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Introduction
Th yroid hormones (TH) play critical roles in 
diff erentiation, growth, and metabolism; they have 
pleiotropic eff ects in many tissues [1]. Increased 
or reduced action of TH on certain molecular 
pathways in the heart and vasculature causes relevant 
cardiovascular derangements. Th yroid dysfunction is 
a common clinical problem that plays a key role in 
the regulation of the cardiovascular system and can 
contribute to the clinical course of coronary artery 
disease (CAD) [2].

In addition, subclinical thyroid dysfunction is 
associated with an increased incidence of death 
and other adverse events secondary to CAD. 
Coincidentally, a thyroid-stimulating hormone (TSH) 
value of 10 mUI/l emerged as an ideal cutoff  to identify 
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Background
Thyroid hormonal disturbance plays an essential role in coronary artery disease (CAD) 
development and progress. Few studies have detected the relation between percutaneous 
coronary intervention (PCI), thyroid gland function, and morphology. We aimed to assess the 
infl uence of baseline thyroid function tests on the outcome of PCI in euthyroid patients with 
CAD, and to detect the effect of PCI on the thyroid function and ultrasound features.
Patients and methods
This study included 113 clinically euthyroid patients with stable CAD. Serum free T3, serum 
free T4, thyroid-stimulating hormone (TSH), thyroid-stimulating hormone index, free T3/T4 
ratio, anti-thyroperoxidase (TPO), and high-sensitivity C-reactive protein had been measured 
before, and then 24 h and 3 months after PCI. The morphology of thyroid was evaluated 
through thyroid ultrasound before and 3 months after PCI.
Results
One day after PCI, there was a significant increase in serum FT3 and serum FT4 and 
no significant change in the serum TSH compared with just before PCI (P < 0.001, P 
= 0.04, P = 0.97, respectively). In addition, there was a significant increase in serum 
FT3/FT4 ratio compared with just before PCI (P = 0.007). Three months after PCI, there 
was a significant increase in serum FT4, decrease in serum FT3 returning to baseline, 
and a significant increase in serum TSH compared with just before PCI (P = 0.42, P < 
0.001, P < 0.001, respectively). There was a significant decrease in the serum FT3/FT4 
ratio and significant increase in serum thyroid-stimulating hormone index compared 
with just before PCI (P ≤ 0.001, P < 0.001, respectively). Higher TSH and measured 
echogenicity index were independent pre-PCI predictors of unfavorable outcomes after 
24 h with cutoff values greater than 0.95 mIU/ml and greater than 1.81, respectively. 
Lower FT3 and higher FT4 levels were independent pre-PCI predictors of unfavorable 
outcomes after 3 months with cutoff values less than or equal to 2.95 pg/ml and greater 
than 1.3 ng/dl, respectively.
Conclusion
A state of euthyroid hyperthyroxinemia was detected 24 h after PCI. A state of thyroid hormone 
resistance was detected 3 months after PCI. Higher TSH and measured echogenicity index 
independently predicted unfavorable outcome after 24 h. Lower FT3 and higher FT4 levels 
independently predicted unfavorable outcomes after 3 months.
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patients at particularly high risk. In addition, patients 
with subclinical hyperthyroidism revealed that isolated 
reductions in TSH less than 0.1 mUI/l may lead to 
atrial fi brillation, as well as to an increased risk for total 
and CAD-related mortality [3]. T3 levels are inversely 
correlated to the presence and severity of CAD, and 
signifi cantly predict adverse prognosis, even after 
adjusting for traditional coronary risk factors. In cardiac 
patients without a history of thyroid dysfunction, a low 
T3 syndrome (due to a reduced peripheral conversion 
of T4 into T3) is a frequent fi nding, particularly in 
patients with heart failure, acute myocardial infarction, 
and in patients following cardiac surgery [4].

Furthermore, iodinated contrast media used in 
coronary angiography (CA) is considered an important 
precaution in view of the potential interference of 
iodinated contrast media with thyroid metabolism. 
Th e average daily iodine requirement in adults is 
95 mg/day, with a dietary allowance of 150 mg/day. A 
200 ml dose of contrast medium containing 35 g/ml 
provides 7000 g free iodide, which is equivalent to 
45 times the recommended daily intake. Th is amount 
can fi ll the iodine deposits in the thyroid gland for up 
to 2 months [5].

In the literature, there is a glaring lack of current 
data on the baseline thyroid function and the relation 
between ultrasonographic features and percutaneous 
coronary intervention (PCI) outcomes, as well as the 
eff ects on thyroid morphology and function after the 
administration of such a high single dose of iodine as 
part of PCI associated with average dose of radiation 
and intense manipulation.

Patients and methods
Th is prospective cohort study was carried out on 113 
euthyroid patients with stable CAD who were referred 
to the Cardiac Catheter Lab in the Department of 
Cardiology of Alexandria Main University Hospital 
for elective PCI. Eligibility criteria included patients 
having stable CAD, with signifi cant stenosis, and 
clinically euthyroid without a history of thyroid 
disease. Th e protocol of this study was approved by the 
ethical committee of Alexandria Faculty of Medicine. 
All patients signed an informed written consent prior 
to enrollment to the study.

