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Abstract

Purpose. The purpose of this study was to examine the ef-
fects of nicardipine-induced hypotension on cerebrovascular
CO, reactivity in patients with diabetes mellitus under sevo-
flurane anesthesia.

Methods. Nineteen diabetic patients, and 11 nondiabetic pa-
tients (serving as controls), undergoing elective orthopedic,
cardiovascular, or thoracic surgery were included in the study.
The diabetic patients were divided into three groups accord-
ing to the antidiabetic therapy they were receiving, i.e., diet
therapy (n = 6), oral antidiabetic drugs (n = 7), and insulin (n
= 6). Anesthesia was maintained with 1.0 minimum alveolar
concentration of sevoflurane. Absolute and relative cerebro-
vascular CO, reactivity was calculated using a 2.5-MHz pulsed
transcranial Doppler (TCD) probe for the continuous mea-
surement of mean blood flow velocity in the middle cerebral
artery (Vmca). The cerebrovascular CO, reactivity was mea-
sured both at baseline and during hypotension by increasing
the ventilatory frequency by 4 to 7 breaths-min™". Nicardipine
was used to induce hypotension.

Results.  We found that values for the Bispectral index (BSI),
baseline mean blood pressure, endtidal CO, (Petcs,), and
Vmca were essentially identical in all patients, irrespective of
the type of antidiabetic treatment being taken. Values for
absolute and relative CO, reactivity in insulin-dependent pa-
tients, at both baseline blood pressure and during hypoten-
sion, were lower than those in patients in the antidiabetic
drug, diet, and control groups (during hypotension, absolute
CO, reactivity: diet group: 3.2 £ 0.9; oral antidiabetic drug
group: 3.2 = 0.7; insulin group: 1.5 + 0.6; control group: 3.4 +
0.8cm-s™mmHg ™', [P <0.05 insulin group vs the other groups];
relative CO, reactivity: diet group, 6.3 + 1.0; oral antidiabetic
drug group, 6.5 * 0.8; insulin group, 3.5 £ 0.8; control group,
6.5 + 0.7%-mmHg™", [P < 0.05 insulin group vs the other
groups].

Conclusion. We concluded that cerebrovascular CO,
reactivity in insulin-dependent patients is impaired
during nicardipine-induced hypotension under sevoflurane
anesthesia.
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Introduction

Intraoperative cerebral blood flow (CBF) and cerebral
blood volume (CBV) are often controlled by altering
arterial carbon dioxide (Pac,) levels [1-3]. A change in
CBF in response to changes in Paco, is defined as cere-
brovascular carbon dioxide (CO,) reactivity [3].

Hyperventilation and induced hypotension are useful
techniques during anesthesia and surgery, with hyper-
ventilation reducing CBF and CBV, and induced
hypotension decreasing intraoperative blood loss [4,5].
Hypotensive drugs can, however, affect cerebral blood
vessels and may influence CO, reactivity by changing
vascular tone during induced hypotension [4].

Nicardipine, a calcium channel blocker that has po-
tent systemic vasodilatory effects without negative ino-
tropic, chronotropic, and dromotropic effects, and that
does not increase intracranial pressure, is sometimes
used for induced hypotension [6-9]. Abe et al. [7] ex-
amined the effects of nicardipine (initial infusion rate,
0.5pug'kg“min™) on CO, reactivity in nondiabetic pa-
tients under isoflurane anesthesia, and found that CO,
reactivity did not change during the hypotension in-
duced by nicardipine.

The prevalence of diabetes mellitus has been steadily
rising throughout the world for the past 20-30 years.
Inevitably, the number of diabetic patients undergoing
surgery is also gradually increasing [10], making it
important for anesthesiologists to know about the
integrity of cerebrovascular CO, reactivity in diabetic
patients during induced hypotension. Kawaguchi et al.
[6] reported that cerebrovascular CO, reactivity was
maintained during induced hypotension under fentanyl/
diazepam/nitrous oxide anesthesia in patients without
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diabetes mellitus. In previous studies [11-13], we found
that diabetic patients had impaired CO, reactivity under
propofol anesthesia. Dandona et al. [14] reported that
there was a significant variation in CBF after the admin-
istration of 5% CQO, in insulin-dependent diabetics com-
pared with normal subjects, concluding that diabetic
patients had diminished cerebrovascular reserve. These
findings indicate that diabetic patients may also have
impaired cerebrovascular CO, reactivity during induced
hypotension under anesthesia. No data, however, exist
describing cerebrovascular CO, reactivity during in-
duced hypotension in patients with diabetes mellitus.

