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Clinical Evaluation of a Novel Liquid Formulation of L-Thyroxine
for Once Daily Treatment of Dogs with Hypothyroidism

G. Le Traon, S.F. Brennan, S. Burgaud, S. Daminet, K. Gommeren, L.J.I. Horspool, D. Rosenberg,
and C.T. Mooney

Background: A liquid solution of levothyroxine (L-T4) is available for treatment of canine hypothyroidism.

Hypothesis: Once daily oral administration of a liquid L-T4 solution is effective and safe for controlling hypothyroidism in

dogs.

Animals: Thirty-five dogs with naturally occurring hypothyroidism.

Methods: Dogs received L-T4 solution PO once daily at a starting dosage of 20mg/kg body weight (BW). The dose was

adjusted every 4 weeks, based on clinical signs and peak serum total T4 (tT4) concentrations. Target peak serum tT4 and

thyroid stimulating hormone (TSH) concentrations, 4–6 hours posttreatment, were 35–95 nmol/L and o 0.68 ng/mL, respec-

tively. Dogs were followed for up to 22 weeks after establishment of the maintenance dose.

Results: Clinical signs of hypothyroidism improved or resolved in 91% of dogs after 4 weeks of L-T4 treatment at 20mg/kg
once daily. The maintenance dose was established in 76, 94, and 100% of dogs after 4, 8, and 12 weeks of treatment, respec-

tively. This was 20mg L-T4/kg BW for 79% of the dogs, 30mg/kg BW for 15%, and 10–15mg/kg BW in the remaining 6%, once

daily. Thereafter, median peak tT4 and TSH concentrations were 51 nmol/L and 0.18 ng/mL, respectively, and remained stable

during the 22-week follow-up; clinical signs did not recur.

Conclusions and Clinical Importance: All of the hypothyroid dogs had rapid clinical and hormonal responses to supple-

mentation with the PO-administered L-T4 solution. The starting dosage of 20 mg L-T4/kg BW once daily was suitable for 79%

of dogs.
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H
ypothyroidism is one of the most common endo-
crine diseases in dogs.1 Approximately 95% of

cases are primary (thyroidal) in origin and caused by
lymphocytic thyroiditis or idiopathic atrophy of the thy-
roid gland.1 With either process, there is progressive
destruction of the thyroid gland over time. Clinical signs
of hypothyroidism become apparent when more than
75% of the gland has been destroyed.
Diagnosis of hypothyroidism can be challenging be-

cause most of the clinical signs are not specific.
Hypothyroid dogs usually have low total T4 (tT4) and
high thyroid stimulating hormone (TSH) concentrations.
However, a number of nonthyroidal illnesses2 and drugs3

can substantially decrease thyroid hormone concentra-
tions, often to concentrations below the reference range,
leading to a false-positive diagnosis of hypothyroidism.
Free T4 concentration (fT4) is reported to be less affected
by nonthyroidal factors than tT4. A high specificity

(98%) for diagnosing hypothyroidism in dogs was re-
ported when fT4 was used in conjunction with TSH.4

However, results still may be conflicting and, according
to Dixon and Mooney,5 thyroglobulin autoantibody
(TgAA) results initially may be needed to support the di-
agnosis of hypothyroidism.

In affected dogs, daily levothyroxine (L-T4) replace-
ment therapy is required for life. Treatment corrects
abnormal tT4 and TSH concentrations within 2 weeks
of initiating therapy.6 Clinical signs such as lethargy re-
portedly improve within the 1st week of therapy, whereas
alopecia, hyperpigmentation and other skin manifesta-
tions may take several months to resolve.6 The objective
of L-T4 supplementation is to determine a dose that con-
trols clinical signs without inducing toxicosis. Several
different doses and regimens have been recommended for
L-T4 oral supplementation in hypothyroid dogs, varying
from 11 to 44mg/kg body weight (BW) either once or
twice daily. Poor owner compliance is a common cause
of treatment failure, thus efforts to simplify the dosing
schedule from twice-a-day to once-a-day supplementat-
ion may help with regulation. Recently, the
pharmacokinetic properties of a liquid formulation of
L-T4 sodiuma were evaluated in healthy dogs.7 The re-
sults of that study supported the hypothesis that once
daily administration may be sufficient to achieve ade-
quate control of hypothyroidism in dogs.

