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Abstract

Introduction—A Thyroidectomy Difficulty Scale (TDS) was previously developed that
identified more difficult operations, which correlated with longer operative times and higher
complication rates. The purpose of this study was to identify pre-operative variables predictive of
a more difficult thyroidectomy using the TDS.

Methods—A four item, 20-point TDS, was used to score the difficulty of thyroid operations.
Patient and disease factors were recorded for each patient. Difficult thyroidectomy (DT) and non-
difficult thyroidectomy (NDT) patients were compared. A final multivariate logistic regression
model was constructed with significant (p<0.05) variables from a univariate analysis.

Results—189 patients were scored using TDS. 69 (36.5%) suffered from hyperthyroidism, 42
(22.2%) from Hashimoto’s, 34 (18.0%) from thyroid cancer and 36 (19.0%) from multinodular
goiter. Among hyperthyroid patients, the DT group had a greater number preoperatively treated
with Lugol’s potassium iodide (81.6% DT vs. 58.1% NDT, p=0.032), presence of ophthalmopathy
(31.6% DT vs. 9.7% NDT, p=0.028) and presence of (>4 1U/mL) anti-thyroglobulin antibodies
(34.2% DT vs. 12.9% NDT, p=0.05). Using multivariate analysis, hyperthyroidism (OR 4.35, 95%
Cl 1.23-15.36, p=0.02), presence of anti-thyroglobulin antibody (OR 3.51, 95% CI 1.28-9.66,
p=0.015), and high (>150 ng/mL) thyroglobulin (OR 2.61, 95% CI 1.06-6.42, p=0.037) were
independently associated with DT.

Conclusion—Using TDS, we demonstrated that a diagnosis of hyperthyroidism, pre-operative
elevation of serum thyroglobulin and anti-thyroglobulin antibodies are associated with DT. This
tool can assist surgeons in counseling patients regarding personalized operative risk and improve
OR scheduling.
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Introduction

Methods

Today, thyroidectomy is a common operation used to treat and/or cure various thyroid
disorders. Over ninety thousand thyroid procedures were performed during 2006 in the
United States, and the number of thyroid operations continues to rise (1, 2). The degree of
difficulty as well as length of a thyroid procedure can be influenced by a variety of factors,
many of which cannot be assessed until the patient is in the operating room.

In order to have a more objective measurement of difficulty, Schneider and colleagues
developed a “Thyroidectomy Difficulty Scale” (TDS) (3). TDS is a four item (vascularity,
friability, mobility/fibrosis, gland size), 20-point scale, in which each item is scored on a
five-point scale. Immediately following a thyroidectomy, the surgeons completed the TDS.
In our previous work, this scale was internally validated, and was shown to have high inter-
rater agreement. Higher TDS scores were noted to correlate with both longer operative times
and higher rates of complications (3).

Although the complications from thyroid surgery are rarely fatal, their consequences can be
life-long. The main complications associated with thyroidectomy include injury to the
recurrent laryngeal nerve, damage to the parathyroid glands, and postoperative hematoma.
Recurrent laryngeal nerve injury and hypoparathyroidism have the potential to be life-long,
costly issues for a patient (4-6). The incidence of these complications increases with thyroid
pathology associated with increased gland size, fibrosis, vascularity, or inflammation (4-6).
Although certain disease states such as hyperthyroidism, goiter, and thyroiditis are
associated with more difficult thyroidectomies, the degree of difficulty often varies widely,
and it is difficult to quantify or predict the level of difficulty of these cases preoperatively (3,
5-11). Surgical risk in thyroidectomy is well studied, but there is no literature regarding the
quantification of “difficulty” or an objective measure of “difficulty” for a thyroidectomy (4—
9, 12-15). Difficulty scales have been developed for nephrectomy (16) and choledochotomy
(17), but none exist in the area of thyroid surgery. This novel TDS has allowed for
quantification of difficulty for thyroidectomy.

