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Abstract

Background: There is a lack of reports in the literature regarding changes in radial artery blood flow after decan-
nulation. The objective of this study was to investigate changes in radial and ulnar artery blood flow after radial artery
decannulation using Doppler ultrasound and to explore the factors that influence radial artery blood flow recovery.

Methods: In current observational study, we used colour Doppler ultrasound to measure the cross-sectional area of
the radial (Sg) and ulnar artery (S)) and peak systolic velocity of the radial (PSVg) and ulnar artery (PSV,)) for both hands
at four time points in patients with radial artery cannulation: pre-cannulation (T0), 30 min after decannulation (T1),

24 h after decannulation (T2), and 7 days after decannulation (T3). Repeated measures analysis of variance and logistic
regression analysis were performed to analyse the data.

Results: Overall, 120 patients were included in the present study. We obtained the following results on the side
ipsilateral to the cannulation: compared with T0, the ratio of PSV,,/PSV; increased significantly at T1 and T2 (p <0.01);
compared with T1, the ratio of PSV,,/PSV, decreased significantly at T2 and T3 (p < 0.01); compared with T2, the ratio of
PSV|/PSVy decreased significantly at T3 (p <0.01). Female sex (OR, 2.76; 95% Cl, 1.01-7.57; p=0.048) and local hema-
toma (OR 3.04 [1.12-8.25]; p =0.029) were factors that were significantly associated with the recovery of radial artery
blood flow 7 days after decannulation.

Conclusions: There was a compensatory increase in blood flow in the ulnar artery after ipsilateral radial artery decan-

flow 7 days after catheter removal.

nulation. Female sex and local hematoma formation are factors that may affect the recovery of radial artery blood
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Background

Percutaneous radial artery cannulation is usually used to
facilitate perioperative blood pressure management and
frequent arterial blood gas determination during major
surgery. Because of its consistent anatomic accessibility
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and ease of cannulation, the radial artery is the regular
site for arterial cannulation. Although numerous studies
have shown that radial artery cannulation has a low prob-
ability of complications [1, 2], some complications can
occur, including ischaemia, thrombosis, infection, and
pseudoaneurysm, and may have serious consequences
[3-5]. The main risk factors for complications were
female sex [6], old age [7], use of extracorporeal circula-
tion during surgery [8], hematoma caused by repeated
puncture [8], long catheter indwelling time [7], larger
diameter of arterial catheter [6], and wrist circumference
[9], among others.
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Colour Doppler ultrasound has been used as a screen-
ing technique to assess distal arterial circulation [10]. In
1981, Doppler ultrasound was used to evaluate blood
flow after decannulation for two different methods of
radial artery cannulation [11]. Roter et al. [12] reported
that arterial Doppler assessment was necessary before
arterial cannulation to ensure radial artery accessibility
in patients with a history of dyslipidaemia, hypertension,
smoking and peripheral arterial disease.

Although many studies have observed complications
related to radial artery cannulation, a large sample size
study has not yet been conducted to assess the recov-
ery of blood flow after radial artery cannulation and to
identify factors affecting blood flow recovery. This study
therefore aimed to investigate changes in radial and ulnar
artery blood flow using Doppler ultrasound after radial
artery decannulation and to explore the factors that influ-
ence radial artery blood flow recovery.

Methods

Participants and design

Ethical approval for this study (JXEY-2020ZXFQO009)
was provided by the Ethics Committee of the Second
Affiliated Hospital of Jiaxing University, Jiaxing, China
(Chairperson Prof Ning-hua Jiang) on 12 February 2020.
In current study, we enrolled 128 patients scheduled for
elective surgery between February and December 2020
with an expected postoperative stay >7 days. The enrolled
patients, who required arterial cannulation for continu-
ous blood pressure monitoring, were aged >20years and
had an ASA physical status of 1-3. All patients agreed to
participate in this study at the time of recruitment and
signed an informed consent form. The exclusion criteria
included the following: without radial artery cannulation;
positive modified Allen’s test; signs of inflammation at
the intended puncture site; coagulopathy; arterial disease
(such as Raynaud’s disease or thromboangitis obliterans);
upper extremity or shoulder surgeries; postoperative stay
<7 days; temporary use of vasoactive medication 30 min
before the measurement during the study. Patients with
abnormal and curved arteries were also excluded.