The purpose of this study was to examine the effects
of nicardipine-induced hypotension on cerebrovascular
CO, reactivity under sevoflurane anesthesia in patients
with diabetes mellitus.

Patients and methods

After obtaining the approval of the ethics committee of
our institution, written informed consent was obtained
from 11 control nondiabetic patients and 20 diabetic
patients scheduled consecutively for elective ortho-
pedic, cardiovascular or thoracic surgery who were
studied.

Patients were considered to have diabetes mellitus if
medical records showed that they were diagnosed as
having type 2 diabetes and were receiving antidiabetic
therapy, such as diet, oral hypoglycemics, or insulin
therapy. The duration of the disease was defined as the
time period from the start of antidiabetic treatment
until the start of the study.

Patients with a history of cerebrovascular disease,
psychiatric illness, or active liver disease (glutamine
oxaloacetate transaminase or glutamine pyruvate trans-
aminase >50U-dL™") were excluded from the study. Pa-
tients with hypertension were defined as those taking
antihypertensive medication.

All patients were examined for the presence of ca-
rotid artery stenosis, by ultrasonography and magnetic
resonance imaging performed preoperatively. The pres-
ence of carotid artery stenosis was defined as luminal
narrowing of more than 50% (insignificant or no dis-
ease, luminal narrowing of =50%; moderate disease,
narrowing of >50% but <80%; severe disease, narrow-
ing of =80% but =99%, defined by the arc of the short-
axis view of the carotid artery [15]). None of the patients
in this study had carotid artery stenosis. In addition,
all patients were examined for the presence of silent
lacunar infarction by, preoperative brain computed
tomography and magnetic resonance tomography. One
diabetic patient who had a silent lacunar infarction was
excluded from the study. A total of 19 diabetic patients
satisfied all the criteria and were included in the study.

These 19 patients were divided into three groups ac-
cording to the type of antidiabetic therapy they were
receiving, i.e., diet therapy (n = 6), oral antidiabetic
drugs (n="7), and insulin (n = 6). As controls, 11 patients
without diabetes mellitus were also examined. Because
glycosylated hemoglobin (HbAlc; normal value, 4.5%—
5.8%) is one of the indicators for the adequacy of
control of blood sugar levels in diabetic patients, all
the patients had their preoperative HbAlc levels
measured.

Anesthesia was induced with 2mgkg” propofol,
5ugkg™ fentanyl, and 0.2mg-kg™" vecuronium, followed
by endotracheal intubation. Muscular relaxation was
achieved by the intermittent administration of vecuroni-
um. All patients were ventilated with 33% oxygen and
67% nitrous oxide, with the continuous monitoring
of endtidal carbon dioxide (Pete; Ultima; Datex,
Helsinki, Finland). The tympanic membrane tempera-
ture was continuously monitored with the Mon-a-Therm
(Mallinckrodt, St. Louis, MO, USA). Anesthesia was
maintained with 1.0 minimum alveolar concentration
(MAC) sevoflurane in 33% oxygen and 67% nitrous
oxide (IMAC = 1.71% for sevoflurane). A bispectral
index (BIS) monitor (ASPECT Medical Systems, Natic,
MA, USA) was used to assess the effects of sevoflurane
in the control and diabetic groups.

