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Introduction

The practice of evidence based medicine means integrating individual clinical expertise 
with the best available external clinical evidence from systematic research—From 
“Evidence based medicine, what it is and what it isn’t” BMJ Jan 13 1996 Volume 312

 What Is a Difficult Decision?

Life is a constant stream of decision making. From the time we wake up until the 
time we go to bed, we are continually making decisions. Every action taken, every 
movement, every thought has derived in some way from the decision-making pro-
cess. Decision making is so essential to everyday function that it seems like much 
of it happens without our consciously thinking about it. But have you ever stopped 
to think about what a decision is and how it is derived? When you stop to consider 
this for a moment, you realize that what seems like something simple and mundane, 
the act of making a choice, is actually quite complex. So complex that there are 
entire psychology departments, societies, and scientific journals dedicated to study-
ing and understanding human decision making. For the context of this book, how-
ever, let us consider a simple definition. In essence, decision making is the process 
of selecting a course of action from among multiple alternative possibilities. The 
final result of this process being a choice that will ultimately lead to future conse-
quences. In medical decision making, it is these future consequences that we are 
consciously and subconsciously weighing every time we give our advice or opinion 
to our patients. Decision making becomes difficult when there is uncertainty regard-
ing the type or magnitude of the consequences of each alternative being weighed. 
The more uncertainty, or the bigger the possible consequence, the more difficult the 
decision. Uncertainty is inherent in the medical decision-making process. We as 
physicians expect that our tests are not perfect, good outcomes are not always guar-
anteed, and the risks and benefits of our interventions vary based on circumstance. 
After all, it often seems as if the whole point of learning about sensitivity, specific-
ity, and receiver operator curves in medical school is to remind us of the fact that 
there is still a certain amount of “art” in the science of medicine.
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 What Is This Book About Anyway?

It is from this idea that a lack of information leads to difficult decisions that this 
book Difficult Decisions in Endocrine Surgery was created. We started with a sim-
ple premise, to identify clinical scenarios that we see in our academic endocrine 
surgery practice that made us pause for a minute and think “what in the world are 
the evidence-based data on that?” Fortunately for us as editors of this book, there is 
no paucity of unusual, rare, and interesting cases that come through a busy aca-
demic endocrine surgery practice. That aspect of endocrine surgery is in part what 
makes it such an interesting clinical practice and what drives so many interesting 
research questions. Aside from the rare and unusual we also felt that to keep the 
book contemporary and useful on a broader level it was important to include chap-
ters on things that might be more common, but are still controversial. Once the 
questions were identified, we looked through available literature as well as past 
meetings of the American Association of Endocrine Surgeons to find our expert 
chapter authors. We asked these authors to use a strict set of guidelines to write 
evidence-based medicine chapters on each topic. The goal being to provide the 
reader with the highest level of evidence possible to allow for clinical decision mak-
ing. You can think of this book almost as a premade literature search combined with 
an expert mentor giving his or her own take on that literature. At the time of the 
writing of this book, there really is no additional scientific evidence available on 
most of these topics outside of what you will find synthesized here.

 What Is Evidence-Based Medicine Really?

A common theme you will see throughout this book is a lack of good, objective 
level 1 evidence for many of the topics being discussed. Using the definition of a 
“Difficult Decision” that we outlined above, it was inevitable that we would come 
up with a set of clinical scenarios that did not have much evidence to support their 
treatment or care. So you might reasonably ask, is this book then an evidence-based 
book? We would argue that yes, in fact, this is an evidence-based book of a high 
quality. We believe this to be the case because the meaning and purpose behind the 
idea of “evidence-based medicine” is often misunderstood. Evidence-based medi-
cine is not a mechanical following of practice guidelines. As explained in an edito-
rial by Dr. David Sackett, one of the pioneers and founders of the evidence-based 
medicine movement, “The practice of evidence based medicine means integrating 
individual clinical expertise with the best available external clinical evidence from 
systematic research.” In endocrine surgery, because there are many things that are 
unusual and rare we deal daily with cases and scenarios that do not have high levels 
of research-based evidence. In these cases, we can still practice evidence-based 
medicine, but we do this by integrating what little evidence is known with our own 
clinical experience along with the clinical expertise of those among us who have the 
most experience dealing with these situations. In this way, we learn and grow as 
individual practitioners and expand the broader field of endocrine surgery. We hope 
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you find this book informative and useful, as well as helpful for your patients. We 
also hope that you take the lack of evidence presented in this book not as a negative 
but as a positive motivator to continue to expand your own personal research 
endeavors, as well as those of the entire endocrine surgery community. It is the basic 
inquisitive nature that is at the core of what drives so many of the most important 
clinical research studies. If this book leaves you with more questions than answers, 
then perhaps, counterintuitively, we have done our job.

Introduction
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Sadeesh K. Srinathan

Abstract
Evidence-based medicine (EBM) is a term which entered the lexicon of medical 
practice in 1992. It can be defined as “the conscientious, explicit, and judicious 
use of current best evidence in making decisions about the care of individual 
patients”. In this chapter we illustrate how to practice EBM using a sequence of 
straight forward steps moving from phrasing a clinical question to making a 
judgment of the risk of bias in the evidence we encounter. We will then introduce 
and use the GRADE system of determining the quality of evidence to allow the 
surgeon a means of determining their confidence in the evidence that they use to 
guide their clinical practice.

Keywords
EBM · Evidence based medicine · GRADE · Bias · Study design · Systematic 
reviews · Trials

 Introduction

Surgeons routinely make difficult decisions. In many cases, the difficulty lies in the 
need to make these decisions in the face of incomplete or unreliable information. An 
example of this in an individual patient is deciding to perform an exploratory lapa-
rotomy for an acute abdomen where the evidence from diagnostic studies may be 
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incomplete or contradictory. Another example, in terms of policy, would be to 
decide on the appropriateness of screening for occult malignancies where the evi-
dence for early detection may be closely matched by evidence for undesirable 
events such as overtreatment.

In this book, difficult scenarios commonly encountered by the endocrine surgeon 
are presented. The authors of each chapter lay out the available evidence and make 
a recommendation as to the appropriate responses in these scenarios. They have fol-
lowed the principles of evidence-based medicine to come to their recommendations 
and the purpose of this chapter is to present an overview of the process which led to 
their recommendations.

The phrase Evidence Based Medicine (EBM) came into widespread use after 
1992 following a publication by Guyatt et al. [1], and is now commonly agreed to 
mean: ‘…the conscientious, explicit, and judicious use of current best evidence in 
making decisions about the care of individual patients. The practice of evidence 
based medicine means integrating individual clinical expertise with the best avail-
able external clinical evidence from systematic research” it also means that “…
thoughtful identification and compassionate use of individual patients’ predica-
ments, rights, and preferences in making clinical decision…” [2].

The practice of EBM can be carried out by using the following principles: (1) ask 
a clinical question, (2) locate the evidence, (3) appraise and synthesize the evidence, 
and (4) apply the evidence [3].

 Asking the Clinical Question

On the face of it, asking the clinical question is straightforward. A patient problem 
is presented, and a question arises. For example, Mrs. Smith is presenting with a 
multinodular goiter. Should this patient undergo a total thyroidectomy or a subtotal 
thyroidectomy?

Going directly to Google with the key words “thyroidectomy for goitre”, we 
obtain 250,000 hits, while Wikipedia results in 17 hits. Clearly, neither of these 
extremes is satisfactory in helping us to determine a surgical approach. A useful step 
is to convert this specific clinical question about Mrs. Smith to a form that will allow 
us to search for the relevant evidence. The PICO format, which is used throughout 
this book, is a useful tool for this purpose.

The P stands for Patient or Population and specifies the patient group to which the 
question refers, in this case it may be: (a) all patients with a multinodular goitre, (b) 
adult patients with a multinodular goiter, (c) adult patients with a non-toxic multi-
nodular goiter (d) adult patients with a non-toxic multinodular goiter who have had 
a previous operation in the neck. It is apparent that each iteration of the definition of 
the population is more and more specific. These details are important, but we may 
limit the information available to us if we define our population of interest too 
narrowly.

The I is for the Intervention or exposure of interest and specifies what has hap-
pened to a group of patients such as an operation, or a diagnostic test. In our example 
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the intervention we are considering is a total thyroidectomy. However, there could 
also be specific issues that are considered important such as the use of drains.

The C refers to the comparator that we are interested in. In this case it is a subto-
tal total thyroidectomy, but again we should be mindful of specific details of the 
standard procedure that may be important for our specific question.

O stands for the Outcome of interest. It is very important to be specific about the 
outcome of interest as it is likely that various studies may have used different out-
comes in the study design than the one you are interested. One study may have been 
focused on goiter recurrence, whereas another may have been focused on incidence 
of major complications. It is worthwhile to identify each outcome of interest in the 
specific clinical scenario and to order them in order of importance to the patient and 
surgeon so that an overall assessment of the utility of an intervention can be made.

Taking these features of the clinical question into account, we can frame the 
scenario for Mrs. Smith in the following PICO question:

In an adult patient with a non-toxic goiter, does a total thyroidectomy result in 1) decreased 
mortality 2) lower or same goiter recurrence 3) fewer complications than a subtotal 
thyroidectomy?

P: Adults with a non-toxic multinodular goiter
I: total thyroidectomy
C: subtotal thyroidectomy
O: (1) operative mortality, (2) goiter recurrence, and (3) complications

It is worth considering when reviewing the chapters in this book, whether the 
PICO questions chosen by the authors are sufficiently similar to your own formula-
tion of the question for their findings and recommendations to apply to your specific 
case.

 Finding the Evidence

Often the first step in a literature search is to go to PubMed, the interface to access 
the Medline database of citations in the National Library of Medicine in the United 
States. However, a search of “total subtotal thyroidectomy” produces 776 citations. 
This is more than we can reasonably go through for the purposes of answering a 
specific question for a patient. But, if we use the Clinical Queries page in PubMed 
which uses an algorithm to deliver focused studies relevant to clinical practice [4], 
we obtain citations for 26 systematic reviews and 313 clinical studies, much better. 
Alternative search engines include TRIP database (http://www.tripdatabase.com/) 
and SUMsearch (http://sumsearch.org/), which use multiple databases including 
Medline, EMBASE, and databases of guidelines and technology may also be used. 
Last, but certainly not least is the expertise available through your local medical 
librarian who will be well versed in the methods of constructing a PICO question 
and finding the relevant information from the medical literature.

1 Evidence-Based Medicine and the GRADE Approach
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 Appraising the Studies

Once we have found the studies of interest, the next step is to identify the “best 
evidence”. The concept of “best evidence” assumes a hierarchy of evidence. But to 
apply a hierarchy, it is important to understand the types of study designs and their 
use in answering specific types of clinical questions. Grimes and Schulz [5] provide 
a useful taxonomy of study designs (Fig. 1.1). In general, questions related to the 
superiority of one intervention over another (or no intervention) are best answered 
by experimental studies where one group of patients are assigned to the intervention 
by a bias free method, while another receive a comparison intervention. The gold 
standard for the experimental study is a well-designed randomized trial. Other types 
of clinical questions such as that of prognosis are appropriately answered using 
cohort studies, while questions of diagnosis rely on comparing the performance of 
a diagnostic test to a gold standard.

All study types have the potential for any number of biases which may lead to a 
finding which deviates from the “truth” [6]. The tools of critical appraisal are used 
determine the type and extent of these biases in the design and conduct of the study 
and make a judgment of how it may have affected the findings of the study and the 
extent to which it undermines our confidence in the validity of the findings.

There are many excellent resources and tools to guide us in the specifics of 
appraising the medical literature and practicing EBM and these are listed in the 
recommended readings.

What happens when despite the best formulation of a question and literature 
search we are unable to find the high quality systematic review or randomized trial 
to guide us? Do we abandon the principles of EBM? Again from Sackett: “Evidence 
based medicine is not restricted to randomized trials and meta-analyses. It involves 
tracking down the best external evidence with which to answer our clinical ques-
tions…. However, some questions about therapy do not require randomized trials 
(successful interventions for otherwise fatal conditions) or cannot wait for the trials 
to be conducted. And if no randomized trial has been carried out for our patient’s 
predicament, we must follow the trail to the next best external evidence and work 
from there.” [3].

Although we can approach each problem we face by formulating a question and 
finding the best available evidence, individual clinicians are unlikely to have the 
time or resources to do this for all possible scenarios. To illustrate: our example 
PICO question generated 85 results using PubMed. To identify and read through the 
abstracts or articles for this one question can take a considerable amount of time. To 
then appraise each study for its quality and relevance will add more.

The alternative to searching for each question has been standard textbooks, 
which seek to distill the evidence and guide clinical practice. The authors of these 
textbooks have always made decisions about which studies to consider and judg-
ments about their confidence in making recommendation based on this evidence. 
However, these judgments and decisions have not been transparent. And although 
there are many schemes in use which grade the level of evidence and have been 
increasingly used in textbooks, it is not clear on what basis these decisions of grade 
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were specifically arrived at [7]. A good systematic review makes transparent the 
question, the search strategy, and the rules for inclusion of studies and on what basis 
the quality of the study is determined. However, the final assessment of the overall 
quality of evidence and the subsequent recommendation arising from this evidence 
is often obscure.

Did investigator
assign exposures?

Yes

Experimental study

Random allocation?

Yes

Randomised
controlled

trial

Exposure

Cohort
study

Case-
control
study

Cross-
sectional

study

Exposure

Outcome

Outcome

Exposure and
       outcome at
             the same time

Non-
randomised
controlled

trial

Analytical
study

Direction?

Descriptive
study

No Yes No

Comparison group?

