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Abstract

Background: Diagnosis of pituitary pars intermedia dysfunction (PPID) using the

thyrotropin-releasing hormone (TRH) stimulation test requires blood collection

10 minutes after TRH injection; it is unknown if small differences in timing affect test

results.

Objective: To determine whether early or late sampling results in a significant (≥10%)

difference in plasma adrenocorticotropic hormone (ACTH) concentration compared

to standard 10-minute sampling.

Animals: Twenty-four healthy adult horses with unknown PPID status.

Methods: In this prospective study, subjects underwent a single TRH stimulation test,

with blood collected exactly 9 minutes (early), 10 minutes (standard), and 11 minutes

(late) after injection. ACTH was measured by chemiluminescent immunoassay. Two

aliquots of the 10-minute plasma sample were analyzed separately to assess intra-

assay variability. Data were reported descriptively and bias was calculated using

Bland-Altman plots. Significance was set at P = .05.

Results: Minor variability was observed between the paired 10-minute sample ali-

quots (range, 0%-6%; median 3%). Overall variability of early or late samples com-

pared to the corresponding paired (average) 10-minute standard concentration

ranged from 0% to 92% (median 10%). Seventy-five percent of horses (18/24) tested

had at least 1 early or late reading that differed by ≥10% from its corresponding

10-minute standard concentration, and 21% of horses (5/24) would have a different

interpretation of testing result with either early or late sampling. Incidence of ≥10%

variability was independent of PPID status (P = .59).

Conclusions and Clinical Importance: Precise timing of sample collection is critical to

ensure accurate assessment of PPID status given the observation of significant vari-

ability associated with minor alterations in timing of sample collection.
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1 | INTRODUCTION

Pituitary pars intermedia dysfunction (PPID, previously known as Equine

Cushing's Disease) is a common endocrinopathy of older horses that

is associated with a variety of serious sequelae, including laminitis, poor

wound healing, endoparasitism, chronic infections, and behavioral

change.1-4 One method commonly used to diagnose PPID utilizes intrave-

nous administration of thyrotropin-releasing hormone (TRH) to stimulate

release of adrenocorticotropic hormone (ACTH). This dynamic test can

offer the possibility of earlier diagnosis or confirmation of PPID in horses

with suggestive clinical signs but equivocal or normal basal ACTH concen-

trations. Over the last decade, many refinements to TRH stimulation test-

ing have been investigated to improve sensitivity of PPID diagnosis and

augment practical clinical utility.5-10 The Equine Endocrinology Group rec-

ommends the TRH stimulation test and provides interpretation criteria for

diagnosis of PPID based on the ACTH concentration of a plasma sample

obtained 10 minutes after intravenous administration of TRH.11

TRH stimulation testing produces an exaggerated ACTH release in

horses with PPID because of presence of TRH receptors located within

hyperplastic tissue of the pars intermedia of the pituitary.12 Plasma

ACTH concentrations change quickly in response to TRH administration

in both normal and PPID-affected horses, reaching peak levels between

2 and 6 minutes after TRH injection in 1 study,13 before 14 minutes in a

second study,14 and between 5 and 30 minutes in a third study,15 imply-

ing that precise timing of sample collection could be critical to esta-

blishing an accurate diagnosis of PPID. Clinicians might be unaware of

the rapidity with which the plasma ACTH concentration can change and

thus underestimate the importance of precise timing in sample collec-

tion. Minor differences in accuracy of sample timing could be anticipated

in an environment in which other tasks are being simultaneously per-

formed or in a situation in which the person administering the TRH dele-

gates the blood collection task to a different party. To date, there have

been no studies evaluating whether a reasonably small difference of

1 minute in the timing of sample collection causes a significant effect on

the plasma ACTH concentration, and subsequently the overall interpre-

tation of TRH stimulation test results and determination of PPID status.

The objective of this study was to determine whether altering the

timing of sample collection significantly affected TRH stimulation test

results. We hypothesized that small differences in timing (1 minute

early or late) would result in ≥10% differences in plasma ACTH con-

centrations compared to the standard 10-minute sampling protocol,

and further, that this could have a clinically relevant effect on test

interpretation and diagnosis of PPID.

2 | MATERIALS AND METHODS

2.1 | Animals

Twenty-four clinically healthy adult horses from the University of Massa-

chusetts (UMASS) Amherst research program were enrolled in the study.

