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Myocardial perfusion at rest in uncomplicated
type 2 diabetes patients without coronary
artery disease evaluated by 320-multidetector
computed tomography
A pilot study
Xiangyi Cai, MDa, Shuihua Zhang, MDa, Dabiao Deng, MDb, Honglin Li, MDa, Xueqing Guan, MDa,
Jin Fang, MDa, Quan Zhou, MD, PhDa,∗

Abstract
Using computed tomography myocardial perfusion imaging (CTP) to investigate resting myocardial perfusion alterations in
uncomplicated type 2 diabetes mellitus (T2DM) patients without obstructive coronary artery disease (CAD).
A total of 34 participants with 544 myocardial segments were included prospectively: 17 uncomplicated T2DM patients with no

significant coronary artery stenosis on coronary computed tomography angiography and 17 healthy controls. Myocardial perfusion
was evaluated by transmural perfusion ratio (TPR). Parameters of cardiac structure and function were measured for cardiac
comprehensive assessment. Analyses included descriptive statistics and group comparisons.
TPR of segments 5, 7, 9, 10 to 14were significantly reduced in T2DMgroup comparedwith controls (P< .05). When 16myocardial

segments were localized into different areas according to the wall orientations, axial levels of left ventricle and coronary artery
territories, respectively, TPR of each area in T2DM group were significantly lower than those in the control group (P< .05). No
significant differences were found in cardiac anatomy and function analyses between 2 groups.
In uncomplicated T2DM patients without obstructive CAD, myocardial perfusion impairments were present and may develop prior

to cardiac morphological and functional abnormalities, which can be early detected by CTP.

Abbreviations: BMI = body mass index, BSA = body surface area, CAD = coronary artery disease, CCTA = coronary computed
tomography angiography, CO = cardiac output, CT = computed tomography, CTP = computed tomography myocardial perfusion
imaging, EDV = end-diastolic volume, EF = ejection fraction, ESV = end-systolic volume, ISTdia = end-diastolic interventricular septal
thickness, ISTsys = end-systolic interventricular septal thickness, LAD = left anterior descending, LCX = left circumflex coronary
artery, LV = left ventricular, LVIDdia = end-diastolic left ventricular internal diameter, LVIDsys = end-systolic left ventricular internal
diameter, LVMI = left ventricular mass index, LVMM = left ventricular myocardial mass, MDCT = multidetector computed
tomography, PWTdia = end-diastolic posterior wall thickness, PWTsys = end-systolic posterior wall thickness, RCA = right coronary
artery, SPECT = single-photon emission computed tomography, SV = stroke volume, T2DM = type 2 diabetes mellitus, TPR =
transmural perfusion ratio.
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1. Introduction

Cardiovascular disease remains the leading cause of mortality
among type 2 diabetes mellitus (T2DM) patients, and approxi-
mately 40% of deaths are attributable to ischemic heart
disease.[1] Silent myocardial ischemia is common in diabetes,
even in the absence of coronary artery disease (CAD).[2,3]

Therefore, early identification of myocardial ischemia shows
great importance to diabetic people, which can help to make
targeted intervention strategy and reduce mortality in this
population.
In asymptomatic diabetic patients, stress-induced myocardial

ischemia has been widely identified by radionuclide imaging.[4–6]

Nevertheless, the issue of myocardial perfusion changes at rest in
these patients remains disputable. Djaberi et al[4] proved that
abnormal myocardial perfusion in diabetic patients without
obstructive epicardial CAD was associated with endothelial
dysfunction, and also proposed myocardial hypoperfusion may
occur during rest. However, a single-photon emission computed
tomography (SPECT) research demonstrated normal resting
myocardial perfusion in T2DM patients without CAD.[6] Thus,
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whether resting myocardial perfusion abnormalities can be
observed in diabetic patients without CAD is still uncertain.
The improvements of multidetector computed tomography

(MDCT) have made it possible to simultaneously evaluate
coronary anatomy, cardiac function, andmyocardial perfusion in
a 1-shot scan, with the combination of coronary computed
tomography angiography (CCTA) and computed tomography
myocardial perfusion imaging (CTP).[7–10] In particular, the
myocardial transmural perfusion ratio (TPR) calculated from
CTP provides quantitative information of myocardial hemody-
namics.[7]

The objective of our study was using 320-MDCT to investigate
myocardial perfusion at rest in uncomplicated T2DM patients
without obstructive CAD. Besides, we also aim to assess
parameters of left ventricular (LV) structures and cardiac
function to make a comprehensive analysis.

