1°)

Energy (kcal/mL) 0.8 0.1
Carbohydrate (%) 18 2.5
Glucose (%) 1.8
Sodium (mEg/L) 0 50
Potassium (mEg/L) — 20
Magnesium (mEq/L) — 2

Lactate (mEq/L) — 31
Chloride (mEq/L) — 50
Phosphorus {(mEg/L) 0.18 2

Zinc (%) 0.008 —
Copper (%) 0.0008 —
L-Arginine (%) 2 —
Osmolality (mOsm/L) 545 270

exarnination (>6 hours before ingestion). The time to ingest
test drinks was set at approximately 6:00 pm. Before inges-
tion, participants’ height, weight, and blood glucose levels
were measured, followed by MRI scanning. Participants
then consumed either beverage poured in paper cups in a
sitting position within 3 minutes. MRI scans were done at
30, 60, 90, and 120 minutes after ingestion. Blood glucose
levels were measured with the finger-prick method using
Medisafe-mini® (Terumo Corporation, Tokyo, Japan) at 30,
60, and 120 minutes after ingestion.

All MRI scans were performed on 1.5-Tesla unit
(MAGNETOM Avanto, Siemens Medical Solutions,
Erlangen, Germany) at the University of Tokyo Hospital
by a single professional operator who did not know which
beverage was ingested. Each participant was positioned
supine in the unit, and a coarse scout scan was taken to
locate the position of the abdominal organs. Then, the half-
Fourier acquisition single-short turbo spin echo (HASTE)
sequence was used to acquire T2-weighed transverse
images of the stomach with the following conditions: TE 83
milliseconds, field of view 350 mm, slice width 5 mm, gap
width 1.5 mm, image matrix 205 x 256. Twenty-eight slices
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were taken at each time point under a single breath-hold
for 19.6 seconds.

All images were transferred to a personal computer in
DICOM format and viewed to locate the gastric lumen and
GFV. An example of a series of images throughout the abdo-
men from 1 participant is shown in Figure 2. The liquid con-
tent in the stomach in each slice was manually outlined as
the area of interest using Osirix imaging software (Pixmeo
SARL, Bernex, Switzerland) (Version 4.0, downloaded from:
http:/ /www.osirix-viewer.com) by 1 investigator blinded
to the ingested beverages. The volume of gastric content
was obtained by summing the volumes calculated from
each slice; the area of interest in each slice was multiplied
by the thickness of each slice.

The primary end point of the study was the remaining GFV at
60 minutes after oral ingestion measured on MRI. Secondary
end points included blood glucose at each time point.

Based on the previous report by Lobo et al.,'® the mean dif-
ference in GFV 60 minutes after oral ingestion was anticipated
to be 80 mL, with a standard deviation (SD) of 50 mL, between
groups ONS and ORS. Assuming an o error of 0.05 and a power
of 90%, the sample size was calculated to be 10 per beverage.

ONS ORS

Before
ingestion

After ingestion
0 min

30 min
60 min
90 min

120 min

Figure 2. Sequential axial magnetic resonance imaging scans in
1 participant before and after ingestion of the drink. ONS = oral
nutritional supplement (Arginaid Water ®); ORS = oral rehydration
solution (0S-12).
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All results are expressed as medians (interquartile range;
IQR) except where noted. The Wilcoxon rank-sum test was
used to compare differences of GFV at 60 minutes after inges-
tion between groups and blood glucose at each time point.
Two-tailed P-value of 0.05 indicated significance for GFV at 60
minutes. Corrected P-value of 0.0125 was applied to indicate
statistical significance for blood glucose at each time point
to avoid a type I error for multiple comparisons between
groups. The time course differences in blood glucose levels
were compared using Dunn test with the pre-ingestion value
as the control. Statistical analysis was done with JMP Pro v 9
for Macintosh (SAS Institute Inc., Cary, NC).

All volunteers were men. The median (IQR) age, weight,
height, and body mass index of the 10 volunteers were 31.5
(27.8-34.3) years, 64.5 (61-70) kg, 169.5 (166.8-174.5) cm,
and 21.9 (21.1-24.9) kg/m? respectively. No participant
had underlying medical problems known to delay gastric
emptying. All participants completed serial studies with 2
beverages, and no side effects were observed.

The fasting period and residual gastric volume before
entering the study did not differ significantly between
the groups: 6.5 (6.50-6.54) hours vs 6.5 (6.4-7.0) hours
(P = 0.587), and 15 (8.3-38.2) mL vs 104 (6.1-23.3) mL
(P = 0.4055) in the ORS and ONS group, respectively.

