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Abstract

Background: Endothelial dysfunction associated with diabetes mellitus (DM) may influence
arterial vasoreactivity after arterial stimulus, such as cannulation, and cause changes in diameter
and blood flow. Despite the frequent use of arterial cannulation during anesthesia and critical care,
little information is available regarding vasoreactivity of the radial and ulnar arteries and its
influence on underlying DM.

Methods: Forty non-DM and 40 DM patients, who required arterial cannulation during general
anesthesia, were enrolled. Using duplex Doppler ultrasonography, we measured the patients’
arterial diameter, peak systolic velocity, end-diastolic velocity, resistance index, and mean volume
flow of both arteries at five different time points.

Results: After radial artery cannulation, ulnar arterial diameter and blood flow did not significantly
increase in DM group, as they did in non-DM group. Ulnar arterial resistance index significantly
increased in both groups, but the degree of decrease in DM group was significantly less than
non-DM.

Conclusion: Ulnar artery’s ability to increase blood flow for compensating the sudden reduction
of radial arterial flow in DM patients was significantly less than that in non-DM patients under
general anesthesia. Such attenuated vasoreactivity of ulnar artery to compensate the reduced
radial arterial flow may have to be considered in radial arterial cannulation for DM patients.
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Introduction

Arterial cannulation is often required during
anesthesia and critical care and provides valuable
hemodynamic information and convenient access to
arterial blood sampling without causing additional

ulnar artery. [3,4]

Vasoreactivity is affected by hypertension,
hypercholesterolemia, hyperglycemia, and diabetes
mellitus (DM).[5] DM is associated with endothelial

patient discomfort. [1,2] The radial artery is a common
site for such invasive cannulation during major
surgery due to its anatomical accessibility, ease of
cannulation, and relatively low rate of complications
because of high collaterality from the neighboring

dysfunction, enhanced contractile response, and
impaired vasorelaxation in response to clinically
relevant vasoconstrictors and external stimuli, such as
arterial cannulation.[6,7] The condition also causes
arterial rigidity and increases peripheral vascular
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resistance, resulting in reduced blood flow, even
when individuals have no apparent peripheral artery
disease.[8] Although many studies have explored
changes in radial artery vasoreactivity due to external
stimuli and underlying conditions such as DM,
limited information is available regarding DM’'s
effects on the ulnar artery after cannulation. Thus, to
determine whether DM alters ulnar artery’s
vasoreactivity to compensate any reduction of radial
arterial flow, we evaluated and compared serial
Doppler patterns of ulnar artery as well as radial
artery after radial artery cannulation in patients with
and without DM under general anesthesia.

Materials and Methods

The human study protocol was approved by the
Institutional Review Board of Severance Hospital,
Yonsei University Health System (IRB# 4-2013-0209)
and was registered at http://Clinicaltrials.gov
(registration # NCT01897857). We obtained written
informed consent from every patient in our study,
which included 40 non-DM patients and 40 DM
patients aged 20 to 60 years. All patients were
classified as either physical status III or IV according
to the American Society of Anesthesiologists and were
scheduled for elective kidney transplantation which
was to be performed under general anesthesia. Every
patient required arterial cannulation for continuous
pressure monitoring during anesthesia and surgery.
We excluded patients with known coagulopathy,
signs of inflammation at the intended cannulation
site, insufficient compensatory blood flow from the
ulnar artery, or cannulation at an alternate site due to
previous failed cannulation attempts.

The wrist joint of each patient was extended up
to 45° on a wrist board as described in a study by
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Mizukoshi et al. [9] We selected the cannulation
position where the most prominent radial artery
pulsation around the radial styloid process occurred.
Using B-mode ultrasound, we placed the probe
axially 1 cm proximal to the marked point to measure
the anterior-posterior internal diameter of the radial
and ulnar arteries. We then perpendicularly placed
the probe to obtain a circular image of the artery
(Figure 1A, 2A). We measured the peak systolic
velocity  (PSV), end-diastolic velocity (EDV),
resistance index (RI, RI = [PSV-EDV]/PSV), and mean
volume flow (MVEF) directly from a longitudinal
duplex Doppler spectral waveform with an angle
correction of 60° (Figure 1B, 2B). Vessel compression
was minimized using a conductive gel with decreased
pressure on the probe. We collected transverse
sections of the radial artery proximal to the presumed
puncture site to obtain maximal diameter
measurements and clear visualization of the arteries’
internal lumen. Every image was acquired in
triplicate.