All patients fasted for 8—10h and no preoperative
medication was administrated prior to surgery. Intra-
venous access was established after the patient entered
the operating room, and Ringer’s lactate 8—10mL/kg
was preloaded before anaesthesia. Patients’ arms were
abducted to 90° and supported by the arm bracket with-
out dorsiflexion of the hands when the patient was placed
in a supine position on the operating table. The non-
dominant hand was the first choice for the cannulation.

After obtaining a negative result on the modified
Allen’s test, ultrasound images were obtained using an
ultrasound system with a 13-6-MHz linear transducer
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(HFL38x/13- 6 MHz Transducer FUJIFILM Sonosite, Inc.
Bothell, WA 98021 USA) with a small parts imaging capa-
bility. Vessel compression was avoided, and oblique vessel
images were observed using conductive gel. Regarding
intravenous access, we selected the ipsilateral cannula-
tion position beside the radial styloid where a prominent
radial artery pulsation was felt. We placed the probe per-
pendicular and 1 cm proximal to the marked point using
B-mode ultrasound. The cross-sectional area of the radial
and ulnar arteries, as well as the subcutaneous distance
of the radial artery, were measured for both hands. The
probe slowly turned to the long axis and switched the
mode of colour Doppler ultrasound to observe the radial
and ulnar arteries. The Doppler sample gate width was
placed in the middle of the blood flow without encom-
passing the vessel walls, allowing for slight movement.
The angle of insonation was adjusted and maintained at
50-60°. The peak systolic velocity was measured directly
from a longitudinal duplex Doppler spectral wave form
from the central axis of the vessels. A measuring tape was
used to measure the wrist circumference snugly through
the puncture point. Blood pressure was measured using a
portable sphygmomanometer, and the pulse rate was also
measured.

Before radial artery cannulation, patients were prepped
for an arterial line in the standard sterile fashion with the
patient in the supine position, wrist extended to 45°, and
hand fixed with adhesive tape. 0.5-1.5mL of 2% lido-
caine was injected subcutaneously for local anaesthesia.
A 20-G catheter (20GA 1.88 IN, 1.1*48 mm, flow 42mL/
min, BD Angiocath™, USA) was inserted, guided by sus-
tained palpation and by monitoring the filling of the cath-
eter reservoir. Transfixing method was used. Once the
needle reservoir was full, the posterior arterial wall was
also punctured. Subsequently, the needle was slightly
withdrawn, followed by slow withdrawal of the catheter,
until the catheter tip was in the arterial lumen, which
was verified by blood in the catheter. Thereafter, the
remaining catheter was inserted. The catheter was then
securely fixed. Ultrasound guidance is also an option for
the cannulation of radial artery. Arterial catheters were
connected to pressure transducers and were manually
flushed intermittently with heparin (4U/ml) saline dur-
ing operation. Unnecessary manipulation or stimulation
of the arterial walls was avoided. Surgery was performed
under general or regional anaesthesia. The catheter was
removed after surgery, and pressure was applied to the
cannulation site to stop the bleeding.

Blood pressure was maintained within 20% of baseline
for the duration of the investigation with intravenous
fluid infusions, varying anaesthetic doses, and vasoactive
drugs. We excluded patients who temporarily adminis-
tered vasoactive drugs 30 min before the measurement
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of cross-sectional area and peak systolic velocity of
the artery during the surgery. Vasoactive drugs mainly
include adrenergic receptor agonists or antagonists and
nitrates. Patients with intraoperative bleeding > 1000 mL
or postoperative hemodynamic instability were also
excluded from the analysis.