After ingestion of the test drinks, the ORS group showed an
immediate decrease in GFV, with less intersubject variation
(Fig. 3A). GFV of all participants reached <1 mL/kg at 90
minutes (Fig. 4). In contrast, the ONS group showed varied
patterns in decreasing GFV among participants (Fig. 3B).
GFV did not reach <1 mL/kg at 120 minutes after ingestion
in any participant (Fig. 4). The remaining GFV at 60 min-
utes was significantly higher (P = 0.0002) in the ONS group

A s00
500
400
300
200
100

0
B s00
500
400
300
200
100

0

ORS

GFV (mL)

GFV (mL)

Pre 0 30 60 g0 120
Time (min)

Figure 3. Individual residual gastric fluid volumes before and after
ingestion (0, 30, 60, 90, and 120 minutes). A: ORS = oral rehydra-
tion solution. B: ONS = oral nutritional supplement. Individual gas-
tric fluid volume kinetics is shown with symbols connected with solid
lines. Volume at O minutes is the sum of the ingested volume (500
mL) and gastric fluid volume before ingestion. The gray line indicates
gastric fluid volume as O mL. GFV = gastric fluid volume.
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Figure 4. Cumulative fraction of participants (n/10) with body
weight-corrected gastric fluid volume (GFVw) at each time point after
oral fiuid ingestion, Open symbols = oral nutritional supplement
(Artinaid Water® ); Gray symbols = oral rehydration solution (05-12);
Circles = GFVw <50% of corresponding maximum GFVw after inges-
tion; Squares = GFVw <2 mL/kg; Triangles = GFVw <1 mL/kg. The
gray dotted line indicates fraction 1.0.

600
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300
200

100
=

0
ONS ORS

Figure 5. Residual gastric fluid volume (GFV) at 60 minutes after
oral ingestion. Box plot of gastric residual volume for either oral
nutritional supplement (ONS; Arginaid Water®) or oral rehydration
solution (ORS; 05-12 ) at 60 minutes after oral ingestion. Each verti-
cal box with error bars represents 10th, 25th median and 75th and
90th percentile of GFV in each group. Closed dots indicate maximum
and minimum GFV,

GFV at 60 minutes (mL)

##

200

150

100

50

Blood Glucose {mg/dl)

Pre 30 60 120
Time (min)

Figure 6. Blood glucose levels in the 2 groups. Open circles = oral
nutritional supplement; Gray circles = oral rehydration solution.
*p = 0.01 to baseline, ¥*P < 0.0001 to baseline (i.e. before ingestion),
##P < 0.001 between 2 groups at the same timepoint (P = 0.0009,
0.0003, and 0.0002, at 30, 60, and 120 minutes, respectively).

(410.9, 371.2-451.6 mL, 95% confidence intervals (CIs) of
means (95% CI, 371.4-447.0 mL) than in the ORS group
(55.3, 34.1-76.6 mL, 95% CI, 39.0-70.9 mL) (Fig. 5).

Baseline blood glucose levels before drink ingestion were
94 (85.8-103.5) mg/dL in the ORS group and 89 (79.3-100.8)
in the ONS group, with no significant difference between
groups (P = 0.7618). At 30 minutes after ingestion, blood
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glucose levels increased significantly in both groups com-
pared with baseline (P < 0.0001). Blood glucose levels in the
ORS group subsequently decreased and returned to base-
line by 120 minutes (P = 0.205), whereas they remained sig-
nificantly higher during the observation period in the ONS
group (P < 0.0001 at 30, 60, 120 minutes). The ONS group
showed significantly higher blood glucose levels than the
ORS group throughout the observation period (P = 0.0009,
0.0003, 0.0002, at 30, 60, 120 minutes, respectively) (Fig. 6).

In the present study, precise MRI-based evaluation of
remaining gastric fluid contents after oral administration of
ORS showed quicker emptying with small variation among
participants, while the ONS group showed delayed and
variable emptying. Blood glucose levels were significantly
increased in both groups, with sustained elevation in the
ONS group.

The rate of transfer of fluid-containing nutrients from
the stomach to the duodenum is reported to be 1.5-3 kcal/
min,? and the present results of 1.9 kcal/min for the ONS
group were within that range. Vist and Maughan® reported
a mean = SE half gastric emptying time of 600 mL (approxi-
mately 8 mL/kg) of a beverage with 18.8% glucose as 64 = 8
minutes with lower osmolality (237 mOsm/kg) and as 130
+ 18 minutes with higher osmolality (1300 mOsm/kg) for
healthy men volunteers. In the present study, 6 of 10 par-
ticipants cleared half of the ingested 500 mL ONS with 18%
glucose and an osmolality 545 mOsm/kg between 90 and
120 minutes (Fig. 4), which indicates that the clearance of
ONS used in the present study was close to the high osmo-
lar beverage in Vist and Maughan’s report. Proteins in the
ONS should stimulate intraluminal gastrin release® and
increase gastric secretion significantly which may further
increase GFV. Seven of 10 participants cleared >250 mL
gastric content within 120 minutes, and that coincides with
the carbohydrate-containing drink with the same calorie
content (200 keal).!? Therefore, we anticipated that having
patients drink 250 mL ONS would be safe for preoperative
use. However, 2 of 10 participants could clear up to only 160
mL ONS, and clinicians should therefore be aware of the
individual variation in gastric emptying when giving ONS.
There are other beverages categorized as clear fluids that
have a carbohydrate content and osmolality that are simi-
lar to those of ONS used in the present study.® It is recom-
mended that the gastric emptying time of these beverages
be individually evaluated to provide safe preoperative use.