The study was started after the induction of anesthe-
sia and before the start of surgery, during a stable he-
modynamic period (approximately 20-30 min after the
induction of anesthesia) under 1.0 MAC sevoflurane an-
esthesia. A 2.5-MHz pulsed transcranial Doppler (TCD)
probe was attached to the patient’s head at the right
temporal window, and mean blood flow velocity in
the middle cerebral artery (Vmca) was continuously
measured (SONOS 5500; 2.5-MHz transducer; Hewlett
Packard, Andover, MA, USA). After the signals were
identified at a depth of 45-60 mm, the probe was fixed,
using a probe folder, so as not to change the insonating
angle. The Vmca value at end-expiration was recorded.
After the measurement of baseline Vmca and cardio-
vascular hemodynamic values, Petc,, was decreased
by increasing the ventilatory frequency by 4-
7 breaths-min™'. This resulted in a decrease in the Petco,,
by approximately 6-9mmHg, within several minutes.
All measurements were repeated when the Pet, de-
creased and remained stable for 5-10min.

After finishing the measurement of cerebrovascular
CO, reactivity under baseline conditions, hypotension
was induced with a continuous infusion of nicardipine.
The target blood pressure during hypotension was a
20% decrease in the baseline value. After the target
hypotension was reached by using nicardipine infusion,
cerebrovascular CO, reactivity during hypotension was
measured by the same methods as those described
above.
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The cerebral vasoconstriction response to hypocap-
nia in each patient was calculated as both the absolute
change in Vmca (cm-s''mmHg"') and the relative
percentage change in Vmca (percentage of baseline
Vmca-mmHg™") for each millimeter of mercury change
in Pac , using the following formulae [13]:

Absolute CO, reactivity = AVmac/APac,
Relative CO, reactivity = (absolute CO, reactivity/
baseline Vmca) x 100

where A Vmca is the difference between the flow veloc-
ity after Pac,, decrease and the baseline flow velocity,
and A Pa is the difference between the baseline and
final Paco,. )

Statistical analysis

All data values are expressed as means = SD. Following
the confirmation of equal variance among groups by the
Bartlett test, one-way factorial measure analysis of vari-
ance was performed with multiple comparisons. When
the F value was significant, the Bonferroni method was
used to make multiple comparisons. To eliminate a type
II error, each individual P value was adjusted. Statistical
significance was set at P < 0.05. All calculations were
performed on a Macintosh computer with SPSS (SPSS,
Chicago, IL, USA) and Stat View 5.0 software packages
(Abacus Concepts, Berkeley, CA, USA).

Results
Table 1 shows the demographic data of the groups. All
patients, in both the diabetic and control groups, had

easily detectable MCA flow velocities. No significant
differences in demographic data existed between the

Table 1. Demographic data of the two groups

diabetic and control groups. In addition, the diabetic
subgroups were well matched for age, weight, awake
baseline mean blood pressure (BP), fasting blood sugar
(FBS), and duration of disease. The HbAlc of patients
in the insulin group as a whole was higher than that of
patients in the antidiabetic drug or diet groups.

Table 2 shows cerebrovascular CO, reactivity data in
the groups. Values for BIS, and baseline mean BP,
Petco,, and Vmca were essentially identical among
the groups. Values for absolute and relative CO, reac-
tivity in insulin-dependent patients were lower than
those in the antidiabetic drug, diet, or control groups,
under both normotensive and hypotensive conditions
(Table 2).

There were no significant intragroup differences in
any groups in regard to absolute or relative CO, reactiv-
ity between normotension (baseline BP) and during
hypotension.

Discussion

The present study showed that cerebrovascular CO,
reactivity in patients with diabetes mellitus with dietary
control or receiving oral ant-diabetic drugs was main-
tained during nicardipine-induced hypotension under
sevoflurane anesthesia. In contrast, in the patients on
insulin therapy, impaired cerebrovascular CO, reac-
tivity was observed during both nicardipine-induced
hypotension and at baseline blood pressure.

There have been contradictory data regarding the
effects of induced hypotension on cerebrovascular CO,
reactivity under anesthesia in animal studies and in
studies of patients without diabetes mellitus [5,16-18].
Artru and Colley [4] and Artru [5] reported that
cerebral vascular responses to hypocapnia during