2. Materials and methods

2.1. Study population

In this prospective study, asymptomatic T2DM patients who
were screened for cardiovascular diseases were enrolled consec-
utively. The diagnosis of T2DM was made according to the
guidelines of the American Diabetes Association’s Standards.[11]

Individuals were excluded with any of the following character-
istics: with significant coronary abnormalities on CCTA,
including coronary artery calcium, obstructive CAD which is
defined as visible coronary plaque and luminal stenosis on CCTA
according to SCCT guidelines,[12] coronary stent implantation
and coronary bypass; hypertension, serious cardiac arrhythmia,
congenital heart disease, primary cardiomyopathy, and other
known cardiovascular diseases; diabetes associated complica-
tions (nephropathy, retinopathy, neuropathy, etc.); and intoler-
ance to iodinated contrast medium, pregnancy or other
contraindications to performing cardiac computed tomography
(CT).
From August 2015 to January 2017, 68 T2DM patients were

enrolled in the study; 51 patients (75%) were excluded due to
hypertension, serious cardiac arrhythmia, and other cardiovas-
cular diseases. Significant coronary abnormalities on CCTAwere
identified in 35 patients (51%), pool imaging quality caused by
motion artifacts was present in 2 patients, and thus these patients
were excluded. The remaining 17 patients were included and
constituted the T2DM group. Seventeen gender and age-matched
nondiabetic healthy subjects were recruited from the physical
examination center and constituted the control group.
The study was approved by our institutional review board, and

all patients voluntarily signed the informed consent.

2.2. Cardiac CT protocol

All the participants underwent CCTA/rest CTP examinations by
a 320-detector dynamic volumetric CT (Aquilion One, Toshiba
Medical Systems, Otawara, Japan). The scanner was imple-
mented with following parameters: collimation, 320�0.5mm
(320-detector rows�0.5-mm-thick sections); velocity of gantry
rotation, 0.35s/r; pitch, 0.2 to 0.3; tube voltage was set according
to the body mass index (BMI) of the participant (100kV for
BMI<23, 120kV for BMI ≥ 23); automatic tube current. A
volume of 40 to 60mL nonionic contrast medium (Iopromide
Injection [370mg iodine per milliliter], Bayer Pharma AG, Berlin,
Germany) was used at injection rate of 4.0 to 6.0mL/s. The scan
was triggered by Sure Start software, configured descending aorta
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as region of interest with a threshold of 240 HU. With
retrospective electrocardiogram-gated algorithm, the exposure
scope was obtained automatically depending on heart rate, and
scanned for 1 to 2 cardiac cycle.
2.3. Images processing and analysis

The images of cardiac CTwere evaluated by 2 qualified observers
who were unaware of the clinical information independently. All
the images of myocardial perfusion, LV structures, and cardiac
function were processed and analyzed on the postprocessing
workstation (Vitrea FX, Vital Images, Minnetonka, MN).
Myocardial perfusion at rest was evaluated by TPR (Fig. 1),
which was defined as the ratio of subendocardial attenuation
density to subepicardial attenuation density.[7] The subendocar-
dial and subepicardial contours of LV myocardium were
automatically detected andmanually corrected to avoid inclusion
of blood pool or extraventricular tissue. TPR in each myocardial
segment was identified using standardized 17 segments model of
the American Heart Association statement (except S17/the
apex).[13] Besides, myocardial segments were localized with the
reference to wall orientations on short-axis views: anterior wall
(segments 1, 7, and 13), inferior wall (segments 4, 10, and 15),
septal wall (segments 2, 3, 8, 9, and 14), and lateral wall
(segments 5, 6, 11, 12, and 16). According to the levels on long-
axis of left ventricle, basal was defined as segments 1 to 6, mid as
segments 7 to 12 and apical as segments 13 to 16. Myocardium
were also divided by coronary artery territories: left anterior
descending artery (LAD) territories (segments 1, 2, 7, 8, 13, 14,
and 17), left circumflex coronary artery (LCX) territories
(segments 5, 6, 11, 12, and 16), and right coronary artery
(RCA) territories (segments 3, 4, 9, 10, and 15).[13]