If particular patient variables were known to contribute to a more difficult and potentially
higher risk thyroid removal, or result in a potentially longer operation, a surgeon would be
able to appreciate these factors and take them into consideration when planning a
thyroidectomy. This knowledge can improve OR scheduling and preoperative risk
counseling. The purpose of this study was to identify objective predictors of a more difficult
thyroidectomy.

This study involved patients undergoing thyroidectomy by three endocrine surgeons at a
high volume tertiary referral center between 2011 and 2013. Patient demographics,
preoperative labs, medications, co-morbidities, and postoperative complications were
obtained from the prospectively maintained, IRB-approved, Endocrine Surgery database.
Surgeons completed the 20-point TDS after the thyroid operation (Figure 1). The difficulty
scale includes four factors: vascularity, friability, mobility/fibrosis, and gland size. Each
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factor was graded on a scale from 1-5 with one indicating minimal or normal, and five
indicating extensive or significant involvement. An overall score of 20 would indicate the
most difficult thyroidectomy (3). Patients undergoing concomitant neck dissection,
parathyroidectomy or re-operative thyroidectomies were excluded. Thyroid cancer patients
who underwent a central neck lymph node dissection were excluded since their procedures
would have a longer operative time. All thyroid cancer patients were grouped together and
their histologic classifications were not included in the study. Patients undergoing
lobectomy were included in the study, but to account for the difference in time, their
operative times were doubled. Operative times were obtained from the electronic operative
record and standardized to each surgeon’s average time.

In order to categorize each patient as difficult thyroidectomy (DT) or non-difficult
thyroidectomy (NDT), a threshold TDS score was determined. The threshold was chosen
based on the score that best divided adjusted operating room (OR) times above and below
the surgeons’ average time. The patient population was divided into subgroups based on
their diagnosis of hyperthyroidism, Hashimoto’s thyroiditis, thyroid cancer or multinodular
goiter. Hyperthyroidism was defined as a patient having TSH < 0.5 mIU/L (18). A patient
was defined as having Hashimoto’s thyroiditis if they had an anti-thyroid peroxidase
antibody lab value greater than 25 IU/mL. Lab values of anti-thyroglobulin antibody greater
than 4 IU/mL were considered positive for anti-thyroglobulin antibody. A thyroglobulin
level greater than 150 ng/mL was considered “high” thyroglobulin. Hoarseness, defined as
voice changes after surgery, and hypoparathyroidism, defined as parathyroid hormone
(PTH) below 10, were defined as transient if they resolved within six months, and
permanent if the symptoms persisted over six months.

The groups were compared using the student’s t-test or Wilcoxon Rank-Sum for continuous
variables, chi squared and Fisher’s exact test for categorical variables. To identify predictors
of DT, a multivariate logistic regression model was constructed with significant (p<0.05)
variables from a univariate analysis. All statistical analyses were performed using STATA v.
12 (StatCorp, College Station, TX). A p value of < 0.05 was determined to be significant.
Data are expressed as mean + standard error of the mean, or as number (percentage) as
appropriate.

Patient Demographics

Over the 24-month study period, a total of 189 consecutive patients were scored using TDS.
146 patients were female (77.25%) and the mean age was 49 +/- 15.0 years. Within this
cohort, 69 patients (36.5%) suffered from hyperthyroidism, 42 (22.2%) from Hashimoto’s
thyroiditis, 34 (18.0%) from differentiated thyroid cancer and 36 (19.0%) from multinodular
goiter. Of the 189 patients, 25 (13.2%) were smokers and 3 (1.6%) were pregnant at the time
of operation. 72 (38.1%) patients experienced compressive symptoms and 10 (5.3%) had
previous radioactive iodine ablation (Table 1).
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Defining Difficult Thyroidectomy

A score of one in each TDS category (vascularity, friability, mobility/fibrosis, and gland
size) would give the minimum total TDS score of 4; a score of five in each category would
give the maximum total TDS score of 20. The average total TDS score for all 189 patients
was 8.9. Among the 189 patients, the mean score for vascularity was 2.36, friability was
1.93, mobility was 2.04 and size was 2.59.