Following were the exclusion criteria: patients with 
a history of thyroid disease; lab evidence of overt 
thyroid dysfunction with FT3 and FT4 being out of 
range (1.4–4.2 pg/ml and 0.8–2 ng/dl, respectively); 
patients taking drugs aff ecting the thyroid including 
amiodarone; patients who had been subjected to 

contrast agent over the last 3 months; patients with 
an acute coronary syndrome; patients in cardiogenic 
shock; heart failure (NYHA III, IV); liver failure or 
renal failure; and patients with underlying infectious, 
infl ammatory, or malignant diseases.

At baseline, specifi c investigations included assessing 
serum FT3, FT4, TSH, serum anti-TPO, and serum 
high-sensitivity C-reactive protein (hsCRP) by using 
the enzyme-linked immunosorbent assay. In addition, 
FT3/FT4 ratio and thyroid-stimulating hormone 
index were calculated [6,7].

Th yroid ultrasonography was carried out before 
PCI using a Kontron device with a liner probe and 
a 7.5–10  MHz transducer to assess the volume of 
the gland, vascularity, nodules, and morphology. 
Morphology included echogenicity and heterogenicity. 
Th e echogenicity value of each lobe was measured by 
using the grey scale histogram analysis [8], and then 
the average of both lobes’ echogenicity was measured to 
get the gland echogenicity [9]. Echogenicity index (EI) 
of each lobe was calculated as the ratio of the average 
histogram values of the gland lobe and the values for 
the adjacent muscles (using the same brightness gain 
for both), and then the average of both lobes’ EIs was 
measured to get the gland EI [10]. Th e heterogeneity 
index (HI) of each lobe was calculated as a coeffi  cient 
of variance (SD/mean) of each lobe, and then the 
average of coeffi  cients of variance (SD/mean) for both 
lobes was measured to get the gland HI [11].

Th e recorded photographs were analyzed by using 
the Image J software (National Institutes of Health, 
USA) [12,13]. On the basis of image echogenicity, the 
histograms showed gray scales: 

(a) Hyperechoic (close to 255), 
(b) Hypoechoic (close to 0), and 
(c) Isoechoic (similar to the tissue of comparison) [9,14].

Echocardiography using HD11XE echo machine 
(Philips, USA) was carried out before PCI. 
I-Transthoracic M-mode echocardiography was 
carried out for the assessment of left ventricle (LV) 
function by measuring ejection fraction (EF) and 
fractional shortening (FS), and for the assessment 
of left ventricular fi lling by using transmitral pulsed 
Doppler fl ow to detect E and A.

PCI was carried out in the standard fashion using 
Toshiba DFP-8000D Angio Lab, (Toshiba, Tokyo, 
Japan) [15,16]. Th e parameters assessed during the 
procedure were stenosis before and after and parameters 
aff ecting thyroid status (radiation dose measurement, 
dye injected, and manipulation diffi  culties).
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Radiation exposure was assessed by using the 
cumulative Entrance Surface Air Kerma (mGy) and 
cumulative thyroid (mGy) [17], which were calculated 
by using a Windows-based computer program, 
CALDose_X 5.0 software (Recife, PE, Brazil) [18], 
and frames numbers, which were determined from a 
direct frame counter. Dye injection rate was assessed 
by using the dye injection duration and amount. PCI 
was carried out using diff erent amounts of Ultravist(R) 
(370 mg iodine/ml; Schering AG, Berlin, Germany), 
with a total iodine load of 35 g. Manipulations were 
assessed by using stent (number, diameter, and length) 
as a surrogate for local infl ammation induced by plaque 
disruption and magnitude of local plaque reduction. 
In addition, hsCRP level 24 h after PCI was an 
excellent surrogate marker for poststent infl ammatory 
status, and its source might be the infl ammation site 
of the plaque or the coronary arterial wall injured by 
stenting mechanical damage to the vessel wall, which 
has been shown to induce a systemic infl ammatory 
response [19,20].

Serum FT4, FT3, TSH, anti-TPO, and hsCRP were 
measured 24 h and 3 months after PCI. Moreover, 
thyroid ultrasonography was re-evaluated 3 months 
after PCI. Cardiac echocardiography was carried out 
24 h and 3 months after PCI. PCI outcome 24 h and 
3months after PCI was assessed through the presence 
of contrast-induced nephropathy (an increase in serum 
creatinine ≥0.5 mg/dl over baseline), subacute stent 
thrombosis (symptoms suggestive of an acute coronary 
syndrome criteria and angiographic or pathologic 
confi rmation of stent thrombosis), heart failure by 
deterioration of EF or EF less than 50%, arrhythmias, 
and major adverse cardiac events (deaths, nonfatal 
myocardial infarction, target vessel revascularisation 
(TVR), non target vessel revascularisation (NTVR), 
and cerebrovascular events).

Overt hyperthyroidism was diagnosed by a decrease 
in TSH less than 0.39 mIU/l, with a corresponding 
increase in FT3 greater than 4.2 pg/ml and in FT4 
greater than 2 ng/dl. Subclinical hyperthyroid was 
diagnosed by a decrease in TSH less than 0.39 mIU/l, 
with a corresponding normal FT3 and FT4. Overt 
hypothyroid was diagnosed by a decrease in TSH 
greater than 6.16 mIU/l, with a corresponding increase 
in FT3 less than 1.4 pg/ml and in FT4 less than 
0.8  ng/dl. Subclinical hypothyroid was diagnosed by 
a decrease in TSH greater than 6.16 mIU/l, with a 
corresponding normal FT3 and in FT4.

