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Background: It is not known if surgeons who place women of reproductive age on thyroid hormone replacement
(levothyroxine, LT4) routinely inform them of the increased LT4 demands with future pregnancy. In addition, it is
not clear whether reading the 2007 Endocrine Society’s ‘‘Guidelines on the Management of Thyroid Dysfunction
during Pregnancy and Postpartum’’ influences the role of the surgeon in patient education. The objective of this
study was to identify the role of the surgeon in patient education at the time of initiation of LT4 therapy.
Methods: A two-sided one-page survey was distributed to the 260 surgeons attending the 2009 American Asso-
ciation of Endocrine Surgeons’ meeting. Of those distributed, 109 (42%) surgeons returned the survey.
Results: Although only 26=109 (23%) read the 2007 Endocrine Society’s ‘‘Guidelines on the Management of
Thyroid Dysfunction during Pregnancy and Postpartum,’’ reading the guidelines was associated with a signifi-
cantly greater likelihood of informing patients of higher LT4 requirements with pregnancy ( p< 0.0001). Eighty-five
percent of those who read the guidelines ‘‘often’’ or ‘‘always’’ informed patients of higher LT4 requirements with
future pregnancy, whereas only 44% of those who did not read the guidelines provided the same level of
education. After controlling for surgeon sex, academic versus private practice, years in practice, and number of
surgeries performed in 2008, the only independent predictor of patient education was reading the guidelines
( p¼ 0.006). On multivariable analysis, surgeon volume was associated with reading the guidelines ( p¼ 0.006). The
mean number of thyroid surgeries performed by those who read the guidelines versus those who did not was
164.46� 16.98 versus 115.01� 8.27 ( p¼ 0.005).
Conclusion: Surgeons who read the Endocrine Society’s ‘‘Guidelines on the Management of Thyroid Dysfunction
during Pregnancy and Postpartum’’ were significantly more likely to inform patients of the need for higher LT4
doses with pregnancy. Thyroid surgery volume was associated with guideline awareness.

Introduction

There is a growing body of evidence that maternal
hypothyroidism can have detrimental effects on preg-

nancy outcome, including increased risk of miscarriage, pre-
mature delivery, low birth weight, fetal death, C-section,
preeclampsia, and decreased infant intelligence quotient
(IQ) (1–6). Since the fetal thyroid is not active until close to 13
weeks of gestation, the role of adequate thyroid hormone
levels may be most critical during the early weeks of gestation.

There are also data that pregnancy does impact thyroid
function (7), and women on thyroid hormone replacement
(levothyroxine, LT4) prepregnancy often need a 30%–50%
increase in dose during pregnancy (8–11). Thyroid surgery is a

common cause of hypothyroidism because 100% of total
thyroidectomy patients and 13%–35% of patients undergoing
lobectomy require thyroid hormone replacement postsurgery
(12–16). In addition, hypothyroidism secondary to thyroid
surgery is associated with a larger LT4 dose requirement
during pregnancy than primary hypothyroidism (10). Because
of the increasing evidence supporting the potential gravity of
hypothyroidism during pregnancy, in 2007 the Endocrine
Society created ‘‘Guidelines on the Management of Thyroid
Dysfunction during Pregnancy and Postpartum’’ (17).

Although it may have been assumed that the issue of thy-
roid hormone replacement in pregnancy only pertains to ob-
stetricians, a recent study has shown that most pregnant
women are not under obstetric care until after the optimal
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window for LT4 dose increase occurs (18). For women on
LT4, the LT4 dose often needs to be increased by 4–6-week
gestation and may require a 30%–50% increase (1,8). How-
ever, our previous work has revealed that 76% of obstetric
care providers initially see patients after the optimal window
for dose adjustment (18). The rate of miscarriage is high before
6 weeks of gestation (19), and many obstetric care providers
schedule the initial prenatal visit close to 10 weeks of gestation
when fetal heart beat can be confirmed. Although this is a
logical and appropriate time to schedule prenatal visits for
most patients, this missed window for LT4 dose adjustment is
one explanation for why 49% of women on LT4 have thyroid-
stimulating hormone levels outside goal range during the first
trimester (11). Given the risks of poorly treated hypothy-
roidism during pregnancy (1–6) and that many of these pa-
tients are not under obstetric care at the preferred time of
initial dose increase (18), prepregnancy counseling on LT4
changes during pregnancy is important. Education before
conception enables a patient to be her own advocate and have
thyroid function addressed at the time of confirmed concep-
tion instead of at the initial antenatal visit.

