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Background: The thyroid state significantly influences renal function. However, a direct link between thyroid and kidney
dysfunction has not been identified. Thyroid hormones affect cardiac output and vascular resistance, and thus
can modify kidney perfusion. This prospective study aimed to test the association between renal cortical per-
fusion (RCP) estimated in color Doppler sonographic dynamic tissue perfusion measurement (DTPM) with thy-
roid hormones in 36 patients treated with levothyroxine following total thyroidectomy for resectable thyroid
cancer.

Material/Methods: Blood tests, blood pressure monitoring, and DTPM of the renal cortex were performed. To exclude possible
reading errors, the intrarater reliability of the ultrasound perfusion measurement method was estimated.
Results: The absolute difference between the 2 ultrasound RCP measurements was 5.2+4.4%. RCP correlated signifi-
cantly with free thyroxine (FT,) (r=0.46; p=0.006) but not with triiodothyronine and thyroid-stimulating hor-
mone. In the adjusted to age backward stepwise multivariable regression analysis model, including estimat-
ed glomerular filtration rate, mean arterial pressure, and FT,, only FT, was independently associated with RCP
(R?=0.21; p=0.006).

Conclusions: Renal cortical perfusion is independently associated with free thyroxine, which can contribute to renal func-
tion abnormalities in the condition of impaired thyroid function. This small prospective study from a single
center showed that the renal cortex’s color Doppler sonographic dynamic tissue perfusion measurement had
very good intraobserver reproducibility.
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Background

Renal function is significantly affected by the thyroid state [1].
An increase in thyroid stimulation hormone (TSH) concentra-
tion, even within its normal limits, is related to a higher inci-
dence of chronic kidney disease (CKD), and thyroid replace-
ment therapy with levothyroxine is related to slowing decline
or even an improvement of the kidney function [1,2]. However,
the direct association between thyroid abnormalities and re-
nal dysfunction remains widely unknown [3].

Although triiodothyronine is the most active thyroid hormone,
thyroid secrets mostly thyroxine and only 20% of triiodothyro-
nine [4]. Peripheral tissue conversion of thyroxine by 5’-deio-
dinase delivers lacking 80% of triiodothyronine. Thus, mono-
therapy with synthetic levothyroxine, which is indistinguishable
from natural thyroxine, is sufficient in hypothyroidism and cov-
ers accessibility of both thyroid hormones. In patients after to-
tal thyroidectomy due to differentiated thyroid cancer (DTC),
endogenous production of thyroid hormones decreases, and
their lowering concentrations trigger TSH secretion. To avoid
the stimulation of DTC proliferation through its TSH recep-
tors, patients have to be treated with high, supraphysiologic
doses of levothyroxine, which suppress TSH production [5,6].

Hyperthyroidism and an excess of thyroid hormones acceler-
ate cardiac output and renal blood flow, increasing glomeru-
lar filtration rate [7,8]. However, long-standing thyrotoxicosis
can be associated with reduced kidney function [8].

Hypothyroidism leads to significant functional and structur-
al alterations of the heart (negative chronotropic and ino-
tropic effects, decreased cardiac contractility and output,
myocardial fibrosis), as well as the rise in peripheral vascu-
lar resistance and blood pressure [9-11]. On the other hand,
adequately preserved renal perfusion, which is essential for
proper renal function, is closely associated with cardiac suf-
ficiency [12,13]. The influence of thyroid hormones on organ
perfusion likely is one of the important mechanisms affecting
kidney function. Recently, a significant worsening of renal per-
fusion and function after the recombinant human thyrotropin
administration was shown [14]. However, in hypothyroidism,
high TSH concentrations coexist with low concentrations of
free thyroid hormones, which can also be associated with re-
nal perfusion and function [8]. Thyroidectomy followed by ex-
ogenous thyroid hormones supplementation seems to be an
appropriate and unique model for testing thyroid hormones
and renal function relations. In the last years, an ultrasound
method of color Doppler dynamic tissue perfusion measure-
ment (DTPM) was introduced for quantification of renal corti-
cal perfusion (RCP) [15].
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Therefore, this prospective study aimed to test the association
between renal cortical perfusion estimated in color Doppler so-
nographic dynamic tissue perfusion measurement with thyroid
hormones in patients treated with levothyroxine following to-
tal thyroidectomy for resectable thyroid cancer.