A threshold TDS score of 10 was chosen to categorize each patient as a difficult
thyroidectomy (DT, TDS greater than or equal to 10) or non-difficult thyroidectomy (NDT,
less than 10). A score equal to or greater than 10 was chosen because it best divided adjusted
OR times above and below the surgeons’ average time (Figure 2).

Operative Times

All operative times were standardized to each surgeon’s average time. A relative time of one
is equivalent to the surgeon’s average time. If an operation took longer than the surgeon’s
average, the relative time would be greater than one. If an operation took less time than the
surgeon’s average, the relative time would be less than one. The NDT patients had an
average relative time of 0.96, indicating most NDT patients’ operations took less time than
the surgeon’s average operating time. The DT patients had an average relative time of 1.12,
indicating most DT patients’ thyroidectomies took longer than the surgeon’s average
(p<0.01) as expected based on how these two groups were defined.

Subgroup Analysis

Of the hyperthyroid patients, the DT group had more than three times as many patients with
ophthalmopathy compared to the NDT group (p=0.04, Table 2). In addition, the
hyperthyroid DT group had 23.5% more patients who were treated with Lugol’s potassium
iodide drops compared to the hyperthyroid NDT group (p=0.04, Table 2). Lastly, there were
almost three times as many patients with anti-thyroglobulin antibodies present in the
hyperthyroid DT group than the hyperthyroid NDT group (p=0.05, Table 2).

Among the Hashimoto’s thyroiditis and multinodular goiter subsets, there were no
statistically significant differences between the DT and NDT groups.

Of the 34 patients with thyroid cancer, 22 had PTC (64.7%), 12 (35.3%) had follicular-
variant of PTC, and 1 patient (2.9%) had FTC. There were no significant differences in TDS
scores. In the cancer cohort, those who had a DT had a higher mean preoperative
thyroglobulin value compared to NDT patients (897 ng/mL vs. 55 ng/mL, p=0.027). There
were no other differences between these two groups in laboratory, demographic, or clinical
factors identified in the cancer subset.

Complications

Of the 189 patients, 40 (21.2%) experienced a postoperative complication. Patients meeting
the definition of DT experienced nearly three times the complication rate compared to the
NDT group (38.2% vs. 13.2%, p<0.01, Table 1). A total of 13 (6.9%) patients experienced
transient hoarseness (voice changes) and of those 13, six (10.0%) were DT patients
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compared to 7 (5.4%) in the NDT group (p=0.23, Table 3). A total of 24 (12.7%) patients
experienced transient hypoparathyroidism and of those 24, 14 (23.3%) were DT patients vs.
10 (7.8%) in the NDT group (p<0.01, Table 3). No patients in either group suffered
permanent hoarseness or permanent hypoparathyroidism. A total of five (2.6%) patients
experienced a postoperative hematoma and all five (100%) were DT patients (p<0.01, Table
3).

Multivariate Analysis

To determine which patient and disease factors were associated with DT, a univariate
analysis was first performed using a logistic regression model. Variables found to be
significant on univariate analysis (p<0.05) were then included in the final multivariate
model. Variables included in the final model were: age, sex, cancer, hyperthyroidism,
Hashimoto’s, smoker, TSH less than 0.1mIU/L, free T4 greater than 1.5ng/dL, thyroid
stimulating immunoglobulin, anti-thyroglobulin antibody, thyroglobulin greater than
150ng/mL, ophthalmopathy, and greater than or equal to two anti-thyroid medications
preoperatively. In this model, three variables were noted to be significant between the DT
and NDT groups. Hyperthyroidism (OR 4.35, Cl 1.23-15.36, p=0.02), the presence of anti-
thyroglobulin antibody greater than 4 IU/mL (OR 3.51, Cl 1.28-9.66, p=0.02), and high
(>150 ng/mL) thyroglobulin (OR 2.61, ClI 1.06-6.42, p=0.04) were independently associated
with DT (Table 4).

