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ORIGINAL RESEARCH

Coronary Microvascular Dysfunction 
Restored After Surgery in Inflammatory 
Bowel Disease: A Prospective 
Observational Study
Kentaro Kakuta, MD, PhD; Kaoru Dohi , MD, PhD; Takayuki Yamamoto, MD, PhD; Naoki Fujimoto , MD, PhD; 
Takahiro Shimoyama, MD; Satoru Umegae, MD, PhD; Masaaki Ito, MD, PhD

BACKGROUND: We aimed to investigate the presence and severity of coronary microvascular dysfunction (CMD) in inflammatory 
bowel disease (IBD) including Crohn disease and ulcerative colitis and to elucidate the influence of surgical resection of the dis-
eased intestines on CMD by assessing coronary flow velocity reserve (CFVR) using transthoracic Doppler echocardiography.

METHODS AND RESULTS: Thirty- seven patients with IBD (aged 44±15 years; 22 patients with Crohn disease and 15 patients 
with ulcerative colitis) and 30 controls (aged 46±12 years) were enrolled. For CFVR measurement, coronary flow velocity 
was recorded at rest and during hyperemia by ADP infusion using transthoracic Doppler echocardiography, and CFVR <2.5 
defined CMD. CFVR measurement was repeated before and within 1 year after surgery. CFVR was similarly and significantly 
lower in patients with Crohn disease and those with ulcerative colitis than controls (Crohn disease: 2.92±1.03 [P<0.05 versus 
controls], ulcerative colitis: 2.99±0.65 [P<0.05 versus controls], and controls: 3.84±0.75). Multiple linear regression analysis 
showed that the presence of IBD and baseline hs- CRP (high- sensitivity C- reactive protein) were independently associated 
with low CFVR among all study participants (β=−0.403 [P=0.001] and −0.237 [P=0.037], respectively). Hyperemic coronary 
flow velocity significantly improved after surgery only in patients with IBD who had CMD. CFVR significantly improved in pa-
tients with IBD who had both CMD and non- CMD, and the extent of CFVR improvements were greater in patients with CMD 
than non- CMD. Multiple linear regression analysis showed that the reduction of hs- CRP was independently associated with 
improvement of hyperemic coronary flow velocity and CFVR among all patients with IBD (β=−0.481 [P=0.003] and β=−0.334 
[P=0.043], respectively).

CONCLUSIONS: IBD is associated with CMD, which improved after surgical resection of diseased intestines.
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Inflammatory bowel diseases (IBDs) include 2 major 
chronic relapsing diseases named Crohn disease 
(CD) and ulcerative colitis (UC), and abnormal im-

mune response causes both acute inflammatory flares 
throughout the periodic reactivation of the disease and 
chronic low- grade inflammation, which can lead to 
impairment of intestinal microvascular endothelial cell 
function.1 Although IBDs are a group of diseases of the 

gastrointestinal system, they can also affect extraint-
estinal organs and tissues including the cardiovascular 
system.1– 3

A recent clinical study found that active IBD was asso-
ciated with impaired echocardiography- derived coronary 
flow velocity (CFV) reserve (CFVR), a physiological sur-
rogate of coronary microvascular function.2 However, no 
studies have investigated the mechanisms responsible 
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for coronary microvascular dysfunction (CMD) and the 
effect of IBD- directed therapy on CMD in such patients.

Therefore, the purpose of this prospective study 
was to evaluate the presence and the severity of CMD 
and to elucidate the direct contribution of IBD to the 
development of CMD by repeated measurement of 
CFVR before and after surgical resection of the dis-
eased intestines.

METHODS
The data, methods used in the analysis, and materials 
used to conduct the research will be made available on 
reasonable request to other researchers for purposes of 
reproducing the results or replicating the procedure.

Patient Selection
A total of 81 consecutive patients with IBD aged 
≥20  years were prospectively recruited between 

March 2015 and February 2018. Thirty control partici-
pants aged ≥20 years who had comparable risk fac-
tors for coronary artery disease were also recruited to 
achieve groups of similar age and sex. Smokers were 
excluded from the present study because smoking 
acutely and significantly reduces CFVR.4 All study par-
ticipants were recruited from the outpatient clinic of the 
Inflammatory Bowel Disease Center in Yokkaichi Hazu 
Medical Center. Disease activity of CD was measured 
using the Crohn’s Disease Activity Index (CDAI),5,6 and 
was defined as mild, moderate, and severe according 
to the index score (mild: 150– 219, moderate: 220– 449, 
severe: ≤450). Disease activity of UC was assessed by 
the Ulcerative Colitis Disease Activity Index (UCDAI),6– 8 
and was defined as mild, moderate and severe ac-
cording to the index score (mild: 3– 5, moderate: 6– 
10, severe: 11– 12). Medical and surgical interventions 
for all study participants were approved as standard 
therapy for IBD in Japan. Written informed consent 
was obtained from all study participants, and the pro-
tocol was approved for use by the Human Studies 
Subcommittee of Yokkaichi Hazu Medical Center (ref-
erence number 85).