In the present study, the efficacy and safety of once daily
treatment with a PO-administered L-T4 sodium solutiona

was evaluated in hypothyroid dogs under clinical conditions.

Materials and Methods

Clinical Cases

The study was designed as an open, noncontrolled, multicenter field

trial. BetweenNovember 2004 and June 2006, 92 dogs of various breeds

with suspected primary hypothyroidism were presented for inclusion in
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Belgium, France, Germany, Ireland, and the United Kingdom. Dog

owners were informed about the relevant details of the clinical study

and confirmed agreement to participate in the trial by signing an in-

formed consent form.All of the information from the present studywas

collected from clinical cases using standardized case record forms.

Diagnosis of Hypothyroidism

Dogs were presented with clinical signs suggestive of hypo-

thyroidism. Standardized physical examination of each dog with

special focus on the most frequent clinical signs of hypothyroidism

(eg, overweight, obesity, apathy, exercise intolerance, alopecia,

hyperpigmentation) was performed at inclusion. A score was attrib-

uted to each sign: body condition as normal, thin, overweight, or

obese; activity as normal, apathetic, or hyperactive; exercise intol-

erance as absent or present; and alopecia, hyperpigmentation, and

other signs as absent, mild, moderate, or severe. Subsequently, each

clinical sign reported at inclusion was awarded a score at each visit

to evaluate time to improvement or disappearance. The history of

each case was examined to exclude euthyroid sick syndrome and

confounding effects of previous drug therapy known or suspected to

affect thyroid function (eg, antithyroid drugs, glucocorticoids, non-

steroidal anti-inflammatory drugs, trimethoprim-potentiated

sulfonamides, antiepileptics, anesthetics, sedatives, furosemide, mi-

totane, penicillins, androgens, or dopamine within 6 weeks of

inclusion). Dogs that had received thyroid hormone replacement

therapy within the previous 8 weeks also were excluded. Patients

with concomitant endocrine disorders (eg, insulin-dependent diabe-

tes mellitus, hyperadrenocorticism, hypoadrenocorticism) and with

chronic renal or hepatic failure also were excluded. Routine labora-

tory examination (CBC and serum biochemistry) was performed in

all dogs at inclusion.

Hypothyroidismwas confirmed and the dog included in the study

if fT4 �5.4 pmol/L and TSH �0.68 ng/mL. If TSH was o0.68 ng

/mL and fT4 �5.4 pmol/L, a positive TgAA test result was required

for inclusion.5

Treatment Procedure and Follow-Up

Treatment was initiated with PO-administered L-T4 solutiona at

a starting dosage of 20 mg/kg BW once daily. Owners were asked to

standardize the diet and timing of treatment related to feeding.

During the initial treatment period (adjustment phase), dogs were

reexamined every 4 weeks to evaluate clinical and hormonal re-

sponse to treatment and to modify the L-T4 dose using 10mg/kg
increments, if needed. At each visit, peak serum tT4 and TSH con-

centrations were evaluated 4–6 hours after treatment. The target

therapeutic range for tT4 was 35–95 nmol/L.

Once clinical signs of hypothyroidism had improved or disappeared

and tT4 concentrationwaswithin the target therapeutic range, the L-T4

dosagewas considered established, the adjustment phase ended, and the

maintenance phase started. During this phase, the long-term efficacy of

oral L-T4 supplementation of hypothyroid dogs was investigated by

evaluation of both clinical and hormonal responses at 9 and 22 weeks

after establishment of the correct dose (follow-up and final visits, re-

spectively). At each visit, peak tT4 and TSH concentrations were

evaluated. At the final visit, routine clinical pathology examinations

were performed for all of the dogs in the study.