Horses were determined to be healthy on the basis of medical records

and physical examinations before the study starting. All horses had been

housed on the farm under the care of UMASS personnel for a minimum

of 1 year. Horses were housed in groups on pasture or dry lots with

access to forage. All enrolled horses were of unknown PPID status

(no prior testing had been performed), though 6/24 (25%) exhibited 1 or

more clinical signs that could be attributed to PPID (including hyper-

trichosis, muscle wastage, and history of a laminitis episode occurring

2 or more years before the study date). None of the enrolled horses were

being treated for PPID at the time of the study. Horses ranged in age

from 3 to 28 years (median 10.5 years) and included 9 mares, 14 geldings,

and 1 stallion. None of the mares were pregnant or lactating at the time

of the study. Multiple breeds of horse were represented including Appa-

loosa (1), Draft cross (3), Hanoverian (2) Morgan (6), Quarter Horse (3),

Standardbred (3), Thoroughbred (4), and Thoroughbred cross (2). Horses

enrolled in the study were used for various university-related activities,

including teaching, research, lesson activity, and mounted police patrol of

the UMASS Amherst campus.

2.2 | Experimental design

Study protocols were approved by the Institutional Animal Care and

Use Committee at UMASS Amherst. All testing was conducted in

2 periods occurring in December 2019 and January 2020 (16 horses)

and December 2020 (8 horses). The gap in sample collection was

because of COVID-19 pandemic restrictions. All samples were stored

frozen (see below) and analyzed within 40 days from the time of collec-

tion. Testing was performed between 8 AM and 10 AM on testing days,

with the full study procedure (physical examination, TRH administration,

and blood sample collection) completed over a 20-minute period for a

single enrolled horse before starting the procedure on the next subject.

TRH stimulation testing was performed in accordance with published

guidelines.11 All grain and concentrate feed was withheld for a mini-

mum of 10 hours before testing and normal hay feeding was continued

before and during the testing period. A dose of 1 mg (1 mL) of commer-

cially available synthetic TRH (Protirelin Injection Solution, Wedgewood

Pharmacy, Swedesboro, NJ) was administered IV in the right jugular

vein in all subjects and timing of subsequent blood collections was mea-

sured using a digital stopwatch. Blood was collected via jugular veni-

puncture and transferred into 6 mL vacuum tubes (BD Vacutainer©

EDTA Tubes, BD-367863, Becton Dickinson, Franklin Lakes, NJ) con-

taining ethylenediaminetetraacetic acid (EDTA) before TRH injection

(0 minutes/pre) and at 9 minutes (early), 10 minutes (standard), and

11 minutes (late) after TRH injection. All blood collection was per-

formed using an 18-gauge needle and the 9-, 10-, and 11-minute sam-

ples were sequentially drawn from a single venipuncture site in the left

jugular vein to minimize vascular trauma. All horses were monitored for

adverse reactions for the duration of the testing protocol.

2.3 | Sample processing and analysis

All blood samples were stored on ice until processing, which occurred

within 4 hours of collection. Plasma was separated via centrifugation
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at 720g at 4�C for 15 minutes and stored in 1 mL aliquots at

�20�C until batch analysis. Frozen samples were stored for up to

40 days for 4/20 horses' samples and less than 14 days for the

remaining 20/24 horses' samples per published guidelines.16 No

hemolysis or other gross sample abnormalities were observed. One

aliquot from each 0-, 9-, and 11-minute sample and 2 aliquots from

each 10-minute sample were shipped overnight on dry ice to the

Animal Health Diagnostic Center Laboratory at Cornell University

for analysis. Plasma ACTH concentration was measured by chemilu-

minescent immunoassay (Immulite 1000, Siemens Medical Solutions

Diagnostics, Los Angeles, CA) on an automated analyzer, which had

been previously validated for equine samples.17 Single plasma ali-

quots were analyzed for each subject for the 0-, 9-, and 11-minute

samples. Separate analyses on 2 individual plasma aliquots from the

10-minute samples for each subject were performed to assess intra-

assay variability.

2.4 | Data and statistical analyses

Median and range are reported for all data analyses. For each

horse, 5 ACTH concentrations were recorded (at 0, 9, 10, 10, and

11 minutes). The 2 10-minute samples (individually analyzed aliquots

taken from a single 10-minute blood draw) were averaged to create a

reference value to which the early (9-minute), late (11-minute), and

individual 10-minute samples could be compared to calculate variabil-

ity. Hereafter, this averaged reference value is referred to as the

10-minute standard. Linear regression was performed to assess the

correlation between the 2 10-minute samples to assess intra-assay

variability. Timing-associated variability was calculated as percent

variance using the difference between the early (9-minute), late

(11-minute), or individual 10-minute sample ACTH concentration and

the 10-minute standard. A ≥10% difference in ACTH concentrations

was considered sufficiently different to ensure that differences were

greater in magnitude than would be expected from intra-assay vari-

ability alone. Bland-Altman plots were used to evaluate the effects of

collection timing on variability across all data. These were repeated

for data excluding horses with marked ACTH response (>250 pg/mL

after TRH administration) to determine a more conservative assess-

ment of bias.