Observational study

No

Fig. 1.1 Algorithm for classification of types of clinical research. From Grimes DA, Schulz 
KF. An overview of clinical research: the lay of the land. Lancet. 2002; 359(9300):57–61; with 
permission
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To address this deficiency this book has adopted the GRADE system to make 
transparent the decision-making about the quality of evidence and the factors con-
sidered in making a recommendation and a statement about the strength of this 
recommendation. The reader may disagree with certain judgments made by the 
authors, but the reason for disagreement will hopefully be clear with the GRADE 
system and the reader can make up their own minds whether the conclusions drawn 
by the authors are on the whole reasonable or valid. The key component of GRADE 
is that it explicitly separates the process of evaluating the quality of the evidence 
for an intervention from the process of making a recommendation for its adoption 
(or not).

 The Grade System

The GRADE system defines quality in the following way: “In the context of a sys-
tematic review, the ratings of the quality of evidence reflect the extent of our confi-
dence that the estimates of the effect are correct. In the context of making 
recommendations, the quality ratings reflect the extent of our confidence that the 
estimates of an effect are adequate to support a particular decision or recommenda-
tion” [8]. It is the latter definition that applies in this book, and the authors have 
included a discussion of their clinical experience that brings into play the necessity 
of balancing conflicting factors in making a recommendation. A good discussion is 
provided by Andrews et al. and Brozek et al. [9, 10].

The GRADE table used in this book lays out the justification of why these deci-
sions are made and it is instructive to describe in detail the components of the table. 
This example of a GRADE table (Table 1.1) is from Cirocchi et al. [11] who report 
on a systematic review comparing results between a total and subtotal thyroidec-
tomy for multinodular goiter:

The Header The general title of the clinical question being considered.

Sub Heading A question broken up into the PICO format of patient or population, 
the setting the intervention and the comparison to which the intervention is being 
made. The question is that which is of interest to the author of the table and may or 
may not reflect the evidence which addresses this question.

Outcomes The key component of the GRADE process is to focus on the outcomes 
to which the evidence applies. Individual studies may focus on differing outcomes 
that are of interest. It is often the case that many studies address common outcomes 
reflecting benefit, but do not reliably report on other outcomes, especially on harm. 
It is possible that with the same questions and same group of studies, the quality of 
evidence supporting an intervention is high for one outcome but not others. This 
latter point is one of the reasons that when formulating the question it is useful to 
list in order of importance the outcomes of interest.
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Justification for Quality Assessment In the GRADE system, a judgment is made 
whether the overall quality of evidence for each outcome is High, Moderate, Low, 
or Very Low. Initially evidence from RCTs is considered to be High quality evi-
dence while observational studies start off as Low quality. Whether the overall body 
of evidence moves up or down the ranking is determined by the extent to which the 
studies have features which move them up or down and (Table 1.1) [7], specifies the 
features which move a study up or down the list.

Study Limitation The first judgment is related to the possible deficiency in the 
study designs themselves and these are determined during the critical appraisal pro-
cess, features such as adequacy of randomization and blinding.

Inconsistency Different studies may come to different conclusions either qualita-
tively e.g. the intervention works vs. it doesn’t or the degree to which a treatment 
works, i.e. the effect size differs. A measure of this in systematic reviews is the 
degree of heterogeneity often reported as the I2. This heterogeneity can be due to 
differences in the patient population studied, the nature of the intervention, means 
of measuring outcomes or other study design features.

Directness This is the degree to which the studies address the question we are inter-
ested in. The results may be indirect because the study population is different from 
one we are interested in or the intervention differs substantially from what we are 
interested in.

Precision Studies may report effects with wide confidence intervals where the val-
ues at the upper and lower bounds would suggest the different clinical actions. In 
our example, the incidence of permanent recurrent nerve palsy is estimated to be 
between 3 and 34 cases per 1000 compared to an assumed risk of 8 per 1000 in 
subtotal thyroidectomy. In this case, total thyroidectomy may result in significantly 
fewer or significantly more recurrent nerve palsy than subtotal thyroidectomy. The 
wide confidence intervals are most often driven by event rate, related to small sam-
ple size in a study.

Publication Bias We may suspect publication bias when the preponderance of the 
available evidence comes from a number of small studies, most of which have been 
commercially funded. This may suggest that studies which not showing an effect 
have not been published which biases the evidence.

 Features Increasing Quality of Observational Studies

Large magnitude of Effect In well-designed observation studies, if a large and plau-
sible effect is observed (relative risk of greater than 5 or less than 0.2) there is rea-
sonable confidence that the effect is not due to confounding. This is the reason why 
one doesn’t really require a RCT to determine if parachutes are effective.

1 Evidence-Based Medicine and the GRADE Approach
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Dose Response Gradient A finding in observational studies that increases our con-
fidence in a cause effect relationship is the demonstration of a dose response effect. 
For example, an increased risk of bleeding with increasing INR.

All Plausible Confounding Would Reduce the Demonstrated Effect or Increase It if 
No Effect Was Observed A confounder is a factor related to both a predictor and 
outcome but is not in the causal link between the predictor and outcome. If a likely 
confounder acts opposite to the way one would expect, then it is possible that the 
true effect is underestimated. For example, if high risk patients do at least as well 
with a surgical procedure as do those at low risk, it more strongly suggests that there 
is a true effect of the surgical intervention and would increase our confidence and 
thus the quality rating of the evidence.

The last column is a summary of findings where the estimate of relative effect, 
the baseline risk of the standard therapy and the absolute effects of the intervention 
are reported. A measure of the absolute effect is crucial for making a recommenda-
tion since one intervention may be more effective in comparison to another, the 
overall effect in terms of overall numbers may be small, in our example the absolute 
risk in recurrent nerve injury rises from 8 to 10 per 1000, or an absolute difference 
of 2 per 1000. Another example is if the baseline risk of pneumonia is 1% and with 
the addition of preoperative antibiotics drops down to 0.7%. A change in absolute 
risk of 0.3% is unlikely to be of clinical significance despite there being a 30% rela-
tive risk reduction, which in many cases would be considered of considerable “clini-
cal significance”.

From determining the quality of evidence, a recommendation is made. This is a 
separate process from determining quality of evidence. A recommendation is either 
strong or weak where “The strength of a recommendation is defined as the extent to 
which one can be confident that the desirable consequences of an intervention out-
weigh its undesirable consequences.” [9]. In assessing the quality of the evidence 
necessary to make the recommendation, those making the recommendation should 
specify which of the various outcomes are crucial to making a recommendation, in 
our example there is a much higher risk of goiter recurrence with subtotal thyroid-
ectomy (84 per 1000) than with total thyroidectomy (5 per 1000), at the same time 
there is a small increased risk of recurrent nerve injury.

A strong recommendation is one where from the clinicians’ point of view; most 
patients should receive the intervention as the expected benefits comfortably outweigh 
the undesirable effects. In these situations, there is usually little need for extensive dis-
cussions about the merits of the intervention. Weak recommendations on the other hand, 
may be appropriate in some patients, but requires more thorough discussions about the 
benefits and adverse effects of the treatment (Table 1.2). In the following chapter on 
clinical decision analysis, we illustrate how this issue is dealt with quantitatively.

Ultimately, decisions about the care of individual patient falls to the surgeon and 
the patient which takes into account not just the external evidence for a particular 
course of action but crucially the patient’s own preferences and values and the prac-
tical ability for the surgeon to deliver on this decision in their own specific 
environment.

S. K. Srinathan
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2Clinical Decision Analysis

Sadeesh K. Srinathan and Feng Xie

Abstract
Clinical decisions are often difficult as we try to balance the benefits or harms of 
one decision pathway compared to another possible pathway. Further, this has to 
be done in the face of incomplete information. In this chapter we describe a use-
ful tool termed Clinical Decision Analysis to allow for a transparent and explicit 
description of the decision making process to guide us in identifying areas of 
uncertainty around the existing evidence.

Keywords
EBM · Evidence based medicine · GRADE · Bias · Study design · Systematic 
reviews · Trials

 Introduction

This book is about difficult decisions; implicit in the title is that a clinician and the 
patient have to take action, even it that action is to wait for further information. The 
source of the difficulties lies in the uncertainties in the information upon which the 
decision is made. Heuristic methods of decision making do not explicitly and 
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systematically identify the nature or extent of these uncertainties. These heuristic 
means of decision which often misinterprets statistical information, can lead to 
errors [1]. In this chapter we will present a useful tool, Clinical Decision Analysis 
(CDA), which allows a more transparent and explicit description of the decision-
making process, a means of explicitly identifying available evidence and the uncer-
tainty around existing evidence.

 What Is Decision Analysis?

Decision analysis is a formal system that details all the possible outcomes and the 
clinical pathway leading to each outcome for a decision and its alternate and pro-
vides means of choosing the best course among the alternatives under uncertainty. 
Or to quote Weinstein “Decision analysis is a systematic approach to decision mak-
ing under conditions of uncertainty” [2]. It is (1) explicit, (2) quantitative and (3) 
prescriptive.

The potential benefits of CDA are that (a) it is an explicit process where the logic 
and assumptions made in the analysis are made clear, (b) it highlights points of 
uncertainty and deficits of information by explicitly incorporating into the analysis, 
(c) it allows an exploration of the impact of the uncertainties on the final decision.

It must be kept in mind that although CDA models a problem, it does so only to 
aid in the decision-making process. By necessity, these models simplify the prob-
lem, and a number of simplifying assumptions are made, but the model assumptions 
are made explicit. A decision analysis is also not an explanatory model of a clinical 
scenario, and it does not explain the pathophysiology of a clinical situation.

A CDA is not an algorithm. Although they may appear similar, the branching 
structure of a decision tree are to allow for the calculation of the best possible deci-
sion at a specific point. In contrast, an algorithm provides a path to follow given 
certain information with multiple decision-making points.

A challenge with CDA is that it demands specification of the probabilities of 
outcomes and the values of the outcome. However, this is not limited to decision 
analysis and is inherent in all decision making. In fact, a major strength of the value 
of CDA is that this aspect of decision making is made explicit and a value is assigned 
to this uncertainty.

Many of these issues are common for any type of decision making, and the for-
mality of the process ought not to lead to unreasonable expectations of the process.

 Why Know About This?

As discussed in the previous chapter, EBM is about actually using the best available 
evidence in delivering patient care. Systematic reviews and guidelines go some way 
in guiding decisions, but they do not in themselves allow you to come to a specific 
decision in a given scenario. For example, a systematic review can state that a par-
ticular intervention may yield a 15% improvement in survival over a 5-year period 
but at the cost of a 5% increase in the risk of a major stroke. This information does 
not in itself tell you if the intervention should be carried out since the decision 

S. K. Srinathan and F. Xie
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hinges on the positive value the patient places on the outcome of survival and on the 
negative value on the outcome of a stroke.

Clinical guidelines go further in providing recommendations, but they are predi-
cated on “average” patients with “average risks” and assume that patients will make 
consistent value judgments. In the major grading systems such as GRADE, there is 
acknowledgment that different decisions can be made depending on the individual 
patient values and preferences and the strength of recommendation reflect this, but 
recommendations do not give a measure of the sensitivity of a clinical decision to 
these changes. Certainly, at a policy level and even in routine patient level care, it is 
valuable to have an understanding of the robustness of a decision to variations in 
factors considered important and relevant for the decision.

It may be challenging in carry out a formal analysis in making individual clinical 
decisions. However, we believe that familiarity with this process will at least make it 
easier to consider existing evidence and identify areas of uncertainty so that further 
effort can be made to reduce this uncertainty or to at least to raise a warning as to the 
degree of confidence that one can place on the decision one makes. Awareness of this 
process may also make it easier to “hang” medical evidence in a framework so that it 
can be integrated into clinical practice. Furthermore, this is a basic technique used by 
decision makers in health care and as such impact on every practicing surgeon.

 Anatomy of Clinical Decision Analysis

The best decision is one that maximizes the preferred outcome. For instance, in 
business decision making, the best decision is one that maximizes profit. In general 
terms, a clinical decision maximizes health for a patient or population. The clinical 
decision is contingent on the probability of preferred outcomes occurring and the 
desirability assigned to the outcomes that may occur.

A Clinical Decision Analysis is composed of three main steps: (1) construct the 
decision analytic framework (Figs. 2.1 and 2.2), (2) carry out the calculations to 

A decision or choice node: This is the
point at which one of the alternate
decisions are made

A chance node: This is the point at
which one of several outcomes-
outside of the control of the decision
maker occurs.

The outcome: This is the ultimate
outcome of interest in the decision
making process

a

b

c

Fig. 2.1 Explanation of symbols used in clinical decision analysis. (a) A decision or choice node: 
This is the point at which one of the alternate decisions are made. (b) A chance node: This is the 
point at which one of several outcomes—outside of the control of the decision maker occurs. (c) 
The outcome: This is the ultimate outcome of interest in the decision making process

2 Clinical Decision Analysis



16

choose the best pathway or decision and (3) carry out a sensitivity analysis to deter-
mine the robustness of the decision, i.e. to what extent does the decision change 
across plausible values of probabilities of the outcome and the values assigned to 
the outcome.

 Constructing the Decision Analytical Framework

The first step is to construct the decision analytical framework. This starts with 
framing the question of interest in terms of alternate possible decisions which are 
available to us at the outset, i.e. when the outcomes are unknowable. Nearly all 
scenarios in clinical practice present alternative scenarios and if these can be explic-
itly stated, then CDA can be applied. This initial point is the first decision node 
(Fig. 2.1a) and a key feature of the decision node is that it sets out what the alterna-
tive decisions are, and these alternatives at the decision node are mutually exclusive. 
The decision node is usually noted by a square box on a diagram.