Measurements were taken at five different time
points: before anesthesia (T0); 5 min after anesthesia
but before cannulation (T1); immediately after radial
artery cannulation (T2); 20 min after catheter removal
(T3); and 24 h after catheter removal (T4). At each time
point, we measured hemodynamic parameters three
times consecutively and calculated the mean values.
When the radial artery diameter decreased by more
than 20% of the pre-cannulation diameter, we noted
cannulation-induced vasospasm. [10] Ultrasono-
graphic measurements were obtained using a
LOGIQe™ instrument (GE Healthcare, Wauwatosa,
WI, USA) with a linear probe (12L-RS, 8-13 MHz) by a
single experienced operator.

VF Diam

Figure 1. Ultrasound images of the radial artery. (A) Transverse circular image of the radial artery before anesthesia induction (T0). (B) Longitudinal duplex Dopppler

spectral waveform with an angle correction of 60°. RA, radial artery.

http://www.medsci.org



Int. J. Med. Sci. 2016, Vol. 13

703

Medial

Lateral

Figure 2. Ultrasound images of the ulnar artery. (A) Transverse circular image of the artery before anesthesia induction (T0). (B) Longitudinal duplex Dopppler

spectral waveform with an angle correction of 60°. UA, ulnar artery.

General anesthesia was induced with 0.5-1
ug/kg remifentanil and 1.5-2 mg/kg propofol, and
tracheal  intubation @ was  performed  after
administration of 0.8 mg/kg rocuronium bromide.
Anesthesia ~was maintained with  0.05-0.15
ug/kg/min continuous infusion of remifentanil and
5.0-5.5% end-tidal desflurane in 50% O/air. After
successful intubation and completion of the Doppler
measurement (T1), radial artery cannulation was
performed by a single designated anesthesiologist
using a uniform 20-G cannula (Biosafety IV Catheter,
1.1 x 48 mm, flow 55 ml/min (Sewon Medical Co.,
Cheonan, Korea)) via the palpation-guided simple
catheter over needle technique, of which designated
anesthesiologist was more proficient at, compared to
rather unaccustomed ultrasound-guided method. The
cannula was then securely fixed using transparent
adhesive film. The number of cannulation attempts
was limited to two trials; patients who experienced
two failed cannulation attempts were excluded from
the study. We minimized the frequency and amount
of manual flushing of the arterial cannula with
non-heparinized fluid and avoided unnecessary
manipulation or stimulation of the arterial walls and
cannula.

Statistical analysis

Sample size calculations were based on arterial
diameter changes reported by a previous study, [11]
in which the standard deviation of the radial artery
diameter was 0.45 mm. Therefore, 36 subjects in each
group (DM or non-DM) were required to detect a
0.3-mm difference in the radial artery diameters
between the two groups at post-cannulation period
using a two-sided a of 5% and B power of 80%. To
account for a potential 10% dropout rate in each
group, we included 40 patients per group. Statistical
analysis of patient data was performed using PASW

Statistics 20 (SPSS Inc., Chicago, IL, USA) and SAS
software version 9.2 (SAS Institute Inc., Cary, NC,
USA). Patient characteristics were analyzed using an
independent t-test, and categorical variables were
evaluated using a Chi-squared test or Fisher’'s exact
test when appropriate. Values are reported as means +
standard deviation (SD), median (interquartile range,
IQR) or as numbers of patients (%). Comparison of
changes in hemodynamic characteristics to their
corresponding baseline values were performed with
linear mixed models with post-hoc tests using
Bonferroni correction. Nonparametric repeated
measure variables were analyzed using the Friedman
test or Mann-Whitney U test. A value of P < 0.05
indicated statistical significance.