Measurements

The cross-sectional area of the radial artery (Sg), the
cross-sectional area of the ulnar artery (Sy), peak sys-
tolic velocity of the radial artery (PSVy), and peak systolic
velocity of the ulnar artery (PSVy) of both hands were
measured at four different time points: before anaesthesia
(TO), 30 min after catheter removal (T1), 24h after cath-
eter removal (T2), and 7 days after catheter removal (T3).
At each time point, the parameters were measured three
times consecutively, and the values were averaged. Blood
pressure and heart rate were recorded at the time of each
ultrasound measurement. Blood pressure was measured
using a blood pressure monitor cuff. The depth from the
skin to the artery was recorded using ultrasound. The
number of cannulation attempts, complications (includ-
ing hematoma and thrombosis), ultrasound-guided arte-
rial cannulation, and indwelling time of the catheter were
recorded during the procedure. The number of cannula-
tion attempts was defined as the number of radial artery
punctures. A hematoma was defined as a solid swelling
of clotted blood surrounding the artery confirmed by
ultrasound, and thrombosis was defined as local coagula-
tion or clotting of blood in the artery confirmed by ultra-
sound. All ultrasound images were collected by the same
anaesthesiologist. The anaesthesiologist received strict
training prior to data collection, who had at least 50 cases
of vascular ultrasound examination experience. Patient
characteristics, complications, and special conditions
were also recorded.

We defined radial artery blood flow as not fully
restored if the ratio of PSV/PSVy increased by 15% at
T3 compared with that at TO on the side ipsilateral to the
cannulation. Logistic regression was used to analyse the
relationship between the recovery of blood flow in the
radial artery at T3 and independent variables, including
the following: sex, age, body mass index, haematocrit,
blood platelet, erythrocyte sedimentation rate, fibrino-
gen, triglyceride, vascular calcification or plaque, chronic
diseases (such as hypertension, diabetes, coronary heart
disease, cerebrovascular diseases), wrist circumfer-
ence, number of cannulation attempts, and duration of
indwelling catheter.

Sample size
The sample size for this study was calculated using the
PASS 15 program. In the current study, we aimed to
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detect a 15% difference in the ratio of PSV/PSVy} in an
individual overtime on the side ipsilateral to the cannu-
lation. We detected interaction effects of the same mag-
nitude as the within factor and analysed the data using
a Geisser-Greenhouse-corrected F test. Our preliminary
experiments showed that the average ratio of PSV/
PSVy was 1.15, with a standard deviation of 0.25, and an
autocorrelation between adjacent measurements of 0.75
on the same individual. We assumed that the first-order
autocorrelation adequately represented the autocorrela-
tion pattern. A 15% increase is 1.3225 for a PSV;/PSVy
ratio of 1.15. We used time means of 1.15, 1.33, 1.25, and
1.16. A total of 117 patients were needed, including 15%
dropout, to achieve 90% power and a significance level of
0.05. We enrolled 128 patients in the current study.

Statistical analysis

All data were analysed using SPSS v25.0 (IBM, Armonk,
NY, USA). Continuous variables are presented as
mean =+ SD, and the median is presented with a 25-75
percentile range as appropriate; categorical variables are
presented as n (%).

The differences in mean arterial pressure, heart rate, S,
Sy PSVg, PSVy, and ratio of PSV;/PSV}, between T0 and
T3 were analysed by repeated measures analysis of vari-
ance, followed by the Bonferroni (B) test, when repeated
measures analysis of variance was significant. Logistic
regression was used to analyse the relationship between
the ratio of PSV;/PSVy, on the side ipsilateral to the can-
nulation 7 days after decannulation and independent var-
iables, including sex, age, body mass index, haematocrit,
blood platelet, erythrocyte sedimentation rate, fibrino-
gen, triglyceride, vascular calcification or plaque, hyper-
tension, diabetes, coronary heart disease, cerebrovascular
diseases, wrist circumference, number of cannulation
attempts, ultrasound-guided arterial cannulation, local
hematoma, and indwelling time of the catheter. Statistical
significance was set at p <0.05.

Results

Initially, 128 patients were enrolled in the current study;
however, 8 patients were lost to follow-up. Therefore,
120 patients were ultimately included in the analysis. The
descriptive variable characteristics and puncture-related
information of the patients are shown in Fig. 1 and
Tables 1 and 2.