To make a decision is to choose a specific path in the framework emanating from 
the decision node. The goal of CDA is to determine which of the paths taken at the 
first decision node is most likely to be the best one, i.e. will maximize the outcome, 
although there may be other decisions to be made subsequently throughout the 
framework.

B
p=.95

Operate

Observe for
 3 months

p=.05

p=.95

Alive

Dead

Alive

Dead

Alive

Dead

Alive

Alive #5

#4

#3

#2

#1

Dead

p=.05

Grows 

.95

.979 .285

.594
C

E

G

.10

Shrinks
Wait 1 year

.99
H

p=.99

p=.01

p=.95

p=.05

p=.10

Same p=.60

A

Operate
F

.95

Operate

p=.30

Fig. 2.2 Hypothetical CDA—should we operate on a tumour identified incidentally on imaging?
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Any decision results in, often multiple possible, consequences. This is reflected 
by the paths emanated from the nodes diagrammed as a circle (called “chance node) 
following each decision (Fig. 2.1b). A probability is attached to each of these con-
sequences to show how likely one consequence occurs following a decision. The 
sum of the probabilities at each chance node is always 1. The framework ultimately 
terminates at the outcomes of interest, (Fig. 2.1c) which occurs as some defined 
point. This is usually diagrammed as a rectangle or triangle. The outcomes can be 
measured using relevant clinical measures or utility value to indicates its relative 
desirability. For instance, an ideal outcome such as being alive and well will have a 
value of 1, and death has a value of 0. An intermediate outcome such as alive but 
having suffered a major disability may have a value of 0.7, a value somewhere 
between well and dead.

Figure 2.2 provides a very simple, hypothetical CDA where the initial question 
is whether or not to operate on a tumour identified by an imaging test and where the 
outcome is to be determined over a 15-month time horizon. At the first decision 
node (A), the options are either to operate immediately (B) or alternatively, to reas-
sess the tumour after 3 months (C). The possible outcomes associated with immedi-
ate surgery include alive after the operation with a utility value of 1, and postoperative 
death with utility value of 0. The probability of being alive is 0.95 and 0.05 for 
dying. If the decision is made to follow the tumour for 3 months at the outset, then 
possible outcomes include that the tumor either shrinks in which case nothing is 
done and the patient is always alive (outcome #5), remains unchanged in which case 
a further decision to be made (E), or the tumour grows, in which case an operation 
is always performed with the attendant risk of death. Each of these outcomes occurs 
with a probability of 0.30 for tumour growth, 0.60 for tumour size unchanged, and 
0.10 for the tumour shrinkage. If the tumour size remains unchanged after the 
3-month observation, then at the second decision node (E) the decision could be 
either to proceed to operation or to watch for a further 12 months. Again, the out-
come of operation is either alive or dead with the same probabilities already stated. 
If the decision is to continue the observation, then the outcome is either stability 
which result in being alive with a probability of 0.99, or the tumor spreads leading 
to death with a probability of 0.01.

 Determining Probabilities and Utility Values

From studying Fig. 2.2, the obvious question is where the values of the probabilities 
and utility come from? Probabilities and outcome measures are the critical inputs to 
the CDA and determining the probabilities of these outcomes occurring can be dif-
ficult. Ideally the information can be derived from clinical studies that report on 
outcomes after an intervention, such as from clinical trials that report the cure rate 
of an operation and also the risk of complication and mortality. Else but less ideal, 
the probability may have to be derived from a consensus among experts. The prob-
ability in a CDA, is ultimately a statement of belief about an outcome, and if there 
is objective means of establishing (e.g. clinical trials), then that is ideal. However, 
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in the absence of this objective evidence, a statement of belief of the likelihood of 
an outcome occurring in itself can be used (e.g. expert opinions). Clearly, the confi-
dence in the validity of the estimate of this probability will vary according to the 
source of this estimate of probability.

The patient and clinician are aware of the outcomes that are of interest, e.g. 
being alive, well and cured of a disease, or being cured of a disease but having suf-
fered a complication, dying from the disease or dying from the treatment. The 
probability of the outcome may be discussed with patients, e.g. a 95% chance of 
being cured but a 4% chance of major complication and a 1% mortality, but the 
value that is placed on each of these outcomes by the patient are usually not dis-
cussed. Much like the probability of an outcome, the utility values used to measure 
the relative desirability of an outcome can be gleaned from the literature where 
patients were asked to rate their desirability of the outcome. Alternatively, one may 
ask the patient directly what their values are. This is not quite straightforward but 
is possible.

 Calculating the Utility of Each Decision

The second step of CDA is coming to a decision by calculating the overall utilities 
associated with each of the decision. This overall utility of a decision is the sum of 
the product of the probabilities and the utility values assigned to the corresponding 
outcomes for all paths under each decision. Calculating the overall utility for each 
decision starts from the rightmost and then moves to the leftmost part of the frame-
work (called “foldback”). We need to determine the probability and the utility value 
of the outcome at the end of each path. The utility is then multiplied by the probabil-
ity of that outcome occurring. The probability of being alive after immediate sur-
gery is 0.95. So in our framework, we have assigned utility values of 1 for alive and 
0 for dead. So starting at outcome #1, at the chance node, the utility value is 
0.95 × 1 + 0.05 × 0 = 0.95. Since these leads directly to the first decision node, the 
utility expected from immediate operation is 0.95.

If we start at path #2 (i.e. the top branch following the chance node C). The prob-
ability of being alive after a surgery due to the tumour growth after the 3-month 
observation 0.285 (i.e. 0.95 × 0.3) and the probability of death 0.015 (i.e. 0.05 × 0.3). 
The expected utility for this path is then 0.285 × 1 + 0.015 × 0 = 0.285.

It is important to note that there is another decision node (E) embedded in the 
framework, when we calculate the expected utility value for the middle path from 
chance node C.  Following the above-mentioned method, the expected utility of 
choosing surgery (path #3) is 0.95 and 0.99 for continuing the observation for 
another 12  months at the decision note E (path #4). Since one path results in a 
higher expected utility value 0.99 than the other 0.95, we can ignore path #3 from 
further consideration and carry back only the utility value of 0.99 further towards 
the left. When the utility of the orange path is multiplied by the probability of end-
ing up on this path, 0.60, then back at the chance node, the overall utility of this path 
is 0.594. The expected utility value for path #5 is 0.10. At the decision node, the 
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overall value is now the sum of the total utility of each path emanating from the 
chance node C, 0.979 (i.e. 0.285 + 0.594 + 0.10).

When this is folded back towards the first decision node, we see that going 
straight to surgery, we obtain an expected utility value of 0.95, whereas if we waited 
for 3 months, then the expected utility of this path is 0.979. Since the waiting, gives 
a higher utility value, we determine that the best decision in this scenario is to wait 
for 3 months.

Our conclusions in this example are dependent on the values we selected for the 
probabilities of an event e.g. rate of post-operative deaths and also the desirability 
of the outcomes e.g. value of 1 for alive and 0 for dead. It is quite apparent that if 
post-operative mortality was lower than 0.05, then the decision to observe is likely 
to change. A formal exploration of how the decision will change according to the 
values of the inputs (the probability of the outcome and utility values associated 
with the outcome), is call sensitivity analysis and is a fundamental part of 
CDA. There are a number of ways in which this can be carried out, and an example 
from the literature demonstrates this.

 Management of an Incidentaloma

Brunaud et al., carried out a clinical decision analysis which illustrates the features 
of a CDA [3]. The questions posed in their study is “What is the optimal manage-
ment approach to a patient with a non-functioning adrenal “incidentaloma” with no 
suspicious image characteristics for a malignant adrenal neoplasm, and a tumor size 
between 4 and 6 cm?” They made clear that this question is one in which there is 
genuine uncertainty. In cases of tumours greater than 6 cm or those with suspicious 
features on imaging, there is little difference of opinion, so that the value of invest-
ing the effort on a CDA to those scenarios is limited. They provide two alternate 
decisions (Fig. 2.3), to observe the tumour or proceed to a unilateral laparoscopic 
adrenalectomy. A fundamental feature of CDA is that the decision to be made is 
explicitly stated and just as important, the alternative is explicitly stated. A not 
uncommon scenario in a guideline statement is that some course of action ought to 
be followed, but without explicitly stating what the alternatives are [4]. There is also 
an explicit statement of when the decision is to be made; in this case at the time the 
tumour is initially found. This allows the two alternative of proceeding to resection 
or waiting.

Next the authors describe how they calculate the expected utilities for each path. 
They then provide a table (Table 2.1) that lists the probabilities associated with each 
of the chance nodes which are derived from published studies and their own institu-
tional experience. They include both a baseline value upon which they base the 
primary analysis and the range of values to be used for sensitivity analysis. They 
also state the utility values for the three possible outcomes, (1) a new indication for 
resection during the period of observation, (2) complications after adrenalectomy 
and (3) being alive during the observation without surgery, which assumed some 
degree of psychological morbidity associated with the uncertainty of the nature of 
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the mass. Since there were no published utility values for the outcomes, they under-
took a survey of surgeons to estimate this. From this analysis they came to the con-
clusion that with the baseline values of the probabilities and utilities, the observation 
strategy had the highest expected utility. Although it may be reasonable to stop and 
come to a conclusion, at this point, it is quite clear that their conclusions will be 
expected to change if the values of the probabilities of the outcomes or the utility 
values ascribed to the outcomes change. In fact they found that if the complication 
rate for laparoscopic adrenalectomy was lower, as observed at their own institution, 
then the resection strategy was the preferred decision. To what extent does the deci-
sion change, and is there some value of one of the variables or of a number of vari-
ables at which the decision switches from one to another? To answer this question, 
a threshold analysis may be carried out which is a type of sensitivity analysis. 
Essentially, one calculates utility values for each value of the probability or utility 
both individually and as a combination and determines at what value or combina-
tion of values the decision changes.

Observation
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pB

pC

(1-pC)

pD

(1-pD)

pE

(1-pE)

pC

(1-pC)

pD

(1-pD)

Alive

Dead

Alive

Dead

Alive

Dead

Alive

Dead

Alive

Dead

(1-pA)

(1-pB)

pB

(1-pB)

New indication for adrenalectomy

Complications

No complication

No indication for surgery

No complication

pA: P of developing new indication for adrenalectomy during observation

pC: P of being alive after a complicated adrenalectomy

pD: P of being alive after uncomplicated laparoscopic adrenalectomy

pE: P of being alive during observation without surgery

pB: P of complications from unilateral laparoscopic adrenalectomy

Complications

Adrenalectomy

Fig. 2.3 Decision analysis framework for management of non-functional adrenal tumor. From 
Brunaud et al. [3] with permission
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An interesting and important finding from this analysis is the sensitivity of the 
conclusion to the utility value associated with observing the tumour. It was in fact 
the patient’s perspective that had the most impact on which decision was best, but 
this was the one piece of the analysis which had large uncertainty (i.e. based on 
subjective, expert opinions). This illustrates very clearly the nature of the statement 
made in guidelines about the patient’s perspectives and illustrates graphically the 
importance of this in clinical decision making.

 Cost Effectiveness

In both individual patient care and in making policy, the role of the costs of different 
strategies is very important. Cost effectiveness analysis is helpful in addressing this 
issue. The analytical framework used in cost effectiveness analyses share a lot of 
similarities as in CDA but where resource utilization and costs are important extra 
information incorporated in the model. Cost effectiveness is a key piece of evidence 
to support health policymaking and its importance in clinical decision-making is 
being recognized. A description of cost effectiveness analysis through modeling is 
beyond the scope of this chapter.

Conclusion

This chapter was a brief overview of Clinical Decision Analysis. Much like a 
surgical procedure, the concepts of the procedure may be straightforward, but it 
is often in the carrying out of the procedures and the details that pose the chal-
lenge. However, it is still important to understand the main concepts, as this type 
of analysis is of great value in practicing evidence-based medicine and in doing 
the best for our patients.

Table 2.1 Values used for calculating probabilities and assigning utilities in the CDA for the 
management of a non-functioning adrenal tumor

Variables Baseline (%) Reported range (%)
Median 
(year) Authors

Laparoscopic adrenalectomy
Morbidity (pB)a 7.84 0–11 – [5,20–27]
Mortality 0.36 0–2 –

1 − mortality (pC) 99.64 98–100 – [5,20–24]

Observation
Indication for adrenalectomy during observation (pA)
 Malignancy 2.95 0–13 4.3 [4,28–34]
 Size increase 6.91 0–25 3.6 [2,4,28–30,32,33,35–37]
 Hypersecretion 1.19 0–20 2.8 [2,4,28,30,32,33,36–41]
 Overall (pA) 3.13 0–25 3.6
Surgeons 
questionnaire

68.00 30–90 –

From Brunaud et al. [3] with permission
aBleeding, wound (early and late), pulmonary, organ injury, gastrointestinal, urinary, thromboem-
bolic, cardiac
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3Decision-Making from the Surgeon’s 
Perspective

Karen Devon

Abstract
Advances in the treatment of endocrine diseases have brought about an array of 
choices for surgeons and patients. Surgical decision-making involves a clinical 
recommendation as well as the process of “shared decision-making” in order to 
reach the best outcome for a particular patient. This first part of this chapter will 
discuss factors related to surgical recommendations, the use of evidence and the 
quality of recommendations. The second part will focus on key elements of 
shared decision and informed consent such as disclosure and understanding, and 
highlight patient and surgeon factors which affect this process. A model for ethi-
cal decision-making that takes into account medical indications, patient prefer-
ences, quality of life and contextual features is described. Special issues in 
surgical decision-making discussed such as genetics, pediatrics, and end-of-life 
decision-making are also considered.