Adverse events observed during the study were recorded to assess

the safety of long-term treatment with PO-administered L-T4 solu-

tion in dogs with hypothyroidism.

Sample Collection and Thyroid Hormone
Measurements

At inclusion, a 5-mL blood sample was collected in a dry tube

and serum prepared, kept refrigerated and sent, within 48 hours, to

a centralized laboratoryb for evaluation of serum fT4, tT4, and TSH

concentrations.

At each subsequent visit during the adjustment and maintenance

phases, a 2.5-mL blood sample was collected between 4 and 6 hours

after treatment and serum prepared and sent to the centralized lab-

oratory for evaluation of serum tT4 and TSH concentrations.

Electrochemiluminescence immunoassays were used to deter-

mine serum tT4c and TSHd concentrations. The method for

determination of tT4 concentration in canine serum was validated

by the centralized laboratory. The intra-assay coefficient of varia-

tion (over 10 consecutive assays) was 3.3% and the interassay

coefficient of variation (assays over the course of 10 days) was

3.0%. The analytical sensitivity (limit of detection) was 5 nmol/L.

The kit for the determination of TSH concentration was validated

by the manufacturer for use in canine serum: intra-assay and inter-

assay coefficients of variation (5 TSH concentrations, each

concentration tested in duplicate twice daily over the course of 20

days) were 4.7–6.3% and 5.5–10%, respectively. The analytical sen-

sitivity was 0.01 ng/mL. The method used for determination of

serum fT4 concentrationse in canine serum, incorporating equilib-

rium dialysis combined with radioimmunoassay measuring fT4

concentration in the dialysate, had been validated by the central-

ized laboratory: the intra-assay coefficient of variation (over 10

consecutive assays) was 3.6% and the interassay coefficient of vari-

ation (assays over the course of 20 days) was 13.7%. The analytical

sensitivity was 0.15 pmol/L. The limits of quantification were

0.03 ng/mL for TSH, 5 nmol/L for tT4, and 0.15 pmol/L for fT4. In

dogs with TSH o0.68 ng/mL and fT4 �5.4 pmol/L, the presence of

TgAA was tested using an enzyme-linked immunosorbent assayf

validated previously for use in dogs.8

Data Handling and Statistical Analysis

Statistical analysis was performed using SAS 8.2 software.g The

level of significance (a) was set at 0.05. Each dog was considered as

its own control. Descriptive statistics (median, range) were calcu-

lated for each variable. Peak tT4 and TSH serum concentrations

were considered as normalized or not, related to the target therapeu-

tic ranges or values defined as 35–95nmol/L and o0.68 ng/mL,

respectively, based on results of a previously published study that

used a similar dose rate and regimen.6 In addition, tT4 and TSH

concentrations and BW (calculated as a percentage of the dog’s

weight measured at inclusion) were analyzed, after log transforma-

tion, with analysis of variance for repeated measures, using a linear

mixed model with time of treatment as fixed effects. When signifi-

cant, values at each visit during treatment (establishment, follow-up,

and final visits) were compared with values measured at inclusion

visit using Tukey’s multiple comparison test. Routine laboratory

variables were considered as normal or abnormal, in comparison

with the reference range defined by the centralized laboratory.

Results

Clinical Cases

Ninety-two dogs were screened. In 57 of these dogs,
the diagnosis of hypothyroidism was not confirmed by
the results of the hormone analysis, corresponding to a
drop-out rate of 62%. The remaining 35 dogs were in-
cluded in the study. In addition to mixed breed dogs (n
5 8), 17 pure breeds were represented, Labrador (n 5 5)
and Border Collie, Doberman, and Boxer (n 5 3 each)
being the most frequent. Included dogs, 14 males (8 in-
tact and 6 castrated) and 21 females (12 intact and 9
neutered), aged 7 years (median; range, 3–13 years) and
weighing 33 kg (median; range, 5–67 kg). Median (range)