Material and Methods

Compliance with Ethics Standards

All procedures performed in studies involving human partic-
ipants were in accordance with the ethics standards of the
local institutional research committee (reference number 9/
WIM/2019, approval date 20/02/2019) and with the 1964
Helsinki Declaration and its later amendments or compara-
ble ethics standards.

Informed consent was obtained from all individual participants
included in the study.

Study Population

For 13 months of study duration, 36 consecutive patients (9M,
27F; age 38.2+11.4) 3-6 months after total thyroidectomy due
to the differentiated thyroid cancer (34 papillary, 2 follicular)
admitted to the Endocrinology and Isotope Therapy Department
were included in this cohort prospective observational study.
All investigated patients were diagnosed with DTC, underwent
thyroidectomy, and were qualified for isotope ablation thera-
py in other centers. Exclusion criteria were age over 55 years,
pregnancy, acute or chronic disease other than thyroid can-
cer qualified for the treatment, abnormalities of kidneys in a
prior ultrasound or computed tomography examination, and
the use of any drug other than levothyroxine. Investigated pa-
tients were hospitalized to undergo ablation with radioiodine
of potentially remnant thyroid tissue, and the study was per-
formed before isotope treatment.

Laboratory Tests

Blood tests were performed in the early morning after fasting.
They included TSH, free thyroxine (FT,), free triliodothyronine
(FT,), and serum creatinine with an estimation of glomerular
filtration rate (eGFR) based on the CKD-EPI (chronic kidney dis-
ease-epidemiology collaboration) equation [16]. The concen-
tration of TSH was measured with the use of the electroche-
miluminescence immunoassay (ECLIA) method (Cobas €601
analyzer, Roche), with a reference range of 0.4-4.2 pulU/mL.
Concentrations of FT, and FT, were measured using the same
ECLIA method, with a reference range of 12.0-22.0 pmol/L and
3.2-6.9 pmol/L, respectively. Serum creatinine was estimated
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Figure 1.
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Bland-Altman plot of differences be-
tween 2 renal cortical perfusion mea-
surements. Cl — confidence interval;
SD - standard deviation; RCP - renal
cortical perfusion.
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using the enzymatic method (Cobas ¢ 601 analyzer, Roche)
with a reference range of 61.9-106.1 umol/L.

Ultrasound examination

Kidney 2D ultrasound examination (Logiq P6 with a curved ar-
ray probe of 2-5 MHz (GE Healthcare, Seoul, Korea)) included
measurement of the right kidney length and cortical thickness
with the careful assessment of parenchymal echoic structure
and exclusion of pathologic changes in the renal sinus and ca-
lyces. A Dynamic Tissue Perfusion Measurement (DTPM) of the
renal cortex was performed with the use of stable gain of color
Doppler (constant frequency of 3.3 MHz), which was described
before [13,15]. Briefly, the renal perfusion had been estimat-
ed in the middle segment of the longitudinal projection of the
right kidney with blood pressure measurement (Omron 705IT,
Omron Corporation, Kyoto, Japan) on the left arm, just before
the ultrasound examination. A cortical segment between 2
medullar pyramids was visualized, and then a color Doppler
frame was inserted, encompassing the area between the pyr-
amids and renal capsule. Color Doppler flow was recorded for
about 3 s. The mean value of arterial and venous flow intensi-
ty in the entire cortex in the examined segment was calculated
in an external medical device (PixelFlux, Chameleon Software,
Leipzig, Germany) as the Renal Cortical Perfusion (RCP) and
then considered for statistical analysis. For the assessment of
the repeatability of the DTPM method, in 20 participants (5M,
15F) with well-defined color Doppler flow in the inner and out-
er renal cortex, a second measurement was performed. After
the first measurement, the transducer was moved away from
the skin. Then the second attempt, with a reproduced trans-
ducer position, was accomplished in the same region of inter-
est and ultrasound presets. An analysis of the repeated RCP
measurements showed very good repeatability of the method.
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The intraclass correlation coefficient for single measures was
0.980 (95% Cl: 0.950-0.992) and the absolute difference be-
tween measurements was only 5.2+4.4%. A Bland-Altman plot
indicated that 95% of repeated measurements were within
+1.965D=95% limits of agreement (Figure 1).