Statistical analysis was carried out by using the SPSS 
20.0 (SPSS Inc., an IBM Company; Chicago, Illinois, 
USA) and MedCalc® 13.3.3.0 statistical software 
(MedCalc Software; Ostend, Belgium ).

Results
Table 1 shows the demographic data and clinical 
characteristics of 113 patients suff ering from stable 
angina and who were enrolled for elective PCI in the 
present study.

Th e follow-up results of echocardiography for the 
studied patients showed a signifi cant increase in EF 
after 3 months compared with just before and 24 h 
after PCI (mean = 66.9 ± 7.5 vs. 56.5 ± 6.9% and 
57.98  ±  5.99%, P < 0.001); in addition, there was a 
signifi cant increase in EF after 24 h compared with just 
before PCI (P < 0.001). Th e FS (%) showed a signifi cant 
increase in FS after 3 months compared with just before 
and 24 h after PCI (mean = 37.1 ± 6.7 vs. 30.0 ± 5.0% 
and 31.7 ± 6.3%, P < 0.001); in addition, there was a 
signifi cant increase in FS after 24 h compared with just 
before PCI (P < 0.001) (Fig. 1).

Th yroid function tests for the studied patients 
revealed a signifi cant increase in TSH after 3 months 
compared with just before PCI and after 24 h 
(mean = 3.2 ± 5 mIU/l vs. 1.5 ± 2.1% and 1.47 ± 1.82 
mIU/l, P < 0.001), whereas there was no signifi cant 
diff erence between TSH just before PCI and after 
24  h (Fig. 2). Th ere was a signifi cant increase in 
serum FT3 after 24 h of PCI when compared with 
just before PCI (mean = 5.2 ± 0.5 vs. 3.3 ± 0.7 pg/ml, 
P < 0.001), whereas there was a signifi cant decrease 

Table 1 Demographic data and risk factors for the coronary 
artery disease cases

Demographic data Number of patients [n (%)]

Sex

Male 93 (82.3)

Female 20 (17.7)

Age (years)

<50 22 (19.5)

51–60 80 (70.8)

>60 11 (9.7)

CSA

Grade 0 6 (5.3)

Grade I 11 (9.7)

Grade II 71 (62.8)

Grade III 24 (21.2)

Grade IV 1 (0.9)

DM 37 (32.7)

HTN 75 (66.4)

Family history of CAD 22 (19.5)

Smoking status 93 (82.3)

Drug history

Aspirin 113 (100.0)

Clopidogrel 104 (92.0)

Statin 107 (94.7)

ACE 98 (86.7)

BB 104 (92.0)

ACE, angiotensin-converting enzyme; BB, b-blocker; CAD, coronary 
artery disease; DM, diabetes mellitus; HTN, hypertension.
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in serum FT3 after 3 months compared with after 
24 h (mean = 3.2 ± 1.3 vs. 5.2 ± 0.5 pg/ml, P < 0.001), 
whereas no signifi cant diff erence was observed 
between just before PCI and after 3 months (Fig. 3). 
Serum FT4 (ng/dl) had a signifi cant increase in serum 
FT4 after 3 months compared with just before and 
after 24 h of PCI (mean = 1.5 ± 0.3 vs. 1.2 ± 0.3 ng/dl 
and 1.3 ± 0.5 ng/dl, P < 0.001). In addition, there was a 
signifi cant increase in serum FT4 after 24 h compared 
with just before PCI (P = 0.043) (Fig. 4). Th ere was 
a signifi cant increase in serum FT3/FT4 ratio after 
24 h compared with just before PCI (P = 0.007); 
this was followed by a signifi cant decrease in serum 
FT3/FT4 ratio after 3 months of PCI compared with 
after 24 h and just before PCI (mean = 2 ± 1.3 vs. 

3 ± 0.9 and 2.1–70.9, P < 0.001) (Fig. 5). In our study, 
24 h after PCI, 2.65% of the patients (n = 3) had 
overt hyperthyroidism, 0.9% (n = 1) had subclinical 
hyperthyroidism, 4.4% (n = 5) had subclinical 
hypothyroidism, and none of the patients had overt 
hypothyroidism. Th ree months after PCI, 2.65% 
of the patients (n  = 3) had overt hyperthyroidism, 
1.7% (n = 2) had subclinical hyperthyroidism, 2.65% 
(n = 3) had overt hypothyroidism, and 3.5% (n = 4) 
had subclinical hypothyroidism.

Serum anti-TPO (AU/ml) showed a signifi cant 
decrease in anti-TPO 24 h after PCI compared with 
just before PCI (mean = 12.5 ± 12.4 vs. 15.7 ± 16.8 
AU/ml, P < 0.001), followed by a signifi cant increase 

Comparison between ejection fraction (EF) and fraction shortening 
(FS) in coronary artery disease patients [before and after percutaneous 
coronary intervention (PCI)].

Figure 1

Comparison between mean serum thyroid-stimulating hormone (TSH) 
levels in coronary artery disease (CAD) patients [before and after 
percutaneous coronary intervention (PCI)].

Figure 2

Comparison between mean serum FT3 levels in coronary artery 
disease (CAD) patients [before and after percutaneous coronary 
intervention (PCI)].

Figure 3

Comparison between mean serum FT4 levels in coronary artery 
disease (CAD) patients [before and after percutaneous coronary 
intervention (PCI)].

Figure 4
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in anti-TPO after 3 months when compared with 
after 24 h post PCI (mean = 16.5 ± 17.8 vs. 12.5 ± 12.4 
AU/ml, P = 0.007) (Fig. 6). Th ere was no signifi cant 
diff erence regarding serum hsCRP in between the 
three periods.