Keywords
Decision-making · Ethics · Informed consent · Surgery

 Introduction

In 1848, Samuel Gross wrote about thyroid surgery: “no honest or sensible surgeon 
would ever engage in it”. Since then the field of endocrine surgery has advanced 
substantially in terms of knowledge, safety and outcomes. The success of modern 
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medicine has increased treatment options so greatly that endocrine surgeons are 
faced with many clinical dilemmas on a daily basis. Resolving these dilemmas is a 
complex process with several distinct elements, that require attention to the per-
sonal and ethical dimensions of care, in addition to biomedical expertise. Good 
decisions are those where the result is a desired outcome for a particular patient [1] 
therefore surgical decision-making even when seen from the surgeon’s perspective, 
cannot be discussed without including the patient. There are many definitions of 
decision-making as applied to surgeons. Likewise, decisions occurs both intra-oper-
atively and peri-operatively, the latter being the focus of this chapter.

While most studies in the literature discuss “surgical decision-making” in refer-
ence to specific medical algorithms and indications, we will discuss two aspects of 
the decision-making process: the clinical recommendation and the practice of 
‘shared decision-making’. We will also provide a model for ethical decision-making 
and address special situations that may arise.

 The Clinical Recommendation

The principle components of the surgical learning curve, and the focus of training 
programs, are the ability to operate and the ability to make sounds decisions [1] 
-also known as ‘surgical judgment’. Surgeons reach decisions by collecting bio-
medical information including signs, symptoms, risk factors, test results, family 
history and non-biomedical information such as the patient’s values. These are then 
interpreted with the multidimensional knowledge base and experience of the sur-
geon [2], and dependent on multiple factors.

 Factors Influencing Surgeon Recommendations

Francis describes factors influencing clinical decisions (Table 3.1) [2]. These may 
be surgeon related or outside the control of the surgeon, as well as factors inherent 
to the decision itself. All of these factors should be acknowledged and optimized in 
order to achieve the best clinical recommendations. These factors also influence 
crucial and time-sensitive intra-operative decision-making.

Surgeon ‘wisdom’ or expertise is acquired and continues well past structured 
training programs and includes the development of excellent communication skills. 
Reflective practice may be an important component of developing such expertise 
[2]. Surgeons should take all opportunities to engage in continuing education 
through formal programs, colleagues and hands-on experiences. Experience-based 
knowledge combined with ‘surgical-evidence’ are the foundations of good clinical 
recommendations [2]. Surgeon factors also play a crucial role in the “shared deci-
sion-making” process and will be elaborated on further in the chapter.
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Table 3.1 Factors 
influencing clinical decision 
making

Factors outside the control of the surgeon
 The physical environment
 Noise
 Light
 Temperature and humidity
 Interruptions
 The surgical team
 Abilities and expertise
 Personal interactions
 Ability to work as a team
 Organizational structures
 Resources and facilities
 Organizational culture, support and expectations
 Need for prioritization
 Ethical practices
Surgeon-related factors
 Stress
 Time pressure
 Fatigue
 Long working hours
 Absence of adequate breaks between periods of work
 Sleep deprivation
 Illness
 Mood and emotional state
 Reasoning strategy
 Gender
 Age
 Surgical wisdom
Factors inherent in the decision
 Importance of the decision
 Time pressure
 Irreversibility
 Range of options
 Limited information on which to base the decision

From Francis DMA.  Surgical decision making. ANZ J 
Surg. 2009;79:886–91; with permission

 Application of Evidence

A good recommendation from a surgeon is based on sound knowledge or evidence. 
Surgeons have a professional obligation to seek the best available evidence related 
to a clinical problem [3]. The chapters that follow summarize the best evidence 
available to inform clinical recommendations in endocrine surgery. The application 
of evidence to medicine is an important skill for the practice of endocrine surgery 
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given the many clinical pathways that are available. However, there are limitations 
inherent in using such evidence. In surgery there is a paucity of well-designed dou-
ble-blind, randomized controlled trials, thought to be the gold standard of evidence 
[2, 4]. For example, in order to obtain evidence on a controversial practice, Carling 
et al. examined the feasibility of a prospective randomized controlled trial of pro-
phylactic central lymph node dissection in cNO papillary thyroid cancer. They 
found that prohibitively large sample sizes would be required to for sufficient statis-
tical power to demonstrate significant differences in outcomes [5].

One essential element of evidence-based medicine is assessing the validity of 
evidence [6, 7] and then applying this to a particular scenario. Aside from gaps 
described above the quality of trials and meta-analyses are variable. Furthermore, 
the variability of anatomy and pathology in surgical patients make interpretation 
and application of evidence particularly difficult [2]. Some evidence does attempt to 
take into account patient values systems, such as decision analyses and quality of 
life research, however patients values and desires may be equally as heterogeneous 
as their biologies. Thus, the concept of ‘evidence-based medicine’ now includes 
integration of individual clinical expertise with the best external evidence.

 Quality of Recommendations

Poor clinical decisions may have significant impacts to patient and their families, as 
well as to institutions and the health care system at-large. Consequences may be 
physical, psychological, financial or medico-legal [2]. Individual surgeons, pro-
grams and institutions ought to have systems in place to audit decisions. While this 
may occur retrospectively, such as during a typical surgical morbidity or mortality 
conference, utilization of teams to assess and aid with decisions in a prospective 
manner, such as via a multidisciplinary tumor board, is encouraged.

 Shared Decision-Making

The physician of free men “treats their disease by going into things thoroughly from 
the beginning in a scientific way and takes the patient into confidence. The physi-
cian does not give prescriptions until he has won the patient’s support and when he 
has done so, he steadily aims at producing complete restoration to health…” [8, 9].

Now formally recognized as “patient-centered care”, good decision-making has 
always been formed by a strong doctor-patient alliance that is respectful of and 
responsive to individual patient preferences, needs and values [10]. Some decisions 
may have clearly superior paths, however most medical options entail multiple 
combinations of treatments and sequelae and must be made by the patient and phy-
sician working as partners towards a common goal [11]. Shared decision-making is 
the model whereby clinicians, patients and often, other members of the health care 
team, friends or family, exchange information to reach an optimal decision [11]. 
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Surgeons must respect a patients’ autonomy while maintaining ethics principles of 
beneficence, non-maleficence and justice [9]. Shared decision-making has been 
increasingly endorsed as an ideal model [12] as it reconciles the demands of patient 
autonomy with the benefits of paternalism leading to greater trust, compliance, sat-
isfaction and outcomes [9].

 Informed Consent

A critical element of shared decision-making is informed consent [12]. This estab-
lishes a reciprocal relationship between participants formed by mutual respect and 
good communication [13, pp. 51–53]. Such a therapeutic alliance is beneficial to the 
patient as they have realistic expectations about treatment and become more willing 
to participate in their own care [13, pp.  51–53]. Informed consent ought to be 
regarded as an ongoing process that occurs between physician (or multidisciplinary 
team) and patient, rather than signatures on a document [14]. And while in the prac-
tice of surgery, the informed consent process often occurs during a distinct episode 
of care, this need not be the case when decision-making requires and allows for 
additional time.

Informed consent involves three aspects: disclosure, understanding, and the 
patient process of deciding [15].

 Disclosure
Disclosure involves clear and honest information about a patient’s diagnosis and 
available treatment alternatives, along with the risks and benefits of such interven-
tions including the natural history of the disease without intervention [14]. Several 
standards for disclosure exist. The first is known as the ‘professional community 
standard’ [16; 17, p. 122]. Under this physician-oriented standard a patient should 
be told what an experienced physician would tell the patient. This standard has been 
gradually replaced by the ‘reasonable person standard’ [17, p. 123]. This standard 
requires that the information given to a patient should be based on what a reasonable 
patient would need to know about risks, benefits and alternatives in order to make a 
meaningful decision. However, definitions and agreement on exactly what a “rea-
sonable” patient is has been controversial. A third, more subjective standard, 
requires tailoring information to a specific patient and is most consistent with the 
shared decision-making model of care [13, pp. 53–54; 17, p. 123]. Thus, discussions 
should be tailored to the capacity and preferences of individual patients. Patients 
should be asked what information they wish to receive as they may wish to limit 
information such information. Nonetheless, patients might not be able to specific 
information they need to know based on limited knowledge and thus this standard 
also has limitations [17, p. 124]. It is not necessary for a surgeon to “force” a patient 
to hear information that the surgeon deems to be important. Out of respect for 
autonomy it is vital to avoid altering the frame of reference, known as ‘framing’, to 
influence a patient’s decision excessively [14; 17, p.  130]. For instance, in 
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discussing the risk of bilateral recurrent laryngeal nerve injury during thyroid sur-
gery, the surgeon might say: “it’s possible but I’ve never seen it happen”. This could 
imply that such a complication will not happen to this patient. A more appropriate 
description would be that “the risk is extremely low but present”. Moreover, sur-
geons should avoid a particular type of framing refered to as “hanging of the crepe” 
whereby the gravity of a situation is emphasized in an effort to increase the percep-
tion of a successful outcome as attributable to the surgeon while decreasing respon-
sibility for unsuccessful ones [18]. An example of this would be telling a patient 
that: “parathyroid glands are extremely difficult to find”, thus setting the patient up 
for potential failure, when successful surgery is far more likely.

 Understanding
It is the surgeon’s responsibility to ensure the patient understands all important 
aspects of the nature of the decision that is being made including goals, recovery, 
complications, sequelae [14]. He or she should use appropriate vocabulary and allow 
and encourage patients to ask questions without fear of repercussions or judgment. It 
is also critical for surgeons to evaluate and ensure patients’ decisional capacities, as 
well as recognize clinical diseases which may temporarily affect decisional capacity. 
For example, a patient with hypercalcemia from primary hyperparathyroidism may 
have cognitive disturbances which affect their understanding and capacity to make 
informed choices. On occasion, where there are concerns about decision capacity 
endocrine surgeons may need to involve psychiatry services [5]. When patients are 
known to have surrogate decision makers, the surrogate should be involved in the 
shared decision-making and abide by standards discussed further below.

 Process of Deciding
Although the patient’s preferences are paramount, the surgeon should assist the 
patient to develop an understanding of the value of different alternatives. Decision 
aids can be an adjunct that helps patients absorb clinical information and develop 
and communicate preferences [19]. Surgeons should tailor their recommendations 
based on better understanding of applicable factors.

Some patients may want more or less role in the decision-making process and 
this should also be respected [14] including the option of designating an alternate 
individual to participate in the process. Patients should be given the time and emo-
tional support needed while undergoing the decision process [11] particularly when 
they are frightened or have just received difficult news about their medical 
condition.

When a patient chooses a treatment alternative that is less congruent with the sur-
geon’s recommendation the surgeon should not be offended and cannot abandon the 
patient. They can however express concern and arrange subsequent visits or recom-
mend a second opinion from another surgeon or other professional. Refusal of a rec-
ommendation is not in itself evidence of reduced decision-making capacity, and 
thoughtful questions from the surgeon can clarify the issues and factors relevant to the 
decision [14].
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 Patient Factors Affecting Shared Decision-Making

Many factors can affect decisions from the patient’s standpoint, including culture, 
religion, information processing, and financial constraints.

Although cultural and religious issues may come into play and ought to be 
respected, surgeons should not make any assumptions about an individual patient’s 
preferences based on cultural identity or stated religious group. On occasion, obtain-
ing the patient’s permission to invite a leader or respected member of the patient’s 
community into the discussion can be beneficial.

Similarly, patients may seek out alternative or non-traditional forms of therapy. 
They should be encouraged to share this information with their surgeon so that both 
obtain a better understanding of the patients’ beliefs and goals as well as ensure the 
safe conduct of medical care. Given that a key component of informed consent and 
shared decision-making is patient understanding, surgeons should be aware of and 
account for factors associated with the patients understanding. This may be as sim-
ple as information overload, or pre-conceptions from external sources or previous 
experiences. Furthermore, patients must be free of coercion or manipulation.

Unfortunately, financial constraints are a reality for many patients and play a role 
in decision-making. Such problems may be even more emphasized in the develop-
ing world. Poverty and social determinants of health account for a large variation in 
health care use [20–22]. Surgeons should make every attempt to mitigate financial 
factors while bearing them in mind as a significant feature of a patient’s decision 
[13, pp. 161–223].

 Surgeon Factors Affecting Shared Decision-Making

Wilson et al. surveyed of general surgeons including endocrine surgeons and mea-
sured the ‘tendency to operate’ in multiple clinical scenarios. Variation was found 
based on age, gender, race, specialty, and method of financial compensation [23]. 
Furthermore, a surgeon’s training may cause additional bias regarding medical 
options and surgeons may vary in comfort level performing certain procedures [3]. 
For instance, a surgeon trained in retroperitoneal adrenalectomy from the posterior 
approach might consider this the “best” and most highly recommended approach, 
particularly if they do not feel comfortable with other approaches. When a surgeon 
knows of alternative options but is not able to provide them he or she is obligated to 
inform or refer the patient if that is appropriate.

Surgeons may be subject to other potential conflicts of interest. These include 
financial pressures and industry relationships, the obligation to train students, involve-
ment in research and conflicts with other professionals. While surgeons do earn an 
income, they must ensure ethical conduct with respect to choice of treatment when 
there is clinical equipoise, irrespective of their own interests [3, 24]. American Thyroid 
Association Clinical and Professional Ethics Guidelines suggests disclosure of all 
potential or perceived industry relationships in order to maintain public trust [24].
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Some surgeons are engaged in the teaching of students, residents or fellows. 
Shared decision-making necessitates that the surgeon disclose trainee involvement 
to the patient and that the patient understands the trainee’s role in his or her care. 
Such involvement should not be presumed simply by way of practicing in part of a 
teaching institution [14].