CFVR Measurement
All study participants underwent routine transthoracic 
Doppler echocardiography with CFVR measurement 
using an HD15 system (Philips Medical Systems) and a 
Vivid E9 (GE Healthcare Co.). CFV was measured both 
at rest and during intravenous infusion of ATP (0.14 mg/
kg per min) in the left anterior descending coronary ar-
tery using transthoracic Doppler echocardiography, as 
previously described,9– 11 and CFVR <2.5, calculated 
as the ratio of hyperemic to basal mean diastolic flow 
velocity, defined CMD.9 Two experienced and blinded 
investigators measured CFVR by tracing the contour of 
the spectral Doppler signal using the computer incor-
porated in the ultrasound system. All measurements for 
calculating CFVR were averaged over 3 cardiac cycles.

Biochemical Markers
The blood samples were transported to the clinical labo-
ratory of Yokkaichi Hazu Medical Center for further pro-
cessing and storage at a temperature of −80°C within 
0.5  hour after blood collection. Frozen EDTA- plasma 
samples were transported under controlled conditions 
(at −80°C) to Tokyo, Japan, where the concentrations 
of hs- CRP (high- sensitivity C- reactive protein), interleukin 
6 (IL- 6), and tumor necrosis factor α were determined 
using a validated multiplex assay (SRL Inc.).

Surgical Technique and Strategy
A laparoscopic approach was undertaken whenever 
possible, but it was avoided in patients with a large 

CLINICAL PERSPECTIVE

What Is New?
• This is the first report to elucidate that inflam-

matory bowel disease is an independent risk for 
coronary microvascular dysfunction.

• Surgical resection of the diseased intestines 
improved coronary flow velocity reserve espe-
cially for patients with coronary microvascular 
dysfunction.

• Reduction of high- sensitivity C- reactive protein 
after the surgery was independently associated 
with the improvement of coronary flow velocity 
reserve.

What Are the Clinical Implications?
• Inflammatory bowel disease– directed therapy im-

proved coronary microvascular circulation, which 
may lead to the reduction in risk of developing 
atherosclerosis and future cardiovascular events.

Nonstandard Abbreviations and Acronyms

CD Crohn disease
CDAI Crohn’s Disease Activity Index
CFV coronary flow velocity
CFVR coronary flow velocity reserve
CMD coronary microvascular dysfunction
IBD inflammatory bowel disease
UC ulcerative colitis
UCDAI Ulcerative Colitis Disease Activity Index
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inflammatory mass, dense adhesions, markedly thick-
ened mesentery and bowel, acute enteric fistulas, 
severe abscesses, and multiple previous abdominal 
operations.6 For patients with extensive Crohn colitis 
and UC, hand- assisted laparoscopic surgery is com-
monly applied.6

Statistical Analysis
Categorical variables are presented as percent-
age frequencies and were analyzed using chi- 
square tests or Fisher exact tests as appropriate. 
Continuous normally distributed variables are ex-
pressed as mean±SD and were compared using 
Student 2- tailed unpaired t test. Continuous data not 
normally distributed are expressed as median and 
interquartile range and were analyzed using Mann- 
Whitney U tests. Data in more than 2 groups were 
compared using 1- way ANOVA with post hoc analy-
sis or nonparametric Kruskal– Wallis test, depend-
ing on the outcome of tests for normality. Bivariate 
correlations between study variables were calcu-
lated using Spearman rank correlation coefficients. 
A 2- way repeated measures ANOVA was used to 
evaluate main (group; time) and interaction effects 
(group×time) of surgery on CFVR in non- CMD and 
CMD. Tukey post hoc analysis was used for pre- post 
comparisons where either a main or interaction ef-
fect was significant. Univariate and multivariate linear 
regression analyses adjusted for age and sex with 
forward stepwise procedure (P<0.10 for entry) were 
applied to assess the relationships between CVFR 
and clinical variables. All statistical analyses were 
performed with SPSS version 25 (SPSS Inc). Two- 
sided P values <0.05 were considered to indicate 
statistical significance.

RESULTS
Patient Characteristics
Seventeen participants (controls: 13 patients, IBD: 
4 patients) were excluded because of smoking. 
Therefore, 37 patients with IBD (22 patients with 
CD: aged 39±12  years; 15 patients with UC: aged 
52±17 years) and 30 controls (aged 46±12 years) who 
had comparable risk factors for coronary artery dis-
ease were ultimately enrolled. Table 1 shows base-
line characteristics of the study participants. Body 
mass index in the IBD group was significantly lower 
than those in the control group. White blood cell, 
platelet, and triglyceride levels in the IBD group were 
significantly higher than those in the control group. 
Hemoglobin, hematocrit, total protein, albumin, 
high- density lipoprotein, and low- density lipoprotein 
cholesterol levels in the IBD group were significantly 
lower than those in the control group. Inflammatory 

cytokines in the IBD group were significantly higher 
than those in the control group. Baseline echocar-
diographic parameters were similar between the 
control group and the IBD group except for left atrial 
diameter (Table 2).