Statistical Analysis

The results of the performed tests were presented as a mean
with a standard deviation (SD) and a median with an inter-
quartile range (IQR). The quantitative variables distribution
was checked with the Shapiro-Wilk test. Depending on the
type of distribution, correlations between variables were an-
alyzed with Pearson’s or Spearman’s test. The backward step-
wise multivariable linear regression analysis was used to iden-
tify factors independently associated with RCP. Missing data
were not replaced by the mean but were omitted. In all pre-
sented analyses, p-value <0.05 was considered as significant.

To present intraobserver variability, a Bland-Altman plot was
calculated. Statistical tests were performed with the use of
Statistica 12 software (StatSoft Inc., Tulsa, OK, USA). The in-
traclass correlation coefficient (ICC) (model 3, form 1, abso-
lute agreement) and the absolute value of the difference be-
tween the 2 measurements were calculated using an Excel
spreadsheet [17,18].

For sample size calculation, data from 14 patients investigated
in the first 2 months of the study were analyzed. In this small
group, RCP correlated significantly with FT, (r=0.516), and for
p<0.05, the power of test 0.9, the estimated sample size was 35.
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Table 1. Demographic data and results of performed tests in all investigated patients.

Variable
Sex (F/M)

MeanzSD

Median (IQR) Reference range*

RCP (cm/s)

0.723+0.321

BMI — body mass index, CRP — C-reactive protein; cRI - cortical resistive index; DBP — diastolic blood pressure; eGFR — estimated
glomerular filtration rate based on the CKD-EPI (chronic kidney disease-epidemiology) creatinine equation (2009);

FT, — triiodothyronine free hormone; FT, — thyroxine free hormone; IQR - interquartile range; MAP — mean arterial blood pressure;
RCP - renal cortical perfusion; SBP — systolic blood pressure; TSH — thyroid-stimulating hormone; n.a. — not available; * reference

values used by local laboratory unit and departments.

Results

Results of blood tests, blood pressure monitoring, and Doppler
examinations are shown in Table 1.

Median TSH concentration was 0.24 plU/mL (range: 0.01-32.39).
Six patients had TSH above the upper limit of the reference
range (0.27-4.20 plU/mL), and one of them had a low concen-
tration of FT, (3.0 pmol/L), whereas FT, was in the reference
range. Twenty patients had lowered TSH <0.27 plU/mL, and 10 of
them had high concentrations of FT,, but FT, was not elevated.

To test an association of thyroid hormones and the renal per-
fusion, an analysis of correlation was performed and showed
a significant association between RCP and levothyroxine dose
(r=0.340; p=0.042) and FT, (r=0.457; p=0.006, power of the
test 82,6%), but not with FT, (r=0.012; p=0.945), and TSH (r=-
0.108, p=0.531) (Figure 2).

In the model of stepwise multivariable regression analysis ad-
justed to age and considering estimated glomerular filtration
rate, mean arterial pressure, and FT, (Table 2), only FT, con-
centration was independently associated with RCP (r=0.46;

28

2

FT4 (pmol/L)

B 1=0.457; p=0.006

00 02 0.4 06 08 1.0 1.2 14 1.6
RCP (cm/s)

Figure 2. Scatter plot with the linear regression showing
association between renal cortical perfusion and free
thyroxine. FT, — free thyroxine; RCP - renal cortical
perfusion.

R2=0.21, p=0.006). Differences in perfusion intensity between
patients with high or low concentrations of FT, are present-
ed in Figure 3A, 3B.
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Table 2. Results of multivariable regression analysis for renal cortical perfusion prediction before backward elimination of insignificant
variables.