Diabetic patients

Controls

Diet (n =6) Oral AD (n=7) Insulin (n = 6) (n=11)
Age (years) 61 £8 63£9 656 6311
Height (cm) 162+ 5 163 + 6 159+ 6 161 £7
Weight (kg) 58+8 58+8 577 57+6
Hypertension (no.) 4 5 4 5
ACE blocker (no.) 3 4 2 3
Ca. blocker (no.) 1 1 2 2
Beta-blocker (no.) 0 0 0 0
Awake mean BP(mmHg) 95+12 94 £12 96 £ 13 95+12
FBS (mg:ml™) 110 £ 18 119+19 123 +£23 95+6
HbAlc (%) 56+1.1 59+14 6.6 £ 0.8%* 46x0.2
Duration of disease (years) 4+3 4£3 5£3

*P < 0.05 compared with the other groups
Values are means + SD

Oral AD, Oral antidiabetic drug; FBS, fasting blood sugar; HbAlc, glycosylated hemoglobin; BP, blood pressure; ACE, angiotensin-converting
enzyme; Ca. blocker, calcium channel antagonist; No., number of patients
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Table 2. Effects of nicardipine-induced hypotension on cerebrovascular CO, reactivity during sevoflurane anesthesia in the

two groups
Diabetic patients
Controls
Diet (n = 6) Oral AD (n=17) Insulin (n = 6) (n=11)
BIS value 52+4 52+4 50+4 52+4
Baseline values
Normocapnia
Mean BP (mmHg) 90+ 9 88+ 11 91+11 87 £10
Petco, (mmHg) 36+4 37+3 373 36 +4
Vmca (cm-s™) 433 +43 431 +4.1 37.0+£3.3 443+24
Hypocapnia
Mean BP (mmHg) 887 89 £ 10 90 +10 89 +11
Vmca (cm's™) 36.7+4.4 36.7 £ 4.0 348+33 359+22
Petco, (mmHg) 302 30+£3 303 29£3
Absolute CO, reactivity (cm-smmHg™) 3.0+09 29+0.7 1.7 £ 0.7% 33+08
Relative CO, reactivity (%-mmHg ") 57+0.7 5509 3.8+0.7* 5.6+0.7
Values during hypotension
Nicardipine dosage (ug-kg '*min™") 49+0.5 53+0.7 55+0.7 53+0.7
Normocapnia
Mean BP (mmHg) 70£8 71£12 70 £11 71 £ 10
Petco, (mmHg) 36+3 37+4 37+4 36+4
Vmca (cm-s™) 429+51 442 +£49 40.1£4.0 452+£29
Hypocapnia
Mean BP (mmHg) 71£10 70£11 72£10 69 +11
Petco, (mmHg) 29+4 30+£3 29+4 30£3
Vmca (cm-s™) 36.0£4.1 37135 36.8£3.0 36.1+£3.0
Absolute CO, reactivity (cm-s *mmHg ") 32+09 32+0.7 1.5+ 0.6* 34+0.8
Relative CO, reactivity (%-mmHg™") 63+1.0 6.5+0.8 3.5+0.8* 65£0.7

* P < 0.05 compared with the other groups
Values are means = SD

Oral AD, Oral antidiabetic drugs; BIS, bispectral index; Vmca, mean blood flow velocity in the middle cerebral artery; BP, blood pressure

nitroglycerin or trimethoaphan-induced hypotension
(mean arterial pressure, SOmmHg) were absent in ani-
mal studies. Okuda et al. [16] showed the absence of
cerebrovascular CO, responsiveness after halothane-
induced hypotension at a systolic blood pressure of
60mmHg in baboons. Regarding the effects of nicardip-
ine-induced hypotension on cerebrovascular CO, reac-
tivity in humans, Kawaguchi et al. [6] examined the
effects of nicardipine on cerebral vascular responses to
hypocapnia (manipulation of the Pac,, level during
hypocapnia, 36 £ I mmHg), and showed that cerebro-
vascular CO, reactivity was maintained during nicardip-
ine-induced hypotensionunder fentanyl/diazepam/nitrous
oxide anesthesia in patients without diabetes mellitus.
Abe et al. [7] found no changes in CO, reactivity after
nicardipine infusion (manipulation of the Pac, level
during hypocapnia was not shown). In contrast, Endoh
et al. [8] showed that nicardipine-induced hypotension
attenuated human cerebrovascular CO, reactivity dur-
ing propofol-fentanyl anesthesia in patients without
diabetes mellitus (manipulation of the Pac, level during
hypocapnia was not shown). The discrepancy between
these studies may, in part, be attributable to the range