Patient Characteristics and Treatment of 
CD and UC
Table  3 shows patient characteristics of and treat-
ment for patients with CD and UC. Patients with CD 
were younger than patients with UC. The median dis-
ease durations in patients with CD and those with UC 
were 12 years (8– 15 years) and 6 years (1– 14 years), 
respectively. The mean CDAI in patients with CD was 
244±75 and the mean UCDAI in patients with UC 
was 9±2, and disease activity was statistically dif-
ferent between the 2 patient groups. The prescrip-
tion rates of tumor necrosis factor α inhibitors and 
5- aminosalicylic acid in patients with CD was higher 
than those in patients with UC (64% versus 27% 
[P=0.027] and 75% versus 40% and [P=0.009], re-
spectively), whereas those of prednisolone were not 

Table 1. Baseline Characteristics of the Study 
Participants

Variables Control (n=30) IBD (n=37) P Value

Age, y 46±12 44±15 0.681

Men, n (%) 20 (67) 20 (54) 0.295

Body mass index, kg/m2 22.7±3.8 19.3±3.2 <0.001

Hypertension, n (%) 2 (7) 1 (3) 0.646

Diabetes mellitus, n (%) 0 (0) 1 (3) 0.403

Dyslipidemia, n (%) 1 (3) 2 (5) 0.467

Laboratory data

White blood cells, /μL 5090±1129 8083±3947 0.001

Hemoglobin, g/dL 13.7±2.2 11.4±2.0 <0.001

Hematocrit, % 41.0±5.6 34.9±5.6 <0.001

Platelets, ×104/μL 24.8±11.0 29.5±8.8 0.004

Serum creatinine, mg/dL 0.76±0.18 0.68±0.23 0.102

Total protein, mg/dL 6.8±0.4 6.2±1.0 0.001

Albumin, mg/dL 4.3±0.4 3.2±0.7 <0.001

Total cholesterol, mg/dL 184±34 144±46 <0.001

HDL cholesterol, mg/dL 58±15 42±19 <0.001

LDL cholesterol, mg/dL 110±29 82±35 0.001

Triglyceride, mg/dL 78±32 102±50 0.028

hs- CRP, ng/mL 290 (140– 655) 2090 
(397– 11300)

0.001

IL- 6, pg/mL 1.1 (0.93– 1.58) 6.1 (2.0– 12.2) <0.001

TNF- α, pg/mL 0.79 (0.66– 0.88) 2.49 
(1.23– 6.13)

<0.001

Values are mean±SD or number of patients (percentage). HDL indicates 
high- density lipoprotein; hs- CRP, high- sensitivity C- reactive protein; IBD, 
inflammatory bowel disease; IL- 6, interleukin 6; LDL, low- density lipoprotein; 
and TNF- α, tumor necrosis factor α.

https://www.google.co.jp/search?q=triglyceride&spell=1&sa=X&ved=0ahUKEwj036SUpO_gAhVO_GEKHVd4BEQQkeECCCkoAA
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statistically different between the 2 patient groups 
(9% versus 33%, P=not significant). In patients with 
CD, the most common procedure was ileocolic re-
section (including ileocecal resection), and laparo-
scopic surgery was performed in 45% of patients. In 
patients with UC, 60% underwent total proctocolec-
tomy. Hemoglobin (11.4±2.0 g/dL versus 12.1±1.9 g/
dL, P=0.032) and hematocrit (34.9%±5.6% versus 
36.9±4.9%, P=0.015) increased after surgery. None 
of the patients with IBD had perioperative cardiac 
events.

CFVR Measurement
Hemodynamics and coronary flow velocities at 
rest and during ATP infusion are shown in Table 4. 
CFVR measurements were performed 2 days (1– 5 
days) before surgery and 4 months (3– 6 months) 
after surgery. Heart rate, systolic blood pressure, 
and diastolic blood pressure between the 2 groups 
were different at baseline. The reductions of sys-
tolic and diastolic blood pressure were smaller in 
the IBD group than those in the control group. Mean 
diastolic flow velocity was higher at rest and lower 
during ATP infusion in the IBD group compared 
with those in the control group, resulting in lower 
CFVR in the IBD group. Hematocrit independently  
and negatively contributed to resting mean diastolic 
flow velocity at baseline among all study partici-
pants (Table 5). CFVR was similarly and significantly 
lower in patients with CD and those with UC than in  
controls (CD: 2.92±1.03 [P<0.05 versus controls], 
UC: 2.99±0.65 [P<0.05 versus controls], and con-
trols: 3.84±0.75). A total of 38% (n=14) of patients 

with IBD (CD: n=9 [41%], UC: n=5 [33%]) but none 
of the controls had CMD (Figure  1). Resting and 
hyperemic CFV did not significantly change after 
surgery in patients with IBD who had non- CMD 
(n=23, Figure  2). In contrast, resting CFV was re-
duced (−19%±25%) and hyperemic CFV improved 
(21%±34%) after surgery in patients with IBD who 
had CMD (n=14, Figures 2 and 3). CFVR in patients 
with IBD who had both CMD and non- CMD sig-
nificantly improved after surgery, and the extent 
of CFVR improvement was greater in patients with 
CMD than those with non- CMD (interaction effect 
P<0.001) (Figure 4). There were 3 patients with se-
verely reduced CFVR (<2.0), and hyperemic CFV 
increased in all of these patients, which resulted in 
dramatic improvement of CFVR to ≥2.5 after sur-
gery (1.66±0.31 at baseline versus 3.34±0.83 after 
surgery, P=0.048).

