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Abstract

Background: Nonthyroidal illness syndrome (NTIS) can result in thyroid function test
alterations that mimic hypothyroidism. The duration of NTIS-induced changes in dogs
is not well-described.

Objectives: Document alterations in thyroid function tests during NTIS and recovery,
and the time necessary for their resolution.

Animals: From 103 dogs sampled, 25 euthyroid dogs with acute, resolvable illness
having a low serum total thyroxine (TT4) concentration on admission were analyzed.
Methods: Prospective observational study. Serum TT4 concentration was measured
in 103 dogs within 4 hours of admission. If below the reference interval (RI), subse-
quent serum samples were obtained every 24 hours from admission until discharge
(acute phase) and at 2 weeks and 4 weeks after discharge (recovery phase). Serum
samples were submitted for batch measurement of serum TT4, free thyroxine (fT4),
total 3,5,3'-triiodothyronine (TT3), and thyroid-stimulating hormone (TSH)
concentrations.

Results: In the cohort of dogs analyzed, serum TT4, TT3, and fT4 concentrations
were below the Rl in 100%, 80%, and 16% at admission; 20%, 80%, and 0% at dis-
charge; 4%, 8%, and 0% at 2 weeks; and 0%, 0%, and 0% at 4 weeks, respectively.
Serum TSH concentration was within the Rl in 100% at admission and discharge, and
above the Rl in 4% and 12% at 2 weeks and 4 weeks, respectively.

Conclusions and Clinical Importance: Naturally occurring NTIS in dogs induces alter-
ations in thyroid function tests during acute illness and recovery. Measurement of
serum TT4 concentration 2 to 4 weeks after discharge or serum fT4 concentration
by ED during illness is recommended for accurate assessment of thyroid function in
acutely ill dogs.
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1 | INTRODUCTION
Nonthyroidal illness syndrome (NTIS) denotes alterations in the
function of the hypothalamic-pituitary-thyroid (HPT) axis as a con-
sequence of systemic illness not directly affecting the thyroid
gland.»? Numerous acute and chronic illnesses are responsible for
NTIS in dogs, with endocrine, gastrointestinal, renal, neoplastic,
and orthopedic diseases commonly reported.>* After illness reso-
lution, the function of the HPT axis returns to normal. Measure-
ment of serum thyroid hormone concentrations at a single time
point in dogs with NTIS demonstrates consistent decreases in total
thyroxine (TT4), free thyroxine (fT4), or both, changes that fre-
quently result in an inappropriate diagnosis of hypothyroidism and
needless thyroid hormone supplementation in a euthyroid dog.®”
Thyroid function testing should be performed after illness resolu-
tion, but because of limited evidence about when such tests nor-
malize in dogs with NTIS, this recommendation is suppositional.

In humans, the relationship between thyroid function tests during
NTIS and recovery are well-described.*®'* Conversely, a database

2 ¢,

search (PubMed and Google Scholar) using keywords “dog,” “nonthyr-

oidal illness,” and “serial thyroid function tests” identified 6 studies

1519 and 1 chronic illness?®) that have investigated

(5 acute illness
serial thyroid function tests in dogs with NTIS.*>2° Four studies eval-
uated dogs having naturally occurring NTIS, but parvoviral enteritis
and leishmaniasis were the only disease processes represented and
thyroid function testing ceased before illness resolution.>161820 |
2 studies'”"'? using experimental models of NTIS to evaluate serial
thyroid function tests, 1 measured tests through illness resolution.*”
The relevance of these models to spontaneous illness in dogs is
unclear.

Our objective was to document changes in serum thyroid hor-
mones (TT4, fT4, and total 3,5,3'-triiodothyronine [TT3]) and thyroid
stimulating hormone (TSH) concentrations during naturally occurring
NTIS and recovery in a cohort of acutely ill, euthyroid dogs with low
serum TT4 concentrations. We hypothesized that this cohort of
dogs would also have decreased serum TT3, normal serum fT4, and
normal serum TSH concentrations, after which any hormone abnor-
malities would normalize as the illness resolved. Data describing the
longitudinal effects of NTIS on the HPT axis will establish recom-
mendations as to when accurate thyroid function testing can be

performed.

2 | MATERIALS AND METHODS

2.1 | Case selection

The study was approved by the Institutional Animal Care and Use
Committee at the Virginia-Maryland College of Veterinary Medicine
(Protocol #19-168). Client-owned dogs were eligible for enrollment
in this prospective observational study between January 2020 and
December 2022. Inclusion criteria consisted of dogs with acute
illness  (s1-week duration) severe to

sufficiently require

hospitalization. For dogs fulfilling these criteria, a serum TT4 con-
centration was measured within 4 hours of admission. If serum TT4
concentration was within the reference interval (RI), no more blood
samples were obtained and the dog was excluded from the study. If
serum TT4 concentration was below the RI, additional blood sam-
ples were obtained as outlined below.

Exclusion criteria (no blood sample collected) included
cachexia (body condition score [BCS] <5/9 and muscle condition
score [MCS] <2/4, as defined by the American Animal Hospital
Association guidelines and evaluated by a board-certified internist,
TAB),?* sighthounds,??27 history of chronic disease (previous dis-
ease diagnosis requiring ongoing treatment for management of
clinical signs or current illness >1-week duration), and administra-
tion of any medication known to affect thyroid function within the
60 days before admission. Excluded medications were glucocorti-
coids, phenobarbital, potentiated sulfonamides, acetylsalicylic acid,
amiodarone, zonisamide, tricyclic antidepressants, toceranib, tri-

lostane, and thyroid hormone replacement.?-3¢

2.2 | Experimental protocol

Each dog having a low serum TT4 concentration within 4 hours of
admission received a physical examination by a board-certified inter-
nist (TAB). Diagnostic and therapeutic plans were at the discretion of
the attending clinician, but included, at minimum, a plasma biochemis-
try and CBC. Blood samples for the measurement of serum TT4, TT3,
fT4, and TSH concentrations were obtained during the acute and
recovery phases of NTIS. The acute phase spanned from admission
until discharge. The recovery phase spanned the 4 weeks immediately
after discharge.