It is not known which healthcare providers provide edu-
cation on the increased LT4 requirement with pregnancy, but
it can be assumed that if it is not provided at the time of drug
initiation, then it may not occur. Surgeons place women of
reproductive age on LT4 routinely postoperatively and it is
not known whether they inform them of increased LT4 de-
mands with future pregnancy. In addition, it is not clear
whether the 2007 Endocrine Society’s ‘‘Guidelines on the
Management of Thyroid Dysfunction during Pregnancy and
Postpartum’’ (17) influence the role of the surgeon in patient
education at the time of LT4 initiation. With the goal of
determining the impact of the guidelines on surgical practice,
we surveyed the surgeon attendees at the 2009 annual meeting
for the American Association of Endocrine Surgeons (AAES).

Materials and Methods

The current study used physician surveys to evaluate the
ability of the Endocrine Society’s ‘‘Guidelines on the Man-
agement of Thyroid Dysfunction during Pregnancy and
Postpartum’’ to influence the surgeon’s role in educating pa-
tients on changes in LT4 dose with pregnancy. The University
of Wisconsin Health Sciences Institutional Review Board
(IRB) approved this study for IRB exemption. The survey in-
strument consisted of a two-sided one-page survey that was
hand distributed at the registration desk at the 2009 AAES’s
meeting in Madison, WI (see Supplemental Data, available
online at www.liebertonline.com/thy). The focus of the sur-
vey and the method of return was also one of the first an-
nouncements at the start of the AAES meeting. There were 330
meeting attendees, but after excluding spouses, students,
vendors, nurses, and nonsurgical physicians, only 260 at-
tendees were surgeons. Of the 260 eligible attendees, 109
(42%) completed the survey. Four out of 109 had never per-
formed thyroid surgery on a female patient aged 12–50 years
and thus appropriately stopped after the first question,
whereas 2 of the 109 answered questions on the front page
only. The remaining 103 answered all questions.

All statistical analysis was performed with SPSS 10.0. The
distribution of continuous variables was compared using
analysis of variance, and chi-square statistic was used for

categorical variables. Multivariable logistic regression was
used to model dichotomous outcomes. Means were reported
as mean� standard error of mean, and statistical significance
was set to a probability value of p< 0.05.

Results

Of the 109 surgeons who completed the survey, 87 (80%) of
the surgeons worked at an academic center and 16 (15%) were
in private practice. The mean number of years in practice was
10.5� 1.01, and the mean number of thyroid surgeries in 2008
was 126� 7.69. Relative to the total eligible population, there
was an underrepresentation of male surgeons and of resi-
dents=fellows that completed surveys. Of the 260 surgeons
present at the meeting, 177 (68%) were men and 59 (23%) were
residents or fellows. Of those that completed the survey,
67=109 (62%) were men versus 36=109 (33%) women. Only
17=109 (16%) of the completed surveys were filled out by
residents or fellows (Table 1).

Of the thyroid surgeries performed in 2008, 85=109 (78%)
surgeons reported that <50% were for thyroid cancer (Fig. 1).
This indicates that >50% were for benign thyroid disease. For
women placed on LT4 postoperatively, 77=109 (71%) of sur-
geons referred ‘‘most’’ or ‘‘all’’ patients to an endocrinologist;
for women found to have thyroid cancer, 87=109 (80%) re-
ferred either ‘‘most’’ or ‘‘all’’ patients to an endocrinologist
(Fig. 2).

Of the participating surgeons, 26=109 (23%) read the 2007
Endocrine Society’s ‘‘Guidelines on the Management of

Table 1. Surgeon Characteristics

Number

Sex
Male 67=109 (61.5%)
Female 36=109 (33.0%)
Missing data 6=109 (5.5%)

Type of practice
Academic 87=109 (79.8%)
Private practice 16=109 (14.7%)
Missing data 6=109 (5.5%)

Resident or fellow 17=109 (15.6%)
Mean no. of years in practice 10.5� 1.01
Mean no. of thyroid surgeries 2008 126.3� 7.69