Compared with TO, the mean arterial pressure
decreased significantly at T1(p =0.001); compared with
T1, and mean arterial pressure increased significantly at
T2 and T3 (p=0.007 and p =0.002), while heart rate did
not differ among the four time points (p>0.05) (Table 3).

Compared with TO, the S increased significantly at
T1 and T2 (p=0.001 and p=0.017, respectively) on the
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Assessed for eligibility (n= 510)

Excluded (n = 382)
e Not meeting inclusion criteria (n = 301)
e Declined to participate (n = 81)

Enrolled in this study (n= 128)

Lost to follow-up (n= 8)

e |ost to follow-up at 30 min (n = 0)
e |ost to follow-up at 1 day (n = 6)
e |ost to follow-up at 7 days (n = 2)

Included in the final analysis (n = 120)

Fig. 1 Flow chart of patient enrollment

Table 1 Descriptive variable characteristics of the patients

(n=120)

Parameters Value

Age (yrs.) 646+115
Gender (male/female) 53/67

BMI (kg/m? 241437
HCT (%) 403+£49
PLT (x 10%/L) 189.1457.1
ESR (mm/h) 8.51[0,19.8]
Fbg (mg/dL) 34+09
TG (mmol/L) 1.9[0.9,1.7]
Vascular calcification or plaque* (n, %) 56 (46.7%)

Chronic diseases

Hypertension (n, %) 53 (44.2%)

Diabetes (n, %) 12 (10.0%)
Coronary heart disease (n, %) 4 (3.3%)
Cerebrovascular diseases (n, %) 5 (4.2%)

*Measurement of carotid and femoral arteries using colour Doppler ultrasound

side ipsilateral to the cannulation. Compared with T1,
the ipsilateral S;; decreased significantly at T3 (p =0.042),
while no difference was found in the ipsilateral S, among

Table 2 Cannulation-related information of the patients(n =120)

Parameters Value
Cannulation side (left/right) 74/46
Wrist circumference (cm) 162408
Distance from the skin to the radial artery (cm) 04+0.1
Attempts of cannulation (n) 101,21
Ultrasound-guided arterial cannulation (n, %) 20 (16.7%)
Local hematoma (n, %) 40 (33.3%)
Indwelling time of the catheter (h) 42£15

the four time points. Alternatively, no difference was
found in the S;; and Sy among the four time points on the
side contralateral to the cannulation (all p >0.05) (Fig. 2).

Compared with T2, the PSVy decreased significantly at
T3 (p=0.006) on the side ipsilateral to the cannulation.
Compared with TO, the ipsilateral PSVy; increased sig-
nificantly at T1 and T2 (both p<0.001); compared with
T1, the ipsilateral PSV; decreased significantly at T2
and T3 (p=0.001 and p<0.001, respectively); compared
with T2, the ipsilateral PSVy; decreased significantly
at T3 (p<0.001). Compared with TO, PSV} increased
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Table 3 The haemodynamic information of the patients (n=120)

Parameters T0 T1 T2 T3 P
MAP (mmHg) 1020+ 116 974+ 109 1004 +£10.7 1014 +£104 0.002
HR (beats/min) 753 +£108 776 +£12.1 76.1 £ 10.1 753 +£9.1 0.118

significantly at T1 and T2 (p<0.001 and p=0.005,
respectively) on the side contralateral to the cannulation;
compared with T1, the contralateral PSVy decreased sig-
nificantly at T3 (p<0.001); compared with T2, the con-
tralateral PSV decreased significantly at T3 (p =0.006).
Compared with TO, the contralateral PSV{; increased
significantly at T1 and T2 (p=0.003 and p<0.001,
respectively); compared with T1, the contralateral PSV;
decreased significantly at T3 (p=0.004); compared with
T2, the contralateral PSV; decreased significantly at T3
(»p=0.001) (Figs. 3, 4 and 5).