221 | Acute phase

Blood samples (5 mL into a siliconized glass vacutainer tube) were
obtained by lateral saphenous or jugular venipuncture every
24 hours after admission until discharge. After clotting for
30 minutes, each sample was centrifuged at 30003 for 10 minutes.
Serum was harvested, aliquoted into polypropylene red top tubes,
and stored at —80°C.

2.2.2 | Recovery phase

Dogs were monitored by their owners for new clinical signs and re-
evaluated 2 weeks and 4 weeks after discharge by 2 clinicians (TAB,
CDV). At each visit, dogs had history and physical examinations per-
formed after which 9 mL of blood was collected by lateral saphenous
or jugular venipuncture and separated accordingly: 2 mL into an EDTA
vacutainer tube, 2 mL into a lithium heparin vacutainer tube, and
5mL into a siliconized glass vacutainer tube. The lithium heparin

and EDTA tubes were submitted for a plasma biochemistry and CBC,
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respectively, and the siliconized glass tube blood was processed and
serum stored as described for the acute phase. No additional blood
samples were obtained and the dog was excluded from the study if
any of the following occurred during either study phase: diagnosed
with a chronic disease, treated with a medication recognized to affect
thyroid function, failure to return for any recovery phase follow-up,
euthanasia or death, or enroliment withdrawal by the owner.

As each dog completed the study (4 weeks), batch submission of
serum samples was performed. Remaining serum from admission was
submitted for measurement of serum concentrations of fT4, TT3, and
TSH, and acute and recovery phase serum samples were submitted
for measurement of serum concentrations of TT4, fT4, TT3, and TSH.
To guarantee the dogs analyzed were euthyroid, additional serum
samples were obtained if at least 1 of the following hormone abnor-
malities was present at 4 weeks: serum TT4 concentration below the
RI, serum fT4 concentration below the RI, or serum TSH concentra-
tion above the RI. Additional samples were obtained at 4-week inter-
vals until the abnormalities resolved or 12 weeks was reached. Dogs
reaching 12 weeks were classified as euthyroid (normal serum TT4,
fT4, and TSH concentrations), subclinical hypothyroid (normal serum
TT4 and fT4 concentrations and high serum TSH concentration), or
hypothyroid (low serum TT4 and fT4 concentrations and high serum
TSH concentration). The subclinical hypothyroid and hypothyroid
dogs were excluded from analysis.

Complete blood counts and plasma biochemistry profiles were
performed at the Virginia-Maryland College of Veterinary Medicine
clinical pathology laboratory. Serum TT4 concentrations were mea-
sured at the Virginia-Maryland College of Veterinary Medicine clinical
pathology laboratory and serum fT4, TT3, and TSH concentrations
were measured at the Michigan State University Veterinary Diagnos-
tic Laboratory.

23 | Assays

Serum TT4 concentration was measured using a chemiluminescent
immunoassay (Immulite 2000 XPi, Siemens Healthcare Diagnostics,
Erlangen, Germany) having a Rl of 12.8 to 36.3 nmol/L and a lower

L.37 Serum fT4 concentration was mea-

limit of detection of 6.4 nmol/
sured by equilibrium dialysis (ED) using a radioimmunoassay (Antech
Diagnostics, Irvine, California) having a Rl of 6 to 42 pmol/L.3® Serum
TSH concentration was measured using a chemiluminescent immuno-
assay (Immulite 2000, Siemens Healthcare Diagnostics, Llanberis,
Gwynedd, UK) having a RI of 0.00 to 0.58 ng/mL.>® Serum TT3
concentration was measured using a charcoal separation radioimmu-

noassay having a Rl of 0.8 to 2.1 nmol/L.3’

2.4 | Statistical analysis

A sample size calculation using PASS 16 (NCSS, LLC, Kaysville, Utah)
indicated that 25 dogs would be needed to detect a mean serum TT4

concentration recovery time of 21.4 days with a 95% confidence

ylnt
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interval of 20.4 to 22.4 days.'? This sample size estimation assumed a
SD of 2.3 days for the recovery time.

Normal probability plots were inspected to determine if numeri-
cal variables followed a normal distribution. Normally distributed
variables were summarized as means (+SD) whereas skewed vari-
ables were summarized as median (minimum, maximum). The num-
ber of days to hormone normalization and hospitalization duration
were compared between medical and surgical treatment groups
using the Wilcoxon rank sum test. Time to serum TT4 and TT3 con-
centration normalization for all dogs was compared using the
Wilcoxon signed rank test. Hormone results (TT4, TT3, fT4, TSH)
and ratios (TT3/TT4, fT4/TT4, TT4/TSH) were analyzed (1 outcome
at a time) using linear generalized estimating equations and
expressed as median (minimum, maximum) and least squares means
(SE). The least squares means difference and 95% confidence inter-

val of the difference were calculated.*®

The linear model specified
major time point (admission, discharge, 2 weeks, 4 weeks), case type
(medical, surgical), and interaction between major time point and
case type as fixed effects with dog identification as the subject of
repetition. Correlation within dog was modeled using compound
symmetry matrix specification. Interaction between major time point
and case type was examined to compare major time points within case
type and to compare case type at each major time point. Because all
hormone results excluding 1 (serum TT3 concentration at 2 weeks)
were not significantly different when comparing medical and surgical
cases at each major time point, results from all cases are presented.
Where appropriate, P-values were adjusted for multiple comparisons
using Tukey's procedure. Analyses were performed using SAS version
9.4 (Cary, North Carolina). Statistical significance was set at P < .05.