FIG. 1. Seventy-eight percent of endocrine surgeons re-
ported that <50% of the thyroid surgeries performed in 2008
were for thyroid cancer.
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Thyroid Dysfunction during Pregnancy and Postpartum.’’
Reading the guidelines was associated with a significantly
higher likelihood of patient education on LT4 dose changes
with pregnancy ( p< 0.0001). Surgeons were asked how often
they inform female patients who are on thyroid hormone
replacement, but not currently pregnant, that they may need a
dose increase if they become pregnant. Twenty-two of the 26
surgeons (85%) who read the guidelines versus 34=77 (44%) of
those who did not read the guidelines ‘‘often’’ or ‘‘always’’
informed female patients started on LT4 about increased LT4
requirements with pregnancy (Fig. 3).

After controlling for surgeon sex, academic versus private
practice, years in practice, and number of surgeries performed
in 2008, the only independent predictor of patient education
‘‘often’’ or ‘‘always’’ was reading the guidelines ( p¼ 0.006).
On multivariable logistic regression evaluating surgeon sex,
practice type, years in practice, and number of thyroid sur-
geries in 2008, only the total number of surgeries was pre-
dictive of reading the guidelines (Table 2) ( p¼ 0.006). In fact,
the mean number of thyroid surgeries performed by those
who read the guidelines versus those who did not was
164.46� 16.98 compared to 115.01� 8.27 (Table 3) ( p¼ 0.005).

Discussion

All patients undergoing total thyroidectomy and up to 35%
of patients undergoing lobectomy require treatment with
lifelong LT4 (12–16). Women on LT4 as therapy for hypo-
thyroidism typically need a 30%–50% increase in LT4 dose
during pregnancy (8,17). Recent data have revealed that up to
49% of these women have a thyroid-stimulating hormone
outside goal range during the first trimester (11). Since many
women are not under obstetric care during the optimal time
for initial LT4 dose adjustment, patient education precon-
ception is vital.

In this study we surveyed the surgeon attendees at the
annual AAES’ meeting in an attempt to determine exposure to
and impact from the 2007 Endocrine Society’s ‘‘Guidelines on
the Management of Thyroid Dysfunction during Pregnancy
and Postpartum.’’ Interestingly, 23% of endocrine surgeons
reported reading the guidelines, and this is higher than the
11.5% of Wisconsin obstetricians and family physicians who
read the guidelines (18). The reason for the higher rate of
surgeon awareness is not clear but may be due to membership
in organizations affiliated with endocrinologists, multidisci-
plinary clinics with endocrinologists, and, most importantly,
access to the journal publishing the guidelines. Although
these details were not addressed in the survey, previous

FIG. 2. The majority of surgeons report that ‘‘most’’ to ‘‘all’’
of their thyroid patients had either already seen an endo-
crinologist or were referred to an endocrinologist. LT4,
levothyroxine.

FIG. 3. Of the 109 surgeons surveyed, 26 (23%) reported
reading the 2007 Endocrine Society’s ‘‘Guidelines on the
Management of Thyroid Dysfunction during Pregnancy and
Postpartum.’’ Reading the guidelines was associated with a
significantly higher likelihood of patient education on LT4
dose changes with pregnancy ( p< 0.0001).

Table 2. Multivariable Logistic Regression

p-Value

Predictive of educating the patient often=always
Read guidelines 0.006a

Surgeon sex 0.724
Academic practice 0.265
No. of years in practice 0.603
No. of thyroid surgeries 0.073
Predictive of reading the guidelines
Surgeon sex 0.605
Academic practice 0.202
No. of years in practice 0.419
No. of thyroid surgeries 0.006a

aSignificant based on p< 0.05.

Table 3. Thyroid Surgery Volume Is Predictive

of Reading the Guidelines

Mean no. of surgeries p-Value

Read the guidelines 164.46� 16.98 0.005
Did not read 115.01� 8.27
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studies have shown that comanagement in a multidisciplin-
ary clinic is associated with surgical decisions that improve
patient care (20).