Table 2. Baseline Echocardiographic Parameters in the 
Study Participants

Variables Control (n=30) IBD (n=37) P Value

IVS thickness, cm 8.5±1.5 8.1±1.8 0.347

PW thickness, cm 8.2±1.9 8.2±1.3 0.900

LVDd, cm 47.3±4.1 45.7±4.5 0.132

LVDs, cm 29.7±3.7 28.4±3.6 0.161

Fractional shortening, % 37.2±4.4 39.0±4.8 0.234

Left atrial diameter, cm 33.5±4.4 31.0±5.0 0.038

Mitral E wave, cm/s 62.7±14.3 70.6±18.4 0.063

Mitral A wave, cm/s 50.2±13.3 56.4±16.1 0.099

E/A ratio 1.3±0.4 1.3±0.5 0.999

Septal e’, cm/s 9.0±2.6 9.2±3.0 0.761

E/e’ septal 7.5±2.4 8.3±3.0 0.239

Deceleration time 
of the mitral E- wave 
velocity, ms

216.7±45.4 203.1±39.6 0.214

Values are mean±SD. IBD indicates inflammatory bowel disease; IVS, 
interventricular septum; LVDd, left ventricular end- diastolic diameter; LVDs, 
left ventricular end- systolic diameter; and PW, posterior wall.

Table 3. Patient Characteristics and Treatment of CD and 
UC

Variables CD (n=22) UC (n=15) P Value

Age, y 39±12 52±17 0.012

Men, % 59 47 0.457

Disease duration, y 12 (8– 15) 6 (1– 14) 0.135

CDAI 244±75 … …

UCDAI … 9±2 …

Disease activity at 
surgery, %

0.025

Mild 37 0*

Moderate 45 60

Severe 18 40

Location of lesion, % …

Ileum 46 …

Colon 27 …

Ileocolic region 27 …

Total colon … 67

Left- sided colon … 33

Medications, %

TNF- α inhibitor 64 27 0.027

5- aminosalicylic acid 75 40 0.009

Steroid 9 33 0.065

Immunosuppressant 5 20 0.137

Surgical procedure, % …

Small bowel resection 23 …

Ileocecal resection 41 …

Colonic resection 36 …

Subtotal colectomy … 40

Total proctocolectomy … 60

Values are mean±SD, median and interquartile range, or percentage. 
CDAI indicates Crohn’s Disease Activity Index; TNF- α, tumor necrosis factor 
α; UC, ulcerative colitis; and UCDAI, Ulcerative Colitis Disease Activity Index.

*P<0.05 versus Crohn disease (CD) group.
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Biochemical Markers
The changes in biochemical markers are shown in 
Figure  5. hs- CRP and IL- 6 significantly decreased, 
whereas tumor necrosis factor α (2.49 pg/mL [1.23– 
6.13 pg/mL] versus 2.64 pg/mL [1.06– 6.15 pg/mL], 
P=not significant) remained unchanged among all 
patients with IBD. There were no significant correla-
tions between changes in hemoglobin and changes in 
hs- CRP (r=−0.251, P=0.134) and between changes in 

hematocrit and changes in hs- CRP (r=−0.262, P=0.117) 
among all patients with IBD.

Risk Factors for CMD
There were no differences in baseline characteristics 
and echocardiographic parameters between patients 
with non- CMD and CMD except for IL- 6 (Tables S1 
and S2). When patients with CD and UC were further 
divided according to the presence or absence of CMD 
(Table S3), patients with non- CMD were younger than 
patients with CMD among those with UC. In addition, 
the prescription rate of 5- aminosalicylic acid was 
lowest and that of immunosuppressants was high-
est in patients with CMD- UC among 4 subgroups. 
Stepwise multivariate linear regression analyses ad-
justed for age and sex showed that higher hs- CRP 
and the presence of IBD were independently associ-
ated with CMD among all study participants (adjusted 
R2, 0.281) (Table 6), and the reduction of hs- CRP was 
independently associated with the percent changes 
in hyperemic mean diastolic flow velocity (Table  7) 
and CFVR (Table 8) among biomarkers of inflamma-
tion, nutritional status, and anemia in patients with 
IBD. However, changes in any biomarkers of inflam-
mation, nutritional status, or anemia were not associ-
ated with changes in resting CFV (data not shown). 
Nine (39%) of 23 patients with non- CMD showed de-
creased hyperemic CFV (Figure  2), and there were 
no significant differences in baseline hematocrit, hs- 
CRP, IL- 6, or tumor necrosis factor α levels between 
patients with increased hyperemic CFV and those 
with decreased hyperemic CFV after surgery (data 
not shown). Among patients with non- CMD, hs- CRP 
tended to decrease after surgery without statistical 