44 Le Traon et al
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values for tT4, fT4, and TSH concentrations were
7 nmol/L (5–14 nmol/L), 2.1 pmol/L (0.15–5.7 pmol/L),
and 1.40 ng/mL (0.30–6.78 ng/mL), respectively. A posi-
tive TgAA test was necessary for inclusion in 11% (4/35)
of the dogs. All of these 4 dogs presented with low serum
tT4 concentrations at inclusion (range, 5–13 nmol/L).
Clinical signs reported at inclusion in the hypothyroid

dogs are summarized in Table 1.Metabolic signs of hypo-
thyroidism were observed in 89% of the dogs: overweight
or obesity, apathy, and exercise intolerance being pre-
dominant. Dermatologic signs of hypothyroidism such as
alopecia, hyperpigmentation, alopecia of the tail, altered
coat condition, seborrhea, presence of scaling, and myx-
edema were reported (at least one of these findings) in
97% of the dogs. Abnormalities in serum biochemistry
(increased cholesterol concentration, 80%; increased tri-
glyceride concentration, 83%) and CBC (low erythrocyte
count, low hemoglobin concentration, and low hem-
atocrit in, 69%) also were frequently present in the dogs.

Treatment Variables

Two dogs were withdrawn from the study for reasons
unrelated to treatment or hypothyroidism (ie, recurrence
of chronic colitis before inclusion in 1 dog, and sudden
death of 1 dog detailed in the section describing adverse
events), before the maintenance dose was established.
One additional case was lost to follow-up after the 1st
adjustment period, when its maintenance dose had been

established. A maintenance dose could be established in
33 dogs within 12 weeks, the maximum of 12 weeks being
necessary for 1 dog only (Fig 1). The L-T4 dosage was
established at 20 mg/kg BW after the 1st adjustment pe-
riod in 76% of the dogs. An increase of the daily dosage
to 30 mg/kg BW was successful in achieving the target
therapeutic ranges at the next 4-week adjustment phase
in 5 of the 5 dogs that had a low serum tT4 concentration
at the 1st adjustment visit. A decrease in dosage to 10 mg
/kg BW, based on excessively high serum tT4 concentra-
tion (112, 113, and 145 nmol/L), was required in 9% of
the dogs. This dosage was the final maintenance dose in
3% of dogs. In another dog, the dosage was changed
back to the starting dosage of 20 mg/kg BW following a
recurrence of clinical signs of hypothyroidism after 4
weeks of treatment at 10 mg/kg BW. In the remaining
dog, a further adjustment to 15 mg/kg BW, the final main-
tenance dosage for this dog, was required.

In total, the starting dosage of 20 mg/kg BW was the
maintenance dose for 79% of the dogs. The remaining
cases required a maintenance dosage of 10mg/kg BW
(n 5 1, 3%), 15mg/kg BW (n 5 1, 3%), and 30 mg/kg BW
(n 5 5, 15%).

During the maintenance phase, additional dosage ad-
justments were required in 16% of the dogs, related to
serum tT4 concentrations outside of the therapeutic tar-
get range at the follow-up visit. At the end of the study,
after correction for the actual BW of the dog at the end of
the trial (see ‘‘Effect of therapy on clinical condition’’),
median L-T4 daily dosage was 24 mg/kg BW once daily
(range, 12–42 mg/kg BW once daily).

Effect of Therapy on Thyroid Hormone Concentrations

From the visit when the correct dose was established,
serum tT4 concentrations measured 4–6 hours posttreat-
ment increased significantly, compared with inclusion
(Fig 2). A median concentration of 51 nmol/L (range,
21–94 nmol/L) was measured at dose establishment. Sub-
sequently, peak serum tT4 concentrations remained
stable until the end of the study (median [range]:
43 nmol/L [10–112 nmol/L] and 58 nmol/L [18–142 nmol
/L] at the follow-up and final visit, respectively). Peak
serum tT4 concentrations were within the target thera-
peutic range in 65% of the dogs at the follow-up visit and
in 79% of the dogs at the end of the study. In the remain-
ing dogs, transiently low serum tT4 concentrations were
measured at follow-up (32% of the dogs; median [range]:
24 nmol/L [10–32 nmol/L]) or final visit (17% of the
dogs; median [range]: 29 nmol/L [18–34 nmol/L]) while
clinical signs of hypothyroidism remained absent. In 2
dogs during the maintenance phase, serum tT4 concen-
trations above the upper limit of the therapeutic
target range were observed once (112 and 142 nmol/L,
respectively) without concomitant clinical signs of
thyrotoxicosis.