For statistical analysis, a serum TT4 concentration reported as
<6.4 nmol/L was assigned a value of 6.3 nmol/L. Because the mag-
nitude of decrease below 6.4 nmol/L was unknown, this value was
selected because it was the next closest result having the same
level of precision as the reported value and consequently would
not falsely decrease any serum TT4 concentration calculations. A
serum TT3 concentration reported as 0.0 nmol/L was assigned a
value of 0.1 nmol/L when calculating the TT3/TT4 ratio. This value
was selected because it was the next closest result having the
same level of precision as the reported value. When calculating the
number of days required for serum TT4 and TT3 concentrations to
normalize in the dogs in which these hormones were below the RI
at completion of the acute phase, 14 or 28 days were added to the
duration of the acute phase if normalization occurred at 2 or

4 weeks, respectively.

3 | RESULTS

3.1 | Excluded dogs

Of 103 dogs sampled, 76 (73.8%) were excluded during the study for
various reasons, including normal serum TT4 concentration at admis-
sion (59/76, 77.6%), chronic disease (5/76, 6.6%), death or euthanasia



114 | Journal of Veterinary Internal Medicine AC\?” M BOLTON T AL.

American Colege of
ernal Medicine

Veterinar t

TABLE 1  Comparison of serum thyroid hormone concentrations and ratios at the 4 major study time points.

Hormone (RI) TP 1 Median (range) LS means (SE) TP 2 Median (range) LS means (SE) LS means A 95% Cl of A P-value
Total T4 A 1(6.3-12.7) 7.8(0.3) D 16.1 (6.3-35.8) 16.6 (1.1) -8.38 —120to —-5.6 <.0001
(12.8-36.3 nmol/L) A 1(6.3-12.7) 7.8(0.3) 2W 22.4(12.6-41.1) 24.6(1.8) —-16.8 —21.6to —-12.0 <.0001
A 1(6.3-12.7) 7.8(0.3) any 23.5(13.1-40.0) 251(1.7) -17.3 —21.9to -12.7 <.0001
D 16.1 (6.3-35.8) 16.6 (1.1) 2W 22.4(12.6-41.1) 24.6 (1.8) -8.0 —12.1to -3.9 <.0001
D 16.1 (6.3-35.8) 16.6 (1.1) 4W 23.5(13.1-40.0) 25.1(1.7) -85 —12.6 to —4.5 <.0001
2W 22.4(12.6-41.1) 24.6 (1.8) 4w 23.5(13.1-40.0) 251(1.7) -0.5 —-3.5t02.5 .98
Total T3 A 3(0.0-1.2) 0.4 (0.1) D 4(0.0-1.4) 0.5(0.1) -0.1 —0.2t0 0.0 .20
(0.8-2.1 nmol/L) A .3(0.0-1.2) 0.4(0.1) 2W .1(0.7-1.4) 1.1 (0.0) -0.7 —0.9 to —-0.5 <.0001
A 3(0.0-1.2) 0.4 (0.1) 4W 3(0.8-1.8) 1.2(0.1) -0.8 —1.0to -0.6 <.0001
D 4(0.0-1.4) 0.5(0.1) 2W 1(0.7-1.4) 1.1 (0.0 -0.6 —0.8 to —0.4 <.0001
D 4 (0.0-1.4) 0.5(0.1) 4W .3(0.8-1.8) 1.2 (0.1) -0.7 —0.9 to —-0.6 <.0001
2W 1(0.7-1.4) 1.1 (0.0) AW 3(0.8-1.8) 1.2(0.1) -0.1 —0.2't0 0.0 .04
Free T4 A 9(1-27) 13(1) D 9 (9-38) 21(1) -8 —11to -5 <.0001
(6-42 pmol/L) A 9(1-27) 13 (1) 2W 9 (9-37) 21(2) -8 —11to -4 <.0001
A 9(1-27) 13 (1) AW 5(7-35) 19 (1) -6 —8to -3 <.0001
D 19 (9-38) 21(1) 2W 9 (9-37) 21(2) 0 —-3to3 1.0
D 19 (9-38) 21(1) 4W 5(7-35) 19 (1) 2 Oto5 .08
2W 19 (9-37) 21(2) 4W 5(7-35) 19 (1) 2 Oto4 .10
TSH A 0.07 (0.01-0.32) 0.09 (0.02) D 0.12 (0.03-0.58) 0.17 (0.03) —0.08 —0.14 to —0.03 <.001
(0.00-0.58 ng/mL) A 0.07 (0.01-0.32) 0.09 (0.02) 2w 0.20 (0.05-0.76) 0.26 (0.04) -0.17 —0.27 to —0.07 <.001
A 0.07 (0.01-0.32) 0.09 (0.02) 4W  0.23(0.03-0.92) 0.28 (0.05) -0.19 —0.31to —0.08 <.0001
D 0.12 (0.03-0.58) 0.17(0.03) 2W  0.20(0.05-0.76) 0.26 (0.04) —0.09 —0.19 to 0.02 14
D 0.12 (0.03-0.58) 0.17 (0.03) 4W  0.23(0.03-0.92) 0.28 (0.05) -0.11 —0.23 t0 0.01 .08
2W 0.20 (0.05-0.76) 0.26 (0.04) 4W  0.23(0.03-0.92) 0.28 (0.05) —0.02 —0.09 to 0.04 77
TT3/TT4 ratio A 0.04 (0.01-0.12) 0.05(0.01) D 0.03 (0.0-0.09) 0.03 (0.00) 0.02 0.00 to 0.03 .04
(NRI) A 0.04 (0.01-0.12) 0.05(0.01) 2W  0.05(0.02-0.09) 0.05 (0.00) 0.00 —0.02 to 0.02 1.0
A 0.04 (0.01-0.12) 0.05(0.01) 4w  0.05(0.03-0.11) 0.05 (0.00) 0.00 —0.02 to 0.02 .99
D 0.03 (0.0-0.09) 0.03(0.00)0 2w  0.05(0.02-0.09) 0.05 (0.00) —0.02 —0.03 to 0.00 .01
D 0.03 (0.0-0.09) 0.03(0.00) 4W  0.05(0.03-0.11) 0.05 (0.00) —0.02 —0.03to —0.01 <.001
2W 0.05 (0.02-0.09) 0.05(0.00) 4W  0.05(0.03-0.11) 0.05 (0.00) 0.00 —0.01 to 0.00 .80
fT4/TT4 ratio A 4(0.2-3.7) 1.7 (0.2) D 3(0.6-2.6) 1.4(0.1) 0.3 —0.1t0 0.7 .18
(NRI) A 4(0.2-3.7) 1.7 (0.2) 2W .8 (0.5-1.6) 0.9 (0.1) 0.8 04to1.1 <.0001
A 4(0.2-3.7) 1.7 (0.2) 4W 7 (0.4-1.4) 0.8 (0.0) 0.9 0.5t0 1.3 <.0001
D 3(0.6-2.6) 1.4(0.1) 2W 8(0.5-1.6) 0.9 (0.1) 0.5 0.2to0 0.7 <.0001
D .3(0.6-2.6) 1.4 (0.1) 4w .7 (0.4-1.4) 0.8 (0.0) 0.6 0.3t0 0.8 <.0001
2W 8(0.5-1.6) 0.9 (0.1) AW 7 (0.4-1.4) 0.8 (0.0) 0.1 0.0to 0.2 .02
TT4/TSH ratio A 132.9 (23.1-1150.0) 183.5(40.1) D 166.4 (18.1-593.3) 164.2(23.3) 19.3 —5341t091.9 .90
(NRI) A 132.9 (23.1-1150.0) 183.5(40.1) 2W 141.4(18.3-525.0) 173.9(27.5) 9.6 —90.6 to 109.8 .99
A 132.9(23.1-1150.0) 183.5(40.1) 4W 120.2(16.2-1163.0) 217.5(63.1) —34.0 —209.2to 1411 .96
D 166.4 (18.1-593.3) 164.2(23.3) 2W 141.4(18.3-525.0) 173.9(27.5) -9.7 —71.3 to 52.0 .98
D 166.4 (18.1-593.3) 164.2(23.3) 4W 120.2(16.2-1163.0) 217.5(63.1) —53.3 —203.4 to 96.9 .80
2W 141.4(18.3-525.0) 173.9(27.5) 4W 120.2(16.2-1163.0) 217.5(63.1) —43.6 —188.0to 100.7 .87