Table 4. Hemodynamic and CFV Measurements Before 
and During ATP Infusion

Control (n=30) IBD (n=37) P Value

Heart rate, beats per min

Baseline 62.8±9.7 68.8±10.6 0.001

ATP infusion 80.7±11.6 85.4±12.9 0.122

Δ Heart rate 17.8±6.5 16.7±10.5 0.590

SBP, mm Hg

Baseline 132.7±15.6 117.8±15.6 <0.001

ATP infusion 111.1±13.7 103.8±13.1 0.029

Δ SBP −21.6±7.9 −14.1±7.4 <0.001

DBP, mm Hg

Baseline 86.4±9.4 74.2±13.0 <0.001

ATP infusion 65.5±9.0 62.9±9.8 0.265

Δ DBP −20.9±7.4 −11.4±9.3 <0.001

Mean DFV, cm/s

Baseline 14.6±4.3 16.9±4.7 0.042

ATP infusion 54.0±10.0 47.2±11.2 0.012

CFVR 3.84±0.75 2.95±0.89 <0.001

CFV indicates coronary flow velocity; CFVR, coronary flow velocity 
reserve; DFV, diastolic flow velocity; DBP, diastolic blood pressure; IBD, 
inflammatory bowel disease; and SBP, systolic blood pressure.

Table 5. Univariate and Multivariate Linear Regression for Resting Mean DFV at Baseline Among All Study Participants

Univariate Multivariate

Coefficients P Value Coefficients P Value

Age 0.097 0.434 0.106 0.383

Male sex −0.135 0.277 0.029 0.837

Body mass index −0.158 0.203

Disease duration 0.154 0.362

Heart rate 0.197 0.109

SBP −0.085 0.493

DBP −0.155 0.210

Hematocrit −0.298 0.014 −0.314 0.025

Total protein −0.221 0.073 … 0.263

hs- CRP 0.197 0.109

IL- 6 0.192 0.120

TNF- α 0.099 0.424

IBD 0.249 0.042 … 0.314

DBP indicates diastolic blood pressure; DFV, diastolic flow velocity; hs- CRP, high- sensitivity C- reactive protein; IBD, inflammatory bowel disease; IL- 6, 
interleukin 6; SBP, systolic blood pressure; and TNF- α, tumor necrosis factor α.
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significance (time effect P=0.051), and there was no 
interaction effect (P=0.163) between patients with in-
creased hyperemic CFV and those with decreased 

hyperemic CFV (Figure  S1, left). In contrast, IL- 6 
decreased after surgery (time effect P=0.045), and 
Tukey post hoc analysis showed that IL- 6 significantly 

Figure 1. Comparisons of coronary flow velocity reserve (CFVR) in the control, Crohn disease 
(CD), and ulcerative colitis (UC) groups at baseline. 

Figure 2. Comparisons of changes in resting (left) and hyperemic mean diastolic flow velocity (right) after surgery between 
patients with coronary microvascular dysfunction (CMD) and non- CMD.
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decreased in patients with increased hyperemic CFV 
(Figure  S1, right). Three (21%) of 14 patients with 
CMD showed decreased hyperemic CFV despite in-
creased CFVR. Among them, hematocrit markedly 
increased from 31.6%– 44.2% in 1 patient, and hs- 
CRP increased in 2 patients (from 44– 126 ng/mL and 
from 129– 271 ng/mL, respectively) after surgery.

DISCUSSION
We demonstrated that ≈40% patients with IBD had 
CMD, and that the presence of IBD and high hs- CRP 
were independently associated with CMD. In addition, 
surgical resection significantly improved CFVR espe-
cially in patients with CMD at baseline as a result of both 
reduction of resting CFV and increment of hyperemic 
CFV, and the reduction of hs- CRP was independently 
associated with improvements of hyperemic CFV and 
CFVR. These results suggest that IBD may have spe-
cific pathophysiological mechanisms responsible 

for the development of CMD related to the systemic 
inflammation.

IBD consists of 2 conditions, CD and UC, and both 
disorders are characterized by systemic inflammation 
that may affect a number of organ systems, including 
the cardiovascular system.3 Endothelial dysfunction is 
considered one of the causal factors of IBD,12 and it can 
lead to the development of cardiovascular complica-
tions. Indeed, several clinical studies demonstrated a 
decrease of flow- mediated dilatation of the brachial ar-
tery in patients with IBD.13 However, the possible associ-
ation between IBD and coronary microvascular function 
is currently under investigation. CFVR was significantly 
impaired and serum inflammation markers including hs- 
CRP were significantly higher in patients with IBD when 
compared with those in controls, and high hs- CRP was 
independently associated with reduced CFVR in the 
present study. These results were consistent with a re-
cent clinical study reported by Caliskan et al.2

Patients with IBD are genetically predisposed to 
pathological interactions between intestinal microflora 