of altered Pacy, values, as suggested by the report of
Endoh et al. [8]. They speculated that the range of Pac,
used for the calculation of the slope of CO, reactivity
may have had some effects on the results. Another
possibility is that the different anesthetic agents used in
these studies, such as propofol, sevoflurane, or isoflu-
rane, may themselves have had some effects on cerebral
circulation. Nishiyama et al. [19] showed that cerebro-
vascular CO, reactivity was greater with isoflurane an-
esthesia than with sevoflurane anesthesia.

Our present study is the first of its kind to have ex-
amined the effects of nicardipine on cerebrovascular
CO, reactivity in patients with diabetes mellitus. In pre-
vious studies [11-13], we found that insulin-dependent
diabetic patients had impaired cerebrovascular CO,
reactivity and cerebral autoregulation at baseline BP, as
compared to findings for patients on dietary control or
oral antidiabetic drug therapy. Dandona et al. [14] and
Griffith et al. [20] also showed impaired cerebrovascular
CO, reactivity in insulin-dependent diabetic patients.
The present study showed that insulin-dependent pa-
tients had impaired cerebrovascular CO, reactivity
during hypotension induced by nicardipine as well.
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Manipulation of Pac, is a common practice in clinical
situations [3], with hypocapnia being used to control
intracranial pressure. The loss of cerebrovascular reac-
tivity in patients on insulin therapy in the present study
indicates the probable inability of the cerebral vascula-
ture in these patents to meet oxygen demand and sup-
ply, especially under conditions of hypotension under
anesthesia. Indeed, Matta et al. [17] showed that the
hypocapnia-induced reduction of CBF was attenuated
during hypotension induced with isoflurane, but that it
was preserved during hypotension induced with other
hypotensive agents. Our findings suggest that, in dia-
betic patients on insulin therapy, there may be a risk
associated with inducing hypotension and simultane-
ously controlling Pac, during sevoflurane anesthesia.
Stratton et al. [21] reported that, in patients with type
2 diabetes, the risk of diabetic vascular complications
was strongly associated with previous hyperglycemia. In
addition, Pallas and Larson [22] noted that hyperglyce-
mia led to impaired vascular function through endothe-
lial cell dysfunction. The pathway that appears most
affected by the diabetic state is that of nitric oxide. Loss
of this pathway is accompanied by a loss of responsive-
ness to Pacy,, and by a lack of autoregulation related
to flow/pressure relationships. From these reports, we
speculated that, in diabetic patients treated with insulin,
nicardipine was unable to have any effects on the cere-
bral circulation, due to impaired vascular function.

Study limitations

We examined CO, reactivity during anesthesia with
sevoflurane used together with nitrous oxide. Although
the effect of nitrous oxide was ignored in our study,
because nitrous oxide was administered at the same
concentration in both the diabetic and the control
groups, it is possible that nitrous oxide may have dif-
ferential effects on cerebral circulation when used in
combination with different anesthetics, such as isoflu-
rane or propofol.

Another potential criticism of our study is that most
of our patients had hypertension, which, by itself,
affects cerebrovascular CO, reactivity [23]. McCulloch
et al. [24] showed that small differences in mean arterial
pressure could affect cerebrovascular CO, reactivity
during sevoflurane anesthesia. Thus, the possibility that,
in the present study, hypertension had some effects on
cerebrovascular CO, reactivity cannot be ruled out.

The number of diabetic patients included in our study
was relatively small, so that further, larger, studies are
necessary to clarify whether cerebrovascular CO, reac-
tivity in insulin-dependent patients is impaired during
conditions of hypotension.

Although Mielck et al. [25] and Kitaguchi et al. [26]
showed no effect of 1 MAC sevoflurane on CO, reactiv-

ity, it is still possible that sevoflurane had some effects
on CO, reactivity in the patients on insulin therapy in
our study.

In conclusion, cerebrovascular CO, reactivity in
insulin-dependent  patients is impaired during
nicardipine-induced hypotension under sevoflurane
anesthesia.
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