Cardiac imaging datasets were reconstructed for 10 phases
with 10% of the interval and loaded into the cardiac function
analysis software. The structural parameters were manually
measured on multiplanar reformations according to the guide-
lines for cardiac chamber quantification.[14] The structural
parameters included end-systolic left ventricular internal diame-
ter (LVIDsys), end-systolic posterior wall thickness (PWTsys), end-
systolic interventricular septal thickness (ISTsys), end-diastolic left
ventricular internal diameter (LVIDdia), end-diastolic posterior
wall thickness (PWTdia), and end-diastolic interventricular septal
thickness (ISTdia), which were obtained by manual measur-
ing.[15,16] Measurements in end-systole and end-diastole were
identified at the same orientation and level. The subendocardial
and subepicardial borders of LVmyocardiumwere automatically
described and manually corrected.[16] The functional parameters
including ejection fraction (EF), end-systolic volume (ESV), end-
diastolic volume (EDV), stroke volume (SV), cardiac output
(CO), left ventricular myocardial mass (LVMM), as well as body
surface area (BSA) were automatically calculated according to
height and weight. Left ventricular mass index (LVMI) was
defined as LVMM divided by BSA.[15]
2.4. Statistical analysis

Statistical analysis was performed by SPSS 21.0 software.
Continuous variables were expressed as mean± standard devia-
tion and categorical variables as numbers and percentages. To
compare the baseline characteristics, TPR, structural, and cardiac
function parameters between 2 groups, the Student t test and
Mann–Whitney U test were used. A P value of <.05 was
considered statistically significant. Interobserver variability was



Figure 1. Rest computed tomography perfusion images in 4-champer projection, short-axis projection, and polar maps of transmural perfusion ratio (TPR). Normal rest
myocardial perfusion images fromahealthyparticipantas inA–C.TPR in16segmentsof the left ventricularmyocardiumshowsbluecolor,which indicatesnormalmyocardial
perfusion (TPR values> 0.99). Abnormal rest myocardial perfusion images from a type 2 diabetes patient as in D–F. The TRP polar map shows green color in S12, which
indicates mild perfusion abnormality (0.97<TPR values � 0.99), orange color in S3 and S9 indicates severe perfusion abnormality (0.60<TPR values � 0.9).
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evaluated with Bland–Altman plot by using Med Calc 17.2
statistical software.
3. Results

3.1. Baseline characteristics

A total of 34 participants (aged 30–72 years) with 544
myocardial segments were included for analysis, consisted of
17 uncomplicated T2DM patients and 17 healthy controls. The
3

baseline demographic and clinical characteristics of 2 groups
were presented in Table 1. No significant differences were found
in demographic characteristics between 2 groups, with the
exception of fasting plasma glucose and HbA1c levels which was
significantly higher in T2DM group (P< .001).
3.2. Radiation exposure

The effective radiation dose was calculated by the conversion
coefficient K and dose–length–product according to the standard
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Table 2

TPR of 16 segments in 2 groups.

Control group T2DM group P

Overall
Mean 1.14±0.01 1.07±0.01 <.001

Wall
Anterior 1.15±0.01 1.06±0.02 .001
Inferior 1.14±0.02 1.08±0.02 .048
Septal 1.15±0.02 1.08±0.02 .001
Lateral 1.13±0.01 1.06±0.01 <.001

Axis
Basal 1.14±0.01 1.09±0.01 .004
Mid 1.11±0.01 1.02±0.01 <.001
Apical 1.20±0.02 1.12±0.02 .003

Territories
LAD 1.18±0.01 1.10±0.01 <.001
LCX 1.13±0.01 1.06±0.01 <.001
RCA 1.11±0.01 1.05±0.01 .001

Data presented as mean± standard deviation.
LAD= left anterior descending, LCX= left circumflex coronary artery, RCA= right coronary artery,
T2DM= type 2 diabetes mellitus, TPR = transmural perfusion ratio.