Figure 3. Examples of coronary flow reserve measurement in a patient with coronary microvascular dysfunction (CMD) at 
baseline (left) and after surgery (right). CFVR indicates coronary flow velocity reserve.
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and the immunological system.12 Changes in the bal-
ance between regulatory and inflammatory cytokines 
lead to maintenance of the inflammatory process.14 
Hatoum et al15 demonstrated that intestinal microves-
sels from chronically inflamed IBD show microvascular 

endothelial dysfunction, characterized by loss of nitric 
oxide– dependent dilation in response to acetylcholine, 
whereas uninvolved IBD gut vessels and non- IBD inflam-
matory controls responded in a fashion similar to nor-
mal vessels. Therefore, successful treatment of IBD can 

Figure 4. Comparisons of coronary flow velocity reserve (CFVR) at baseline and after surgery in 
patients with coronary microvascular dysfunction (CMD) and non- CMD.
 

Figure 5. Changes in biochemical markers in all patients with inflammatory bowel disease.
hs- CRP indicates high- sensitivity C- reactive protein; IL- 6, interleukin- 6; and TNF- α, tumor necrosis factor- α.
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be associated with the improvement of inflammation- 
associated cardiovascular damage. Caliskan et al1 re-
cently demonstrated echocardiography- derived CFVR 
measurements of the left anterior descending coronary 
artery in 62 patients with IBD during both the active 
and remission periods and 39 healthy volunteers. They 
revealed that CFVR in both the active and remission 
periods of IBD were significantly impaired compared 
with the control group (Data are shown as median 
[minumum– maximum]; 2.26 [2.08– 2.55] versus 2.55 
[2.18– 3.00] and 3.10 [2.85– 3.29], P<0.001), while it was 
significantly lowest in the active period of IBD.1 They 
also showed that CFVR was negatively correlated with 
disease activity scores of IBD. However, it has never 
been investigated whether surgical intervention has fa-
vorable effects on CMD. Interestingly, CFVR improved 
after surgery in patients with IBD, especially in those 
with CMD at baseline in the present study. Abnormal 
CFVR can result from both high resting coronary blood 
flow and an inability to adequately increase in coronary 
blood flow during the infusion of ATP.16 Therefore, re-
duced CFVR may not necessarily imply CMD. Resting 
coronary blood flow increases in response to increased 
myocardial metabolic demand and decreased arterial 
oxygen supply to myocardial tissue, the latter being 

caused by anemia.9 Indeed, resting mean diastolic 
flow velocity was higher in patients with IBD than in 
controls, and hematocrit independently and negatively 
contributed to mean diastolic flow velocity among all 
study participants. Nevertheless, not only CFVR but 
also hyperemic CFV improved in patients with CMD 
after surgery, indicating substantial improvement of 
CMD. In addition, inflammatory biomarkers decreased 
after surgery and the reduction of hs- CRP was sig-
nificantly and independently associated with CFVR 
improvement. Our results suggest that removal of the 
diseased segments that were exposed to chronic in-
flammation directly restore endothelial function of the 
coronary artery. Meanwhile, decrease of resting CFV 
can also significantly contribute to the improvement 
of CFVR after surgery. Indeed, absolute values of per-
cent changes in resting CFV were similar to those in 
hyperemic CFV in patients with CMD. Increases in 
hematocrit, total protein, and lipid levels after surgi-
cal intervention can influence blood viscosity and can 
thus affect changes in resting CFV and CFVR. Indeed, 
CFVR improved despite decreases in hyperemic coro-
nary flow as a result of decreased resting coronary flow 
after surgery in 3 of 14 patients with baseline CMD, 
and, among them, hematocrit level markedly increased 

Table 6. Univariate and Multivariate Linear Regression Analyses for CFVR in All Participants

Univariate Multivariate

Coefficients P Value Coefficients P Value

Age −0.193 0.118 −0.215 0.046

Male sex 0.115 0.355 0.025 0.813

Body mass index 0.262 0.032 … 0.649

SBP 0.165 0.183 …

Hematocrit 0.341 0.005 … 0.401

Total protein 0.349 0.004 … 0.057

hs- CRP −0.372 0.002 −0.237 0.037

IL- 6 −0.390 0.001 … 0.699

TNF- α −0.241 0.049 … 0.404

IBD −0.477 <0.001 −0.403 0.001

CFVR indicates coronary flow velocity reserve; hs- CRP, high- sensitivity C- reactive protein; IBD, inflammatory bowel disease; IL- 6, interleukin 6; SBP, systolic 
blood pressure; and TNF- α, tumor necrosis factor α.