Abbreviations: A, difference; 2W, 2-weeks; 4W, 4-weeks; A, admission; Cl, confidence interval; D, discharge; fT4, free thyroxine; LS, least squares; NRI, no
reference interval; R, reference interval; T3, 3,5,3'-triiodothyronine; T4, thyroxine; TP, time point; TSH, thyroid-stimulating hormone; TT3, total T3; TT4,
total T4.



BOLTON ET AL

Journal of Veterinary Internal Medicine AC\%’/IM | 115

(4/76, 5.3%), owner withdrawal (4/76, 5.3%), and failure to return for
any recovery phase follow-up (4/76, 5.3%).

Two additional dogs completed the study but ultimately were
excluded from the cohort analyzed. One dog had a serum TSH con-
centration above the Rl at 4 weeks that persisted at 8 and 12 weeks
and was classified as subclinically hypothyroid. The other dog had low
serum TT4 and fT4 concentrations and a high serum TSH concentra-
tion at 4 weeks that persisted at 8 weeks and 12 weeks and was clas-
sified as hypothyroid.

Chronic diseases resulting in exclusion during the study were
chronic kidney disease (2), hemic neoplasia (1), diabetes mellitus (1),
and Lyme nephritis (1).

3.2 | Included dogs

Twenty-five dogs completed the acute phase and 24 dogs completed
the recovery phase. One dog returned at 2 weeks only, but serum thy-
roid hormone concentrations were within the Rl and it was included
in the cohort analyzed. Two dogs with serum TSH concentrations
above the Rl at 4 weeks had normal concentrations at 8 weeks. One
dog with a serum TSH concentration above the Rl at 4 and 8 weeks
had a normal concentration at 12 weeks. All 3 were classified as
euthyroid and included in the cohort analyzed.

Eighteen unique dog breeds were represented. Fifteen dogs were
female (12 spayed and 3 intact) and 10 dogs were male (7 castrated
and 3 intact). Mean + SD age was 5.5 + 3.4 years and weight was
21.7 +12.3 kg.

3.2.1 | Disease diagnoses

Sixteen dogs (64%) were diagnosed with a disease managed medically,
including gastroenteritis (6/16, 37.5%), traumatic pneumothorax
(2/16, 12.5%), bacterial bronchopneumonia (2/16, 12.5%), hepatopa-
thy (2/16, 12.5%), and 1 each (6.3%) of: shock of unknown etiology,
parvoviral enteritis, leptospirosis, and pyothorax (MED group). Nine
(36%) dogs required surgery for various diseases, including gastroin-
testinal obstruction (4/9, 44.4%), pyometra (2/9, 22.2%), and 1 each
(11.1%) of: gallbladder mucocele, lung lobe torsion, and bacterial epi-
didymitis (SURG group). Six dogs (24%) were treated with carprofen
at doses of 1.7 to 2.2 mg/kg for a median of 5.5 doses (range, 1-17
doses). Median hospitalization duration was 2 days (range, 1-6 days)
for all dogs, 2 days (range, 1-6 days) for MED group dogs, and 3 days
(range, 2-6 days) for SURG group dogs. No significant difference in
the hospitalization duration was found between MED group and
SURG group dogs (P = .19).