Surgeons may be also lead or be involved in research studies. Research must be 
clearly distinguished from clinical treatment [13, pp. 203–211]. Explicit consent for 
research and innovation is critical in order to avoid therapeutic misconception-a 
misconception that participation in a trial is therapeutic in nature [17, p. 129]. All 
clinical research ought to abide by established research ethics standards. When pos-
sible, enrollment should be driven by a trained research assistant who is not directly 
involved in a patient’s clinical care. When innovative treatments are recommend 
they require appropriate oversight and patients should understand that the treatment 
is not standard. Finally, clinical judgments between professionals in the same or 
different specialties can vary and lead to conflict. The surgeon’s goal should not be 
to convince a patient of a particular point of view, but rather to strengthen the 
patient’s autonomy in decision making by providing accurate clear information in 
an honest fashion [14]. In some cases, it may be helpful for all parties involved to 
meet in order to clarify issues and ensure patient understanding.

 Model for Ethical Decision-Making

Jonsen et  al. describe a practical approach to ethical decisions using a four-box 
model. This model encompasses the issues described above and takes into account 
Medical Indications, Patient Preferences, Quality of Life and Contextual Features 
(Table 3.2). It may be useful to use these topics to obtain a comprehensive picture of: 
diagnostic and therapeutic interventions being used to evaluate the medical problem, 
the choices of the patient or of those authorized to speak for the patient, features of a 
patient’s life insofar as they are pertinent to medical decisions, and family, social, 
institutional, financial and legal setting within which the decision takes place [13].

 Special Situations in Decision-Making

 Genomic Issues

The use of genetic information to make medical decisions and tailor treatments to 
individual patients is becoming an increasingly important part of endocrine surgery. 
Specifically, genetic screening for hereditary syndromes and decisions about pro-
phylactic surgery bring about additional challenges to decision making. Psychosocial 
barriers to genetic screening must be recognized and patients should be advised by 
certified genetic counselors [24]. Informed consent will be time consuming and 
must include the handling of incidental findings and false-positive or false-negative 
results as well as potential implications for family members [24, 25]. Once tested, 
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Table 3.2 A practical approach to ethical decisions using a four-box model

Medical indications Patient references
The principles of beneficence and 
nonmaleficence
  1.  What is the patient’s medical problem? Is 

the problem acute? chronic? critical? 
reversible? emergent? terminal?

  2. What are the goals of treatment?
  3.  In what circumstances are medical 

treatments not indicated?
  4.  What are the probabilities of success of 

various treatment options?
  5.  In sum, how can this patient be benefited 

by medical and nursing care, and how 
can harm be avoided?

The principle of respect for autonomy
  1.  Has the patient been informed of 

benefits and risks, understood this 
information, and given consent?

  2.  Is the patient mentally capable and 
legally competent, and is there 
evidence of incapacity?

  3.  If mentally capable, what preferences 
about treatment is the patient stating?

  4.  If incapacitated, has the patient 
expressed prior preferences?

  5.  Who is the appropriate surrogate to 
make decisions for the incapacitated 
patient?

  6.  Is the patient unwilling or unable to 
cooperate with medical treatment? If 
so, why?

Quality of life Contextual features
The principles of beneficence and 
nonmaleficence and respect for autonomy
  1.  What are the prospects, with or without 

treatment, for a return to normal life, and 
what physical, mental and social deficits 
might the patient experience even if 
treatment succeeds?

  2.  On what grounds can anyone judge that 
some quality of life would be undesirable 
for a patient who cannot make or express 
such a judgment?

  3.  Are there biases that might prejudice the 
provider’s evaluation of the patient’s 
quality of life?

  4.  What ethical issues arise concerning 
improving or enhancing a patient’s 
quality of life?

  5.  Do quality-of-life assessments raise any 
questions regarding changes in treatment 
plans, such as forgoing life-sustaining 
treatment?

  6.  What are plans and rationale to forgo 
life-sustaining treatment?

  7.  What is the legal and ethical status of 
suicide?

The principles of justice and fairness
  1.  Are there professional, 

interprofessional, or business interests 
that might create conflicts of interest 
in the clinical treatment of patients?

  2.  Are there parties other than clinicians 
and patient, such as family members, 
who have an interest in ethical 
decisions?

  3.  What are the limits imposed on patient 
confidentiality by the legitimate 
interests of third parties?

  4.  Are there financial factors that create 
conflicts of interest in clinical 
decisions?

  5.  Are there problems of allocation of 
scarce health resources that might 
affect clinical decisions?

  6.  Are there religious issues that might 
influence clinical decisions?

  7.  What are the legal issues that might 
affect clinical decisions?

  8.  Are there considerations of clinical 
research and education that might 
affect clinical decisions?

  9.  Are there issues of public health and 
safety that affect clinical decisions?

 10.  Are there conflicts of interest within 
institutions and organizations (e.g., 
hospitals) that may affect clinical 
decisions and patient welfare?

Jonsen AR, Siegler M, Winslade WJ. Clinical ethics: a practical approach to ethical discussions in 
clinical medicine. 7th ed. New York: McGraw-Hill Medical; 2010; with permission
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the threshold for recommending prophylactic surgery is variable and should be indi-
vidualized based on several factors including: risk of disease (gene penetrance), age 
of onset, risks of surgery, alternative screening, and treatment options [25]. 
Guidelines for syndromes such as multiple endocrine neoplasia, should be used 
whenever available [26]. Testing in children brings about unique ethical challenges 
including timing and reporting of adult onset diseases in patients who are not able 
to provide informed consent [25]. The American College of Medical Genetics and 
American Academy of Pediatrics states that “diagnostic genetic testing should be 
driven by the best interest of the child and that carrier screening and pre-symptom-
atic testing of children at risk for adult-onset diseases should be deferred until the 
child reaches maturity [27, 28].

 Pediatric Patients

Notwithstanding issues regarding genetic testing, pediatric patients may require 
endocrine surgery. Parents generally act as surrogates for pediatric patients how-
ever depending on age and maturity, children may begin to express their prefer-
ences. It is important to assess how reasonable and relevant these preferences are 
[13, pp. 51–65]. Parents are expected to act upon best interests of the child however 
in some instances this is unclear or disputed. In such cases a review by an ethics 
committee and on occasion recourse to the legal system may be required [13, 
pp. 80–87].

 Surrogate Decision-Making

Important decisions may need to be made for patients who are unable to communicate 
desires about care, necessitating surrogates to speak on their behalf. Decisional capac-
ity should be assessed during the informed consent and shared decision-making pro-
cesses. Some patients may have a priori designated surrogates or durable powers of 
attorney for care, however in many jurisdictions there are legal statues that dictate who 
should be the surrogate decision-maker based on the relationship with the patient.

Several standards guide surrogate decision-makers. The first is called ‘substi-
tuted judgment’. Substituted judgment dictates that when patient’s preferences are 
known, the surrogate must use knowledge of these preferences to guide decisions 
[13, pp. 88–90]. The second is called the ‘best interest standard’. When a patient’s 
preferences are unknown, the surrogate must promote the best interest of the patient 
[13, pp.  88–90]. Best interests may not always be clear such as in the case of 
advanced anaplastic cancer, whereby there may be the ability to prolong life in the 
short term, however a patient’s quality of life may decline substantially. A newer 
proposed model, the ‘substituted interest’ standard integrates both a patient’s prior 
values into a decision about what might be in their best interests even when exact 
preferences are not known [29].
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 Unexpected Intraoperative Findings

Situations may arise when an unexpected intra-operative finding may require the 
surgeon make a value-based decision. For instance, a surgeon may, based on new 
pathology information confirming malignancy might consider performing a total 
thyroidectomy rather than a thyroid lobectomy for a particular patient. Ideally, sce-
narios that might arise in the course of an operation are addressed during the 
informed consent process however this is not always the case in practice. Decisions 
should take into all above factors however if time allows, the surgeon should not 
hesitate to consult with a colleague about the dilemma. Furthermore, the surgeon 
might consult with the patients’ surrogate decision-maker, who should be deter-
mined and recorded in advance for all patients undergoing surgery.

 End-of-Life Issues

Endocrine surgeons may be faced with guiding patients through difficult decision 
making at the end of life in the context of patients suffering from aggressive thyroid 
or adrenal cancers. Good decision-making includes advanced care planning where 
the following issues are discussed: prognosis, treatment options, code status and 
preferences regarding nutrition hydration and intubation, palliative care, and hos-
pice care [24]. Again, it is often very worthwhile to involve other specialists and 
team members early on such as those who provide palliative care.

 Allocation of Resources

Although surgeons ought to base clinical care decision on the individual patient with 
whom they have a direct fiduciary relationship, it is acknowledged that a large share 
of health care costs are controlled by physicians through medical decision making. 
Patients have a right to be informed of costs of treatments and management alterna-
tives given that they now bear an increasing portion of these [13, pp.  186–187]. 
These costs may have negative financial and societal consequences if decisions are 
not made well [23].

Conclusion

In 1927 Peabody wrote: “The practice of medicine in its broadest sense includes 
the whole relationship of the physician with his patient. It is art, based to an 
increasing extent on the medical sciences…. The physician who attempts to take 
care of a patient while he neglects [emotional life] is as unscientific as the inves-
tigator who neglects to control…his experiment. The good physician knows his 
patients through and through… One of the essential qualities of the clinician is 
interest in humanity” [30]. With the expanding array of biomedical choices in 
patient care this may be even more relevant today. The Institute of Medicine calls 
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patient-centered care a fundamental approach to improving the quality of health 
care [10]. Thus, decision-making from the surgeon’s perspective must be one 
that emphasized not only biomedical expertise but is based on a model of shared 
decision-making in partnership with our patients. “For the secret of the care of 
the patient is in caring for the patient” [30].
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Abstract
There is increasing involvement of patients participating in difficult decisions 
related to their health interventions, like whether or not to have surgery. Such 
patients must be informed about their treatment options and the risks and benefits 
that go along with each so that they can apply their preferences in making the 
decision. This process can be problematic in surgical clinics where time with 
patients is limited. Helping surgeons educate patients and incorporate the 
patient’s preferences into the treatment choice is a major challenge that requires 
research and guidance.

Keywords
Shared decision making · Surgery · Patient education

Traditional healthcare was characterized by physician paternalism in guiding 
patients towards what treatment the physician determined was best to address the 
patient’s condition [1]. Healthcare and decision making about treatments is evolv-
ing towards a practice referred to as Shared Decision Making (SDM), especially for 
problems for which there is no single standard of care. SDM requires the 
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participation of both the physician and the informed patient. This paradigm shift is 
expanding rapidly owing to the availability of patient-oriented information on the 
internet and through social media.

The change extends beyond the primary care setting, where patients and physi-
cians often have a well-established relationship, to include surgical clinics, where 
the surgeon is charged with relatively limited, short-term care of the patient [2]. 
With more patients seeking an active role in SDM for difficult decisions, failing to 
ensure patients are sufficiently informed when taking part in SDM is likely to have 
negative, dramatic, and irreversible consequences in surgical care.

In decisions where relevant evidence is limited and patient values and goals can 
be diverse, informed patient preferences should be incorporated into making the 
choice. Consequently, this requires the sharing of information with the patient so 
that they are equipped with a good understanding of their situations and options. If 
the growing demand for SDM is to be met and executed appropriately, surgeons 
must be prepared to inform patients and foster healthy SDM.

 What Is Shared Decision Making?

SDM is a clinical approach in which informed patients actively share in making 
choices about their own care with their physicians. SDM is specifically required 
when, due to limitations of medical evidence, none of the options is considered a 
true standard of care. For some health problems requiring SDM, there are trade-offs 
between options. Options are linked to various probabilistic outcomes that make the 
right decision reliant on patients’ preferences [3]. The SDM process is a compound 
and ordered one that typically takes place in a face-to-face consultation between the 
patient and physician. The goal is to first deliver the important information and 
ensure its comprehension, then deliberate over the options to settle on the preferred 
course of action.

Driving this transition from traditional paternalism towards SDM is the evolution 
of the physician-patient relationship towards a more collaborative model. It likely 
reflects changes in population demography as more paternalistic pre-baby boomers 
pass away and are replaced by later generation autonomous healthcare consumers, 
but it also receives pro-active international advocacy from many medical care pro-
viders, researchers, and ethicists as a moral imperative.

 Call for Shared Decision Making

The practice of SDM has gained proponents, critics and researchers from all around 
the world over the decades. An international panel of medical experts convening in 
Salzburg in 2010 came to a consensus and released the Salzburg Statement on 
Shared Decision Making declaring that the implementation of effective SDM would 
make the single most profound improvement to healthcare quality [4]. The state-
ment included instructions for health policy makers as well as physicians and 

J. A. Hemmerich et al.



39

patients. It asserted that physicians have an ethical imperative to practice SDM with 
patients, engage in two way communication, field and answer patients’ questions, 
and solicit patients’ values and personal preferences. Physicians should also provide 
accurate and individually tailored information about options and the uncertainties, 
benefits, and harms of treatment options. They must allow patients sufficient time to 
consider their options and recognize that most decisions need not be made immedi-
ately. The Salzburg Statement implored patients to recognize their right to partici-
pate, to voice their concerns, questions, and values, and seek out and utilize the 
highest quality information available [4].

Survey data indicate that patients express a desire for SDM, but that significant 
variance still exists in patient preferences for decisional control, as some patients 
still desire the physician to take a guiding role [5]. A qualitative interview study 
indicated that older frail patients expressed a desire for information but not neces-
sarily to have input into the treatment choice [6]. Cancer patients often desire to 
have important information even when they indicated that they don’t prefer a very 
active role in settling on the treatment choice. Although there will continue to be an 
overall increasing desire for information and continuing evolution towards more 
patients wanting to be active participants in SDM, multiple decision making styles 
will persist.