Discussion

Obijective preoperative measures that predict a more difficult thyroid operation using the
TDS were identified. Hyperthyroidism, Graves’ ophthalmopathy, pre-operative
thyroglobulin, and anti-thyroglobulin antibody were associated with a more difficult
thyroidectomy. Knowledge of these predictors of difficulty can aid in operative risk
counseling and scheduling operating room time.

TDS is a novel tool; the literature lacks any means for identification of patient or disease
factors predictive of a more difficult thyroidectomy. There is, however, research examining
factors predictive of complications after surgical procedures in other disciplines (16, 17),
such as intubation, laparoscopy, cataract surgery, and aneurysm repair (19-23).

Historically, thyroidectomy was performed as an inpatient procedure due to concern for
postoperative hematoma or symptomatic hypocalcemia. More recently, the safety and utility
of outpatient thyroidectomy has been reported (1, 24-26). Outpatient thyroidectomy is
considered safe for most patients due to a number of advancements, including PTH testing,
calcium supplementation, vocal fold evaluation and the use of intraoperative hemostatic
agents and energy devices to reduce bleeding (24, 25). In keeping with the efficiency of
outpatient operating centers, proper OR scheduling is essential (3). More predictable OR
schedules can allow more efficient staffing and cost reduction. Knowing preoperative
factors that predict a more difficult operation can assist surgeons with properly scheduling
an OR time slot or assigning a case to the inpatient OR due to predicted increased risk
and/or operative time (3, 24).
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Many of the traditional markers of morbidity and mortality do not necessarily apply to
thyroidectomy where the mortality rate approaches zero, but the morbidity can be significant
(27-30). The American College of Surgeons (ACS) developed a surgical risk calculator that
can be used to estimate the risks of most operations and will allow clinicians and patients to
make decisions using empirically derived, patient-specific postoperative risks (31). ACS
recognizes the need to be able to estimate customized, patient-specific risks for surgical
operations (31). However, none of the items account for the risks specific to thyroidectomy,
such as hoarseness or hypocalcemia. With the evolution of pay for performance, it is
essential to assess and adjust risk for specific procedures like thyroidectomy, not just overall
surgical complications. The TDS helps to identify these higher risk patients specific to
thyroidectomy.

Specific to thyroid surgery, the objective data gained from this study, using TDS, can be
used to guide preoperative risk counseling so the patient can better know their chance of
endocrine-specific complications. For example, hyperthyroid patients with Graves’
ophthalmopathy, positive anti-thyroglobulin antibody or those treated with Lugol’s SSKI
who are undergoing thyroidectomy can be informed that they have a three times higher risk
of experiencing complications compared to hyperthyroid patients without these factors.

This study discovered that hyperthyroid patients, most suffering from Graves’ disease, had
more difficult thyroidectomies. Within the study cohort, a diagnosis of hyperthyroidism was
independently associated with a more difficult thyroid operation and more complications.
Although thyroidectomy is curative for Graves’ disease and morbidity is low at high volume
centers (32), Hallgrimsson et al. and Welch et al. both found Graves’ disease to be
associated with increased morbidity, specifically hypocalcemia, following total
thyroidectomy (33, 34). Campbell et al. investigated risk factors for hematoma after
thyroidectomy and found Graves’ disease to be independently associated with hematoma
post-thyroidectomy (35). Within this group of hyperthyroid patients, those treated with
Lugol’s potassium iodide drops, had ophthalmopathy, or had the presence of anti-
thyroglobulin antibodies preoperatively, were noted to have more difficult operations based
on the TDS system.