Thyroid ultrasonography results
As shown in Table 2, there was a signifi cant increase 
in the volume of the thyroid gland 3 months after PCI 
compared with just before PCI (mean = 3.6 ± 3.9 vs. 
13.1 ± 3.5 cm3, P = 0.02). Th e measured echogenicity 
of the thyroid gland showed a signifi cant decrease 
3 months after PCI compared with just before PCI 
(mean = 67.1 ± 10.9 vs. 88.7 ± 25.66 GWE, P < 0.001). 
Th ere was a signifi cant decrease in measured EI in 
3 months after PCI compared with just before PCI 
(mean = 1.5 ± 0.4 vs. 1.60 ± 0.5, P < 0.001). Th ere was a 
signifi cant decrease in measured HI in 3 months after 
PCI compared with just before PCI (mean = 40.8 ± 7.8 
vs. 51.3 ± 9.5, P < 0.001).

Percutaneous coronary intervention
One-vessel CAD was found in 43.4% of the patients 
(n = 49) and multivessel CAD in 56.6% of the patients 
(n = 64) [two-vessel CAD in 46% (n = 52), three-vessel 
CAD in 8.8% (n = 10), four-vessel CAD in 0.9% (n = 1), 
and fi ve-vessel CAD in 0.9% (n = 1)]. Right coronary 
artery (RCA) was found in 23% of the patients (n = 
26), OM in 7.1% of the patients (n = 8), left anterior 
descending (LAD) in 54.9% of the patients (n = 62), 
and left circumfl ex (LCX) in 15.1% of the patients (n = 
17). One stent was required in 73.5% of the patients 
(n = 83), two stents were required in 21.2% (n = 24), 
and three stents were required in 5.3% (n = 6). Th e 

mean stent length (mm) was 26.5 ± 6.1 mm and the 
mean stent diameter (mm) was 3.2 ± 0.5 mm.

Th e mean of Entrance Surface Air Kerma was 
687.4  ±  325.4 mGy, whereas the calculated thyroid 
dose of radiation was 557.3 ± 446.6 mGy. Th e mean 
number of frames counted was 1117.4 ± 406.9 frames. 
Th e mean dye injection time was 57.1 ± 26.7  s, 
whereas the mean injected volume during PCI was 
159 ± 74.9 ml.

Percutaneous coronary intervention outcomes
Clinical outcomes in hospital during the fi rst 24 h and 
3 months after PCI were analyzed, as shown in Table 3.

By using univariate analysis of variables, higher 
EI, higher gland echogenicity, higher TSH, higher 
hsCRP, smoking, lower FS, lower EF, and younger 
age appeared to be signifi cant pre-PCI predictors of 
unfavorable outcomes 24 h after PCI. Multivariate 
logistic-regression analysis model found only smoking, 
higher EI, and higher serum TSH to be signifi cant 

Table 2 Comparison between the ultrasonographic 
morphological parameters of thyroid gland in coronary artery 
disease patients (before and after percutaneous coronary 
intervention)

Thyroid 
gland U/S

Before 
(mean ± SD)

After 3 months 
(mean ± SD)

Test of 
signifi cance

P

Gland 
volume (ml)

13.05 ± 3.5 13.61 ± 3.9 t = 2.3* 0.02*

Echo gland 
(GWE)

88.7 ± 25.7 67.06 ± 10.9 t = 8.5* <0.001*

EI 1.60 ± 0.5 1.45 ± 0.4 Z = 3.5* <0.001*

HI 51.34 ± 9.5 40.75 ± 7.8 t = 11.1* <0.001*

EI, echogenicity index; HI, heterogeneity index; t, paired t-test; 
U/S, ultrasound; Z, Z for Wilcoxon signed ranks test; *Statistically 
signifi cant at P ≤ 0.05.

Comparison between mean serum FT3/FT4 in coronary artery 
disease (CAD) patients [before and after percutaneous coronary 
intervention (PCI)].

Figure 5

Comparison between mean serum anti-TPO in coronary artery 
disease (CAD) patients [before and after percutaneous coronary 
intervention (PCI)].

Figure 6
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independent factors predicting unfavorable outcomes 
(Table 4). Th e adjusted odds ratio (OR) for TSH level 
(OR = 1.3, P = 0.04) and EI (OR = 4.41, P = 0.04) 
indicated that patients with higher TSH had 1.3 times 
more risk for unfavorable outcomes and those with 
higher EI had 4.4 times more risk for unfavorable 
outcomes after adjusting for the eff ects of other factors.

As shown in Fig. 7, receiver operating characteristic 
curve was plotted for all thyroid measurements for 
the determination of the cutoff  value for predicting 
unfavorable outcomes after 24 h. Basal TSH area under 
the curve was 0.614; the best cutoff  value that could 
predict unfavorable outcomes after 24 h was greater than 
0.95 mIU/ml with 52.3% sensitivity and 72.5% specifi city. 
Basal ultrasonographic EI of the gland area under the 
curve was 0.627; the best cutoff  value that could predict 
unfavorable outcomes after 24 h was greater than 1.81 
with 35.8% sensitivity and 92.8% specifi city.