Compared with TO, the ratio of Sy/Sy increased sig-
nificantly at T1 and T2 on the side ipsilateral to the
cannulation (p<0.001 and p=0.002, respectively). Com-
pared with T1, the ratio of S;;/Sy decreased significantly
at T3 (p=0.01). No difference in the ratio of S;;/S; was
observed among the four time points on the side con-
tralateral to the cannulation. Compared with TO, the
ratio of PSV{;/PSV}, increased significantly at T1 and T2
on the side ipsilateral to the cannulation (both p <0.001);
compared with T1, the ratio of PSV/PSVy decreased
significantly at T2 and T3 (both p<0.001); compared
with T2, the ratio of PSV;/PSV} decreased significantly
at T3 (p <0.001). No difference in the ratio of PSV{;/PSVy

was observed among the four time points on the side
contralateral to the cannulation (Fig. 6).

A total of 21 patients presented a PSV/PSV} ratio
increased by 15% at T3 compared with that at TO on the
cannulation side. In our logistic regression model on the
recovery of blood flow of the radial artery after decan-
nulation, independent variables significantly associated
with the recovery of radial artery blood flow were female
sex [OR 2.76 (95% CI 1.01-7.57); p=0.048] and local
hematoma [OR 3.04 (1.12-8.25); p=0.029].

Discussion
Our study showed that there was an obvious compensa-
tory increase in blood flow in the ulnar artery after ipsi-
lateral radial artery decannulation. The compensatory
increase of the ulnar artery blood flow normalised and
the radial artery blood flow recovered to its pre-cannu-
lation value approximately 7days after decannulation.
Female sex and local hematoma formation may influence
the recovery of radial artery blood flow after catheter
removal.

In the present study, the ratio of PSV;/PSV} increased
significantly at 30min and 1 d after decannulation and
subsequently reverted to the pre-cannulation value 7 days
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Fig.2 S, and Sg on the ipsilateral and contralateral side to cannulation. a Compared with TO, the S increased significantly at T1 and T2 on the
side ipsilateral to the cannulation (p=0.001 and p=0.017, respectively). Compared with T1, the S, decreased significantly at T3 (p =0.042), while
no difference was found in the Sy among the four time points. b No difference was found in the S, and Sy among the four time points on the side
contralateral to the cannulation (all p>0.05)
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Fig. 3 The measurement of PSV,; for four timepoints on the side ipsilateral to the cannulation. The PSV|; increased from 53.5cm/s at TO to 70.0cm/s

after decannulation. The increase in the PSV{/PSV,
ratio was mainly due to the increase in PSV{; and a very
slight change in PSVy. No obvious change in the ratio of
PSV/PSV was observed among the four time points
on the side contralateral to the cannulation. The values
of PSVy and PSVy changed synchronously, which led
to no obvious change in the ratio of PSV;/PSV} on the
side contralateral to the cannulation. Thus, the increase
in the PSV;/PSVy, value is mainly due to a compensatory
increase in blood flow in the ulnar artery after ipsilateral
radial artery decannulation.

Many previous studies have also reported the phe-
nomenon of compensatory increase in blood flow in the
ipsilateral ulnar artery. In 2001, a study reported that an
increase in peak systolic velocity and blood flow in the
ulnar artery was found when radial artery compressed at
the wrist [13]. There was a dense network of four arches
created by the radial and ulnar arteries at the level of the
wrist [2]. If the radial artery is occluded, distal perfusion

of the capillary bed will decrease. The blood flow in the
ulnar artery increases in tandem with an increase in the
pressure gradient of the ulnar artery and capillary bed
[13]. In 2012, a study by Kim et al [14] reported that radial
artery cannulation can lead to a compensatory increase
in blood flow in the ulnar artery after approximately
5min. Two studies published in 1999 and 2006 showed
that ulnar artery blood flow increased significantly after
radial artery removal [15, 16]. In the current study, the
compensatory increase in blood flow in the ulnar artery
disappeared approximately 7days after decannulation.
In line with previous studies [13, 14], we also observed
decreased blood flow in the ulnar artery in approximately
20% patients after radial artery decannulation.