From inclusion, serum TSH concentrations decreased
significantly in all of the dogs (Fig 3). TSH concentra-
tions were o0.68 ng/mL in 88, 87, and 93% of the dogs
at dose establishment, follow-up and the final visit,
respectively. Serum TSH concentrations 40.68 ng/mL

Table 1. Clinical signs reported in 35 included hypo-
thyroid dogs at inclusion.

Signs

Frequency

N %

Metabolic signs

No signs 4 11

Overweight/obesity 27 77

Apathy 27 77

Exercise intolerance 22 63

Dermatologic signs

No signs 1 3

Alopecia 26 74

Hyperpigmentation 18 51

Alopecia of the tail 10 29

Thin hair/poor, dry or dull coat 7 20

Seborrhea 7 20

Dandruff/dry scaly skin 6 17

Myxedema 5 14

Skin thickening/hyperkeratosis 3 9

Pyoderma 2 6

Erythema 2 6

Comedones 1 3

Thin skin 1 3

Epidermal collarettes 1 3

Dry nose 1 3

Abnormal hematology/serum biochemistry

Increased cholesterol concentration 28 80

Increased triglyceride concentration 29 83

Low erythrocyte count 25 71

Low hemoglobin concentration 29 83

Low hematocrit 14 40

45Liquid L-Thyroxine for Hypothyroid Dogs
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were reported occasionally at both follow-up (n 5 4) and
the final visit (n 5 2). In 2 of these cases, L-T4 dose was
increased because of low concomitant serum tT4 concen-
trations. At the next visit, serum TSH concentrations
regained target concentrations. In the remaining cases,
the increased serum TSH concentration was transient
and resolved without additional change in dosage. In 1
case, poor compliance with treatment was clearly identi-
fied as a cause of the transiently increased serum TSH
concentration.

Effect of Therapy on Clinical Condition

Generally, metabolic signs improved within the 1st 4
weeks of treatment: apathy and exercise intolerance re-
solved in 88 and 90% of the dogs, respectively, within the
1st 4 weeks of treatment. In 2 dogs, time to disappear-
ance of apathy, exercise intolerance or both was longer.
In these dogs, serum thyroid hormone concentrations fell
in the therapeutic target range only after 8 weeks of treat-
ment, at a dosage of 30 mg/kg BW.

Body condition scored initially as overweight or obese
had normalized by the final visit in 52% of the dogs.
Body weight decreased during both the adjustment and
maintenance phases, with a mean total decrease of 11.3�
10.0%, compared with inclusion (Table 2). In 23% of the
dogs, BW loss was420% (20.5–35.7%) by the final visit.
The difference between BW reported at inclusion and at
establishment visit (as % of inclusion value) was statisti-
cally significant (P 5 .0085) but stabilized thereafter.

Dermatologic signs resolved in 68% of the dogs by the
final visit. Improvement or resolution of dermatologic
signs of hypothyroidism was less rapid: alopecia, the
most frequent dermatological sign reported, took a me-
dian duration of 109 days to resolve and still was not
completely resolved in 4 dogs at the final visit (ie, after
175–212 days of treatment). Hyperpigmentation disap-
peared within approximately 3 months in 35%, within
approximately 6 months in 24%, but had not yet re-
solved in 41% of the dogs after 172–301 days of
treatment. At the final visit, alopecia of the tail was no
longer reported; however, this condition took 3 months
to resolve in 78% of the dogs and 6 months to resolve in
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Fig 1. Cumulative percentage of dogs with clinical and hormonal hypothyroidism controlled with a PO-administered L-T4 solution plotted