Multivariate logistic-regression analysis model found 
only serum FT3, FT4, and age-signifi cant independent 
factors that could predict unfavorable outcomes. Th e 
adjusted OR for serum FT3 level (OR = 0.4, P = 0.02) 
indicated that patients with 1 ng/dl decrease in serum 
FT3 level carried a 42% risk for unfavorable outcomes 
after adjusting for the eff ects of other factors. Adjusted 
OR for serum FT4 level (OR = 6.6, P = 0.04) indicated 
that patients with every 1 pg/ml increase in serum 
FT4 level carried 6.6 times the risk for unfavorable 
outcomes after adjusting for the eff ects of other factors. 
Furthermore, adjusted OR for age (OR = 0.914, 
P = 0.03) indicated that younger patients had a 91% 
risk for unfavorable outcomes after adjusting for the 
eff ects of other factors (Table 5).

The impact of percutaneous coronary intervention on 
thyroid parameters 24 h after percutaneous coronary 
intervention
Pearson’s bivariate correlation coeffi  cients were used to 
assess for the existence of any signifi cant relationships 
between dose of radiation, iodinated contrast, and 
manipulations during PCI on the one hand and thyroid 
gland functions 24 h after PCI on the other (Table 6).

To assess the independent eff ects of the variables on 
serum TSH level after 24 h of PCI, a backward multiple 
linear regression analysis model was used. Th e model 
showed that stent diameter and length were the most 
important factors aff ecting serum TSH levels after 
24 h of PCI [= −1.245 (P < 0.001) and = −0.077 

Table 3 Comparison between outcomes 24 h and 3 months 
after percutaneous coronary intervention

Unfavorable 
outcome

After 24 h 
(in hospital) [n (%)]

After 3 months 
[n (%)]

P

CIN 3 (2.7) 0 (0.0) 0.25

Vascular 0 (0) — —

Thrombosis 0 (0) 0 (0) —

Instant restenosis 0 (0.0) 4 (3.6) 0.05

Arrhythmia 5 (4.4) 0 (0.0) 0.06

MACE 0 (0) 8 (7.1) —

NTVR 0 (0) 3 (2.65)

MI 0 (0) 4 (3.55) —

Stroke 0 (0) 1 (0.9)

Hospital 
readmission

— 11 (9.7) —

Heart failure 
(DEF and EF <50)

Not improved 
and <50

39 (34.51) 12 (10.62) 0.00

2, 2 for McNemar test; CIN, contrast-induced nephropathy; 
EF, ejection fraction; MACE, major adverse cardiac events; 
MI, myocardial infarction; *Statistically signifi cant at P ≤ 0.05.

Table 5 Binary logistic regression for factors affecting 
percutaneous coronary intervention outcomes after 3 months

Predictor B SE P OR 95% CI

LL UL

Serum FT3 −0.87 0.38 0.02* 0.42 0.20 0.87

Serum FT4 1.88 0.89 0.04* 6.56 1.14 37.78

Age −0.09 0.04 0.03* 0.91 0.85 0.99

B, unstandardized coeffi cient; CI, confi dence interval; LL, lower limit; 
OR, odds ratio; UL, upper limit; *Statistically signifi cant at P ≤ 0.05.

Table 4 Binary logistic regression for factors affecting 
unfavorable outcomes 24 h after percutaneous coronary 
intervention

Predictor B S.E Adjusted P OR 95% CI

LL UL

EI 1.53 0.72 0.03 4.41 1.08 18.06

TSH 0.23 0.11 0.03 1.26 1.01 1.56

Smoking 2.35 0.76 0.002 10.45 2.34 46.57

B, unstandardized coeffi cients; CI, confi dence interval; EI,echogenicity 
index; LL, lower limit; OR, odds ratio; TSH, thyroid-stimulating 
hormone; UL, upper limit.

Receiver operating characteristic (ROC) curve for echogenicity 
of thyroid; Echogenicity index (EI); and serum thyroid-stimulating 
hormone (TSH) before percutaneous coronary intervention (PCI) as 
predictors to 24 h post-PCI outcomes.

Figure 7
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(P = 0.003), respectively]; every 1 mm increase in stent 
diameter decreased the serum TSH level by 1.25 mIU/l, 
and every 1 mm increase in stent length decreased 
serum TSH levels by 0.08 mIU/l. Th e hsCRP, as a 
surrogate marker for manipulation, aff ects serum TSH 
levels after 24 h of PCI (= 0.0008, P = 0.002); every 
1 mg/l increase in hsCRP increases serum TSH levels 
by 0.83 mIU/l. Th us, the infl ammatory state induced 
by manipulations and stents during PCI were the main 
regulators of serum TSH levels after 24 h of PCI.

Radiation had a negative eff ect on serum FT3, and 
a positive infl uence on serum FT3/FT4 ratio and 
anti-TPO. Dye injection time correlated positively 
with serum anti-TPO and negatively with serum FT4.

The impact of percutaneous coronary intervention 
on thyroid parameters 3 months after percutaneous 
coronary intervention

Th yroid radiation had a negative eff ect on serum 
TSH, anti-TPO, FT3, and FT3/FT4 ratio (Table 7). 
Dye injection time negatively correlated with serum 
anti-TPO and TSH.