In the current study, our results also showed that the
ratio of S;/Sy increased significantly at 30 min and 1 d
after decannulation and reverted to pre-cannulation
values on the side ipsilateral to the cannulation. This
was mainly due to the increase in the Sy at 30min
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Fig.4 The measurement of PSV;, for four time points on the side ipsilateral to the cannulation. The PSV; increased from 59.6 cm/s at TO to 63.1cm/s

and 1 d after decannulation, while no obvious change
was observed in the Sy at all time points. Brodmann
et al. also reported that radial artery harvest led to an
increase in the diameter of the ulnar artery (15.7%) and
subsequently induced an increase in the Sy [17]. No
difference in the ratio of S;/S; was observed among
the four time points because the values of S;; and Sy
changed synchronously on the side contralateral to the
cannulation.

In our study on the analysis of the PSV, S;; and S, we
used the ratio of PSV{;/PSVy and S;/S; and observed
that it was more beneficial to use a single value of PSVy,
PSVy, Sy, or Si. These values can be affected by factors
such as anaesthetic drugs, which can induce vasodilata-
tion [15], thereby not reflecting their actual trend over-
time. At the same time, we also analysed the data on the
side contralateral to the cannulation for comparison. To
simplify the analysis, we did not perform a bilateral com-
parison of these values.

In this study, we observed that the ratio of PSVy/
PSV; increased by 15% after 7 days of decannulation,
which reflects an abnormal recovery of radial artery
blood flow on the side ipsilateral to the cannulation.
We found that a total of 21 patients (17.5%) had a ratio
of PSV;/PSVy>15% 7 days after decannulation, which
was substantially higher than that reported by Cronin
et al. at 5days (<5%) [18], and lower than that reported
by Sfeir et al. at 7 days (27.5%) [19]. This may be due to
different criteria that were used to determine abnormal
blood flow. In the current study, the logistic regression
model showed that female sex and local hematoma
were independent variables associated with the recov-
ery of radial artery blood flow. The Sy of females is rela-
tively small, and both the damage to the blood vessel
wall after cannulation and local hematoma affected the
Sg, which can be understood based on Poiseuille’s law.
Subsequently, the PSV of the radial artery decreased.
Currently, ultrasound-guided radial artery puncture is
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Fig.5 PSV| and PSV; on both the ipsilateral and contralateral sides relative to the cannulation. a Compared with T2, the PSV; decreased
significantly at T3 on the side ipsilateral to the cannulation (p=0.006). Compared with TO, the PSV; increased significantly at T1 and T2 (both
p<0.001); compared with T1, the PSV; decreased significantly at T2 and T3 (p=0.001 and p < 0.001, respectively); compared with T2, the PSV,,
decreased significantly at T3 (p <0.001). b Compared with TO, the PSVy increased significantly at T1 and T2 on the side contralateral to the
cannulation (p<0.001 and p=0.005, respectively); compared with T1, the PSV; decreased significantly at T3 (p <0.001); compared with T2, the PSVy
decreased significantly at T3 (p=0.006). Compared with TO, the PSV,; increased significantly at T1 and T2 (p=0.003 and p <0.001, respectively);
compared with T1, the PSV,; decreased significantly at T3 (p =0.004); compared with T2, the PSV,, decreased significantly at T3 (p=0.001)
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Fig. 6 Ratio of S;/S; and PSV,,/PSV. a Compared with TO, the ratio of S/Sy increased significantly at T1 and T2 on the side ipsilateral to the
cannulation (p<0.001 and p=0.002, respectively). Compared with T1, the ratio of S,/Sg decreased significantly at T3 (p=0.01). No difference in
the ratio of S/S; was found among the four time points on the side contralateral to the cannulation. Sy;: cross-sectional area of ulnarartery; Sg:
cross-sectional area of radialartery. b Compared with TO, the ratio of PSV,,/PSVy increased significantly at T1 and T2 on the side ipsilateral to the
cannulation (both p <0.001); compared with T1, the ratio of PSV|,/PSV, decreased significantly at T2 and T3 (both p <0.001); compared with T2, the
ratio of PSV,/PSV; decreased significantly at T3 (p < 0.001). No difference in the ratio of PSV,,/PSVy was observed among the four time points in the
side contralateral to the cannulation

frequently performed [20-22], which can reduce punc- independent variables, which may be due to the rela-
ture complications, such as a reduced incidence of hae-  tively small number of ultrasound-guided cases.