against time since onset of treatment.
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Fig 2. Box and whisker plots of serum tT4 concentrations in hypothyroid dogs at inclusion and from establishment of correct dosage to final

visit, 4–6 hours after oral administration of L-T4. 1, median; �, 1st and 9th decile; box, 1st and 3rd quartile; } , minimum and maximum;

target therapeutic range [35–95nmol/L] is indicated by a dashed line. Statistical significance of values versus inclusion levels is indicated.
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22% of the dogs. Altered coat condition resolved after
86–191 days of treatment with L-T4 in 71% of the dogs
but still was present at the end of treatment in the 29% of
the dogs (in one of these dogs, hair coat abnormalities
had improved from severe to mild). Seborrhea resolved
within 6 months of treatment with L-T4 in all of the
affected dogs.
At the final visit, hypercholesterolemia had resolved in

75% of the dogs. In the remaining dogs, serum choles-
terol concentrations either were close to the upper limit
of the reference range (7.8 nmol/L) in 12.5% of the dogs
(8.0, 8.4, and 9.0mmol/L) or at least had decreased sub-
stantially (12.5% of the dogs). Serum triglyceride
concentrations returned to within the reference range in
56% of the dogs but remained increased in 44% of the
dogs, although in 4 of these dogs hypertriglyceridemia
was moderate (o1.9mmol/L) by the end of treatment.
Anemia resolved completely in 79% of the dogs and par-
tially in 16% of the dogs. In the latter, erythrocyte count
and hemoglobin concentration improved but remained
outside of the reference range. Anemia did not improve
in 1 dog (5%) (values of 4.62� 1012 cells/L for erythro-
cyte count and 11.1 g/dL for hemoglobin concentration
at the final visit).

Adverse Events

Eight adverse events possibly were related to treat-
ment. One 11-year-old poodle, with no history of cardiac

disease, died suddenly after 47 days of treatment, coinci-
dent with occurrence of a heat wave. At the 1st
adjustment visit for this dog, 11 days before death, no
signs of congestive heart failure were reported, the
heart rate was comparable to that at inclusion (126 ver-
sus 136 beats per minute, respectively) and peak serum
tT4 concentration was lower than expected (18 nmol
/L), promoting an increase in the dosage to 30 mg/kg
BW. No further data on serum tT4 concentration or
clinical condition were obtained before death and no
postmortem examination was performed. Congestive
heart failure was suspected by the veterinarian as the
cause of death. Mild to moderate scaling that improved
or resolved without discontinuing treatment was re-
ported on 3 occasions, concomitantly with serum tT4
concentrations within the therapeutic target range. Al-
tered coat color (reddish hair) was reported in 1 dog at
the end of treatment. Vomiting after administration of
the L-T4 solution was reported in 1 dog only when
treatment was administered on an empty stomach. In a
2nd dog, vomiting occurred 3 times during the 1st 4
weeks of treatment and was not reported during the
next 2 weeks before it was lost to follow-up. Finally,
polyuria and polydipsia and concomitant high peak se-
rum tT4 concentration (112 nmol/L) were reported at
follow-up visit in 1 dog. After 4 weeks at 10 mg/kg BW,
water consumption and serum tT4 concentration
(30 nmol/L) had decreased, and serum TSH concentra-
tion (0.78 ng/mL) was high. No additional data were
available due to death of the dog from pulmonary me-
tastasis presumably from a mammary nodule detected
at inclusion.

Discussion

The present study demonstrated that once daily treat-
ment with a PO-administered L-T4 solution improved
the clinical condition of hypothyroid dogs and returned
serum tT4 and TSH concentrations to within the thera-
peutic target range. The response to treatment was rapid,
within 4 weeks after initiation of treatment in most cases.
As reported previously,1 metabolic improvement in
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Fig 3. Box and whisker plots of serum thyroid stimulating hormone (TSH) concentrations in hypothyroid dogs at inclusion and from es-

tablishment of correct dosage to final visit, 4–6 hours after oral administration of L-T4. 1, median; �, 1st and 9th decile; box, 1st and 3rd

quartile; } , minimum and maximum; threshold value of 0.68 ng/mL is indicated by a dashed line. Statistical significance of values versus

inclusion levels is indicated.