Table 1

Clinical characteristics of the groups.

Control group T2DM group P

Age, mean years (SD) 51 (2) 56 (2) .09
Female, n (%) 10 (59) 8 (41) 1.00
T2DM duration, median years (IQR) — 4 (2–10) —

BMI, mean kg/m2 (SD) 24 (1) 24 (1) .60
Systolic BP, mean mm Hg (SD) 111 (3) 120 (3) .10
Diastolic BP, mean mm Hg (SD) 68 (2) 73 (1) .17
FPG, mean mmol/L (SD) 5.5 (0.1) 9.7 (1.1) <.001
HbA1c, mean % (SD) 5.4 (0.1) 8.8 (0.7) <.001
Total cholesterol, mean mmol/L (SD) 5.4 (0.2) 5.3 (0.3) .68
Triglycerides, mean mmol/L (SD) 1.3 (0.2) 1.9 (0.5) .29
HDL, mean mmol/L (SD) 1.3 (0.6) 1.2 (0.7) .33
LDL, mean mmol/L (SD) 3.6 (0.2) 3.1 (0.3) .13

BMI=body mass index, BP=blood pressure, FPG= fasting plasma glucose, HbA1c=glycated
hemoglobin, HDL=high-density lipoprotein, IQR= interquartile range, LDL= low-density lipoprotein,
SD= standard deviation, T2DM= type 2 diabetes mellitus.
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methodology outlined in the European Guidelines on Quality
Criteria for Computed Tomography.[17] The effective radiation
exposure for a CT scanning in the study was 5.53±0.30 mSv.
3.3. CT myocardial perfusion, LV structures, and cardiac
function

Bland–Altman plot for interobserver variability in TPR quantifi-
cation is shown in Fig. 2. The mean difference was �0.02 with
95% limits of agreement from�0.22 to 0.18.Myocardial TPR in
2 groups is listed in Table 2. Distribution of TPR in 16
myocardial segments between 2 groups is shown in Fig. 3. The
TPR of segments 5, 7, 9, 10 to 14 was significantly reduced in
T2DM group (P< .05). TPR of other segments in T2DM group
was also found to be decreased when compared with the control
group, without reaching statistical significance. The mean TPR
values of 16 segments for each individual were calculated, and
patients in T2DM group were found to have a remarkably lower
mean TPR than the controls (P< .001).
In addition, LVmyocardiumwas further localized according to

wall orientations (septal, anterior, lateral, inferior wall), axial
levels of left ventricle (basal, mid, and apical) and coronary artery
Figure 2. Bland–Altman plot for interobserver variability in transmural perfusion
ratio quantification between observer 1 and observer 2.
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(LAD, LCX, and RCA) territories, respectively. Comparisons of
TPR in the corresponding areas between 2 groups are listed in
Table 2. Themean TPR of each localized area in the T2DMgroup
was lower than those in the control group, and the lowest mean
TPR (1.02) in the T2DM group was detected in the mid. TPR in
different wall orientations (septal, anterior, lateral, and inferior
wall) and axial levels of left ventricle (basal, mid, and apical) were
significantly reduced in T2DM group (P< .05 and P< .005,
respectively). For vessel-based analysis, TPR of LAD, LCX, and
RCA supplied territories in T2DM group was also significantly
lower than those in control group (P< .005).
Parameters of cardiac anatomy and function analyses in 2

groups are given in Table 3. In T2DMgroup, ESV, EDV, SV, CO,
LVIDsys, and LVIDdia were slightly decreased, whereas EF,
LVMM, LVMI, PWTsys, PWTdia, ISTsys, and ISTdia were slightly
increased compared with control group. However, no significant
differences were found in cardiac anatomy and function analyses
between 2 groups.
Figure 3. Distribution of transmural perfusion ratio (TPR) in 16 myocardial
segments between 2 group (n=544 myocardial segments). Error bars show
95% confidence intervals.