matoma [21]. In the current study, our results shown The current study has some limitations. Blood
that ultrasound guidance was not a protective factor for  flow parameters were not obtained every day after
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decannulation and were only obtained 30 min after cath-
eter removal, 24'h after catheter removal, and 7 days after
catheter removal. In addition, in our study, we only com-
pared the peak systolic velocity. The resistance index,
end-diastolic velocity, mean volume flow, and so on, were
not compared. Further, radial artery cannulation dura-
tion in all patients was less than 6h, and a previous study
reported that the risk of vascular complications arising
from percutaneous radial artery cannulation increased
after 3 days [23].

Conclusion

In conclusion, the current study demonstrated that there
was an obvious compensatory increase in ipsilateral ulnar
artery blood flow after radial artery decannulation and
returned to its pre-cannulation value 7 days after decan-
nulation. Female sex and local hematoma formation may
influence the recovery of radial artery blood flow after
catheter removal.

Abbreviations

Sg: Cross-sectional area of the radial artery; S,: Cross-sectional area of the
ulnar artery; PSVy: Peak systolic velocity of the radial artery; PSV: Peak systolic
velocity of the ulnar artery; TO: Time point of pre-cannulation; T1: Time point
of 30 min after decannulation; T2: Time point of 24 h after decannulation; T3:
Time point of 7 days after decannulation.

Acknowledgements
Assistance with the study: We would like to thank Dr. Yi Wu for her assistance
with the statistical analysis.

Authors’ contributions

Q-H Z has given substantial contributions to the conception or the design of
the manuscript, L-J L to design and data acquisition, H-M Z and H-LT to analy-
sis and interpretation of the data. All authors have participated to drafting the
manuscript, and Q-H Z revised it critically. All authors read and approved the
final version of the manuscript.

Funding

This work was supported by the Key Discipline established with Zhejiang
Province and Jiaxing City jointly (2019-ss-ttyx) and Key Discipline of Anesthe-
siology of Jiaxing City (2019-zc-06). The funder did not influence the study
design and decisions.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by the Ethics Committee of the Second Affiliated
Hospital of Jiaxing University, Jiaxing, China, with approval number JXEY-
2020ZXFQ009. Written informed consents were obtained from all patients or
their legal representatives prior to data collection. All methods were carried
out in accordance with relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Page 9 of 10

Author details

The Second Clinical Medical College of Zhejiang Chinese Medical University,
Hangzhou, China. “Department of anesthesiology, The Second Affiliated Hos-
pital of Jiaxing University, Jiaxing, China. >Department of ultrasound, Affiliated
Hospital of Jiaxing University, No.1882 Zhonghuan South Rd, Jiaxing 314001,
China. “Department of anesthesiology and pain medicine, Affiliated Hospital
of Jiaxing University, No.1882 Zhonghuan South Rd, Jiaxing 314001, China.

Received: 6 June 2021 Accepted: 30 November 2021
Published online: 10 December 2021

References

1. Scheer B, Perel A, Pfeiffer UJ. Clinical review: complications and risk fac-
tors of peripheral arterial catheters used for haemodynamic monitoring
in anaesthesia and intensive care medicine. Crit Care. 2002;6:199-204.

2. Brzezinski M, Luisetti T, London MJ. Radial artery cannulation: a compre-
hensive review of recent anatomic and physiologic investigations. Anesth
Analg. 2009;109:1763-81.

3. Truong AT, Thakar DR. Radial artery pseudoaneurysm: a rare complication
with serious risk to life and limb. Anesthesiology. 2013;118:188.

4. Tanwar G, Singariya G, Ujwal S. Gangrene and finger amputation after
radial artery cannulation. J Clin Anesth. 2019;54:126.

5. Frezza EE, Mezghebe H. Indications and complications of arterial catheter
use in surgical or medical intensive care units: analysis of 4932 patients.
Am Surg. 1998,64:127-31.

6. Nuttall G, Burckhardt J, Hadley A, Kane S, Kor D, Marienau MS, et al. Surgi-
cal and patient risk factors for severe arterial line complications in adults.
Anesthesiology. 2016;124:590-7.