Variable Correlation coefficient (beta)  Regression coefficient Significance-p
Age (years) Adjusted
Y o200 o00s 0243
CeGRR (mUminL73md) o214 000s 0206
R mol) 0404 o047 0004

eGFR - estimated glomerular filtration rate based on the CKD-EPI (chronic kidney disease-epidemiology) creatinine equation (2009);
FT, — thyroxine free hormone; MAP — mean arterial blood pressure.
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Figure 3. Graphical presentation of the ultrasound examinations and analyses of renal cortical perfusion in the 2 patients with
different free thyroxine concentrations. Graphics present the perfusion relief (white arrow) and the perfusion intensity (white
curve) assessment in the renal cortex. A diagram Pixels/Intensity is a quantitative evaluation of RCP showing how many
pixels within the investigated region of interest are related to the intensity of the respective value. A box-plot diagram (#)
expresses the distribution of pixel perfusion intensity, in percentiles (whisker: 2.5% and 97.5%; box 25% and 75%; vertical
line in the box 50% — median). A — examination of a patient with FT, 25.93 pmol/L and RCP 1.427 cm/s; B — examination of a
patient with FT, 14.77 pmol/L and RCP 0.159 cm/s; * - renal cortex; m — renal medulla.

Discussion

In the presented study, we show for the first time the signif-
icant and independent relation between free thyroxine and
renal cortical perfusion measured by the dynamic ultrasound
method. Moreover, to the best of our knowledge, this is the first
report assessing the repeatability of the DTPM method used
for renal cortex perfusion assessment. In our study, the DTPM
had very good intraobserver reproducibility, and the absolute
difference between the 2 ultrasound measurements was only
5.2+4.4%. This finding is comparable to the reported variability
of ultrasound renal resistive index (RRI), in which differences
between measurements taken in renal segmental arteries by
well-trained staff ranged from 2.1 to 5.1% [19]. However, re-
cent findings suggest that RRI does not sufficiently represent
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renal parenchymal perfusion as opposed to the dynamic cor-
tical indexes [20].

For many years, a simple assessment of renal perfusion has
been challenging [21]. Although the use of different kinds of
contrast media (iodinated, paramagnetic, isotope, air bubble) is
very helpful in perfusion quantification, these radiologic meth-
ods require specific types of equipment and staff. Widely ac-
cessible ultrasound examination using the color Doppler option
can only assess renal cortical perfusion qualitatively. However,
in the DTPM method using dedicated software, careful scan-
ning of renal parenchyma with color Doppler option enables
simple quantitative perfusion assessment without use of con-
trast media [15].
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As has been shown earlier, the thyroid state has a specific in-
fluence on the blood vessel wall. Thyroid hormones, by genom-
ic and underlying genomic mechanisms, increase local nitric
oxide production, transmembrane transport of sodium, potas-
sium, and calcium, and induce relaxation in vascular smooth
muscles, thereby improving vascular reactivity [9-11]. Studies
concerning the influence of thyroid hormones on renal per-
fusion are sparse, while most of the investigations report the
higher incidence of chronic kidney disease (CKD) in thyroid ab-
normalities [3]. In an experimental study, Sabio et al showed
an increased reactivity on vasoconstrictors in hyperthyroid rat
kidneys, but in hypothyroid animals, renal vasculature showed
a significantly reduced sensitivity [22]. This work proved the
influence of the thyroid state on renal vessels, which could be
explained by the increased density of B-adrenergic receptors
due to elevated thyroid function [23]. Inrecent work, Stock et
al examined 42 hyperthyroid cats before and after radioio-
dine (1311) therapy using contrast-enhanced ultrasound. The
authors showed a significant decrease in renal cortical perfu-
sion after treatment, which corresponded with the resolution
of the hyperthyroid state and diminished renal function [24].
In an experimental human study, Tsuda et al investigated 26
patients and showed a significant proportional relation of TSH
(r=0.609, p=0.001) with the renal afferent arteriole resistance,
but a negative association with renal blood flow (RBF) and in-
ulin-based GFR [25]. However, neither FT nor FT, was related
to renal arterial resistance, RBF, and GFR. Although Tsuda et
al’s findings are essential, the lack of the impact of free thy-
roid hormones on RBF and GFR could be dissembled by glo-
merular hyperfiltration corresponding to diabetes mellitus in
24 participants. Moreover, recently, we showed a significant
worsening of renal perfusion followed by a reduction in eGFR
after the recombinant human thyrotropin administration in
a selected population of patients after thyroidectomy [14].
Thus, the concentration of TSH could have an exclusive influ-
ence on renal perfusion and function, regardless of free thy-
roid hormones. Additionally, in the presented work, we show
that in normotensive, mostly euthyroid patients without re-
nal function abnormalities, the concentration of FT, is inde-
pendently correlated with RCP and explains about 21% of re-
nal cortical perfusion changeability. An exclusive contribution
of FT, in this relation can be supported by the fact that FT, is
the main thyroid hormone circulating in the blood, whereas
FT, is chiefly generating intracellularly in the deiodination pro-
cess [4]. Total daily production, fraction releasing from thyroid,
and concentration of both total and free form of FT, is much
higher than the FT_ ones. Thereby, the systemic FT, changes
could have a more substantial relation with renal perfusion
than the variability of FT, concentration. The next factor that
could influence the presented result is the total thyroidectomy
that patients underwent earlier. In this situation, supplemen-
tation of thyroid hormones is obligatory [5]. Oral treatment
with levothyroxine alone is sufficient for maintaining serum
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concentrations of both thyroid hormones in a close to physi-
ologic pattern [4]. Moreover, to suppress TSH production and
diminish the risk of DTC remnants and potential metastases
proliferation, even higher than optimal doses of levothyrox-
ine alone are recommended [5,6]. Oral supplementation of le-
vothyroxine in one prescribed dose probably provides a more
stable serum concentration of free thyroxine compared to TSH
or triiodothyronine.