Discussion
Twenty-four hours after PCI, we found a state of 
euthyroid hyperthyroxinemia in our patients, mostly 
because of increased peripheral conversion, which 
was not associated with autoimmune thyroiditis as 

Table 6 Bivariate correlation between acute effects of different parameters during percutaneous coronary intervention 
with hormonal parameters 24 h after percutaneous coronary intervention in coronary artery disease patients

Parameters Radiation effect Dye Manipulation

ESAK Thyroid radiation dose Frames no. Dye injection time CRP 24 h Stent no. St length St diameter

TSH

r −0.08 0.05 −0.01 −0.03 0.27* −0.16 −0.30* −0.25*

P 0.37 0.56 0.89 0.74 0.003 0.08 0.001 0.006

Serum FT3

r −0.02 −0.10 −0.00 0.06 0.25* 0.08 0.19* 0.08

P 0.78 0.25 0.98 0.51 0.01 0.37 0.04 0.40

Serum FT4

r −0.53* −0.42* −0.37* −0.35* 0.15 −0.09 −0.12 −0.01

P <0.001 <0.001 <0.001 <0.001 0.09 0.34 0.17 0.83

Serum FT3/FT4

r 0.37* 0.28* 0.17 0.12 −0.05 0.18* 0.15 −0.01

P <0.001 <0.001 0.07 0.18 0.56 0.04 0.09 0.92

Serum anti-TPO

r 0.20* 0.36* 0.23* 0.24* 0.06 −0.01 0.2* 0.01

P 0.03 <0.001 0.01 0.01 0.47 0.87 0.02 0.92

CRP, C-reactive protein; ESAK, Entrance Surface Air Kerma; r, Pearson coeffi cient; TSH, thyroid-stimulating hormone; *Statistically 
signifi cant at P ≤ 0.05.

Table 7 Bivariate correlation between long-term effect of different parameters during percutaneous coronary intervention 
with thyroid status 3 months after percutaneous coronary intervention

Parameters Radiation effect Dye Manipulations

ESAK Thyroid radiation dose Frames no. Dye injection time CRP 24 h Stent no. Stent length Stent diameter

Serum TSH 

r −0.28 −0.10 −0.19 −0.25 −0.02 −0.05 −0.06 0.06

P 0.002* 0.26 0.04* 0.008* 0.85 0.58 0.51 0.50

Serum FT3

r −0.03 −0.26 −0.12 −0.12 −0.04 0.04 −0.05 0.05

P 0.74 0.005* 0.22 0.2 0.63 0.63 0.57 0.54

Serum FT4

r −0.00 −0.07 −0.02 0.04 0.06 0.32* 0.09 −0.12

P 0.97 0.41 0.85 0.68 0.52 <0.001 0.29 0.19

Serum FT3/FT4

r −0.02 −0.22 −0.09 −0.13 −0.06 −0.06 −0.10 0.10

P 0.79 0.02* 0.31 0.18 0.51 0.47 0.27 0.26

Serum anti-TPO

r −0.24 −0.10 −0.16 −0.21 0.07 0.007 0.001 0.01

P 0.01* 0.24 0.09 0.02* 0.76 0.74 0.62 0.7

CRP, C-reactive protein; ESAK, Entrance Surface Air Kerma; r, Pearson coeffi cient; TSH, thyroid-stimulating hormone; *Statistically 
signifi cant at P ≤ 0.05.
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evidenced by no change in TSH, signifi cant increase in 
serum FT3 above the normal limit, and a mild increase 
in serum FT4 associated with a mild decrease in serum 
anti-TPO. Th ree months after PCI, we found a state 
of TH resistance, mostly due to decreased peripheral 
conversion, and was associated with autoimmune 
thyroiditis 3 months after PCI as evidenced by 
signifi cant increase in serum TSH, signifi cant decrease 
in serum FT3 returning to the baseline level, and a 
continuous increase in serum FT4 associated with 
an increase in serum anti-TPO returning to baseline 
level, which was not aff ected by PCI parameters. 
Ultrasonographic examination of the thyroid gland 
3 months after PCI revealed an increase in the volume of 
the thyroid gland associated with a signifi cant decrease 
in the measured echogenicity, EI, and measured HI. 
Higher serum TSH and measured EI were independent 
pre-PCI predictors of unfavorable outcomes after 24 
h with cutoff  values greater than 0.95 mIU/ml and 
greater than 1.81, respectively. Lower serum FT3 and 
higher serum FT4 levels were independent pre-PCI 
predictors of unfavorable outcomes after 3 months 
with cut-off  values less than or equal to 2.95 pg/ml 
and greater than 1.3 ng/dl, respectively.

A reduction in TSH and free T3, with an increase 
in free T4 after CA, was observed in a study by 
Marraccini et al. [21], who enrolled 1752 consecutive 
patients admitted for CA and measured their thyroid 
functions before CA and 24 h after it, and then the 
patients were followed up for an average duration 
of 63.5 months. Another study showed a signifi cant 
decrease in TSH concentration with a corresponding 
increase in FT3 concentration 4 weeks after single 
iodine administration during CA. During the 
3 months, FT3 concentration returned to its normal 
range, although the level of TSH took 6 more months 
to normalize [22]. A study by Özkan et al. [23] revealed 
signifi cant decrease following CA in TSH levels, but 
no statistically signifi cant changes were found in serum 
free T3 and serum free T4 levels at week 4 compared 
with baseline FT3 and FT4 levels. Moreover, in their 
study, Conn et al. [24] examined the thyroid function 
following the injection of nonionic contrast agent in 
51 participants who had undergone CA; it showed that 
FT4 levels increased 8 weeks after CA, TSH values 
decreased, and no signifi cant change occurred in T3 
levels. On the other hand, Balbay and Cay in their 
study examined 50 euthyroid patients who underwent 
elective CA. Th yroid functions (TSH, FT3, and 
FT4) were examined before the study was initiated 
and 1 month after the procedure, and it decreased 
signifi cantly within the normal range [25].