3.2.2 | Physical examination abnormalities

Abnormalities at admission included dehydration (12), abdominal

pain (7), tachypnea (5), fever (4), ptyalism (4), decreased or absent
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FIGURE 1 Box-and-Whisker plots of the serum total thyroxine

(TT4) concentrations (nmol/L) at the 4 major study time points. The
shaded area indicates the reference interval.

lung sounds (4), icterus (3), purulent vaginal discharge (2), hypovole-
mic shock (2), swollen, painful testicles (1), and pulmonary crackles
(1). One dog had a normal physical examination. In the recovery
phase, physical examination abnormalities resolved and all dogs
were reported to be normal or improving with no new clinical signs

developing.

3.2.3 | Clinicopathologic abnormalities

Abnormalities at admission included inflammatory leukogram (15),
hypoalbuminemia (7), increased liver enzyme activities (5), azotemia
(5), hyperbilirubinemia (4), and hypokalemia (2). Four dogs had normal
CBC and plasma biochemistry. In the recovery phase, all clinicopatho-
logic abnormalities resolved and no new abnormalities developed. No

dog had findings consistent with hypothyroidism.

3.24 | Total thyroxine (TT4)

Median and least squares means (IsM) serum TT4 concentrations at
discharge were significantly higher compared with admission. Median
and IsM serum TT4 concentrations at 2 and 4 weeks were signifi-

cantly higher compared with both admission and discharge. Median
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TABLE 2

Acute phase

Number (%) of cases with serum thyroid hormone concentrations below, within, and above the Rl at all study time points.

Recovery phase

# of Hospitalized or

rechecked dogs 25 25 19 12 6 4 2 25 25 24
Hormone Admission Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Discharge® 2-Week  4-Week
Total T4 (RI: 12.8-36.3 nmol/L)

No. (%) below RI 25(100%) 16 (64%) 14 (74%) 7(58%) 3(50%) 1(25%) 0(0%) 5 (20%) 1 (4%) 0 (0%)

No. (%) within RI 0 (0%) 9 (36%) 5(26%) 5(42%) 3(50%) 3(75%) 2(100%) 20(80%) 22 (88%) 22(92%)

No. (%) above RI 0 (0%) 0 (0%) 0 (0%) 0(0%) 0(0%) 0(0%)  0(0%) 0 (0%) 2 (8%) 2 (8%)
Total T3 (RI: 0.8-2.1 nmol/L)

No. (%) below RI 20(80%) 21(84%) 17(90%) 12(100%) 6 (100%) 4 (100%) 2 (100%) 20 (80%) 2 (8%) 0 (0%)

No. (%) within RI 5 (20%) 4(16%) 2(10%) 0(0%) 0(0%) 0(0%)  0(0%) 5(20%) 23(92%) 24 (100%)

No. (%) above RI 0 (0%) 0 (0%) 0 (0%) 0(0%) 0(0%) 0(0%)  0(0%) 0 (0%) 0 (0%) 0 (0%)
Free T4 (RI: 6-42 pmol/L)

No. (%) below RI 4 (16%) 3(12%) 0(0%) 0(0%) 0(0%) 0(0%)  0(0%) 0 (0%) 0 (0%) 0 (0%)

No. (%) within RI 21(84%) 22(88%) 19(100%) 11(92%) 6(100%) 4 (100%) 2(100%) 25(100%) 25(100%) 24 (100%)

No. (%) above RI 0 (0%) 0 (0%) 0 (0%) 1(8%) 0(0%) 0(0%)  0(0%) 0 (0%) 0 (0%) 0 (0%)
TSH (RI: 0.00-0.58 ng/mL)

No. (%) below RI 0 (0%) 0 (0%) 0 (0%) 0(0%) 0(0%) 0(0%)  0(0%) 0 (0%) 0 (0%) 0 (0%)

No. (%) within RI 25 (100%) 25 (100%) 19 (100%) 12 (100%) 6 (100%) 4 (100%) 2(100%) 25(100%) 24 (96%) 21 (88%)

No. (%) above RI 0 (0%) 0 (0%) 0 (0%) 0(0%) 0(0%) 0(0%)  0(0%) 0 (0%) 1 (4%) 3 (12%)

Abbreviations: fT4, free thyroxine; Rl, reference interval; T3, 3,5,3'-triiodothyronine; T4, thyroxine; TSH, thyroid-stimulating hormone; TT3, total T3; TT4,

total T4.

2% indicates the number of cases below, within, or above the Rl divided by the number of cases hospitalized (acute phase) or rechecked (recovery phase) in

that day.
bRepresents discharge time point from each dog.

and IsM serum TT4 concentrations at 2 and 4 weeks were not signifi-
cantly different (Table 1 and Figure 1). The number of dogs with
serum TT4 concentrations of <6.4 nmol/L at admission, discharge,
2 weeks, and 4 weeks were 11, 1, 0, and O, respectively.

Throughout the study period, the percentage of dogs with serum
TT4 concentrations below the Rl decreased and the percentage of
dogs with serum TT4 concentrations within the Rl increased. Fewer
than 10% of dogs at any single time point had serum TT4 concentra-
tions above the RI, with all occurring during the recovery phase
(Table 2).