Table 2. Body weight of hypothyroid dogs at inclusion
and from establishment of correct dosage until final visit.

Visit n

Body Weight (% inclusion)

Median Range

Inclusion 35 100 100–100

Correct dose establishment 33 94.7a 85.5–106.9

Follow-up 31 91.0a 77.1–104.3

Final 31 89.4a 64.3–107.1

aSignificantly different from values at inclusion.
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response to L-T4 supplementation was observed rapidly
after the onset of treatment whereas dermatologic signs
took longer to resolve. Therefore, reassessment every 4
weeks during the adjustment phase was considered suit-
able for the evaluation of treatment. During the entire
study period, peak serum tT4 concentration was selected
for therapeutic monitoring of hypothyroidism. This
choice was justifiable because this variable can be ob-
tained routinely in veterinary practice and has been
reported as sufficient, in conjunction with improvement
of the clinical condition of the dog, for monitoring pur-
poses in hypothyroid dogs.6 The target therapeutic range
for peak serum tT4 concentration also was selected based
on this study6 concluding that peak serum tT4 concen-
trations o35 nmol/L usually indicate a need to increase
the L-T4 dose. The upper limit of 95 nmol/L was actually
lower than that reported in the study (100 nmol/L) but
was selected in order to avoid development of hyper-
thyroidism, signs of which were apparent in 2 dogs with
serum tT4 concentrations 4100 nmol/L in the study of
Dixon et al.6 At the final visit, median peak serum tT4
concentration was 58 nmol/L, similar to the concentra-
tion of 55 nmol/L reported by Dixon et al6 in dogs with
hypothyroidism treated with L-T4 tablets, based on their
clinical response to therapy. Documenting a decline in
serum TSH concentration during treatment has been
used as an indicator of adequate treatment; increased
values were associated with inadequate therapy in a pre-
vious study.6

In the present study, 79% of hypothyroid dogs were
controlled with 20 mg L-T4/kg BW once daily, thus con-
firming the choice of this starting dosage. Because all of
the dogs experienced marked clinical improvement after
4 weeks of treatment at this dosage, it appears that once
daily supplementation using this PO-administered solu-
tion of L-T4 was not detrimental to well-being of the
hypothyroid dogs, despite this dosage being half of the
generally accepted recommendation of 20 mg/kg BW
twice daily for L-T4 tablet formulations. The percentage
of dogs with hypothyroidism controlled using �20mg/kg
BW once daily in the present study (85%) was higher
than the 65% reported by Dixon et al6 with L-T4 tablets.
This finding may be related to a higher absorption of
L-T4 from the liquid formulation compared with the
tablet formulation after oral administration, in accor-
dance with the 160% relative bioavailability calculated
for L-T4 in a liquid versus tablet formulation in healthy
dogs.7 Furthermore, standardization of the timing of
treatment in relation to feeding may have contributed to
this phenomenon by decreasing the variability of absorp-
tion that is reported to be high for PO-administered L-T4
in dogs.9

Additional adjustments of the dosage were required
occasionally during the course of the maintenance phase.
Such adjustments are normal and emphasize the impor-
tance of lifelong therapeutic monitoring of serum tT4
concentration during L-T4 supplementation. The deci-
sion to adjust the dosage was based on serum tT4
concentrations only because clinical signs of hypo-
thyroidism did not recur and there were no signs of
thyrotoxicosis.

In contrast to metabolic and dermatologic signs, which
resolved during the course of L-T4 supplementation,
laboratory findings such as increased serum cholesterol
and triglyceride concentrations and anemia persisted,
although improved, in some of the dogs despite normal-
ization of serum thyroid hormone concentrations. This
finding has been reported previously6 and suggests that
laboratory results reflect overall response to L-T4 sup-
plementation but cannot be used as criteria suitable for
determination of adequate dosage.