 Meeting the Requirement of Informed Patients in SDM

SDM is said to be performed effectively when patients accurately comprehend all of 
the necessary information regarding their options, identify their values and prefer-
ences, and determine which treatment choice gives them the best odds of realizing 
their goal [7]. Having a more equal informational footing, the patient and physician 
can often come to an agreement about what treatment best fits an individual patient’s 
health state preferences and tolerance for risks, but if an agreement is not struck, the 
patient’s preferences should ultimately prevail [4].

In much of the SDM literature, the “important information” is only vaguely if 
ever defined, but it is to some degree specific to the diagnosis and available treat-
ment options. When considering surgery, it is important that the patient know the 
essential information at the critical time because this treatment cannot be discontin-
ued and is irreversible. This is a serious concern with older patients who are observed 
to take different strategies in decision making and bias their attention in ways that 
younger patients do not [8].

Unfortunately, nationally representative survey data suggest that patients do not 
know the relevant information about a disease, prognosis and available options at 
multiple important points in care [9]. As a result, an entire decision support aid 
movement has started with the mission of developing and verifying the quality of 
tools intended to improve patient knowledge, including tools relevant to surgery 
[10, 11]. Many of these tools are intended to avoid ineffective SDM participation by 
uninformed or confused patients that could lead to treatment choices that do not 
match the patient’s preferences and goals.
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Several barriers to patient participation in SDM, which all could jeopardize 
patient education, have been identified and include dealing with multiple profes-
sionals unfamiliar with their preferences, diverse treatment strategies among physi-
cians, fast patient turnover in hospitals, stressed medical personnel, and 
communication barriers [6]. All of these factors are risks that hinder the communi-
cation between patients and surgeons and contribute to leaving patients in a state of 
poor comprehension.

 Impact of SDM on Clinical Outcomes

Currently, the downstream consequences for succeeding or failing to practice good 
SDM are not well-documented or understood. The rationale is that if a patient is to 
express their values, goals, and preferences and work with the physician to choose 
the treatment option that best fits, they must have an accurate model of the problem 
in their mind. There is some evidence that the quality of SDM is predictive of 
patient-centered, clinical and care-cost outcomes. Decision conflict is a construct 
that largely reflects how satisfied a patient is about their treatment decision shortly 
after making it and usually prior to fully realizing the outcome. There is debate 
about the tenability and value of lowering patients’ decision conflict [12], but help-
ing patients feel secure and confident in their treatment choice will benefit overall 
satisfaction with care.

Although, the ethics of SDM should make it immune to cost considerations, the 
potential to lower or raise costs is of growing interest. Good SDM could improve 
satisfaction and functional outcomes, but poorly executed SDM could dispropor-
tionately increase costs and worsen clinical outcomes, satisfaction with care, and 
quality of life. Patients are unlikely to be as influenced by financial incentives as 
much as physicians often are, but it is not a certainty how SDM will influence the 
cost of care until more appropriate and longitudinal data are available. Some theo-
ries have been proposed as to how SDM might lower costs, and one in particular, 
costs of litigation, is highly relevant to surgery. Some data indicate that it is health 
care professionals’ style and not the content of their communication that predicts 
litigation. There is evidence that failures of SDM such as devaluing patient or fam-
ily views, delivering information poorly, and failing to understand the patient’s per-
spective of the problem were predictive of litigation [13–15]. Improving patient 
comprehension and participation in SDM could lower the high rate of litigation in 
surgery, and therefore potentially decrease health care costs.

 The Need for SDM in Surgical Care

The global population is growing older because there are more people who are liv-
ing to an older age. The U.S. population over age 65 is estimated to increase from 
40 million in 2010 to 88 million in 2050 [16]. Surgeons deliberate over details, 
including patient age and frailty. They take into account the characteristics of the 
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patient, their diagnosis, and the risks associated with surgery, and then formulate a 
recommendation about whether or not having surgery is the best course of action. 
Although there are professional and financial biases pushing surgeons to recom-
mend surgery, they recognize when a patient is not an ideal surgical candidate and 
that it might be advisable to consider other options.

When presenting to a surgery clinic for a condition that can be treated surgically, 
patients are regularly evaluated on their surgical candidacy. Although surgery is 
quite common for some conditions, the decision about having surgery is not obvious 
when the patient is at higher risk for complications or less likely to benefit from 
resection. Without additional concerns, surgery is often preferred because it is 
definitive and is associated with improved quality of life and decreased mental 
anguish. However, the immediate and long-term risks associated with surgery pro-
vide reason for pause, and more thorough pre-surgical assessment reveals that not 
all patients prove to be good surgical candidates.

Surgical evaluation often involves assessment of physiologic performance 
thresholds that predict good immediate surgical outcomes, but lower scores are not 
prohibitive, and the clinical complexity and diversity of patients has made it intrac-
table to identify criterion values below which the surgical risk level should be con-
sidered excessive for all patients. In addition, some operations result in important 
long-term functional impairment that is permanent, and communicating how such 
impairments affect quality of life is often challenging.

There are often alternatives to surgery, including medical therapy or radiation ther-
apy, depending on the condition. Some patients may simply be observed if their condi-
tion doesn’t require immediate intervention, and when intervention ultimately is 
warranted the treatment options may be more clear to both the patient and the surgeon.

Many of the data upon which treatment decisions are based are from studies that 
did not include random assignment and that under-represented specific populations 
such as older patients and women. Consequently, there are insufficient data to pro-
vide guidelines for a diverse patient population that presents a complex array of 
variables and co-morbid conditions.

 Problems with SDM and Surgery

The claim that patients are to be informed participants in SDM brings new chal-
lenges for both patients and their physicians because appropriate training and infra-
structure for good SDM has largely not been put into place. As well, patients are 
usually not prepared to get the most out of their face-to-face time with the surgeon. 
Many patients are already predisposed for or against surgery prior to their initial 
consultation with a surgeon. This may be a result of their conversations with non- 
surgical specialists, family influences, personal biases, or misinformation. Many 
patients with a diagnosis of cancer are predisposed to surgery even if evidence dem-
onstrates that surgery is not their best treatment option [17].

Older patients are likely to have greater difficulty participating in SDM for mul-
tiple reasons. Older people represent a more diverse population than their younger 
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counterparts because of the prevalence of a wide variety of medical conditions and 
physical functioning. Some older patients have a combination of medical conditions 
to be managed and an array of medications carrying various risks and side-effects. 
As the large influx of older patients floods into surgical clinics, these surgeons will 
be faced with tremendous challenges of delivering appropriate treatment to a diverse 
patient population, for which there are few data to guide treatment choices.

 Patient Clinical Complexity
Many factors can increase surgical risk and render the decision about whether or not 
to have surgery more difficult. When the patient is not otherwise healthy, but instead 
has significant co-morbid health conditions or significantly diminished cardio- 
pulmonary function, they are less likely to benefit and are at higher risk for adverse 
outcomes. Outcomes can be expected to be worse in patients with more co-morbid 
burden [18], and scoring systems have been developed that demonstrate the rela-
tionship of cumulative deficits to adverse outcomes [19]. Advanced age itself has 
become a difficult issue in surgical decisions as people are living longer and the 
population of advanced age adults is one of diverse health. Some patients of 
advanced age are robust and highly functional, while others have difficulty with day 
to day endeavors and are vulnerable to further degradations of function and looming 
mortality.

There is a potentially important impact on surgical outcomes of the widely- 
recognized but poorly understood geriatric syndrome of physiological frailty 
[20–22]. Surgical clinics are becoming increasingly adept at assessing patient frailty 
through assessment of physical and cognitive factors. Surgeons also put the patient 
to the “eyeball test” regarding their fitness for surgery, assessing the patient’s surgi-
cal candidacy more intuitively and beyond what is captured in traditional pre- 
surgical evaluations, but much remains to be learned about the impact of frailty on 
surgical outcomes and how to predict it [23].

There is no clear criterion cutoff for any pre-surgical or physical evaluation that 
expressly prohibits sending a patient to surgery and the available published data are 
not of sufficient quality to set sound practice guidelines for a clinically diverse 
patient population. The process of assessing risk and probable outcomes for imper-
fect surgical candidates is rather fuzzy and speculative and, even with information 
on frailty, there remains a high amount of uncertainty regarding an individual 
patient’s fate. Consequently, without strict guidelines, SDM is called for so that 
patients know that their options lead to uncertain outcomes, but that there is infor-
mation about their own surgical fitness worth knowing when deciding on 
treatment.

 Difficulties in Patient Comprehension
Patients are never standing on the same ground as surgeons regarding foundational 
knowledge about disease and surgery. A substantial barrier to implementing effec-
tive SDM is helping patients understand the important facts about their disease and 
treatment options so that they are accurately informed at the time that they are 
participating in the decision making process. The devil is in the details because 
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patients must know how their own clinical characteristics might impact the periop-
erative risks and probabilities of different outcomes. A verbatim detailed compre-
hension of risk statistics appears to be neither necessary nor sufficient to guide 
decisions of physicians or patients if they do not derive the proper meaning [24, 25]. 
Educational barriers are important obstacles to patient comprehension [26]. What 
is important is that patients understand what can be expected to happen if the dis-
ease goes untreated, what options are available to them to combat the disease, the 
goals of each treatment, the advantages and disadvantages of those options, and the 
uncertainty inherent in all. This is not always feasible for surgeons to convey or 
patients to comprehend [27].

Non-demented older patients process information differently and sometimes 
implement strategies that are unlike those used by their younger counterparts. As 
cognitive abilities change over the life span, there is sometimes a shift towards 
emotion- based information that can impact risk perception and decision making 
[8, 28]. Older adults often use religious coping for health related stressors, and that 
coping can come in positive or negative forms, such that they can either alleviate or 
bring on psychological morbidity [29]. However, it is not clear what impact reli-
gious thinking has on the treatment decisions of patients considering risky, but 
potentially curable, surgical treatment options with varying risk and promise.

Cancer patients deciding about surgery sometimes hold beliefs that contradict 
evidence-based medicine and can potentially misguide their decisions. In surgical 
oncology, some patients believe that cancer will spread during the surgery if the 
cancer, “hits the air” [30]. This belief is found to be retrospectively predictive of the 
decision to forego surgery [31] and it was found to be widespread among a national 
sample of healthy survey respondents [32]. It is clear that patients’ abilities to pro-
cess information and the mental representations that they ultimately construct can 
make a big difference in which choice they make about treatment.

 Surgical Practice
The traditional practice of surgery might also provide barriers to effectively satisfy-
ing the requirement of an informed patient in SDM. Ultimately, the goal of all sur-
geons is to do the best that they can for their patients. However, this requires 
separating out the often influential institutional and financially-driven goals to more 
clearly determine what is preferred by the patient. It is likely that the professional 
culture of surgery has worked against the adoption of SDM as common practice. 
Surgeons focus on creating a feeling of confidence and optimism in their patients, 
which is somewhat at odds with delivering the “cold hard facts” and sometimes 
troubling risk information [2].

Surgeons strive to maintain an optimistic stance regarding the treatment that they 
provide and they often refer to an operation that removes all of the known cancer 
cells as a “cure” [1, 33]. This is thought to be integral part to the surgeon-patient 
relationship because putting patients into a positive state of mind is important to 
maximize hopes of a good outcome. The surgeon addresses the pre-surgical goal of 
comforting and convincing the patient that she or he is in good hands in the operat-
ing room and works to cultivate an optimistic attitude about surgery. The operation 
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is typically performed only in cases in which the surgeon believes that it is justifi-
able, given the patients level of surgical risk, and the patient agrees to do what the 
surgeon believes is best. However, eliciting optimism in patients is difficult to bal-
ance with delivering important information about risk, uncertainty, or trade-offs that 
might be viewed as unfavorable by the patient in order to allow them to be fully 
informed participants.

Additionally, surgeons have other incentives to make specific choices [33]. There 
is little gain accrued when a patient is referred to radiation oncology, but surgeons 
receive financial incentives for patients going to the operating room [1]. Many fac-
tors cast doubt that popular current practices in surgical clinics effectively help 
patients to be informed and to share in difficult decisions about whether or not to 
undergo. Many of these motivations make assisting the patient in SDM a secondary 
concern, and even at odds with some of the surgeon’s goals.

 The Way Forward

It will become increasingly important for surgical clinic staff to be able to effec-
tively educate patients on the important information and engage in SDM with 
patients, as it becomes the prevailing practice of healthcare. With a growing number 
of older, more clinically complex patients presenting to surgery clinics, some 
changes to surgical care practices will be necessary. These changes include a pre-
mium put on identification of patients’ informational needs and desire for participa-
tion, well-designed external patient education resources, and decision support that 
is integrated into the individual patient’s surgical consultation.

Surgeons should ascertain what level of involvement each of their patients want 
in the decision making process. Even when an older, sicker or frailer patient desires 
a passive role in SDM, the surgeon should take account of the patient’s preferences 
and risk tolerances for different outcomes. For patients wishing to provide input into 
the choice, participation in SDM involves first education, confirming that they com-
prehend the essential information about their cancer diagnosis and treatment 
options, and inviting them to express their desires. Participation by an uninformed 
patient can be counterproductive and lead to choices that are a poor fit for patients’ 
goals or leave them poorly prepared and in the dark about what lies ahead.