Table 7. Univariate and Multivariate Linear Regression for Improvement of CFV During Hyperemia in Patients With IBD

Univariate Multivariate

Coefficients P Value Coefficients P Value

Changes in hematocrit 0.093 0.583

Changes in total protein 0.065 0.701

Changes in hs- CRP −0.481 0.003 −0.481 0.003

Changes in IL- 6 −0.460 0.004 … 0.486

Changes in TNF- α 0.093 0.583

CFV indicates coronary flow velocity; hs- CRP, high- sensitivity C- reactive protein; IBD, inflammatory bowel disease; IL- 6, interleukin 6; and TNF- α tumor 
necrosis factor α.
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in 1 patient. Anemia is associated with an increase in 
resting coronary flow and remarked improvement of 
it might lead to a decrease in resting CFV. However, 
changes in hematocrit as well as total protein and lip-
ids were not independently associated with changes 
in CFVR in the present study. In the other 2 patients, 
hs- CRP increased, and the precise mechanisms of 
decreases in resting CFV and consequent improve-
ment in CFVR in these patients remain undefined. The 
mechanisms responsible for the decrease in resting 
CFV after surgery remains undetermined and may be 
complex and multifactorial. CFVR also improved in 
patients with non- CMD after surgery. In the present 
study, hyperemic CFV improved in ≈60% of these pa-
tients. Although there were no differences in hemato-
crit, IL- 6 decreased after surgery especially in patients 
with increased hyperemic CFV. These results may indi-
cate that there might be a certain degree of CMD even 
in patients with IBD with CFVR ≥2.5, and improvement 
of inflammation may partially contribute to increases in 
hyperemic coronary flow. However, the mechanisms 
responsible for improvement of hyperemic CFV and 
CFVR in patients with non- CMD may be complex and 
multifactorial and warrants future investigation.

Limitations
In terms of the limitations of this study, first, this single- 
center study enrolled only a small number of participants, 
which limited clinical interpretation. Second, the effects 
of surgical resection on CFVR were not assessed by 
comparing with a nonresected patient group. Third, IBDs 
tend to fluctuate between periods of inactivity (remission) 
and activity (relapse) over time; therefore, the timing of 
baseline and postsurgical CFVR measurements can in-
fluence their values in each patient. Fourth, many clini-
cal studies have demonstrated that a cutoff value of 2.0 
detects significant coronary artery stenosis with good 
precision in a wide range of stenosis severity. However, 
an optimal cutoff value for detecting CMD in nonobstruc-
tive coronary artery disease has not been clearly estab-
lished. CMD was defined as CFVR <2.5 in the present 
study, as previously investigated by several research-
ers.9,17,18 Fifth, the presence and severity of coronary 

artery stenosis were not assessed by coronary com-
puted tomographic angiography or invasive coronary 
angiography because no patients had chest symptoms, 
ECG abnormalities typical for ischemic heart disease, or 
left ventricular wall motion abnormalities. Interestingly, all 
3 patients with baseline CFVR <2.0 showed a dramatic 
increase to ≥2.5 after surgery, suggesting no significant 
coronary artery stenosis. Although none of the patients 
with IBD had perioperative cardiac events, perioperative 
evaluation and management of CMD warrant further in-
vestigation. Finally, we did not measure endothelial nitric 
oxide synthase activity, which has been implicated in the 
pathogenesis of CMD in IBD.

Future Perspectives
Several studies have shown that IBD is associated 
with an accelerated atherosclerotic process and in-
creased risk of premature coronary artery disease, 
and that coronary microcirculatory dysfunction 
can play an important role in their pathophysiologi-
cal continuum. Therefore, larger studies, preferably 
performed in a prospective randomized fashion, are 
needed to confirm the direct effect of surgical resec-
tion on CFVR and future cardiovascular outcomes in 
patients with IBD.

CONCLUSIONS
IBD was associated with CMD assessed as impaired 
CFVR, which improved after surgery, especially in pa-
tients with CMD at baseline. The reduction of hs- CRP 
was significantly and independently associated with 
CFVR improvement. Therefore, IBD may have specific 
pathophysiological mechanisms responsible for the 
development of CMD related to systemic inflammation.
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Table S1. Comparisons of baseline characteristics between patients with and without coronary 

microvascular dysfunction. 

Variables Non-CMD (n =23) CMD (n =14) p-value 

Age, years 41 ± 15 51 ± 15 0.059 

Male, n (%) 12 (52) 8 (57) 0.769 

Disease Duration, years 9 (2-15) 12 (8-15) 0.208 

Body mass index, kg/m2 19.7 ± 3.4 18.7 ± 3.0 0.385 

Hypertension, n (%) 0 (0) 1 (7) 0.194 

Diabetes mellitus, n (%) 1 (4) 0 (0) 0.429 

Dyslipidemia, n (%) 1 (4) 1 (7) 0.715 

Laboratory data    

White Blood Cells, /μl 7852 ± 3813 8464 ± 4277 0.654 

Hemoglobin, g/dl 11.4 ± 2.0 11.4 ± 2.2 0.954 

Hematocrit, % 35.2 ± 5.3 34.3 ± 6.1 0.629 

Platelets, ×104/μl 28.8 ± 7.8 30.6 ± 10.4 0.556 

Serum creatinine, mg/dl 0.65 ± 0.19 0.73 ± 0.28 0.296 

Total protein, mg/dl 6.1 ± 0.9 6.4 ± 1.0 0.344 

Albumin, mg/dl 3.2 ± 0.9 3.1 ± 0.8 0.541 

Total cholesterol, mg/dl 145 ± 46 143 ± 48 0.901 

HDL cholesterol, mg/dl 41 ± 18 44 ± 21 0.664 

LDL cholesterol, mg/dl 85 ± 38 78 ± 29 0.581 



Triglyceride, mg/dl 101 ± 55 103 ± 41 0.925 

hs-CRP, ng/ml 712 (290-6030) 5145 (775-22975) 0.147 

IL-6, pg/ml 4.5 (1.6–9.0) 10.7 (4.2–21.3) 0.042 

TNF-α, pg/ml 2.25 (1.03–4.38) 4.95 (1.40–8.84) 0.175 

Values are mean ± SD or number of patients (%). HDL, high density lipoprotein; LDL, low density 