Another reason for this particular relation of renal cortical per-
fusion with FT, may be that FT, has its own exclusive cellu-
lar membrane transporter, OATP1C1 (organic anion transport-
ing peptide 1C1), which is mainly located in capillary vessels
and also in the glomerular capillary wall [26]. Hence, systemic
changes in FT, could transfer to renal perfusion.

On the other hand, previously performed studies showed a
significant association of RCP with renal and cardiac systolic
function in hypertensive patients with CKD [12,27]. It is well
known that thyroid hormones increase cardiac output and re-
duce systemic vascular resistance, which indirectly contributes
to an increase in renal blood flow [8]. Thus, it is clear that the
influence of the thyroid state on RCP is simultaneously direct
and indirect. Moreover, we can hypothesize that the significant
and independent association between FT, and RCP shown in
our study could be responsible for the increased prevalence
of CKD in a hypothyroid state.

Despite promising results, our work has several limitations.
Due to the very strict qualification criteria, only 36 patients
were recruited, which is a relatively small sample size inves-
tigated in a single center. Although the repeatability of the
DTPM method was assigned as very good/excellent, we have
not assessed inter-observer variability due to only one rater.
Operator and equipment dependency could be the main rea-
son for DTPM result discrepancies and inconsistency in mul-
ticenter studies [28]. Moreover, accessibility of this method is
limited by the specific software, which unfortunately is still
not implemented in the ultrasound systems. On the other
hand, as each ultrasound method requires experience in its
use and interpretation, we have successfully performed ultra-
sound DTPM in the renal cortex for many years. Thus, we be-
lieve that the results presented in this article are as reliable
as they can be. Finally, this study shows only the association
between thyroxine concentrations and renal cortical perfusion
at the moment of investigation, without time-dependent ob-
servation and evidence of kidney function change. Due to the
rather small sample size, further longitudinal studies with a
larger group of patients are needed to confirm our findings.
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Conclusions

Renal cortical perfusion is independently associated with free
thyroxine, which can contribute to renal function abnormal-
ities in the condition of impaired thyroid function. Our small
prospective study from a single center showed that color
Doppler sonographic dynamic tissue perfusion measurement
of the renal cortex had very good intraobserver reproducibili-
ty. The integration of the dynamic tissue perfusion measure-
ment with ultrasound software could exclude equipment-de-
pendent variability and extend the availability of the method.
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