In contrast to the ONS group, the ORS group showed
faster gastric clearance. Vist and Maughan? reported the
time required to clear half of an isotonic (230 mOsm/kg)
glucose solution (4%) as 17 + 1 minutes, and ORS in the
present study showed similar results. Minimal individual
variation between groups supports the notion that ORS
might be suitable for quick passage from the stomach to the
duodenum and ileum.

In Nygren's® report, blood glucose increased to 162
7.2 mg/dL 40 minutes after ingestion of 400 mL carbohy-
drate-rich drink (285 mOsm/kg, 12.0% carbohydrate = 48
g, 0.46 mg/mL sodium). The 48 g carbohydrates led to an
increase in insulin sufficient to fully depress hepatic glucose
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production.® In the present study, 8 of 10 volunteers in
the ONS group had blood glucose levels similar to those
of the carbohydrate-rich drink group in Nygren's report.
Therefore, ONS ingestion may be effective for reversing
participants’ metabolic status to the fed state.

In the present study, the participants were healthy, relatively
young (33 = 7.6 years), Japanese men. Although the present
results duplicate those of previous reports from Western
countries, applying the present results to women,%%%
children, older patients, and other ethnic groups should be
done with caution. Special care should also be taken with
patients with other comorbidities related to delayed gastric
motility.

It is important to note that one cannot simply extrapolate
the present data to patients before surgery, since patients
have a certain degree of anxiety that may disturb rapid fluid
clearance from the stomach, although that may not affect
gastric emptying time.’

Effects of circadian rhythm should also be considered
since the present study was done in the evening, whereas
most preoperative patients undergo anesthesia in the morn-
ing. Although gastric fluid clearance rate is reported to be
unchanged between morning and evening,® the insulin
response to orally administered glucose is generally slower
and delayed in the evening.®

In conclusion, glucose-supplemented ORS showed faster
gastric emptying, which may make it suitable for preopera-
tive administration without increasing the risk of GFV. In
contrast, ONS supplemented with arginine with a relatively
low osmolality was associated with a longer time for gastric
emptying although it showed a sustained increase in blood
glucose level that may reverse patients’ metabolic status
to the fed state. The use of preoperative oral fluids supple-
mented with glucose and protein should be tailored to each
patient’s specific needs and based on the safety profile in
that patient population. 72
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Diagnosis

Impaired signaling by granulocyte/macrophage-colony stimulating factor (GM-CSF) drives the
pathogenesis of two diseases (autoimmune and hereditary pulmonary alveolar proteinosis (PAP))
representing over ninety percent of patients who develop PAP syndrome but not a broad spectrum of
diseases that cause PAP by other mechanisms. We previously exploited the ability of GM-CSF to
rapidly increase cell-surface CD11b levels on neutrophils (CD11bsymace) to establish the CD11b
stimulation index (CD11b-SI), a test enabling the clinical research diagnosis of impaired GM-CSF
signaling based on measuring CD11bsypee by flow cytometry using fresh, heparinized blood. (CD11b-
Sl is defined as GM-CSF-stimulated- CD11bsyyfce minus unstimulated CD11bsypce divided by un-
stimulated CD1 1bsyrrace Multiplied by 100.) Notwithstanding important and unique diagnostic utility,
the test is sensitive to experimental conditions that can affect test performance. The present study
was undertaken to optimize and standardize CD11b-Sl test for detecting impaired GM-CSF signaling
in heparinized human blood specimens from PAP patients. Results demonstrated the test was
sensitive to choice of anticoagulant, pretesting incubation on ice, a delay between phlebotomy and
test performance of more than one hour, and the concentration GM-CSF used to stimulate blood. The
standardized CD11b-SI test reliably distinguished blood specimens from autoimmune PAP patients
with impaired GM-CSF signaling from those of health people with normal signaling. Intra-subject
differences were smaller than inter-subject differences in repeated measures. Receiver operating
characteristic curve analysis identified a CD11b-SI test result of 112 as the optimal cut off threshold for
diagnosis of impaired GM-CSF signaling in autoimmune PAP for which the sensitivity and specificity
were both 100%. These results support the use of this standardized CD11b-SI for routine clinical
identification of impaired GM-CSF signaling in patients with autoimmune PAP. The CD11b-SI may
also have utility in clinical trials of novel therapeutic strategies targeting reduction in GM-CSF
bioactivity now under evaluation for multiple common autoimmune and inflammatory disorders.
© 2014 Elsevier B.V. All rights reserved.
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1. Introduction

Granulocyte/macrophage-colony-stimulating factor (GM-
CSF) is a cytokine with pleiotropic effects on myeloid cells
including stimulation of the survival, proliferation, and differen-
tiation myeloid progenitors, as well as augmentation (“priming”)
of host defense functions of mature macrophages and neutro-
phils (Lieschke and Burgess, 1992; Condliffe et al, 1998).



