Alterations in Thyroid Gland Size and Functions in Cirrhotic Patients: Relationships with Splanchnic Haemodynamics
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ABSTRACT

Background: Thyroid dysfunction has long been reported in liver disease. But limited information is available on thyroid size and the involvement of thyroid hormones in the haemodynamic alterations of cirrhosis. Aims: to 1) study changes in thyroid gland volume and functions in different grades of liver cirrhosis. 2) investigate the relationship of thyroid hormone levels to changes in the hepatic and splenic haemodynamics in cirrhotic patients. Patients and Methods: Thirty-six cirrhotic patients (12 Child class A, 12 Child B and 12 Child C) and twelve healthy controls were included in the study. For all subjects, serum levels of FT3, FT4 and TSH levels were measured. An ultrasound scan of the thyroid was done for measuring thyroid volume. A colour Doppler ultrasound scan of the abdomen was performed for measuring portal vein diameter (PVD), cross sectinal area, maximal velocity (PV Vmax), mean velocity (PV Vmean), blood flow rate (PV BFR) and congestion index (CI). Hepatic and splenic arteries resistive indices (HA RI, SA RI) were also studied. Results: Total thyroid volume was increased in patients compared to healthy controls and it significantly increased with progression of the disease from Child A to C. Mean serum levels of FT3, FT4 and TSH were significantly decreased in patients compared to healthy controls. However, they were not correlated to thyroid volume. FT4 had a significant negative correlation with PVD, PV BFR and CI. While, FT3 had a significant positive correlation with PV Vmax. Total thyroid volume showed a significant negative correlation with PV Vmax and positive correlations with both CI and HA RI. Conclusions: Thyroid volume is increased in cirrhotic patients independently from thyroid hormones status. Low FT4 values of cirrhotic patients may participate in arterial vasoconstriction present in hepatic and splenic arteries. FT4 levels are directly correlated with Doppler parameters of portal hypertension. Future studies using a larger number of patients are recommended.
Introduction


There are important relationships between the liver and thyroid. The liver synthesizes thyroid hormone binding proteins (thyroxin-binding globulin, thyroxin-binding prealbumin, and albumin), stores a significant amount of extrathyroidal thyroxine (T4) (Oppenheimer et al., 1967) and triiodothyronine (T3) (Oppenheimer, 1972), is responsible for most of the peripheral transformation of T4 and T3 (Visser et al., 1988), accounts for hormone degradation and excretion (Albright et al., 1959) and finally is a target for T3 and T4 action (Bianchi et al., 1991).


In liver cirrhosis, abnormalities in thyroid hormone levels have been described. Circulating thyroid hormone levels may range from normal values (Majumdar et al., 1981) to the marked abnormalities seen in the “euthyroid sick syndrome”(Wartofsky and Burman, 1982).


Concerning the thyroid gland size, variations in its volume have been described, but conflicting results can be found. Decreased thyroid gland volume has been described in alcoholics (Hegedus, 1984), while in acute viral hepatitis thyroid volume was found to be increased and returns to normal after the resolution of the acute event (Hegedus, 1986). In post hepatitic liver cirrhosis with HBsAg +ve, Bianchi et al.(1991) found an increased volume. While Spadaro et al., (2004) reported a significant increase of thyroid volume only in Child C patients whatever the etiology of liver cirrhosis.


Advanced liver cirrhosis is associated with a wide spectrum of circulatory changes. Portal hypertension is associated with a hyperdynamic circulation with decreased arterial pressure, increased cardiac output and splanchnic arteriolar vasodilatation (Groszmann, 1994). On the other hand, renal blood flow is reduced and renal vascular resistance is increased in cirrhotic patients (Sacerdoti et al., 1993).


Thyroid hormones also have effects on the vascular system: T3 decreases systemic vascular resistance by dilating resistance arterioles of the peripheral circulation (Park et al., 1997) through a direct effect on vascular smooth-muscle cells. Therefore, alterations in T3 may participate in the haemodynamic alterations of cirrhosis.