For analysis of effect of sample timing on variability, samples

were divided into early (9-minute) and late (11-minute) groups. For

analysis of the effect of PPID status on variability of early or late sam-

pling, horses were divided into PPID and non-PPID groups based on

an established ACTH concentration threshold to determine PPID sta-

tus of >50 pg/mL for the time 0 sample and/or >200 pg/mL at

10 minutes after TRH injection.11 Chi-square testing was used to

compare groups. Wilcoxon Signed-Rank testing was used to compare

differences in magnitude of variability for early and late sampling. A P-

value of .05 was considered significant. Excel (Microsoft Corporation,

Redmond, WA) and GraphPad Prism (GraphPad 9.2.0 for Windows,

GraphPad Software, San Diego, CA) were used for all statistical

analyses.

3 | RESULTS

3.1 | Animals

A physical examination at the time of TRH testing confirmed that the

heart rate, respiratory rate, and rectal temperature were normal for all

horses and no health problems were reported by the staff caring for

the horses at the facility. All subjects tolerated the TRH testing proto-

col well. After intravenous TRH injection, many subjects exhibited

transient minor physical responses, all lasting 2 minutes or less. Most

horses (22/24) demonstrated “mouthing” consisting of chewing, lick-

ing, or lip smacking; additional responses after injection included

coughing in 4 horses, minor pawing behavior in 2 horses, flehmen

response in 2 horses, and muscle fasciculations in 1 horse.

3.2 | Plasma ACTH concentrations and
determination of PPID status

All horses had an increase in plasma ACTH concentration after intrave-

nous administration of TRH, with most horses (88%, 21/24) exhibiting

maximum ACTH concentrations at 9 or 10 minutes. (Figure 1). Seventeen

percent of subjects (4/24) experienced marked increases in ACTH con-

centration (reaching a maximum of 500-1000 pg/mL), including 2 horses

with baseline ACTH concentrations that were positive (>50 pg/mL) or

equivocal (30-50 pg/mL) for PPID diagnosis. Using the 10-minute stan-

dard value, 6 horses (25%) had ACTH concentrations consistent with

PPID (>200 pg/mL), and 1 horse (4%) had an equivocal ACTH value

(110-200 pg/mL). Based on these established diagnostic thresholds,

5 horses (21%) would have a change in PPID status interpretation with

early or late sampling. These PPID status changes include: 1 PPID horse

appearing equivocal with later sampling, 1 equivocal PPID horse appearing

positive with earlier sampling, and 3 normal horses appearing equivocal

with early sampling; Figure 1. In total, including all measured values (early,

10-minute standard, and late), 42% of horses (10/24) had at least 1 ACTH

measurement consistent with equivocal or positive PPID status. PPID sta-

tus was significantly associated with age; the median age of subjects with

at least 1 (early, standard 10-minute, or late) ACTH concentration consis-

tent with equivocal or positive PPID status was 18 years (range, 4-28),

while the median age for horses with normal ACTH concentration was

7 years (range, 3-19). Eighty percent of subjects (8/10) with at least

1 ACTH concentration consistent with equivocal or positive PPID status

were over the age of 10 years, whereas only 29% of subjects (4/14) with

normal ACTH concentrations were over 10 years old (P = .01).

3.3 | Variability of plasma ACTH concentrations
and the effect of sample collection timing

Plasma ACTH concentrations from the paired 10-minute sample ali-

quots were highly repeatable, demonstrating excellent correlation

(P < .0001; Figure S1). Minor variance was observed between the

individual 10-minute aliquots and their respective 10-minute standard
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(median 3%; range, 0%-6%). Greater variability was noted when com-

paring values from 9 or 11 minutes to the 10-minute standard. Early

sampling yielded a median variability of 9% (range, 0%-92%) and late

sampling yielded a median variability of 11% (range, 1%-63%). The

likelihood of observing ≥10% variation from the 10-minute standard

was not statistically different for early or late sampling (P = .24;

1 horse excluded as only 10- and 11-minute samples were obtained).