Potassium iodide (K1) is currently administered preoperatively to Graves’ disease patients to
reduce gland vascularity and diminish blood loss during thyroidectomy, per current
American Thyroid Association guidelines (36). Among our study’s patient population,
Lugol’s potassium iodide was selectively administered preoperatively to patients with
Graves’ disease and those blocked with anti-thyroid medications. It was not given to patients
with toxic multinodular goiter or those not requiring anti-thyroid medications. Shinall et al.
concluded that when KI is not used there is no appreciable detriment to Graves’ disease
patient outcomes (36). Even though the use of KI was associated with DT among the
hyperthyroid patients, surgeons typically choose to preoperatively administer Kl to patients
with severe Graves’ disease. Therefore, the use of KI may be a marker of patients who had
more severe hyperthyroidism preoperatively. However, since KI remained an independent
predictor of difficulty, our group is now specifically evaluating the use of Kl in
hyperthyroidism. Wong et al. found that Graves’ ophthalmopathy is associated with
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hypoparathyroidism post-total thyroidectomy, consistent with the finding that hyperthyroid
patients with ophthalmopathy experience more complications (37).

In addition, the preoperative anti-thyroglobulin antibody levels can be used to predict a
potentially more difficult operation in all patients, and this is in line with studies by
McManus and colleagues (4, 14). Although much has been published on treatment and
operative risk for Graves’ disease, Hashimoto’s and thyroid cancer patients, there is no
published literature that investigates specific preoperative factors that are predictive of a
more difficult thyroid operation (4-11, 13-15, 18). The data found in our study can be used
to differentiate which hyperthyroid patients, like those with ophthalmopathy, or which
cancer or Hashimoto’s patients, will experience a more difficult operation.

Upile et al. discussed “the difficult thyroid” and indicated how obtaining consent for
complications that haven’t happened yet poses a problem for surgeons (9). Our study
describes preoperative factors that predict a more difficult thyroid operation, and since our
definition of a difficult thyroid operation (TDS score >10) was associated with more
complications, these factors may predict postoperative complications. Proper informed
consent is ethically and legally required for all planned therapies (38); informed consent for
a surgery must include the risks, expected benefits and alternatives to treatment, and must
also include discussion of the expected postoperative course, including other interventions
that may be needed if complications occur (39, 40). Since hyperthyroidism, positive anti-
thyroglobulin antibodies and high thyroglobulin are associated with DT, this information
should be included during a patient’s preoperative counseling, thereby enabling the
discussion to be tailored to the individual patient.

There are some limitations to this work. This was a retrospective study from a single high
volume center. Therefore, the concept of difficulty may not be generalizable to lower
volume centers. Another limitation of this study is the fact that many of the lab values
investigated as predicting factors are not routinely drawn. At our center these labs, including
anti-thyroglobulin antibodies, anti-thyroid peroxidase antibodies, are drawn under existing,
IRB-approved research protocols. Although we do not advocate routine ordering of these
labs for all patients undergoing thyroidectomy, this data remains useful since they identify
difficult disease processes (thyroiditis, hyperthyroidism), provide threshold values (positive
anti-thyroglobulin antibodies, thyroglobulin > 150ng/mL), and can identify potentially
difficult cases that might benefit from referral to a high volume center. The next step of this
study is to create a simplified prediction model, exploring only standard data that is
routinely available.

Blood loss was not included in our difficulty scale because it is a very subjective item.
Although these results only represent three surgeons, OR times were normalized to each
surgeon’s average time to control for differences in time due to a surgeon’s experience or
technique. Nonetheless, this study was conducted at a high volume, tertiary referral center,
and these measures of difficulty may not apply to all surgeons, especially those with lower
thyroidectomy volumes.
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The Thyroid Difficulty Scale was used to identify predictors of difficult thyroidectomy.
Patients with hyperthyroidism, thyroglobulin greater than 150ng/mL, positive anti-
thyroglobulin antibodies, may have a DT associated with longer operative times and
increased complications. This information can improve preoperative risk counseling and
lead to more efficient scheduling of the operating room.
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Thyroidectomy Difficulty Scale
(TDS)
Patient Name/MRN

Surgeon
Date of Surgery

Vascularity 1 2 3 4 5

Normal Moderata Extensive

Friability 1 2 3 4 5

Easy to Tears casily Urable to
ralract but able to haokd with
retract any clarp

Mobility/ 1 2 3 4 5

H : Elovates Able |0 melract Fixed in
FlbeSls nyaly medaly wih postior'unable
wflort o relract
-
GlandSize 1 2 3 4 5
Momal Above Largeigoker
wre average