Aims:

The aims of this study were to 1) Study changes in thyroid gland volume and functions in different grades of liver cirrhosis. 2) Investigate the relationship of thyroid hormone levels to changes in the hepatic and splenic haemodynamics in cirrhotic patients.

Patients and Methods:

Patients:
Thirty-six patients with liver cirrhosis (12 Child class A, 12 Child B and 12 Child C) were recruited from the inpatient unit of Tropical Medicine and Gastroenterology Department, Assiut University Hospital between January 2006 and January 2007. Exclusion criteria were patients with HCC, advanced hepatic encephalopathy, patients with known thyroid disease, and patients with recent history of gastrointestinal bleeding. Mean age was 52.8 ± 6.2 years, ranging from 35 to 60 years. Male to female ratio was 22/14. Twelve healthy controls were included in the study. Mean age was 48.2 ± 3.1 years, ranging from 42 to 52 years. Male to female ratio was 6/6. None of the healthy control had a history of thyroid disease. 

Methods:
Abdominal ultrasonography, Thyroid ultrasonography and Doppler Examination:
Equipment
The ultrasound equipment used was Siemens Sonoline Sienna Ultrasound Imaging System, (Siemens, Germany). This system operates in several modes, a real time 2D mode, B mode, M mode, spectral Doppler mode, color Doppler mode and power mode. Examinations were carried out on subjects after overnight fasting and a resting period of 15 minutes in the supine position. The scan head was Curved Array (2.5 - 5 MHz in the Doppler mode). Doppler measurements were carried out in accordance with standard settings (Partiquin et al. 1987).

Examination technique

All patients and controls were studied after fasting overnight prior to the examination. The following parameters were recorded during the examination: 1) thyroid volume in mL 2) portal vein diameter in cm, 3) portal vein cross-sectional area in cm2, 4) portal vein maximum velocity (Vmax) in cm/sec, 5) portal vein mean velocity (Vmean) in cm/sec, 6) congestion index (CI) in cm ( sec, 7) hepatic artery resistant index (HA RI) in cm/sec, 8) splenic artery resistant index (SA RI) in cm/sec and 9) Portal vein blood flow rate (PV BFR) in ml/min.

B-mode Examination

The B-mode examination included 1) general abdominal survey. Portal vein diameter (D) was measured with the patient in supine position and holding his breath, 1-2 cm before the bifurcation of right and left portal branches.

    The cross-sectional area (A) was calculated by the following equation:

          A ( ( (D) 2 / 4
2) Thyroid volume was calculated by the ellipsoid method (width × length × thickness × (/6. the sum of the two lobes volume was considered to be the total thyroid volume (according tobruneton et al. 1987). 
Doppler Examination

Portal flow measurements were taken in the supine position during expiration. The portal trunk was scanned longitudinally with the sector scanner. The 3-mm sampling marker was shifted to the center of the lumen, 1-2 cm before the bifurcation of the right and left portal branches. The intercostal approach was preferred to keep the angle of insonation below 60(  (<60(). The flow velocity is given as the maximum flow velocity (Vmax) expressed in cm/sec. Mean flow velocity (Vmean) was directly calculated by the soft ware of the equipment from the spectral analysis. 

Congestion index in cm ( sec was calculated according to Moriasu et al. (13) as the following:

 Congestion index (CI) in cm ( sec ( cross-sectional area in cm2 ( mean velocity in cm/sec. 

Hepatic and splenic artery RI value was calculated from the Doppler trace using the following equation: RI= peak systolic velocity - end-diastolic velocity/ peak systolic velocity.

Portal vein blood flow rate (PV BFR) was calculated according to the following equation: PV BFR (ml/min) = cross-sectional area in cm2 (A) ( PV mean velocity in cm/sec. (PV Vmean) ( 60  

Each analysis was repeated at least 3 times.
Thyroid hormones estimation
From all subjects serum samples were obtained for estimation of free T3 (FT3), free T4 (FT4) and TSH levels using commercially available kits (Diagnostic Product Corporation USA, by Immulite).