Results

Forty non-DM and 40 DM patients were
recruited between July 2013 and November 2015, all
of whom completed the study. Demographic and
baseline clinical characteristics of 40 non-DM and 40
DM human patients are presented in Table 1. Patients
with DM showed a higher incidence of accompanied
hypertension than non-DM patients (98% vs. 78%,
respectively; P = 0.021) and had, on average,
experienced DM for 11 years. We observed no
significant intergroup differences with respect to
demographics,  presence  of  atherosclerosis,
medications, surgery-related data, or arterial
cannulation-related clinical variables. Despite the
increased incidence of hypertension in DM patients,
mean blood pressures (MBP) were comparable
between the two groups (Table 2). Such likewise were
also noted at 2 days before and after surgery during
which the effect of surgery-related anxiety or
postoperative pain had been minimized (non-DM vs.
DM; 91 vs. 91 mmHg, P = 0.973 at 2 days before
surgery; 99 vs. 98 mmHg, P = 0.571 at 2 days after
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surgery). In addition, baseline radial and ulnar values
of internal diameter, PSV, EDV, RI, and MVF did not
differ significantly between non-DM and DM patients
(Figure 3, 4).

Radial artery diameter increased in non-DM
patients after anesthesia and persisted after radial
artery cannulation (Figure 3A). However, the
diameter decreased immediately after catheter
removal, resulting in similar diameters between the
two groups, although a greater radial diameter was
again seen in non-DM patients 24 h after catheter
removal. Radial artery MVF, determined by time-
averaged mean velocity and internal diameter of the
corresponding artery, in non-DM patients more than
doubled after anesthesia and cannulation, returned to
baseline value after catheter removal in radial artery,
and redoubled 24 h after catheter removal (Figure 3B).
In contrast, although we observed increased radial
artery MVF in DM patients, the values were not
significantly different from baseline data. The RI of
non-DM patients decreased by 20% and 16% after
anesthesia and cannulation, respectively (Figure 3C),
while DM patients experienced a more modest
decrease of 14% after anesthesia and 16% after
cannulation.
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Table 1. Patient characteristics.

Non-DM (n=40) DM (n=40) P-value
Age (years) 42+11 538 0.084
Female 19 (48) 13 (33) 0.149
Height (cm) 165+9 165+ 8 0.975
Weight (kg) 60 +12 64 +12 0.165
Hypertension 31 (78) 39 (98) 0.021
Atherosclerosis 6 (15) 7 (18) 0.801
Medications
Nitrates 1(3) 1(3) 0.986
f-blockers 20 (50) 14 (35) 0.212
Calcium antagonists 22 (55) 16 (40) 0.221
ACE inhibitors 2(5) 2(5) 0.980
ARB 15 (38) 17 (43) 0.588
Smoking 10 (25) 17 (43) 0.118
ASA 3:4 36:4 34:6 0.356
Cholesterol (mg/dL) 150 + 43 154 + 39 0.666
LDL (mg/dL) 81+29 77 +34 0.624
HDL (mg/dL) 41+13 45+23 0.282
TG (mg/dL) 138 +108 127 £75 0.593
Glucose (mg/dL) 108 £ 22 152 £ 46 <0.001
HbAlc (%) 53+04 65+0.9 <0.001
Number of arterial blood 4 (4-6) 4 (4-5) 0.254
sampling
Irrigation fluid (mL) 55+16 51+19 0.332
Cannulation time (min) 326 +38 328 +55 0.814
Op time (min) 262 + 40 255 + 58 0.536
Complication” 18 (45) 10 (25) 0.224

Values expressed as means + SD, numbers of patients (%) or medians (IQR).
“Complication indicates any event of vasospasm or thrombosis resulting from
radial artery cannulation.

ACE inhibitor, angiotensin converting enzyme inhibitor; ARB, angiotensin II
receptor blockers; ASA, American Society of Anesthesiologists Classification; LDL,
low-density lipoprotein; HDL, high-density lipoprotein; TG, triglyceride; HbAlc,
hemoglobin Alc.