During the acute phase, serum TT4 concentrations normalized
in 20 dogs, stratified as: 1 day for 9 dogs, 2 days for 2 dogs, 3 days
for 6 dogs, 4 days for 1 dog, and 5 days for 2 dogs. Of 5 dogs
entering the recovery phase with low serum TT4 concentrations,
normalization occurred by 2 weeks in 4 dogs and by 4 weeks in
1 dog. Overall, 24 (96%) and 25 (100%) dogs had normal or
increased serum TT4 concentrations by 2 and 4 weeks, respec-
tively. Median time to serum TT4 concentration normalization was
3 days (range, 1-30 days) for all dogs, 1 day (range, 1-19 days) for
MED group dogs, and 3 days (range, 2-30 days) for SURG group
dogs. No significant difference in the time to serum TT4 concen-
tration normalization was identified between MED group and
SURG group dogs (P = .06).

3.2.5 | Total triiodothyronine (TT3)

Median and IsM serum TT3 concentrations at 2 and 4 weeks were sig-
nificantly higher compared with both admission and discharge.
Median and IsM serum TT3 concentrations at 4 weeks were signifi-
cantly higher compared with 2 weeks. Median and IsM serum TT3
concentrations at admission and discharge were not significantly dif-
ferent (Table 1 and Figure 2). The number of dogs with serum TT3
concentrations of 0.0 nmol/L at admission, discharge, 2 weeks, and
4 weeks were 4, 2, 0, and 0, respectively.

Throughout the acute phase, the percentage of dogs with serum
TT3 concentrations below the RI increased and the percentage of
dogs with serum TT3 concentrations within the Rl decreased.
Throughout the recovery phase, the percentage of dogs with serum
TT3 concentrations below the Rl decreased and the percentage of
dogs with serum TT3 concentrations within the RI increased. In no
dog was the serum TT3 concentration above the Rl at any time point
(Table 2).

Of 20 dogs with low serum TT3 concentrations at admission,
normalization occurred in 3 dogs during the acute phase, strati-
fied as: 1 day for 2 dogs and 2 days for 1 dog. Of 17 dogs enter-
ing the recovery phase with low serum TT3 concentrations,

normalization occurred by 2 weeks in 16 dogs and by 4 weeks in
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FIGURE 2 Box-and-Whisker plots of the serum total
triiodothyronine (TT3) concentrations (nmol/L) at the 4 major study
time points. The shaded area indicates the reference interval.

1 dog. Overall, 19 (95%) and 20 (100%) dogs had normal serum
TT3 concentrations by 2 and 4 weeks, respectively. Median time
to serum TT3 concentration normalization was 17 days (range,
1-30 days) for all dogs, 15.5 days (range, 1-19 days) for MED
group dogs, and 17 days (range, 16-30 days) for SURG group
dogs. No significant difference in the time to serum TT3 concen-
tration normalization was identified between MED group and
SURG group dogs (P =.17). For all dogs, median time to serum
TT3 concentration normalization was significantly longer com-
pared with median time to serum TT4 concentration normaliza-
tion (P < .0001).

3.2.6 | Free thyroxine (fT4)
Median and IsM serum fT4 concentrations at discharge, 2 weeks, and
4 weeks were significantly higher compared with admission. Median
and IsM serum fT4 concentrations were not significantly different
between discharge and 2 weeks, discharge and 4 weeks, and 2 and
4 weeks (Table 1 and Figure 3).

Throughout the study period, the percentage of dogs with serum
fT4 concentrations below the Rl decreased and the percentage of

dogs with serum fT4 concentrations within the Rl increased. One dog
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FIGURE 3 Box-and-Whisker plots of the serum free thyroxine

(fT4) concentrations (pmol/L) at the 4 major study time points. The
shaded area indicates the reference interval.

had a serum fT4 concentration above the RI, occurring during the
acute phase (Table 2).

Of 4 dogs with low serum fT4 concentrations at admission,
normalization occurred in all dogs during the acute phase, strati-
fied as: 1 day for 3 dogs and 2 days for 1 dog. Median time to
1 day
1-2 days) for all dogs, 1 day (range, 1-2 days) for MED group

serum fT4 concentration normalization was (range,
dogs, and 1 day (range, 1 day) for SURG group dogs. No signifi-
cant difference in the time to serum fT4 concentration normali-
zation was identified between MED group and SURG group

dogs (P = 1.0).

3.2.7 | Thyroid-stimulating hormone (TSH)

Median and IsM serum TSH concentrations at discharge, 2 weeks, and
4 weeks were significantly higher compared with admission. Median
and IsM serum TSH concentrations were not significantly different
between discharge and 2 weeks, discharge and 4 weeks, and 2 and
4 weeks (Table 1 and Figure 4).

During the acute phase, the percentage of dogs with serum TSH
concentrations within the Rl was 100%. During the recovery phase,
the serum TSH concentration remained largely within the Rl but was
above the Rl in 4% and 12% of dogs at 2 and 4 weeks, respectively
(Table 2).

No cases had a low serum TSH concentration at admission, and

therefore time to normalization could not be determined.
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FIGURE 6 Box-and-Whisker plots of the fT4/TT4 ratios at the
4 major study time points.

3.28 | TT3/TT4ratio

Median and IsM TT3/TT4 ratios at discharge were significantly lower
compared with admission, 2 weeks, and 4 weeks. Median and IsM
TT3/TT4 ratios were not significantly different between admission
and 2 weeks, admission and 4 weeks, and 2 and 4 weeks (Table 1 and

Figure 5).

329 | fT4/TT4 ratio

Median and IsM fT4/TT4 ratios at 2 and 4 weeks were signifi-
cantly lower compared with both admission and discharge. Median
and IsM fT4/TT4 ratios at 4 weeks were significantly lower com-
pared with 2 weeks. Median and IsM fT4/TT4 ratios were not sig-
nificantly different between admission and discharge (Table 1 and

Figure 6).