lipoprotein; hs-CRP, high-sensitivity C-reactive protein; IL, interleukin; TNF, tumor necrosis factor. 

 

 



Table S2. Comparisons of baseline echocardiographic parameters between patients with and without 

coronary microvascular dysfunction. 

Variables Non-CMD (n =23) CMD (n =14) p-value 

IVS thickness, cm 7.9 ± 1.9 8.5 ± 1.4 0.361 

PW thickness, cm 8.2 ± 1.4 8.3 ± 1.2 0.774 

LVDd, cm 45.7 ± 4.8 45.6 ± 4.0 0.936 

LVDs, cm 28.7 ± 4.0 28.0 ± 2.9 0.599 

Fractional shortening, % 39.0 ± 5.5 39.0 ± 3.5 0.963 

Left atrial diameter, cm 31.2 ± 4.8 30.6 ± 5.4 0.738 

Mitral E-wave, cm/s 70.0 ± 18.1 71.9 ± 19.4 0.775 

Mitral A-wave, cm/s 53.9 ± 15.1 61.5 ± 17.5 0.207 

E/A ratio 1.4 ± 0.5 1.2 ± 0.5 0.461 

Septal e’, cm/s 9.5 ± 3.2 8.6 ± 3.3 0.389 

E/e’ septal 8.0 ± 2.8 8.9 ± 3.3 0.255 

Dct, ms 199.9 ± 35.9 209.4 ± 47.1 0.527 

Values are mean ± SD. IVS, interventricular septum; PW, posterior wall; LVDd, left ventricular end-

diastolic diameter; LVDs, left ventricular end-systolic diameter; FS, fractional shortening; Dct, deceleration 

time of the mitral E-wave velocity. 

 



Table S3. Comparisons of patient characteristics and treatment between patients with and without 

coronary microvascular dysfunction in Crohn’s disease and Ulcerative colitis. 

Variables CD 

 Non-CMD 

(n =13) 

CD 

 CMD 

(n =9) 

UC 

Non-CMD 

(n =10) 

UC  

CMD 

(n =5) 

p-value  

Age, years 37 ± 14 42 ± 10 45 ± 15 65 ± 10* 0.008  

Male, % 46 78 60 20 0.184  

Disease Duration, years 11 (3-14） 12 (10-15） 2 (1-13) 11 (6-12) 0.273  

CDAI 248 ± 71 240 ± 87 - - 0.850  

UCDAI - - 9 ± 2 9 ± 2 1.000  

Disease activity at surgery     0.228  

   Mild, % 31 44 0 0   

   Moderate, % 46 44 60 60   

   Severe, % 23 12 40 40   

Location of lesion     -  

Ileum, % 46 56 - - 0.665  

   Colon, % 31 22 - - 0.658  

Ileocolonic region, % 23 22 - - 0.962  

Total colon, % - - 70 80 0.699  

Left-sided colon, % - - 30 20 0.699  

Medications       



TNF-α Inhibitor, % 62 67 40 20 0.276  

5-aminosalicylic acid, % 77 89 60 0*† ‡ 0.006  

Steroid, % 15 0 50† 0 0.022  

Immunosuppressants, % 8 0 0 60*†‡ 0.002  

Surgical procedure     -  

Small bowel resection, % 15 33 - - 0.323  

Ileocecal resection, % 39 45 - - 0.604  

Colonic resection, % 46 22 - - 0.251  

Subtotal colectomy, % - - 50 20 0.264  

Total proctocolectomy, % - - 50 80 0.264  

Values are mean ± SD, median and interquartile range or percentage. CD, crohn’s disease; UC, ulcerative 

colitis, CMD, coronary microvascular dysfunction: CDAI, Crohn's Disease Activity Index; UCDAI, 

Ulcerative Colitis Disease Activity Index; TNF, tumor necrosis factor. 

*: p < .05 versus CD Non-CMD. †: p < .05 versus CD CMD. ‡: p < .05 versus UC Non-CMD. 

 



 

 

Figure S1. Comparisons of changes in high-sensitivity C-reactive protein (left) and interleukin-6 (right) between subjects with increased hyperemic coronary flow 

velocity and those with decreased hyperemic coronary flow velocity among patients with inflammatory bowel disease and non-coronary microvascular dysfunction. 

 

CMD, coronary microvascular dysfunction; hs-CRP, high-sensitivity C-reactive protein; IL-6, interleukin-6. 