Table 3

Cardiac anatomy and function analyses.

Control group T2DM group P

EF , % 65±2 66±2 1.00
ESV, mL 43±4 37±3 .24
EDV, mL 120±5 108±6 .15
SV, mL 77±3 72±4 .30
CO, L/min 4.7±0.2 4.4±0.2 .39
LVMM, g 75.4±4.9 77.3±4.1 .43
LVMI 43±2 46±2 .17
LVIDsys, mm 28.4±0.9 28.3±0.9 .97
PWTsys, mm 13.0±0.5 13.6±0.8 .66
ISTsys, mm 11.9±0.5 13.1±0.6 .13
LVIDdia, mm 45.5±1.1 44.7±0.8 .53
PWTdia, mm 7.4±0.3 8.3±0.4 .07
ISTdia, mm 8.1±0.2 9.1±0.4 .09

Data are presented as mean± standard deviation.
CO= cardiac output, EDV= end-diastolic volume, EF= ejection fraction, ESV= end-systolic volume,
ISTdia= end-diastolic interventricular septal thickness, ISTsys= end-systolic interventricular septal
thickness, LADsys= end-systolic left atrial diameter, LVIDdia= end-diastolic left ventricular internal
diameter, LVIDsys= end-systolic left ventricular internal diameter, LVMI= left ventricular mass index,
LVMM= left ventricular myocardial mass, PWTdia=end-diastolic posterior wall thickness, PWTsys=
end-systolic posterior wall thickness, SV= stroke volume, T2DM= type 2 diabetes mellitus.
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4. Discussion

To the best of our knowledge, there are no previous studies using
320-MDCT to investigate myocardial perfusion at rest in
uncomplicated T2DM patients without CAD. In this study,
lowermyocardial perfusion at rest was observed in T2DMgroup,
whereas their LV structures and cardiac function parameters
based on cardiac CT showed no difference compared with
control group. The result of the present study suggests that in
uncomplicated T2DM patients with no clinical evidences of
obstructive CAD, myocardial perfusion impairment is present
which may develop prior to cardiac morphological and
functional abnormalities; and resting myocardial perfusion
changes are detectable by 320-MDCT in pure T2DM patients
without CAD, which would suggest a practical method to detect
early preclinical myocardial impairment in diabetic heart.
Asymptomatic myocardial ischemia is frequent in diabetes,

even in the absence of CAD.[2] An early study has shown a
coronary flow reserve reduction in T2DM patients with normal
coronary arteries.[18] Then myocardial perfusion defects were
widely identified by radionuclide imaging in asymptomatic
patients with diabetes, which were attributed to endothelial
dysfunction and microvascular impairment.[4–6] In our study,
myocardial TPR at rest of each segment or location in T2DM
group was lower than those in healthy controls, which is similar
to findings in previous studies. However, our finding is not
consistent with a SPECT study that demonstrated normal
myocardial perfusion at rest in T2DM patients without
CAD.[6] This discrepancy could be partly due to different
methods of testing and evaluating myocardial perfusion.
Moreover, inclusion criteria of this SPECT research were
comparatively restrictive, which may also contribute to the
negative result of resting perfusion. Indeed, endothelial dysfunc-
tion has been shown to affect resting myocardial perfusion in
early study.[19] Accordingly, reduction of microvascular perfu-
sion at rest may be observed. Interestingly, we also noticed that
the TPR of segment 5, 7, 9, 10 to 14 was significantly lower in
T2DM patients. It suggests that these specific segments might be
the vulnerable regions in diabetic heart, and further related
studies are demanded to prove this conjecture.
5