As difficult as it is to share such information, a patient should know the progno-
sis of their disease and the approximate time-frame in which it can be expected to 
advance and take their life. They should be told that there are options other than 
surgery, and that these might be worth exploring before making a choice, espe-
cially when they are not ideal surgical candidates. They should also know what 
treatment side-effects and health states are possible results from different treat-
ments. A patient who wishes to eradicate their cancer in hopes of living as long as 
possible must be knowingly willing to accept a comparatively higher risk of treat-
ment-related mortality and lasting morbidity. Such patients might choose to have 
surgery even if they are at a somewhat higher risk for complications or adverse 
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outcomes because they desire what gives them the best hope of long-term survival. 
Conversely, a patient who believes that their remaining life-expectancy is too short 
to benefit from a high risk treatment offering a potential cure (5-year survival), 
should understand that they need not accept the risk of surgically-associated mor-
tality and morbidities to do something to combat the malignancy, and instead could 
pursue radiation therapy which could slow the cancer’s advancement and better 
preserve healthy lung tissue.

Further research is needed to understand SDM in surgery and how to improve 
and support it. The current theories of SDM and the instrumentation used to mea-
sure this process have been developed and used largely in primary care and, to a 
lesser degree, shown to be appropriate in oncology [34]. These instruments might 
not be well-tuned to measure and assess SDM or patient comprehension in surgical 
contexts and thus might have limited value in understanding the challenge that sur-
gical professionals face when educating and sharing with their patients.

More research is needed to fully understand how to more reliably and consis-
tently meet the unique decision support needs of older, clinically complex patients 
faced with a decision about curative surgery as they are likely to differ from those 
of patients in a primary care or medical oncology setting. The relatively short-term 
doctor patient relationship in surgical clinics, the trust required for effectively deliv-
ering surgical consultation, the high-risk/high-reward prospects of surgery, and the 
relative urgency with which surgical patients must be made informed, all make 
SDM a more difficult endeavor for surgical specialists than primary care physicians 
or even oncologists,

The specifics of each kind of surgery are important to SDM. There is limited 
support available for higher surgical risk early-stage cancer patients. The majority 
of the decision research that has examined SDM in surgical oncology has focused 
on breast cancer patients. A formal review of 25 empirical articles published 
between 1986 and 2006 on breast cancer patients making surgical decisions report 
that patients’ information needs were consistent and ranked (in order) were: chances 
for a cure, stage of disease, and treatment options [35, 36]. Patient age and educa-
tion predicted information needs and source use [37]. However, some research has 
examined patient-centered factors that predict a choice regarding surgery and shows 
that negative perceptions of the patient-physician interaction on a communication 
scale importantly influences patients’ decisions [31]. More research and develop-
ment of sound SDM support aids and patient education are required to meet the 
needs for the growing population of older and clinically diverse patients deciding 
about surgery.

For the time being, surgeons should strive to inform the patients presenting to 
their clinic that there is no standard of care and that multiple courses of action are 
justifiable. They should also ascertain the degree to which each patient wishes to 
actively weigh options and participate in making the choice. As in all areas of health 
care, physicians should express an eager willingness to answer any questions the 
patient has, allow them time to think over surgery and other options, and permit 
them to explore information in greater detail before making a decision.
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 Summary

Patients’ desired role in difficult decisions, such as whether or not to undergo cura-
tive cancer resection when deemed to be less than ideal surgical candidates, contin-
ues to shift towards active and informed participation in SDM with the physician. 
This change brings profound challenges to a specialty already overtaxed on time 
and resources because good SDM requires that patients are accurately informed at 
the time of sharing in the decision. They must understand options, uncertainties, 
risks and potential tradeoffs. Currently, there appear to be significant risks that 
patients presenting to a surgical clinic are not accurately informed and have miscon-
ceptions that might steer them away from a treatment that might suit their goals and 
preferences. Further research can help to illuminate the problems in SDM for sur-
gery and how to solve them. It is likely that the burden of preparing patients for 
effective SDM in surgical clinics will have to be shared with professionals other 
than the surgeons because the surgical clinics are too limited. For now, surgeons 
should be aware of the importance of striving to maximize patients’ understanding 
about their disease and treatment options so that the patients’ values and preferences 
guide a treatment choice that is right for them.
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Abstract
Low-risk papillary thyroid carcinomas (LR-PTC, tumors ≤1.5 cm) cause virtu-
ally no deaths, and are rapidly increasing in incidence due to overdiagnosis of 
subclinical disease. Herein we review the evidence base and the rationale behind 
a strategy of active surveillance of LR-PTC. We review natural history studies by 
Ito et al. and Tuttle et al., which to date form the backbone of literate on the sub-
ject. These studies provide good evidence supporting the hypothesis that LR-PTC 
is not a deadly disease even when observed. There is little additional evidence on 
patient reported outcomes (PROs, e.g. quality of life) and cost issues as they 
relate to an active surveillance strategy. We compare this body of literature to 
evidence regarding surgery for LR-PTC.

We conclude by highlighting the 2015 American Thyroid Association (ATA) 
Guideline recommendation against fine needle aspiration biopsy of thyroid nod-
ules ≤1 cm without other concerning factors, and guideline recommendations 
regarding active surveillance. We recommend that patients who are diagnosed 
with LR-PTC be offered a choice of surgery or active surveillance, if there are no 
unfavorable or inappropriate features.
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 Background

Papillary thyroid carcinoma is one of the least deadly human cancers. 97–99% of 
people with tumors confined to the thyroid are alive at 20 years [1]. Survival may be 
even higher for smaller papillary thyroid carcinomas confined to the thyroid (herein 
defined as low-risk papillary thyroid carcinoma, LR-PTC, tumor size ≤1.5  cm). 
Meanwhile, the incidence of LR-PTC has nearly tripled over the past 40  years, 
largely due to increased diagnostic scrutiny and overdiagnosis [2–5].

Overdiagnosis of cancer can occur when there is both a large reservoir of occult 
disease and increased diagnostic activity to find it. Both of these conditions are 
met in thyroid cancer. Autopsy studies demonstrate occult disease present in at 
least 5–10% of people at the time of death from other causes [6]. There is also 
evidence of increased use of ultrasonography, fine needle aspiration biopsy, and 
increased detection of “incidentalomas” both by imaging studies and by physical 
exam. Overdiagnosis in the fields of thyroid, breast, lung, and prostate among oth-
ers has led to recommendations by some experts to change the definition of cancer 
to exclude what appear to be “IDLE” conditions (indolent lesions of epithelial 
origin) [7].

Another approach to seemingly occult lesions is active surveillance—a treatment 
strategy that avoids or delays invasive procedures and their attendant risks, harms, 
and costs. While already commonly accepted in prostate cancer, thyroid cancer 
active surveillance is not yet widely presented as an option for newly diagnosed 
patients.

Herein, we review the literature regarding active surveillance of LR-PTC, make 
recommendations for current practice, and discuss the potential future of this treat-
ment strategy. Any new treatment strategies such as active surveillance for LR-PTC 
should be compared to standard treatment (i.e. thyroidectomy) based on the value of 
the new strategy: the benefit or outcomes provided to patients, divided by the associ-
ated harms and costs [8]. Concerning the treatment strategies of active surveillance 
versus surgery for LR-PTC, we review relevant literature regarding outcomes of 
survival and recurrence, patient reported outcomes such as quality of life issues, and 
financial costs, as per Table 5.1. We conclude with a discussion of the 2015 American 
Thyroid Association (ATA) guidelines, which for the first time recommend against 
biopsy of thyroid nodules <1 cm, and also for the first time endorse an active sur-
veillance approach in selected patients with LR-PTC [9].

Table 5.1 PICO evidence-based clinical question

Population Patients with PTC <1.5 cm (low-risk papillary thyroid cancer; LR-PTC)
Intervention Active surveillance (e.g. observation)
Comparator Surgery
Outcomes 1. Survival, recurrence, progression of disease

2. PROs (patient reported outcomes e.g. quality of life)
3. Cost and harm

B. R. Roman and A. R. Shaha



51

 The Evidence Base: Survival, Recurrence, and Progression 
of Disease

To date, Yasuhiro Ito and colleagues in Japan, as well as R.  Michael Tuttle at 
Memorial Sloan Kettering Cancer Center in New York are the only groups to pub-
lish data on the outcomes of patients choosing active surveillance for LR-PTC. Ito’s 
first report was in 2003 [10]. This group offers active surveillance only to patients 
with tumors <1 cm. After diagnosis of LR-PTC via fine-needle aspiration biopsy in 
732 patients between 1993 and 2001, active surveillance was chosen by 162 (28%) 
as a treatment strategy. It is important to note that active surveillance was not offered 
to patients with unfavorable features such as tumors located adjacent to the trachea 
or the recurrent laryngeal nerve, tumors showing high-grade malignancy on fine 
needle aspiration biopsy, and patients with clinically evident nodal metastases. 
Among patients in the active surveillance group, the tumor stayed the same size or 
shrank by ultrasonography in 72.3%. The tumor enlarged to greater than 1 cm in 18 
patients (11.1%). Nine patients (5.6%) developed new lymph nodes suspicious for 
metastasis during active surveillance. Throughout the study period, 56 (34.6%) of 
patients in the active surveillance group underwent surgery, either for patient or 
physician preference. Among the 626 patients with microcarcinomas who chose 
immediate surgery, 594 underwent lymph node dissection, and metastasis was con-
firmed in 50.5%. The authors concluded that papillary microcarcinomas only rarely 
become clinically apparent, even if the disease is likely to have already spread to 
lymph nodes.

In 2010 Ito and colleagues published a follow-up study on the natural history of 
patients choosing active surveillance with an average of more than 6 years of obser-
vation [11]. Active surveillance was offered and chosen by 340 out of 1055 patients 
(32%) with LR-PTC without unfavorable features between 1993 and 2004. At 5 and 
10-year follow up, 6.4% and 15.9% of patients, respectively, had enlargement of 
their tumor by more than 3 mm. 1.4% and 3.4% of patients at 5 and 10-years respec-
tively developed new lymph nodes suspicious for metastases. 109 (32.1%) of 
patients in the active surveillance group eventually underwent thyroidectomy. None 
of these patients developed recurrences during the study period.

In 2013 Ito and colleagues published a study examining the impact of age on the 
progression of LR-PTC [12]. For this study, they defined “progression” as (1) any 
size enlargement; (2) novel appearance of lymph node metastasis; (3) progression 
to ≥12  mm; or clinically apparent lymph nodes. Between 2003 and 2011, 1235 
patients were offered and chose observation, and were followed for an average of 
greater than 6 years. They stratified patients as young (<40 years, n = 169), middle-
aged (40–59, n  =  570), and old (≥60, n  =  496). At 10  year follow up, any size 
enlargement was seen in 12.1% young/9.1% middle-aged/4.0% older patients. New 
lymph node metastases were seen in 16.1% young/2.3% middle-aged/0.5% older 
patients. Progression ≥12  mm or clinically apparent disease was seen in 22.5% 
young/4.9% middle-aged/2.5% older patients. Younger age therefore seemed to be 
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related to various measures of faster progression, a relationship which held in mul-
tivariable analysis. Of 1235 patients being observed, 191 (15.5%) underwent sur-
gery. Only one patient had recurrence in the thyroid bed, and none died of papillary 
thyroid carcinoma, meaning that faster progression in younger patients nonetheless 
did not portend a worse outcome.

Several key facts stand out from Ito’s studies: First, patients eligible for active 
surveillance were carefully chosen; the strategy was not offered to patients with 
unfavorable features such as tumors located adjacent to the trachea or the recurrent 
laryngeal nerve, tumors showing high-grade malignancy on fine needle aspiration 
biopsy, or patients with clinically evident nodal metastases. Second, among care-
fully selected patients, active surveillance appears to be a viable treatment option, 
with no deaths from carcinoma observed in the group being followed. Third, it 
appears that younger patients choosing active surveillance are more likely to show 
progression of their disease compared to older patients, although their outcomes 
were not ultimately worse. Fourth, although some patients in the active surveillance 
group eventually had surgery, the proportion of patients who remained in active 
surveillance in the three studies increased over time, from 65.4% to 84.5%. The 
interpretation is that during the decade over which these studies took place, Ito and 
colleagues have become more comfortable observing patients for longer. This sug-
gests that there may be additional room for an active surveillance strategy for 
patients with somewhat larger tumors or even for patients whose tumors show 
growth or progression over time. Ultimately, the appropriate limits of this strategy 
have not been fully identified, and will likely change with additional future inquiry.

R.  Michael Tuttle at Memorial Sloan Kettering Cancer Center in New  York 
recently published on a cohort of 291 patients with LR-PTC, with tumors up to 
≤1.5  cm in size [13]. These patients were followed for a median of 25  months 
(range: 6–166). Using Ito’s criteria of 3 mm of tumor growth, 11/291 (3.8%) expe-
rienced growth, with a cumulative incidence of 12.1% extrapolated at 5  years. 
Interestingly, 3-dimensional tumor volume assessment yielded earlier identification 
of tumor growth. Younger age correlated with increased likelihood of tumor growth. 
No patients in this cohort experienced lymph node or distant metastases while on an 
active surveillance approach, and there were no thyroid-cancer related deaths.

One additional study of the natural history of thyroid cancer not undergoing 
immediate surgical treatment is available from analysis of SEER data by Davies 
et al. [1]. In that study of 440 patients not receiving immediate surgery, most tumors 
with documented size were between 1.0 and 3.0  cm. These 440 patients had a 
20 year cancer-specific survival of 97%.