Th e main diff erences between previous studies and the 
current study were that most of the enrolled patients 

had CA, which is not comparable to PCI, absent 
ultrasonographic assessment, and a nonunifi ed period 
of follow-up.

Th e early TH profi le after PCI (normal TSH, high FT4, 
high FT3) was mostly accounted for by confounding 
eff ects of drugs (e.g. heparin including low molecular 
weight) and nonsteroidal anti-infl ammatory agents, 
which are capable of displacing T4 and T3 from TH 
binding sites on thyroid binding globulin (TBG) 
leading to an increase in free TH plasma concentration 
[26]. In addition, it is not uncommon to fi nd elevated 
FT4 levels with totally variable FT4 and FT3 levels 
in the early phase of thyroiditis [27]. Changes in TH 
(especially FT3) and TSH may be seen as early as 24 
h after the onset of nonthyroidal illness syndrome 
(NTIS) [28]. Th e thyroid gland function in NTIS, 
determined according to the duration of the stressor 
action, is characterized by biphasic behavior [29]. First, 
an increase in T4 and T3 were observed, and then 
prolonged stress decreased the levels of TH (or T3 
only) [30]. Reduced tissue/cellular uptake of T4 and 
T3 is mostly due to altered deiodinase (DIO) activity 
with reduced DIO1 but increased DIO2 and DIO3 
[31] and altered TH receptor expression/signaling (e.g. 
reduced in skeletal muscle) [32]. Furthermore, acute 
stress may increase the brain T3 content in male and 
female rats by 12–19% [33].

Iodine administration to patients with underlying 
thyroid disease may lead to hypersecretion of THs, 
a phenomenon known as the Jod–Basedow eff ect, 
which develops over 2–12 weeks and persists for 
a longer period as the iodine is used as a substrate 
for new hormone formation [34]. But our patients 
developed hyperthyroxinemia of very rapid onset 
following exposure to iodinated contrast used during 
PCI. Th e rapidity and severity of hyperthyroxinemia 
suggested acute, destructive thyroiditis [35]. A 
necrotic eff ect of iodide excess has been demonstrated 
in vivo in various animal species and also in human 
thyroid follicles in vitro [36]. Diff erence between 
the two forms of iodine-induced increase in TH 
synthesis ( Jod–Basedow hyperthyroidism) and 
iodine-induced cytotoxic damage of the thyroid 
gland (subacute destructive thyroiditis), with 
subsequent leakage of iodothyronines into the 
circulation, is detected mainly through electron 
microscopy characteristically [37]. Th e signifi cant 
decrease in anti-TPO may be related to the observed 
decrease in TPO mRNA 24 h after acute iodide 
administration [38]. It seems reasonable to assume 
that the anti-infl ammatory eff ect of iodide is based 
on its radical scavenging, with small contributions 
from other components in other stages of the 
infl ammatory cascade [39].
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C-reactive protein (CRP) did change signifi cantly 
throughout the current study; however, it correlated 
positively with TSH and FT3. Importantly, PCI itself 
caused an acute vascular and systemic infl ammatory 
response induced by stent implantation, plaque rupture, 
the endothelial damage, and barotrauma to the vessel 
wall [40,41]. Th is infl ammation gets diminished by 
potent preprocedural antiplatelet (glycoprotein IIb/IIIa 
inhibitors, clopidogrel, and other P2Y12 inhibitors) and 
statin therapy, which might account for nonsignifi cant 
hsCRP changes in the current study  [42]. CRP is 
known to be elevated in patients with hypothyroidism 
and hyperthyroidism. Several signs and symptoms 
in patients with thyroid dysfunction suggest a state 
of infl ammation resulting from an interaction of 
interleukin-6 (IL-6) on tumor necrosis factor-a and 
IL-1 ending by elevated CRP [43,44]. IL-6 stimulates 
the production of CRP and other acute-phase proteins 
in the liver [45], which in turn suppress TSH — for 
example, IL-1 [46], and tumor necrosis factor [47].

Th e extreme radiosensitivity of the thyroid is evident. 
Th e ionizing radiation regulation recommends a 
dose limit of 300 mGy for thyroid gland for a year 
duration, which is lower than what we detected 
(557.3 ± 446.6 mGy) [48]. Many studies have reported 
acutely decreased TSH and increased T4 levels, the 
former occurring shortly after radiation therapy and 
the latter during treatment, which may indicate greater 
cell sensitivity, thus explaining negative correlation 
with serum FT4 with a dose of radiation. Patients may 
develop hyperthyroid or hypothyroid clinically and 
biochemically with a low radioiodine uptake [49,50]. 
A possible change mechanism of radiation-induced 
thyroid function is to direct cellular damage, exposing 
the immune system, and leading to the production 
of autoantibodies or overactivation of T-helper 
lymphocytes [51]. Th e negative correlation of radiation 
and anti-TPO can be attributed to the domination of 
male participants in the present study. Low frequency 
of increased anti-TPO levels in the male subpopulation 
was observed in a number of other studies [52,53].