No unexpected adverse effects were observed in this
group of hypothyroid dogs after treatment with the L-T4
solution at dosages up to 40mg/kg BW once daily for up
to 6 months. A relationship between the development of
scaling, reported in 3 dogs, and L-T4 supplementation
cannot be ruled out and was considered probable be-
cause of the known links between thyroxine and skin and
hair coat condition in dogs. An alteration in hair coat
condition at initiation of L-T4 supplementation has been
described previously in dogs.6 However, the actual mech-
anisms involved in these events still are unknown.
Concerning the sudden death of the poodle from cardiac
failure during a heat wave, although unlikely, a relation-
ship to treatment could not completely be ruled out,
taking into account the recognized effects of thyroid hor-
mones on cardiovascular function. For dogs with
underlying cardiac disease, it may be advisable to intro-
duce T4-therapy gradually, using a lower starting dosage
than that used in the present study and increasing grad-
ually until optimal control of both clinical and hormonal
aspects of hypothyroidism is achieved.

During the study, special attention was paid to the
timing of treatment in relation to feeding. Indeed, it has
been demonstrated that administration of food concom-
itantly with treatment substantially decreases the
bioavailability of L-T4 by approximately 45% in healthy
dogs.7 Therefore, the timing of treatment in relation to
feeding was standardized for a single dog to keep L-T4
absorption on each day as constant as possible through-
out the treatment period. In humans, certain food
constituents, such as walnuts, liver, albumin, and soy-
bean, have been shown to modify the bioavailability of
PO-administered L-T4.10,11 Although the diet of dogs
generally is standardized, similar interactions between
L-T4 and specific dietary constituents might exist.
During the present study, it was recommended that the
diet of the dogs be kept as constant as possible.

In the present study, special attention was paid to the
diagnosis of hypothyroidism to ensure that included dogs
were truly hypothyroid and not dogs suffering from eu-
thyroid sick syndrome. The hormonal inclusion criteria
were very stringent and not limited to measurement of
serum tT4 concentrations only (a specificity of only 75%
has been reported when diagnosis was based on evalua-
tion of serum tT4 concentration only in dogs12). The
detection and inclusion of only dogs with primary hypo-
thyroidism, together with exclusion of dogs with
euthyroid sick syndrome, is best achieved using concom-
itant measurement of fT4 and TSH concentrations,
reported to have a sensitivity of 74% and a specificity of
98% in dogs.4 The threshold concentrations applied
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(5.4 pmol/L and 0.68 ng/mL, for fT4 and TSH, respec-
tively) have been reported as optimal cut-off values in
dogs.12 The inclusion criteria selected in the present study
were stringent enough to confirm the presence of primary
hypothyroidism in all cases. Furthermore, the method
for evaluation of fT4 concentration, after equilibrium di-
alysis, is the gold standard for this variable and provides
reliable values.13 Finally, the use of TgAA test in dogs
with low serum TSH concentrations was in accordance
with recent scientific findings.5

This multicenter clinical study demonstrates the effi-
cacy and safety of a PO-administered L-T4 solution for
treatment of spontaneous primary hypothyroidism in
dogs. The starting dosage of 20 mg/kg BW once daily
was sufficient to control both clinical and hormonal as-
pects of hypothyroidism in the majority of the dogs.

Footnotes

a Leventa 1mg/mL, Intervet/Schering-Plough Animal Health,

Boxmeer, the Netherlands
b IDEXX, Ludwigsburg, Germany
cModular Analytics E170, Roche Diagnostics GmbH, Mannheim,

Germany
d Immulite 2000 Canine TSH, Diagnostic Products Corporation,

Los Angeles, CA
eFREE T4 by Equilibrium Dialysis, Nichols Institute Diagnostics,

San Juan Capistrano, CA
fTest performed at Institute for Animal Physiology, University of

Munich, Munich, Germany
g SAS Institute Inc, Cary, NC
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