Point Total

Comments:

Figure 1. TDS Score Sheet
The surgeon completed this form after a thyroidectomy. The TDS includes four items:

vascularity, friability, mobility/fibrosis, and gland size. Each item is scored on a five-point
scale.
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Relative OR Time

1.5
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Figure 2. TDS Score vs. Relative OR Time
A relative time of one signifies the surgeon’s average time. A TDS threshold of 10 was

defined as a difficult thyroidectomy since it best divided operative times above and below
each surgeon’s average time.
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Table 1
Patient Demographics (n = 189)

Variable NDT DT p-value
N 129 60

Adjusted OR Time 0.94+0.2 1.13+0.2 <0.01
Age (years) 49.1+150 46.8+15.1 0.33
BMI* 289+6.4 29.0+6.4 0.98
Cancer 28 (21.7%) 6 (10.0%) 0.07
Complications 17 (13.2%) 23 (38.2%)  <0.01
Compressive Symptoms 51 (39.5%) 21 (35.0%) 0.55
Female 103 (79.8%) 44 (73.3%)  0.32
Hashimoto’s 37(28.7%)  6(10.0%)  0.01
History of Radiation 3(2.3%) 0 (0.0%) 0.55
Hyperthyroid 31(24.0%) 38 (63.3%) <0.01
MNG** 23 (17.8%) 13 (21.7%) 053
Number of Comorbidities 1915 18+14 0.57
Pregnant 1(0.8%) 2 (3.3%) 0.24
Previous RAI 5 (3.9%) 5 (8.3%) 0.29
Smoker 12(9.3%) 13(21.7%)  0.02

Data are expressed as a mean * standard error of the mean for continuous variables and the count with the percentage in parentheses for categorical
variables.

BMI = body mass index, RAI = radioactive iodine, OR = operative time.
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Subgroup Analysis
Variable NDT DT p
Hyperthyroidism
N 31 38
Age 457 (£18.0) 42,9 (+13.1) 0.46
Female 27 (87.1%)  28(73.7%) 0.17
Ophthalmopathy 3(9.68%) 12 (31.58) 0.04
Lugol’s SSKI 18 (58.06%) 31 (81.58%) 0.03
a-TG antibody 4 (12.9%) 13 (34.21%) 0.05
Cancer
N 28 6
Age 492 (+13.2) 453 (+21.2) 056
Female 18 (64.3%)  4(66.7%)  0.89
Thyroglobulin (ng/mL) 55 897 0.03

Table 2

Data are expressed as percentage in parentheses for categorical variables.

SSKI = saturated solution potassium iodide, a-TG = anti-thyroglobulin antibody.
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Table 3

Complications

Variable NDT DT p

N 129 60
Complications 17 (13.2%) 23(38.2%) <0.01
Transient Hoarse 7 (5.4%) 6 (10.0%) 0.23

Permanent Hoarse 0 0 1.00
Transient 10(7.8%) 14 (23.3%) <0.01
Hypoparathyroid

Permanent 0 0 1.00
Hypoparathyroid

Hematoma 0 5 (8.3%) <0.01

Data are expressed as percentage in parentheses for categorical variables. Significant variables are in bold.
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Multivariate Analysis

Variable Odds Ratio 95% ClI P

Age 1.00 0.97-102 0.76
Sex 0.49 0.18-1.31 0.16
Hyperthyroid 4.35 1.23-15.36 0.02
a-TG antibody 3.51 1.28-9.66  0.02
TG >150ng/mL 2.61 1.06-6.42 0.04
Cancer 0.72 0.22-233 0.58
Hashimoto’s 0.44 0.12-156 0.20
Smoker 1.12 0.36-3.47 0.85
TSI 0.70 0.20-249 0.58

Significant variables are in bold.

a-TG = anti-thyroglobulin antibody, TG = thyroglobulin, TS = thyroid stimulating immunoglobulin
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