Ethical aspects: The ethical review board of the faculity of Medicine, Assuit University approved the protocol and the informed consent form.

Statistical analysis

Analysis of data was done using SPSS version 11 for windows. Variables were expressed as mean ( SD. Differences in Doppler haemodynamic parameters, thyroid volume and thyroid hormones levels between cirrhotic patients and control subjects were tested for significance using Student T test. Differences between different Child classes were tested using one way Anova test. Correlations between different variables were done by calculation of correlation coefficient (r). P value of less than 0.05 will considered significant. Graphics were performed using Microsoft Excel.

Results:

Demographic, clinical and laboratory data of patients and controls are illustrated in Table (1). Portal vein, hepatic and splenic arteries Doppler haemodynamics of patients as compared to healthy controls are illustrated in Table (2). All variables showed a significant difference between patients and controls. A comparison between patients groups regarding haemodynamic parameters is shown in Table (3).

 
Studying thyroid gland volume using ultrasonography showed a significant increase in thyroid volume in patients compared to healthy controls. We also noticed a significant increase in volume with progression of the disease from Child class A to C. In patients with compensated cirrhosis (Child A), thyroid volume didn’t differ significantly from that of healthy controls (Tables 4,5).


Thyroid hormones levels in patients were significantly lower from those of healthy controls (Table4). FT3, FT4 and TSH levels in different Child classes are shown in Table (5).

Correlations:

 
Figures (1-8) show significant positive correlations between FT3 and PVMXV (r=0.35, p=0.038), total thyroid volume and HARI (r=0.7, p=0.0001) and total thyroid volume and CI (r=0.43, p=0.01). While, significant negative correlations were noticed between FT4 and each of PVD (r=-0.46, p=0.005), PVCSA (r=-0.51, p=0.002), PV BFR (r=-0.34, p=0.041) and CI (r=-0.44, p=0.007). Also, a significant negative correlation between total thyroid volume and PVMXV (r=-0.6, p=0.0001) was found. 

Table (1): Demographic, clinical and laboratory data of patients and controls

	
	Cirrhotic patients (n=36)
	Healthy control 

(n=12)

	Age (ys)  Mean ± SD

                Range
	52.8 ± 6.2

35 – 60
	48.2 ± 3.1

42 - 52

	Sex          M/F
	22/14
	6/6

	Child class          A

                            B

                            C
	12

12

12
	

	Heart rate (beats/min)
	86.2( 10.4
	76.0 ( 4.7

	MAP (mmHg)
	86.1 ( 8.1
	88.7 (5.3

	S. bilirubin (mg/dl)
	2.6 ( 2.2
	0.7 ( 0.3

	S. albumin (g/dl)
	2.3 ( 0.9
	4.2 ( 0.4

	Prothrombin concentration (%)
	54.5 ( 14.8
	89.5 ( 11.4


Table (2): Portal vein, hepatic and splenic arteries Doppler haemodynamics in patients and controls

	
	Patients
	Control
	P value

	PV Diameter (cm)
	1.25±0.16
	1.10±0.07
	0.0001

	PV Cross sectional area (cm2)
	1.24±0.31
	0.90±0.11
	0.0001

	PV Max. Velocity (cm/sec)
	19.75±3.83
	30.92±1.50
	0.0001

	PV Mean Velocity (cm/sec)
	11.26±2.18
	17.62±0.86
	0.0001

	PV Blood Flow Rate (ml/min.)
	825±226.2
	949.2±117
	0.0190

	PV Congestion Index (cm×sec)
	0.12±0.04
	0.05±0.01
	0.0001

	Hepatic A RI (cm/sec)
	0.69±0.03
	0.61±0.01
	0.0001

	Splenic A RI (cm/sec)
	0.67±0.02
	0.62±0.01
	0.0001


Table (3): Portal vein, hepatic and splenic arteries Doppler haemodynamics in different Child classes