7. Falk PS, Scuderi PE, Sherertz RJ, Motsinger SM. Infected radial artery
pseudoaneurysms occurring after percutaneous cannulation. Chest.
1992;101:490-5.

8. Slogoff S, Keats AS, Arlund C. On the safety of radial artery cannulation.
Anesthesiology. 1983;59:42-7.

9.  Bedford RF. Wrist circumference predicts the risk of radial-arterial occlu-
sion after cannulation. Anesthesiology. 1978;48:377-8.

10. Taneja K, Jain R, Sawhney S, Rajani M. Occlusive arterial disease of the
upper extremity: colour Doppler as a screening technique and for assess-
ment of distal circulation. Australas Radiol. 1996;40:226-9.

11. Jones RM, Hill AB, Nahrwold ML, Bolles RE. The effect of method of radial
artery cannulation on postcannulation blood flow and thrombus forma-
tion. Anesthesiology. 1981;55:76-8.

12. Roter E, Denault AY. Radial artery reliability using arterial Doppler assess-
ment prior to arterial cannulation. Can J Anesth. 2019,66:1272-3.

13. Ruengsakulrach P, Brooks M, Hare DL, Gordon I, Buxton BF. Preopera-
tive assessment of hand circulation by means of Doppler ultra-
sonography and the modified Allen test. J Thorac Cardiovasc Surg.
2001;121:526-31.

14. Kim SY, Lee JS, Kim WO, Sun JM, Kwon MK, Kil HK. Evaluation of radial
and ulnar blood flow after radial artery cannulation with 20- and
22-gauge cannulae using duplex Doppler ultrasound. Anaesthesia.
2012;67:1138-45.

15. Talegén-Meléndez A, Ciria-Lloréns G, Gomez-Cia T, Mayo-Iscar A. Flow
changes in forearm arteries after elevating the radial forearm flap:
prospective study using color duplex imaging. J Ultrasound Med.
1999;18:553-8.

16. Gaudino M, Glieca F, Luciani N, Losasso G, Tondi P, Serricchio M, et al.
Ten-year Echo-Doppler evaluation of forearm circulation following radial
artery removal for coronary artery bypass grafting. Eur J Cardio Thorac
Surg. 2006;29:71-3.

17. Brodman RF, Hirsh LE, Frame R. Effect of radial artery harvest on collateral
forearm blood flow and digital perfusion. J Thorac Cardiovasc Surg.
2002;123:512-6.

18. Cronin KD, Davies MJ, Domaingue CM, Worner MJ, Koumoundouros E.
Radial artery cannulation-the influence of method on blood flow after
decannulation. Anaesth Intensive Care. 1986;14:400-3.

19. Sfeir R, Khoury S, Khoury G, Rustum J, Ghabash M. Ischaemia of the hand
after radial artery monitoring. Cardiovasc Surg. 1996;4:456-8.



Liu et al. BMC Anesthesiology

20.

21

22.

23.

(2021) 21:312

Gu WJ, Tie HT, Liu JC, Zeng XT. Efficacy of ultrasound-guided radial artery
catheterization: a systematic review and meta-analysis of randomized
controlled trials. Crit Care. 2014;18:R93.

Wilson C, Rose D, Kelen GD, Billioux V, Bright L. Comparison of ultrasound-
guided vs traditional arterial cannulation by emergency medicine
residents. West J Emerg Med. 2020;21:353-8.

Gibbons RC, Zanaboni A, Saravitz SM, Costantino TG. Ultrasound guid-
ance versus landmark-guided palpation for radial arterial line placement
by novice emergency medicine interns: a randomized controlled trial. J
Emerg Med. 2020;59:911-7.

Bedford RF. Long-term radial artery cannulation: effects on subsequent
vessel function. Crit Care Med. 1978:6:64-7.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

e rapid publication on acceptance

e support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Evaluation of radial and ulnar artery blood flow after radial artery decannulation using colour Doppler ultrasound
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Participants and design
	Measurements
	Sample size
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