Figure 3. Vascular parameters of the radial artery at each time point in DM and non-DM groups. Means of (A) internal diameter, (B) mean volume flow, and (C)
resistance index are shown. Error bars represent SD. m, DM group; o, non-DM group. T0, before anesthesia; T1, 5 min after anesthesia and before cannulation; T2,
immediately after radial artery cannulation; T3, 20 min after catheter removal; T4, 24 hours after catheter removal. *P < 0.05 of DM vs. non-DM group at each time

point; T P < 0.05 of TO within each group.
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Figure 4. Vascular parameters of the ulnar artery at each time point in DM and non-DM patients. Means of (A) internal diameter, (B) mean volume flow, and (C)
resistance index are shown. Error bars represent SD. m, DM group; o, non-DM group. T0, before anesthesia; T1, 5 min after anesthesia and before cannulation; T2,
immediately after radial artery cannulation; T3, 20 min after catheter removal; T4, 24 hours after catheter removal. *P < 0.05 of DM vs. non-DM group at each time

point; T P < 0.05 of TO within each group.

Table 2. Hemodynamics at each time point.

Non-DM DM (n=40) P-value
(n=40)
Mean blood pressure
(mmHg)
T0 108 +17 110+17 0.635
T1 98 +14 9913 0.815
T2 92+13 9219 0.992
T3 104 £11 99+ 12 0.055
T4 107 £11 103 £11 0.070
Heart rate (beats/min)
T0 80+ 115 78 12 0.591
T1 8117 76 £11 0.142
T2 7917 75+13 0.272
T3 84 +11 8013 0.100
T4 77 +12 82+13 0.054

Values are means + SD. T0, before anesthesia; T1, 5 min after anesthesia and before
cannulation; T2, immediately after radial artery cannulation; T3, 20 min after
catheter removal; T4, 24 hours after catheter removal.

Ulnar artery MVF in non-DM patients was 3.4
times higher after anesthesia and cannulation
compared to baseline values. We also observed a 29%
increase in ulnar artery diameter in these patients due
to compensatory dynamics from the interrupted
radial artery blood flow resulting from cannulation
(Figures 4A, 4B). We saw similar, but more subtle,
trends in the DM patients, in which compensatory
changes increased ulnar artery MVF to 2.7 times

higher than baseline and caused a 5.6% increase in
internal diameter. Ulnar artery RI after anesthesia
significantly decreased in both non-DM and DM
patients, who experienced 21% and 14% reduction of
baseline values, respectively. However, we saw no
significant difference in RI between the two groups
with respect to cannulation and catheter removal
(Figure 4C). No patients reported hematoma
formation, thrombosis, cannulation-related pain, or
sensory changes before hospital discharge.

Discussion

Our results demonstrate the impact of
underlying DM on arterial vasoreactivity after simple
catheter cannulation during surgery. Specifically, we
noted that patients with DM were temporally
unsuccessful in showing adaptive vasoreactivity of
the radial and ulnar arteries after radial artery
cannulation under general anesthesia. Fortunately,
the internal diameter and blood flow of both arteries
returned to near-baseline levels in all patients 24 h
after removal of their radial artery catheter.

Due to easy accessibility and low rate of
associated complications, the radial artery is favored
in various clinical procedures, such as for a bypass
conduit during coronary artery bypass graft (CABG)
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surgery,[12,13] as the site of cardiac catheterization in
coronary angiography,[14] and as the route of
cannulation for continuous monitoring of arterial
pressure.[2] In addition, the artery’s vascular response
to external stimuli (vasoreactivity) has been
investigated extensively.[13,15-17] Radial artery
harvest has shown mild reduction in digital perfusion
and complementary increase in ulnar artery diameter
and flow velocity with no clinical sequelae or
compromised hand function.[18,19] After
catheterization for coronary angiography access, the
artery may exhibit reduced lumen density due to wall
injuries after cannulation.[20,21]