	
	A
	B
	C
	Control
	P value

	PV Diameter (cm)
	1.20±0.19
	1.30±0.15#
	1.31±0.13*
	1.10±0.07
	0.0020

	PV Cross sectional area (cm2)
	1.11±0.34
	1.31±0.32#
	1.30±0.25*
	0.90±0.11
	0.0020

	PV Max. Velocity (cm/sec.)
	21.33±4.58#&
	21.58±2.27*#
	16.33±1.23*
	30.92±1.50
	0.0001

	PV Mean Velocity (cm/sec.)
	12.16±2.61#&
	12.30±1.30*#
	9.31±0.70*
	17.62±0.86
	0.0001

	PV Blood Flow rate (ml/min.)
	798±261*
	956.4±214.2*
	720.6±132.6*
	949.2±117
	0.0080

	PV Congestion Index (cm×sec.)
	0.10±0.04#&
	0.11±0.03*#
	0.14±0.03*
	0.05±0.01
	0.0001

	Hepatic A RI (cm/sec.)
	0.66±0.01*#&
	0.69±0.01*#
	0.71±0.02*
	0.61±0.01
	0.0001

	Splenic A RI (cm/sec.)
	0.67±0.02&
	0.67±0.01#
	0.67±0.01*
	0.62±0.01
	0.0001


A*=significant with B            B*=significant with C          C*=significant with control           

A#=significant with C
B#=significant with control

A&=significant with control

Table (4): Thyroid gland volume and function in patients vs controls

	
	Patients
	Control
	P value

	Thyroid volume (mL)
	14.69±2.38
	12.22±0.11
	0.0001

	FT3 (Pg/mL)
	1.57±0.30
	3.06±0.52
	0.0001

	FT4 (ng/dL)
	1.08±0.19
	1.45±0.25
	0.0001

	TSH (uIU/mL)
	1.06±0.60
	2.17±0.96
	0.0020


Table (5): Thyroid gland volume and function in different Child classes

	
	A
	B
	C
	Control
	P value

	Thyroid volume (mL)
	12.37±0.17*#
	13.92±0.60*#
	17.79±0.81*
	12.23±0.11
	     0.0001

	FT3(Pg/mL)       
	1.55±0.35&
	1.79±0.19*#
	1.37±1.19*
	3.06±0.52
	0.0001

	FT4 (ng/dL)
	1.12±0.18&
	1.03±0.20#
	1.09±0.20*
	1.45±0.25
	0.0001

	TSH (uIU/mL)
	1.20±0.87&
	1.20±0.47#
	0.77±0.24*
	2.17±0.96
	0.0001


A*=significant with B            B*=significant with C          C*=significant with control           

A#=significant with C
B#=significant with control

A&=significant with control
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Fig. 1 Correlation between FT3 (Pg/mL) and portal vein maximum velocity (cm/sec) in cirrhotic patients
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Fig. 2 Correlation between FT4 (ng/dL) and portal vein diameter (cm) in cirrhotic patients
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Fig. 3 Correlation between FT4(ng/dL) and portal vein cross sectional area (cm2) in cirrhotic patients
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Fig. 4 Correlation between FT4 (ng/dL) and portal vein blood flow rate (ml/min.) in cirrhotic patients
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Fig. 5 Correlation between FT4 (ng/dL) and portal vein (CI) congestion index (cm×sec.) in cirrhotic patients
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Fig. 6 Correlation between (TTHV) total thyroid volume (mL) and portal vein maximum velocity (cm/sec.) in cirrhotic patients.
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Fig. 7 Correlation between (TTHV) total thyroid volume (mL)  and hepatic artery resistive index (HA RI cm/sec.).
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Fig. 8 Correlation between (TTHV) total thyroid volume (mL) and (CI) portal vein congestion index (cm×sec)  in cirrhotic patients