A Wilcoxon Signed-Ranks test indicated that the magnitude of vari-

ability did not differ significantly between 9- and 11-minute sampling

times (P = .31; 1 horse excluded as only 10- and 11-minute samples

were obtained). A majority of horses (75%, 18/24) had at least 1 early

or late value that differed by ≥10% from the 10-minute standard and

25% of horses (6/24) had both early and late values that were ≥10%

different from the 10-minute standard. Over half of individual early or

late samples (51%, 24/47) differed by ≥10% from their respective

10-minute standard.

Assessment of the effect of horses' PPID status on the frequency

of variability with early or late sampling indicated that incidence of at

least 1 episode of ≥10% variability with early or late sampling was

independent of PPID status (P = .59). For the 18 horses with at least

1 episode of ≥10% variability with early or late sampling, the

10-minute standard ACTH concentration was positive for PPID

(>200 pg/mL) in 5 (28%), equivocal (110-200 pg/mL) in 1 (6%) and

negative (<110 pg/mL) in 12 (67%). Of the 6 horses with <10% vari-

ability with both early and late sampling, the 10-minute standard

ACTH concentration was positive for PPID status in 1 (17%) and neg-

ative in 5 (83%). No association was observed between subject age

and frequency of ≥10% variability with early or late sampling; horses

were equally divided into cohorts below and above the age of

10 years (12 horses in each group), and within each group, an equal

fraction (9/12, 75%) of subjects exhibited 1 or more instances of

≥10% variability with early or late sampling (P = 1). Similarly, neither

month of the year (December vs January) nor sampling period

F IGURE 1 Plasma ACTH concentrations at 0, 9, 10, and
11 minutes after intravenous administration of TRH to 24 adult
horses. Plasma ACTH (pg/mL) in samples collected before TRH
administration (0, pre), and at 9 minutes (early), 10 minutes (standard),
and 11 minutes (late) after TRH injection. The 10-minute value shown
is the average of the paired aliquots taken from the same sample
(10-minute standard). The diagnostic interpretation thresholds are
represented by dotted lines, corresponding with equivocal PPID
status (110-200 pg/mL) and positive PPID status (>200 pg/mL). The Y
axis is broken to include the maximum values measured in a
subpopulation of tested horses

F IGURE 2 Correlation between 10-minute standard ACTH
concentration and magnitude of variability observed with early or late
sampling during a TRH stimulation test in 24 adult horses. Variability
is reported as percentage difference in the measured value compared
to the paired 10-minute standard value for each collected sample.
Early sampling values are represented by circles (solid trendline); late
sampling values are represented by triangles (dashed trendline).
Analysis of all data is included in (A); results from horses with
10-minute standard ACTH concentration >250 are excluded in (B)
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(December 2019-January 2020 vs December 2020) was associated

with frequency of ≥10% variability with early or late sampling (P = 1).

There was no significant correlation between the 10-minute stan-

dard ACTH concentration and the magnitude of variability associated

with early or late sampling when evaluating either the full data set

(early sampling, P = .62; late sampling, P = .88); Figure 2A), or when

excluding horses with ACTH concentration exceeding 250 pg/mL

(early sampling, P = .96; late sampling, P = .31); Figure 2B).

Bland-Altman plots were used to demonstrate that early sampling

yields a higher ACTH concentration (bias �18.9 pg/mL) whereas late

sampling yields a lower ACTH concentration (bias +23.8 pg/mL) when

evaluating all data (Figure 3A,B). The direction, though not magnitude,

of these observed biases is maintained when limiting analysis to

horses with 10-minute standard ACTH concentration <250 pg/mL

(Figure 3C,D). For the limited data subset, the bias for early sampling

was �7.72 pg/mL and the bias for late sampling was +10.0 pg/mL.

4 | DISCUSSION

The present study demonstrates that small alterations in sample col-

lection timing (1 minute early or late) significantly alters plasma ACTH

concentration in a majority of horses undergoing a TRH stimulation

test. Seventy-five percent of horses in this study had at least 1 early

or late sample result that differed by ≥10% from the 10-minute stan-

dard, and in 25% of horses, both early and late values differed by

≥10% from the 10-minute standard. Additionally, 21% of horses

(5/24) in this study with ACTH concentrations near the established

threshold between equivocal and PPID status would have different

clinical test interpretation associated with early or late sample

collection.

Rapid change in plasma ACTH concentration after TRH adminis-

tration has been observed in all previous studies,13-15 and we have

demonstrated here that a difference of 1 minute in sampling time

can have a significant effect on the measured ACTH concentration.