In contrast to the immense amount of
information available regarding radial artery
vasoreactivity with respect to vascular surgery and
coronary intervention, very few studies have explored
changes in radial artery related to cannulation access
for real-time blood pressure monitoring. [10,22]
Similarly, although DM strongly influences
vasoreactivity,[23,24] its specific impact on
vasoreactivity after simple arterial cannulation for
invasive blood pressure monitoring is not
well-studied. The procedure is widely adopted, yet
still carries a high risk of complications, especially in
patients with atherosclerosis-related risk factors. The
frequency of previously reported vascular
complications after radial artery cannulation ranges
from 1.5% to 88%, [2] which widely varies from
temporary spasm to distal limb ischemia. Other
possible complications include bleeding (0.5%),
hematoma (14.4%), pseudoaneurysm (0.09%),
infection (0.72%), and sepsis (0.13%). [2,3] In diabetic
patients, the incidence of complications is higher as
evidenced by histomorphological and molecular
characterization of the arteries. [13,25]

Hyperglycemia influences vasoreactivity and
vessel integrity, which are also affected by the balance
between eNOS (endothelial NOS) and endothelin.
[13,26] Endothelium-associated eNOS can generate
nitric oxide (NO), which regulates vascular tonus
according to blood flow demand, [27] while the
vasoactive peptide endothelin contributes to
vasoconstriction in vascular smooth muscle cells.
Moreover, insulin resistance found in patients with
DM impairs NO synthesis and trapping of NO
reactive oxygen species which can decrease NO
bioavailability.[28] Vasoreactivity and the consequent
alteration of vessel diameter are known collectively as
arterial remodeling.[29] In studies focused on such
vascular response, patients with hyperglycemia and
DM fail to exert compensational arterial changes after
exposure to an external stimulus,[23,28,30] and may
deter rapid recovery of patients.[6,31] Similarly, we
observed that DM patients showed little or no

changes in radial artery internal diameter, blood flow,
or RI compared to baseline values, while significant
changes in such arterial hemodynamics of non-DM
patients occurred probably due to the changes in
vasoactive balance, sympathetic tone, and external
stimuli throughout perioperative period. The ulnar
artery, which often provides active compensation
after neighboring radial artery cannulation, also
showed only subtle changes in its arterial
hemodynamics among DM patients, indicating less
compensation for decreased blood flow from
damaged radial artery. Interestingly, we also
observed some changes in vascular hemodynamics
before the arterial cannulation. Per our study
hypothesis, which focused on radial artery
cannulation and consequential changes in the ulnar
artery, we observed significant changes in arterial
diameter, blood flow, and RI, possibly due to reduced
sympathetic tone after anesthesia. Moreover, as our
study had focused on the changes in vascular
reactivity followed by relatively lesser dealt simple
arterial cannulation, such distinguishing changes in
vasoreactivity according to underlying DM can also
be applied in better understanding of patients’
outcomes in other surgical procedures, such as CABG,
and for cardiac catheterization in coronary
angiography.

Our study has a few limitations. First, in order to
avoid unnecessary arterial cannulation and only to
recruit those who actually require arterial cannulation
for invasive blood pressure monitoring during
surgery, this study enrolled those who were
scheduled for kidney transplantation. Such group of
patients could inevitably affect the vasoreactivity of
the vessels due to the arteriopathy related to primary
renal disease. Second, intergroup differences in
underlying hypertension and DM prevalence could
have affected endothelial characteristics, as these
conditions accelerate DM-associated microvascular
and macrovascular complications. Although neither
DM nor non-DM patients showed significant
differences with respect to atherosclerosis incidence,
the possibility that non-DM patients may have other
atherosclerosis-related systemic diseases should not
be overlooked. Such patient characteristics could
possibly influence endothelial dysfunction in parallel
to DM. Lastly, we could increase accuracy of the
ultrasound measurements only so much, although we
maximized its utility by taking multiple
measurements by one well-trained sonographer for all
scans. Alternative high-accuracy methods, such as
arteriography, plethysmography, and flow-mediated
dilation, are available but do not provide the same
ease and accessibility as sonography.

In conclusion, diabetic patients lack ulnar
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artery’s vasoreactivity to compensate for sudden
changes in radial arterial flow following radial artery
cannulation under general anesthesia.
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DM: Diabetes mellitus; PSV: Peak systolic
velocity; EDV: End-diastolic velocity; RI: Resistance
index; MVF: Mean volume flow; SD: Standard
deviation; IQR: Interquartile range; MBP: Mean blood
pressures; eNOS: endothelial NOS; NO: Nitric oxide.
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