Discussion:


The present study shows that thyroid gland size is significantly increased in patients as compared to healthy controls and it is more with advanced cirrhosis (Child-Pugh C) than early disease (Child- Pugh A). Previous study conducted by Bianchi et al.(1991) reported that thyroid gland volume was increased in cirrhotic patients compared to healthy controls, but no significant difference in thyroid size was observed in relation to the extent of liver dysfunction or the etiology of liver disease. However, the largest mean thyroid volume was observed in patients with HbsAg+ve post-necrotic cirrhosis. Another study conducted by Spadaro et al. (2004) reported that thyroid volume was significantly increased only in Child C patients without any correlation to the etiology. On the other hand, Hegedus (1984) reported that thyroid gland volume was significantly decreased in alcoholic cirrhotics than that of normal subjects and they suggested that alcohol might have a direct toxic effect on thyroid gland.


Increased thyroid volume might theoretically depend on altered thyroid hormone and metabolism in the presence of liver failure, on a combined liver and thyroid disease on an autoimmune basis, or stem from direct pathogenic effect of factors responsible for liver disease such as viral hepatitis or alcohol, but there is no histologic study clarifying this issue. Probably these three mechanisms are operative in the various subgroups, with variable effects (Bianchi et al., 1991). 


In the present study, total thyroid volume had a significant positive correlation with both portal vein congestion index (indicative of portal hypertension) and hepatic ARI (indicative of increased intravascular resistance). But, a significant negative correlation with portal vein maximum velocity was observed.  To the best of our knowledge, these findings were not recorded in previous studies.


In the present study, FT3, FT4 and TSH levels were significantly decreased in all cirrhotic patients as compared to healthy controls and in each Child class as compared to healthy controls as well. On the other hand, Spadaro et al. (2004) reported that FT3 levels were significantly reduced in cirrhotic patients without any correlation with the severity of the disease. While, both FT4 and TSH levels were not different in healthy and cirrhotic subjects. In the present study we didn’t find any correlation between thyroid gland volume and function. This was in agreement with Spadaro et al. (2004) study. This excludes that modification in circulating hormone level could be responsible for thyroid gland volume abnormalities in these patients.


We also found a significant negative correlation between FT4 and portal vein Doppler haemodynamic parameters (diameter, cross sectional area, flow rate and congestion index) and a significant positive correlation between FT3 and portal vein maximal velocity.


The liver has a primary influence on circulating levels of thyroid hormones. Most of the metabolically active thyroid hormone, T3, is generated in the liver from T4 through deiodination (Kelly, 2000). The liver is also the site of synthesis and degradation of carrier proteins thyroxine-binding globulin (TBG), thyroxine-binding prealbumin (TBPA) and albumin. The most frequent abnormalities described involving thyroid function is the “low FT3 syndrome” with increased reverse T3 (inactive) and decrease T3:T4 ratios (Kabadi and Premachandra, 1983; Rink et al., 1991). 


Several mechanisms may be responsible for these abnormalities including impaired hepatic deiodination activity with decreased conversion of T4 to T3 that could take part in the modifications in circulating hormone levels described in alcoholic cirrhosis (Langer et al., 1988). Thyroid hormone concentrations is also affected by glucagons levels and, in liver cirrhosis, plasma glucagons concentration is frequently elevated (Smith-Laing et al., 1980). A significant negative correlation was observed by Kabadi et al. (1991) between plasma glucagons and serum T3, whereas a significant positive correlation was noticed between plasma glucagons levels and serum reverse T3 values in these patients.


In conclusion, thyroid volume is increased in patients with liver cirrhosis, independently from thyroid hormonal status. Low FT4 values of cirrhotic patients may participate in arterial vasoconstriction present in hepatic and splenic arteries. FT4 levels are directly correlated with Doppler parameters of portal hypertension. Future studies using a larger number of patients are recommended.
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