Natural variation in basal ACTH concentration has been reported for

samples taken minutes apart;18 however, TRH stimulation is

intended to induce a maximal pituitary response and is thereby

expected to overwhelm any small-scale variations in measured ACTH

concentration.19

The precise timing of the peak ACTH concentration differs among

studies, and varies by individual horse and disease state, but is

F IGURE 3 Legend on next page.

F IGURE 3 Bland-Altman plots showing of the effect of sample
collection timing on plasma ACTH concentration during a TRH
stimulation test in 24 adult horses. Calculated bias is shown on all

graphs as a solid line; the dotted lines mark the limits of each 95%
confidence interval (CI). Comparison of 10-minute standard plasma
ACTH value to early (A) and late (B) sampling values with all data
included. Data from horses with 10-minute standard ACTH
concentration >250 pg/mL were excluded and analysis repeated for
comparison of the 10-minute standard to early (C) and late
(D) sampling to provide a more conservative estimate of bias
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consistently reported to occur <15 minutes after TRH administra-

tion.9,13,20 Increased frequency of sampling does not improve diag-

nostic accuracy when evaluating baseline ACTH concentration18,21 or

repeated TRH stimulation tests in previous studies. Establishing uni-

versal timing of peak ACTH concentration in response to TRH stimu-

lation is likely impossible because of differences in drug metabolism

and individual horse responses, but minimization of the effects of con-

founders such as the timing of sample collection is critical for accurate

test interpretation.

Effects of single-minute differences in sample collection times on

test interpretation have not been evaluated in previous studies;

results presented here demonstrate that minor changes in the timing

of blood collection can have significant effects on test results and

diagnostic interpretation. In this study, observed intra-assay variability

was minor (median 3%, ≤6% overall) and this compares to the intra-

assay variability ranging from 3.2% to 12.9% (mean 9.3%) reported in

the initial validation of the chemiluminescent immunoassay for equine

ACTH.17 In our study, the paired analyses were performed on repli-

cate aliquots taken from a single blood sample to minimize variability

associated with blood collection, yet small differences in aliquot han-

dling before analysis could have contributed to this minor variability.

Reported effects of sample handling on measured plasma ACTH con-

centrations are inconsistent, ranging from no significant effect22 to

marked variability23 in ACTH concentration after prolonged time at

room temperature or alteration of centrifugation methods. Addition-

ally, minimal change in ACTH from baseline concentration (<6%) is

reported with appropriate long-term sample storage conditions (fro-

zen at �20 or �80�C) for 30 to 60 days.16

In our study, all sample processing was performed by the same

investigator using a standardized method, and the 2 10-minute sample

aliquots were processed simultaneously to minimize variability arising

from differences in sample handling. However, blood samples col-

lected early during the testing window experienced a 1 to 2 hour

delay in centrifugation compared to samples collected at the end of

the testing window for each day. All samples were kept chilled or

refrigerated before and during processing, which occurred within

6 hours of collection. Samples were stored frozen at �20�C before

they were shipped on dry ice to the laboratory, undergoing a single

freeze-thaw cycle before analysis, thus minimizing the effect of stor-

age and handling conditions on ACTH concentration variability.

Lack of concordance has been reported between the different

assay types used for measuring ACTH concentrations.24-27 All samples

for this study were analyzed using a validated chemiluminescent

immunometric assay17 performed by a commercial veterinary labora-

tory utilizing routine quality control assessments. Though no signifi-

cant differences have been noted in equine ACTH concentrations

from glass sample tubes rather than plastic ones,17 all samples in this

study were collected into plastic tubes containing EDTA from the

same manufacturing lot to eliminate this potential source of error.

A commercially available, shelf-stable, compounded TRH was

used, reflecting the TRH stimulation test performed by field practi-

tioners. The TRH dose used in this study (1 mg/horse) follows the cur-

rent recommendations11 as well as the historic development of this

testing modality.5,9,13 Horses were maintained in their normal social

groups to minimize stress, and had their usual access to forage-based

feed throughout the duration of the study, as fasted vs fed state has

been shown to have an effect on baseline and post-TRH-stimulation

ACTH concentration.28,29 Much work has been done to describe the

significant effects of season, time of day, and photoperiod on ACTH

concentration in horses across the globe.15,28,30-35 Accordingly, all

sampling was performed during the morning hours (8 AM-11 AM) of the

winter months (December and January) to align with current testing

recommendations and minimize seasonal effects.11 Testing was per-

formed in 2 groups of horses from the same facility approximately

12 months apart because of limitations placed on the study by the

COVID-19 pandemic, but results were comparable at the different

sampling periods.