The cardiac structure and function associated with diabetes are
generally identified by ventricular dilatation and hypertrophy,
diastolic and/or systolic dysfunction.[20,21] Diastolic dysfunction
was common in asymptomatic T2DM patients, which may be the
earliest change of diabetic heart.[22,23] In current study, however,
parameters of cardiac anatomy and function were similar
between uncomplicated T2DM patients and healthy controls.
The negative result could be partly due to the exclusion of
patients with hypertension, which is strongly associated with
cardiac abnormalities in diabetes.[24] Another possible reason
could be the diabetic duration was relatively short in patients of
our study (median 4 years); therefore, long-term cardiac
abnormalities were less likely to present among them.[25] Besides,
the lack of significant difference in structural and function
parameters between the 2 groupmay be related to the small study
population, thus further confirmation is needed.
Importantly, lower myocardial perfusion at rest was observed

in T2DM patients in absence of obstructive CAD, whereas LV
structures and cardiac function measures based on cardiac CT
were normal. These results suggest that the reduction of
myocardial perfusion may be a significant early alteration of
diabetes-induced myocardial impairment. Similar finding has
been reported in a recent multicenter study that observed early
perfusion abnormalities on dynamic CT in diabetes and
hypertension patients.[26] However, this study included symp-
tomatic patients with suspected or known CAD, and 66.7% of
them presented coronary plaque or stenosis onCCTA. In contrast
with the present study, we only included T2DM patients with
normal coronary arteries, in order to find potential myocardial
perfusion alterations in early stage of diabetes, independently of
obstructive CAD. We now describe a similar effect in T2DM
patients, and further found these changes occurred with normal
cardiac and structures function.
It has been widely verified that CCTA can improve risk

prediction for cardiac events and provide long-term prognostic
information for T2DM patients.[27,28] In our study, CCTA and
CT perfusion imaging were implemented in the meantime, which
mean only a 1-shot scan can provide prognostic information as
well as structural and functional assessment.[29] It is undisputed
that the combination of CCTA and CTP fulfills a more
comprehensive screening for the diabetes, which offers a new
way for the early detection of cardiovascular complications. In
particular, the wide-area detectors of 320-MDCT have an ability
to image the entire heart simultaneously, with ultra-fast scan
speed to reduce motion artifacts and lower radiation. Moreover,
scan parameters were individualized to improve imaging quality,
as well as reduce contrast dose and radiation exposure.[30]
5. Limitations

There are some limitations in the study. First, our result suggests
that myocardial perfusion impairment develops prior to cardiac
morphological and functional abnormalities in T2DM patients.
But follow-up observation of the potential cardiac structure and
function changes was not conducted in this study, and further
cohort studies are demanded. Second, previous evidence demon-
strated that impairedmicrovascular function causedby endothelial
dysfunction occurred before the development of vascular
structural changes or significant coronary artery stenosis,[2,21]

which result in myocardial perfusion abnormalities in diabetic
patients without CAD. However, we cannot provide direct
evidence for these mechanisms, thus further studies are needed
to examine. Third, radionuclide imagingwasnot implemented and
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compared as the standard of myocardial perfusion imaging in our
research. Indeed, previously researches have verified that CT
perfusion imaging had good diagnostic accuracy and consistency
for identifying myocardial ischemia compared with SPECT, when
combined with CCTA.[7–9] Furthermore, we performed the CT
perfusion imaging only in static state, for the concern of additional
radiation exposure from the “2-step” rest–stress scan in
comprehensive CT.[31] But subsequent studies have demonstrated
that the rest TPR was similar to stress TPR in patients without
coronary stenosis,[32] and thus sufficient diagnostic information
can be derived from rest condition to some extent.[33] Lastly, this is
a preliminary study based on a relatively small number of subjects
in a single center; therefore, the conclusions need be further
confirmed in a larger cohort follow-up research.
6. Conclusions

In conclusion, myocardial impairment can be detected in
uncomplicated T2DM patients in the absence of obstructive
CAD, even precedes cardiac structural and functional abnormali-
ties. These changes are subtle; however, it provides additional
information on myocardial impairment in diabetes, which might
be useful to better identify the early stages of diabetic heart disease.
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