Despite a relatively small percent of surgeons who read the
guidelines, our study shows that reading the guidelines was
the only independent predictor of patient education on thy-
roid hormone dose requirements with pregnancy. Eighty-five
percent of those who read the guidelines versus 44% of those
who did not read the guidelines ‘‘often’’ or ‘‘always’’ informed
patients of higher LT4 requirements with future pregnancy.
Provider sex, academic practice, and number of years in
practice were not associated with increased patient education.
When we evaluated factors predictive of reading the guide-
lines, surgeon volume was highly associated with guideline
reading. It is well known that surgeon volume is associated
with decreased morbidity and mortality (21,22). Even in the
setting of thyroid surgery, a surgery with a low mortality rate,
there is a confirmed relationship between surgical volume
and decreased complications (23). However, as far as we
know, there are no previous data showing that surgical vol-
ume is associated with increased guideline awareness and
subsequent patient education.

These findings are important for several reasons. First,
uncontrolled maternal hypothyroidism can result in adverse
pregnancy outcome. This includes adverse effects on the
mother such as preeclampsia and increased likelihood of C-
section and adverse effects on the fetus such as premature
delivery, low birth weight, fetal death, and decreased infant
IQ (1–6). Although there is an assumption that the burden of
awareness falls on the obstetrician, many patients are not
under obstetric care at the optimal time for dose adjustment
(18). Although surgeons would usually not be involved in
dose adjustment, education at the time of initial LT4 pre-
scription is vital and allows a patient to advocate for herself at
the time of conception. In addition to informing patients of the
risk of laryngeal nerve damage and permanent hypothy-
roidism with thyroid surgery, it may be beneficial if surgeons
also inform patients of the 85% likelihood of increased LT4
demands with pregnancy (8,24). Second, as far as we know,
the relationship between surgeon volume, guideline aware-
ness, and patient education has never been illustrated. How-
ever, this is a logical association as surgical volume is likely a
marker of subspecialization. Although the group of surgeons
surveyed was already a subspecialized group of endocrine
surgeons, even within this cohort some surgeons have more of
an interest in thyroid surgery versus parathyroid or adrenal. It
is probable that the surgeons with the highest thyroid surgery
volume are also the ones with the most clinical interest and=or
research interest in thyroid disorders. Thus, this subgroup
reading the guidelines may be a self-selected population.
However, volume alone was not predictive of patient edu-
cation. Reading the guidelines was vital.

Although these findings are important, there are several
limitations to this study. First, the majority of the surgeons
surveyed have specialized in endocrine surgery; therefore, we
may not be able to extrapolate these data to all general sur-
geons. Second, 109 (42%) of meeting attendees returned the
survey and 103 (94%) completed the entire survey. Physician
surveys have notoriously poor response rates with 35% not
uncommon, and thus a response rate of 42% is reasonable.
A previous survey study of the same cohort, AAES members,
had a similar number of completed surveys, 109 (25), sug-

gesting that there may be a set number of AAES members
who participate in survey studies. Since the percent of resi-
dents and fellows completing the survey was less than the
percent present at the meeting and a higher percent of female
versus male surgeons completed the survey, there is a risk of
nonresponse bias. Third, practice patterns were based on self-
report and thus subject to respondent recall. Respondent re-
call can result in bias and self-inflation. For example, the mean
number of thyroid surgeries performed in 2008 is much higher
than the number performed by the highest volume surgeon
in Maryland in 1998 (23). It is not clear if this is due to self-
inflation or related to the rising demand for endocrine surgery
(26). Although we do not have patient data to confirm surgery
number, in other studies surgeon recall in regard to volume
has correlated highly with the number of patients actually
treated (20). It is not clear if self-report on patient education is
also highly correlative. Finally, since most of the surgeons
report that their patients were also seen by endocrinology,
a lack of patient education from the surgeon does not neces-
sarily mean that the patient did not receive the information
from other sources. It is likely that the endocrinologists also
educate the patients on LT4 dose changes with pregnancy.
However, close to 25% of the surgeons do not consistently
refer patients to endocrinology, and these patients would be
particularly vulnerable without surgeon education.

In summary, this study has shown that surgeons who read
the 2007 Endocrine Society’s ‘‘Guidelines on the Management
of Thyroid Dysfunction during Pregnancy and Postpartum’’
were significantly more likely to inform patients of the need
for higher LT4 doses with future pregnancy. Within this
highly specialized group of surgeons, surgical volume was
the single predictor of guideline awareness.

This study emphasizes the role of clinical guidelines in
influencing provider-initiated patient education. In the case of
thyroid hormone replacement in pregnancy, when the patient
may not be under obstetric care at optimal window for LT4
dose increase, there is a role for guideline dissemination to a
broader population of healthcare providers.
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