Th e late TH profi le after PCI (high TSH, high FT4, 
normal FT3) was mostly accounted by iodine eff ect, 
which leads to a state of acquired resistance to TH 
[54]. Short-lived rises in TSH are common during the 
fi rst few months of iodine eff ect. Th e principal eff ect 
of some iodine-containing radiologic contrast media is 
the inhibition of T4 to T3 conversion by inhibiting both 
DIO1 and DIO2, which leads to persistent elevation 
of FT4, but normal FT3 with pituitary insensitivity to 
FT3 [55].

Recovery phase of NTIS results in discordant TSH/
FT4 values for certain duration. During recovery 

from intercurrent illness, TH and TSH concentrations 
return to normal. However, it was reported for some 
patients that TSH may remain elevated for a short 
period of time, which precedes the elevation in T4 
and T3 level, suggesting that it is required for the 
restoration of euthyroidism [26,56]. Th is elevation of 
TSH strongly suggests that the patients are recovering 
from a hypothyroid state, during which the ability 
of the pituitary to respond has been temporarily 
inhibited [57]. Th e simplest and probably the earliest 
method to exploit existing knowledge about thyroid 
homeostasis for diagnostic purposes is calculating the 
T3/T4 ratio [58]. It was shown that this parameter 
is reduced in nonthyroidal illness [59]. In addition, 
reduced T3/T4 ratio in central hypothyroidism is 
another hint for the stimulating role of TSH for 
deiodination [60].

Chronic radiation eff ect most commonly causes 
hypothyroidism [61]. Th e incidence of clinical and 
subclinical hypothyroidism varies substantially (4–49%), 
according to the techniques, doses, and frequency 
of radiation [62,63]. Th e development of thyroid 
autoantibodies may result from secretion of antigens 
after injury induced by thyroid radiation [64,65].

As regards the eff ect of PCI on ultrasonographic 
morphology of the thyroid gland 3 months after the 
procedure, the present study revealed an increase in the 
volume of the thyroid gland, associated with a decrease 
in measured echogenicity, EI, and HI. All of these 
may be accounted for; iodide-induced goiter (iodide 
goiter), without or with hypothyroidism (iodide 
myxedema), is encountered with a greater frequency 
in patients with Hashimoto’s thyroiditis or previously 
treated Graves’ disease [66]. A prospective study was 
conducted on 10 normal male volunteers to investigate 
the eff ect of excessive administration of iodide on the 
thyroid volume. Th e thyroid gland became signifi cantly 
enlarged after 28 days of iodide intake. When iodide was 
discontinued, thyroid volume and function returned to 
baseline levels within 1 month for all participants [67].

Increased TSH aff ects gland morphology as 
hypoechogenicity of the thyroid gland is associated 
with increased TSH in patients with Hashimoto’s 
thyroiditis [68]. In their study, Vejbjerg and colleagues 
found a strong negative association between TSH level 
and thyroid echogenicity (i.e. the higher the TSH level, 
the lower the thyroid echogenicity). Furthermore, they 
found that heterogeneous echotexture of thyroid gland 
was associated with an increased TSH level [69].

Pre-PCI thyroid gland parameters as predictors 
for PCI outcomes: Th e distinction between normal 
and abnormal thyroid function is not as clear-cut 
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as was once believed. Some studies have observed 
a relationship between FT4 and TSH levels and 
the presence or severity of coronary heart disease 
[70,71]. High serum TSH would predict all-cause and 
circulatory mortality in subjects with invasively treated 
coronary artery disease compared to euthyroid subjects 
[72]. Previous studies have demonstrated an increased 
risk for all-cause and circulatory mortality in patients 
with high serum TSH [73,74]. However, other studies 
showed similar [75] or decreased [76] mortality risk 
in patients with higher TSH level compared with 
reference participants.

Low T3 syndrome and hypothyroidism were associated 
with a higher prevalence of coronary heart disease, more 
serious coronary artery lesions, and poorer prognosis 
compared with euthyroidism, especially in cardiac 
patients undergoing CA [77]. A study by Marraccini 
et al. [21] indicated that hypothyroidism and low T3 
syndrome had a signifi cantly worse prognosis both 
for the over-all and cardiac death as compared with 
euthyroidism.

Moreover, high FT4 level was a signifi cant 
independent factor predicting unfavorable outcomes. 
A study by Jung and colleagues showed that serum 
FT4 levels were associated with the presence and 
severity of CAD in Korean population. Another 
study evaluated 3885 men without thyroid disease, 
and then followed them up for 6.4 ± 1.5 years. Th e 
conclusion was that higher circulating FT4 levels, not 
TSH, could predict all-cause mortality in euthyroid 
elderly men [78].

Conclusion
A state of euthyroid hyperthyroxinemia was mostly 
due to an increased peripheral conversion and was 
not associated with autoimmune thyroiditis 24 h after 
PCI. Th ere was a state of TH resistance in our patients, 
mostly due to a decreased peripheral conversion, and 
was associated with autoimmune thyroiditis 3 months 
after PCI. Increase in the volume of the thyroid gland 
was associated with signifi cant decrease in measured 
echogenicity, EI, and measured HI, as well as a 
signifi cant decrease in the number of nodules with an 
increase in echogenicity of nodules. Higher serum 
TSH and measured EI were independent pre-PCI 
predictors of unfavorable outcomes after 24 h with 
cutoff  values greater than 0.95 mIU/ml and greater 
than 1.81, respectively. Lower serum FT3 and higher 
serum FT4 level were independent pre-PCI predictors 
of 3 months unfavorable outcomes with cut-off  values 
less than or equal to 2.95 pg/ml and greater than 
1.3 ng/dl, respectively.
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