3.210 | TT4/TSH ratio

Median and IsM TT4/TSH ratios were not significantly different
between any of the time points (Table 1 and Figure 7).
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4 major study time points.

4 | DISCUSSION

We demonstrated that the low serum TT4 concentration in acutely
ill dogs with NTIS recovers rapidly, occurring before discharge in
80% of cases and by 2 to 4 weeks after discharge in all cases.
Furthermore, we documented normalization of the serum fT4 con-
centration within 2 days of admission in all dogs having this
hormone below the RI at admission, confirming that serum fT4 con-
centration by ED is less frequently affected and normalizes even
more rapidly than serum TT4 concentration in dogs with NTIS. To
prevent a misdiagnosis of hypothyroidism, delaying measurement of
the serum TT4 concentration until 2 to 4 weeks after hospitalization
for acute illness is recommended. If knowing the functional status of
the thyroid gland sooner is essential, serum fT4 concentration
should be measured by ED. Lifelong testing and treatment with thy-
roid hormone supplementation can be avoided by differentiating
NTIS from hypothyroidism.

Although our study was not designed to investigate the complex
and multifactorial pathophysiologic mechanisms of NTIS, the pattern
of hormone changes permits speculation of the mechanisms for the
alterations.

Decreases in serum TT4 and TT3 concentrations are common
in dogs and humans with NTIS.37:1012.1416.2041 The decreased
serum TT4 and TT3 concentrations at admission in our study could
have resulted from suppressed hormone secretion at any level of
the HPT axis. In humans, central hypothyroidism, as demonstrated
by suppressed TSH secretion in the presence of low circulating
thyroid hormones, is a leading contributor to low circulating 3,5,3'-
triiodothyronine (T3) and thyroxine (T4) concentrations and lack of
increase in TSH in NTIS.” Loss of the reciprocal relationship

between the thyroid hormones and TSH results, in part, from

ylnt

American College of
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decreased hypothalamic thyrotropin-releasing hormone (TRH)
gene expression, but a direct effect of illness on TSH secretion also
contributes.2*4244 Decreased secretion of TRH and TSH subse-
quently decreases T4 and T3 secretion from the thyroid gland. The
lower serum TSH concentration at admission compared with other
times supports this mechanism as a cause for the low serum TT4
and TT3 concentrations discovered at admission in our study.

From admission to discharge, the serum TT4 concentration
increased, serum TT3 concentration remained low and unchanged,
and TT3/TT4 ratio decreased, all despite an increase in the serum
TSH concentration. Decreased generation of T3 from circulating T4
has been described in models of NTIS as a result of inhibition of type
1 5'-deiodinase activity or decreased entry of T4 into cells where
deiodination occurs.*>*® Decreased 5'-deiodination of T4 decreases
T3 production, prompting a decrease in serum TT3 concentration.
Type 1 deiodinase plays a major role in the metabolism of reverse T3
(inactive metabolite of 5-deiodination of T4), which typically is
increased in NTIS, but was not measured in our study. Nevertheless,
the lack of increase in serum TT3 concentration at discharge may indi-
cate decreased T3 production via deiodinase inhibition whereas the
simultaneous increase in serum TT4 concentration could be secondary
to increased thyroidal secretion after resolution of HPT axis suppres-
sion. Additional evidence supporting deiodination inhibition might be
found between discharge and the recovery phase, where an increase
in serum TT3 concentration and TT3/TT4 ratio occurred. These find-
ings, when combined with a lack of increase in the serum TSH con-
centration between the same time points, could support a reversal of
deiodinase inhibition and increased production of T3 from T4 as
another cause for the low serum TT3 concentration in NTIS. The
effects of NTIS on the serum TT4 and TT3 concentrations appear
largely to resolve by discharge and 2 weeks, respectively.

Impaired binding of T4 to plasma transport proteins has been
documented as a cause of decreased serum TT4 concentrations in
some studies of NTIS.2824%50 |n our study, decreases in the serum
TT4 and fT4 concentrations at admission and the increases in both at
discharge without a change in the fT4/TT4 ratio over the same time
points suggests impaired protein binding does not play a substantial
role in the serum TT4 and fT4 concentration alterations in this group
of acutely ill dogs with NTIS. Concurrent increases in these hormones
are more likely a consequence of increased hormone production sec-
ondary to the increased TSH concentration, decreased deiodination
secondary to impaired cellular uptake, or both.*4°

Humans and dogs with NTIS often have normal or increased serum
fT4 concentrations, with low concentrations identified infrequently and
most often associated with severe illness.}-3#682:11:12161820 The |ower
serum fT4 concentration at admission compared with other time
points can be the result of a decrease in hormone secretion. This
explanation is supported by the increase in serum fT4 concentra-
tion at discharge along with a simultaneous increase in the serum
TSH concentration. An ED assay was used to measure fT4 in our
study. As a reference method for free thyroid hormone measure-
ment, it is unlikely to have underestimated the true serum T4

concentration.”>*
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Despite finding a lower serum fT4 concentration at admission rel-
ative to all other time points, only 16% of dogs had a result below the
RI, a finding consistent with previous studies.>*%1%20 Fyurthermore,
normalization of the serum fT4 concentration in these dogs occurred
by the time of hospital discharge in all cases. Not only does our study
corroborate the findings of other studies of dogs that demonstrated
the serum fT4 concentration to be minimally affected in dogs with
NTIS, but it also identifies the finding of a rapid return to normal even
during acute illness. A serum fT4 concentration measured by ED in a
dog with NTIS is likely to be normal and indicate euthyroidism.