Bland-Altman plots illustrated that ACTH concentration decrea-

sed with increasing time after TRH stimulation, identifying a bias of

�18.9 pg/mL with early sampling (9 min), and a bias of +23.8 pg/mL

with late sampling (11 min). Thus, sampling 1 minute early yielded an

average ACTH concentration approximately 19 pg/mL higher than

the value obtained at 10 minutes, while sampling 1 minute late

resulted in an average ACTH concentration approximately 24 pg/mL

lower than the 10-minute value. To further clarify this bias, data from

horses with markedly increased ACTH concentrations as a result of

TRH stimulation (>250 pg/mL) were excluded and the Bland-Altman

analyses were repeated, which revealed the same directionality, but

smaller magnitudes of bias (�7.72 pg/mL with early sampling and

+10.0 pg/mL with late sampling). These biases would not be expected

to affect test interpretation in horses with advanced PPID and mark-

edly increased ACTH concentrations, but this is not the population of

horses that typically undergoes TRH stimulation testing. This test is

typically selected for horses with early PPID and the bias we report is

more concerning when interpreting test results that approach the

established thresholds or fall within equivocal test status.

Most horses evaluated in this study had ACTH values that were

consistently positive or negative for PPID status despite significant

variability associated with sample collection timing. However, 5 (21%)

of the subjects had ACTH concentrations close to the threshold for

equivocal (110 pg/mL) or positive PPID status (200 pg/mL). Even the

more conservative bias values approach 10% of the lower diagnostic

threshold value for this test, and in the aforementioned 5 horses, early

or late sampling would have caused a change in test interpretation

between equivocal and positive results or normal and equivocal

results. Sixty percent (3/5) of these horses were among the group that

exhibited ≥10% variability in both early and late sampling values. In a

previous study evaluating effects of sample processing on ACTH con-

centrations, there was sufficient variability to change the PPID diag-

nosis in 30% of horses.36 Veterinarians must be cognizant of these

sources of variability, which could affect accurate diagnosis of PPID

and impact clinical decision making surrounding cost of care and qual-

ity of life associated with lifetime management of this disease in the

horse.

The main limitation of this study is a small sample size and the

limited number of horses within this group with early PPID. The age
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of the study cohort does not fully reflect the most typical age of

horses that would undergo this type of diagnostic testing, though

41% of subjects (10/24) had at least 1 ACTH measurement consistent

with equivocal or positive PPID status. Furthermore, we had no histo-

pathologic confirmation of disease state because this can only be

obtained through postmortem examination. No horses in the study

had a history of PPID or obvious clinical signs of the disease; however,

analysis of baseline ACTH concentration alone would have been

equivocal or positive for PPID in a small subset of study participants

(8%, 2/24). A TRH stimulation test would not typically be performed

on those horses, and indeed the TRH response in these 2 horses was

profound (>800 pg/mL).

Later blood sample collection at 30 minutes after TRH injection,

as described in other protocols,1,10,37 could attenuate the effect of

very small (single-minute) alterations in sample collection timing as

ACTH concentrations might be changing at a slower rate at this time.

However, this cannot be assumed, and additional research is needed

to determine the effects of differences in sample collection timing on

ACTH concentrations measured at the 30-minute sampling point. It

might also be possible to identify alternate sampling points that bal-

ance consistent test performance, test practicality for practitioners,

and minimization of variability associated with minor alterations in

sample collection timing.

The TRH stimulation test is recommended to elicit a diagnosis in

horses with early PPID, when clinical signs can be absent or subtle

and baseline ACTH concentration is within reference interval.34,38

Recent work suggests that performing a TRH stimulation test on

horses with an equivocal basal ACTH concentration is merited to

enhance diagnosis of PPID.10 We have demonstrated here that the

timing of sample collection affects TRH stimulation test results, and

values that fall close to diagnostic thresholds should be viewed criti-

cally and in conjunction with the patient's risk factors, medical history,

and clinical signs. Development of season-specific test interpretation

addresses 1 significant area of known variation of basal ACTH con-

centration, and the recommendations should extend to interpretation

of TRH stimulation testing results to optimize testing utility.11,37 The

effect of early or late sample collection during the TRH stimulation

test can be expected to compound the known areas of testing vari-

ability (season, photoperiod, assay, and horse-specific factors) and hin-

der accurate diagnosis of PPID.
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