During recovery, increases in the serum TT4, TT3, and TSH con-
centrations along with a lack of change in the TT4/TSH ratio are
consistent with a recovery of thyroid hormones caused by increased
TSH secretion. Our findings are similar to those found in humans
recovering from severe NTIS, where an increase in the serum TSH
concentration, sometimes above the Rl, occurs in conjunction with
increases in the serum TT4 and TT3 concentrations.%3% The simul-
taneous increase in serum thyroid hormone and TSH concentrations
throughout recovery strongly supports a reversal of the central hypo-
thyroidism induced during NTIS.

The only study following dogs to illness resolution, and
therefore thyroid hormone abnormality normalization, induced
iliness experimentally by administering repeated doses of IV
endotoxin.” Although in the experimental study baseline thyroid
hormone concentrations were obtained before endotoxin admin-
istration, our study considered the 4-week time point to repre-
sent baseline thyroid hormone results. Both the experimental
study and our study identified decreases in serum TT4 (change
from baseline, 52%” vs 70%) and TT3 (change from baseline,
62%'° vs 77%) concentrations, but the effect was significantly
shorter for TT4 (time to normalization, 22 days'® vs 3 days) and
longer for TT3 (time to normalization, 4 days'? vs 17 days) in
dogs with spontaneous illness compared with experimentally
induced illness. Additionally, the serum fT4 concentration
decreased by 53% in our study but increased 73% in the experi-
mental study and the serum TSH concentration was unchanged
in the experimental study but decreased 228% in our study.'®
Our findings indicate that an experimental model of NTIS may
not reliably predict changes in serum thyroid hormone and TSH
concentrations induced by acute, spontaneous illness, but the
differences could be related to physiologic dissimilarities caused
by the specific illnesses in each study. Given the numerous dis-
ease processes present and the different normalization times for
serum TT4 and TT3 concentrations in our study, time to hor-
mone normalization is likely different depending on the illness.
Future studies evaluating a larger group of dogs with a single
disease process are needed to substantiate this supposition.

Our study had several limitations. First, dogs undergoing sur-
gery with inhalant anesthetics were included. Two studies in dogs
have demonstrated that anesthesia and surgery alter serum TT4,
TT3, and fT4 concentrations, but any significant change from base-
line occurred within 8 to 12 hours after implementation of these

interventions.®?>% To minimize the impact of anesthesia and

surgery on thyroid function tests, dogs had initial blood sampling
performed before these interventions and subsequent blood sam-
ples were obtained a minimum of 12 hours afterward. Moreover,
when serum thyroid hormone concentrations were compared
between the dogs managed medically and those undergoing anes-
thesia and surgery, no significant differences were found except
for the serum TT3 concentration at 2 weeks. Thus, it is unlikely
that anesthesia and surgery substantially impacted the hormone
concentrations in our study. The reason for, and clinical relevance
of, the difference in serum TT3 concentration at a single time point
between the medical and surgical dogs is unknown. Second, 6 dogs
were prescribed a short course of carprofen after disease diagno-
sis, as deemed appropriate by the attending clinician. Although
conflicting data exists about the impact of carprofen on thyroid
function tests in dogs, initial blood sampling was performed pre-
ceding the carprofen administration in all dogs and the dosages
administered do not alter serum TT4, fT4, and TSH concentra-
tions.>* Third, we cannot eliminate the possibility that the diag-
nosed diseases persisted and became chronic or that some dogs
already had a concurrent undiagnosed chronic disease because an
identical diagnostic evaluation was not performed in every case.
This possibility, however, appears unlikely because dogs were
reported to be clinically normal, or improving, during the recovery
phase and no new clinical signs developed. Moreover, all physical
examination and clinicopathologic abnormalities present at admis-
sion resolved, as indicated by CBC and plasma biochemistry results
in the recovery phase. Fourth, 3 dogs within the cohort studied
had at least 1 thyroid function test abnormality at the 4-week time
point that could be consistent with either NTIS or hypothyroidism.
Thyroid function testing beyond the 4-week time point documen-
ted resolution of the abnormalities and therefore confirmed
euthyroidism. Results from these additional samples, however,
were not included in the analysis because so few dogs required
sampling at these times and the purpose of these samples simply
was to clarify thyroid status. Fifth, the exclusion of dogs having a
normal serum TT4 concentration at admission did not permit
investigation of the effects of acute illness on the HPT axis in this
population of ill dogs and comparison between dogs with NTIS
having a serum TT4 concentration within and below the
RI. Nonetheless, our study was designed to investigate NTIS
defined by a low serum TT4 concentration in a euthyroid dog.
Future studies designed to provide this information in a broader
group of NTIS dogs can be conducted. Sixth, disease severity has
been found to influence the magnitude of changes in thyroid func-
tion tests but was not assessed in our study.’ Including disease
severity in the analysis might allow a more accurate prediction of
the effects of NTIS on the HPT axis and time to resolution of these
effects. Finally, the frequency of blood sampling during the recov-
ery phase was limited pragmatically to assure client compliance
with re-evaluations. Therefore, the time to thyroid function test
normalization likely was overestimated in dogs in which hormone
concentrations were still abnormal at discharge. A more precise

picture of the recovery phase of NTIS and more precise time to
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resolution of thyroid hormone abnormalities in dogs potentially
could have been elucidated by more frequent blood sampling.

In conclusion, a decrease in the serum TT4 concentration of the
magnitude that can result in a misdiagnosis of hypothyroidism occurs
in dogs with NTIS.57*¢2° A serum TT4 concentration measured 2 to
4 weeks after discharge is expected to be free of the suppressive
effects of acute illness. If evaluation of thyroid function is desired at
an earlier time, serum fT4 concentration by ED is less likely to be
affected by acute illness, particularly when measured during hospitali-

zation as the illness begins to resolve.
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