The outcomes from an active surveillance strategy can be compared to an up-
front surgical strategy in terms of survival and the need for future treatment (for 
progression in the case of active surveillance, or recurrence in the case of up-front 
surgery). From this perspective, outcomes are comparable: The survival was 100% 
in Ito’s studies and 97% in Davies’ SEER study (although the tumors in SEER were 
predominantly larger than 1 cm). For patients undergoing up-front surgery, Ito has 
published data on long-term outcomes including rate of tumor spread and survival 
[14]. In patients with tumors up to 2 cm in size, the rate of tumor spread to lymph 
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nodes at 10  years was 1.9%, while the rate of spread to distant sites was 0.4%. 
Thyroid-cancer-related death occurred in 0.04% of patients with tumors <2 cm.

Two additional studies have examined outcomes of surgery for LR-PTC, using 
the SEER database. These studies have demonstrated >99% 5 and 10-year disease 
specific survival among patients with LR-PTC, [15, 16] regardless of the extent of 
surgery (hemi vs. total thyroidectomy) [15]. Other studies have verified that the 
extent of surgery does not affect outcomes [17–19]. Very few patients undergoing 
surgery for LR-PTC have recurrent disease requiring additional treatment [20]. 
Some reports suggest a difference in recurrence rates between microcarcinomas 
discovered incidentally and nonincidentally, [21] and differences based on multifo-
cality, [19] but others have reported that radioactive iodine treatment did not affect 
recurrence [19, 22].

 The Evidence Base: PROs Including Quality of Life (QOL)

Ito and colleagues have not studied PROs or QOL issues in their patients who 
choose not to undergo thyroidectomy. There is robust literature on quality of life in 
prostate cancer, and evidence that patients choosing active surveillance do not have 
burdensome levels of anxiety or other negative psychological effects of not under-
going treatment [23]; those prone to worry would not choose active surveillance. 
However extrapolation from prostate literature is difficult because there are major 
differences between the risks and benefits of active surveillance versus treatment for 
prostate and thyroid cancer. In short, the relatively common sexual and urinary dys-
function faced by men who choose treatment for prostate cancer would likely affect 
quality of life more than the common risks of thyroidectomy. One testable hypoth-
esis regarding LR-PTC active surveillance is that patients may have improved PROs 
compared to those undergoing surgery because they can avoid sequelae of surgery 
such as a scar on the neck, need for lifetime thyroid hormone replacement, and 
temporary or permanent complications of vocal cord dysfunction and hypocalce-
mia. How such PROs might balance with the psychological concerns of choosing 
active surveillance has not been studied.

For patients who undergo surgery for LR-PTC, complications of thyroidectomy 
include temporary or permanent vocal cord dysfunction, rare need for tracheotomy, 
temporary or permanent hypocalcemia, and hematoma, along with complications 
related to general anesthesia [24]. The effect of these specific complications on 
PROs and QOL has not generally been studied. Regarding overall quality of life in 
patients undergoing thyroidectomy, a systematic review of 26 studies demonstrated 
a similar or slightly worse health-related quality of life compared to the normative 
population [25]. Affected domains on the Short Form 36 (SF-36) questionnaire 
include vitality, physical functioning, bodily pain, general health perceptions, phys-
ical role functioning, emotional role functioning, and mental health [26]. A thyroid-
ectomy scar was shown to worsen scores on the Dermatology Life Quality Index 
[27]. PROs are worse among patients who have had a thyroidectomy if they also 
undergo neck dissection, including worse chewing and shoulder scores on the 
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University of Washington Quality of Life Questionnaire [28]. Worse PROs are also 
seen in multiple head and neck specific quality of life instruments among patients 
undergoing radioactive iodine ablation [28, 29].

 The Evidence Base: Cost and Harm

By 2019, it is estimated that papillary thyroid cancer will become the third most 
common cancer in women of all ages in the United States, and will cost $18 to $21 
billion dollars to treat. Compared to most cancers, however, the cost of treating one 
patient with thyroid cancer is relatively small, at an estimated $35,000 [30]. The 
lifetime costs of thyroidectomy are likely higher, since many estimates of cost do 
not take into account such issues of lifetime hormone replacement and loss of pro-
ductivity from missed work, nor do they account for the impact of harms of treat-
ment on quality-adjusted life years. Regarding the active surveillance strategy for 
LR-PTC, neither the projected nor the actual costs have been studied. Our estimate 
is that in time, as the appropriate regimens of active surveillance become more clear, 
this strategy will likely be less expensive than thyroidectomy.

 Discussion

In summary, the rationale for an active surveillance approach to LR-PTC is that it 
allows patients to avoid the risks and complications of thyroidectomy without any 
apparent adverse effect on survival. This approach is not for every patient. 
Psychologically, a diagnosis of cancer will likely be too burdensome for certain 
patients to choose this strategy. The rationale for surgery for LR-PTC is that it 
allows most patients a definitive cure, with relatively low morbidity. The cost con-
siderations of surgery versus active surveillance will need detailed studies as active 
surveillance with routine ultrasounds is needed even after surgery.

It should be noted that whereas the 2009 ATA Guidelines [31] left open the pos-
sibility of fine needle aspiration biopsy for patients with a high risk history and 
tumors >5 mm, the 2015 ATA Guidelines explicitly recommend against biopsy of 
nodules <10 mm [9]. Therefore, patients who might have LR-PTC are now not even 
recommended to determine whether their thyroid nodule is cancerous or not. If 
these guidelines are followed, patients with tumors <1  cm and ultrasonographic 
features highly suspicious for papillary thyroid carcinoma can be offered active 
surveillance without making a definitive diagnosis. Patients with tumors >1 cm who 
have been biopsied can be offered active surveillance.

The ATA 2015 guidelines also for the first time endorsed the active surveillance 
approach. The recommendation reads: “A cytology diagnostic for a primary thyroid 
malignancy will almost always lead to thyroid surgery. However, an active surveil-
lance management approach can be considered as an alternative to immediate sur-
gery in: (A) patients with very low risk tumors (e.g. papillary microcarcinomas); 
(B) patients at high surgical risk because of co-morbid conditions; (C) patients 
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expected to have a relatively short remaining life span; (D) patients with concurrent 
medical or surgical issues that need to be addressed prior to thyroid surgery” [9].

In conclusion, active surveillance of LR-PTC, as well as any thyroid nodule less 
than 1 cm, is a viable option for patients. Even with a diagnosis of cancer, patients 
are very unlikely to die of this disease. However, much work remains to determine 
the best candidates for this approach, to develop decision-aids that will assist 
patients in choosing the best option for them, and in determining the optimal proto-
col for active surveillance. In addition, the role of BRAF and other molecular stud-
ies remains unclear at this time.

 Recommendations

 1. The American Thyroid Association (ATA) 2015 Guidelines recommend against 
fine needle aspiration biopsy of thyroid nodules ≤1 cm without other concerning 
factors.
GRADE strength of recommendation: A, high: Further research is very unlikely 

to change our confidence in this recommendation.
 2. The American Thyroid Association (ATA) 2015 Guidelines endorse active sur-

veillance for selected patients, including those with “very low risk tumors,” a 
group which includes (but is not necessarily limited to) tumors <1 cm (papillary 
microcarcinomas).
GRADE strength of recommendation: B, moderate: Further research is likely to 

have an important impact on the outcome estimates.
 3. Patients who are diagnosed with LR-PTC should be offered a choice of surgery 

or active surveillance if there are no unfavorable features (tumor adjacent to 
trachea or recurrent laryngeal nerve, pathology showing high-grade malignancy, 
or clinically evident lymph node metastases).
GRADE strength of recommendation: B, moderate: Further research is likely to 

have an important impact on the outcome estimates.
 4. Optimal active surveillance protocols have not been developed. Should active 

surveillance be chosen, the patient should ideally be enrolled in prospective data 
collection in order to further study this treatment approach.
GRADE strength of recommendation: A, high: Further research is very unlikely 

to change our confidence in this recommendation.
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Abstract
Non-medullary thyroid cancer (NMTC) of follicular cell origin make up 95% of 
thyroid cancers, of which 85% are papillary thyroid cancer (PTC). Generally, 
these tumors have an excellent prognosis. Since the first description of identical 
twins with papillary thyroid cancer in 1955, epidemiological data have shown 
that up to 8% of these tumors are familial in etiology, despite not being related to 
other known cancer syndromes.
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 Overview of Familial Non-medullary Thyroid Cancer (FNMTC)

Non-medullary thyroid cancer (NMTC) of follicular cell origin make up 95% of 
thyroid cancers, of which 85% are papillary thyroid cancer (PTC). Generally, these 
tumors have an excellent prognosis [1]. This chapter deals with the question of 
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ultrasound versus physical examination as the best screening protocol for FNMTC 
family members (Table 6.1).

Since the first description of identical twins with papillary thyroid cancer in 
1955, epidemiological data have shown that up to 8% of these tumors are familial in 
etiology, despite not being related to other known cancer syndromes [2] (Table 6.2). 
First degree family members of patients with thyroid cancer have up to ninefold 
increase in also developing the disease [3, 4]. The classic definition of FMNTC 
describes the presence of NMTC in a family in which two or more first degree rela-
tives are affected [5, 6]; however, there is no consensus agreement on this number 
of affected relatives, with other authors using different cutoffs for the number of 
affected relatives [5, 7]. Most of these tumors are PTC (>90%); in addition, other 
benign thyroid conditions such as goiter and thyroiditis are found in over 50% of 
cases [3, 6]. Swedish epidemiological data have found an over threefold and sixfold 
increased risk of NMTC in a PTC patient’s parent and sibling, respectively [8].

There is much still to be understood regarding the inheritance of FNMTC; how-
ever, autosomal dominance with incomplete penetrance and variable expressivity 
continues to be generally accepted as the most likely pattern [9–13]. Families with 
two first degree relatives have between a 33% and 50% probability of belonging to 
an FNMTC kindred, and those with three or more first degree relatives have a 95% 
chance [14]. The dramatic increase in probability of FNMTC between a cutoff of 2 
versus ≥3 affected family members is simply due to the difference in statistical pos-
sibility of these relatives sharing a diagnosis of NMTC but actually having separate 
incidences of sporadic disease.

 Genetics of FNMTC

In contrast to other hereditary syndromes well described in the literature, FNMTC 
has less understood genome differences. Of the four other named cancer syndromes 
of which NMTC is a component, three are autosomal dominant (Gardner’s 

Table 6.1 PICO table Population Relatives of FNMTC patients
Intervention Ultrasound screening
Comparator Physical exam
Outcomes Survival, recurrence, age at operation, size  

of tumor

Table 6.2 Author recommendations in the screening of FNMTC

Number of family members with WDTC Recommendation
None No screening
One Physical exam yearly
Two Ultrasound yearly
Three or more Ultrasound yearly
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syndrome, Cowden disease and Carney Complex) and one is autosomal recessive 
(Werner Syndrome). Each of these syndromes has a specific gene mutation [15–19]. 
It is important to note, however, that the risk of thyroid cancer within these entities 
is highly variable and even within each syndrome the range of reported risk of well 
differentiated thyroid cancer is very broad. FNMTC which as of yet has not been 
associated with a single mutation has not been as well described; one reason may be 
that other epigenetic mechanisms play a more significant role in the heredity of 
FNMTC.  Nevertheless, several implicated genes and loci have been described, 
although it remains unclear whether these genetic alterations specifically cause thy-
roid cancer to develop, or rather that they are associated with increased thyroid fol-
licular cell growth/function in general, since families with FNMTC also have higher 
rates of benign adenomas, Hashimoto’s thyroiditis and multinodular goiters.

An overview of the genetic regions implicated in FNMTC is shown in Table 6.3 
[20]. MNG1 was one of the first genetic loci to be associated with FNMTC; how-
ever, follow-up analysis showed that it was more closely related with familial mul-
tinodular goiters. The TCO, fPTC/PRN, and FTEN regions have had mixed results 
showing an association with FNMTC, with limited confirmatory datasets. NMTC1 
has had multiple large studies showing its association with FNMTC, but particularly 
with follicular variant of PTC. A SNP array-based linkage analysis of 38 FNMTC 
kindreds revealed 2 loci on chromosomes 1q21 and 6q22, but these results have not 
been broadly validated [21]. Recently, there has been increased evidence for FOXE1 
on chromosome 9q22.33 in several large FNMTC kindreds in both Europe and the 
U.S. Further, there has also been recent evidence that telomere telomerase complex 
may play a larger role in the genetics of familial thyroid cancer. The evidence how-
ever, is still limited and far from conclusive. Overall, the genetic underpinnings of 
FNMTC has yet to be fully characterized.

 Prognostic Differences in FNMTC Patients

It is generally accepted that NMTC found in two family members may be more 
aggressive and portend a worse prognosis than those without a positive family his-
tory [22]. Several studies have supported this assertion. A retrospective analysis of 
1262 patients of whom 113 (9%) were diagnosed with FNMTC found that those 

Table 6.3 Genetic regions 
associated with familial 
nonmedullary thyroid cancer

Gene Location
MNG1 14q31
TCO 19q13.2
fPTC/PRN 1q21
NMTC1 2q21
FTEN 8p23.1-p22

1q21, 6q22
FOXE1 9q22.33
Telomere telomerase complex
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associated with FNMTC were associated with worse outcomes, particularly with 
respect to disease free survival [23]. McDonald et al. [24] echoed these findings, 
showing that FNMTC patients had higher rates of reoperation, additional treatment 
with radioactive iodine, distant metastasis, and death [24]. In addition, a multicenter 
matched case control series showed 48 patients with FNMTC compared with non-
familial disease had shorter disease free survival [10]. Furthermore, Uchino et al. 
reviewed 6458 Japanese patients with NMTC and found 258 patients implicated in 
familial disease. In this study, disease free survival was worse overall in FNMTC 
patients, although the mechanism was unclear as rates of invasive tumors and lymph 
node metastasis were similar [7].

 Screening for FNMTC

 Detection of the Abnormal Thyroid

Before the introduction of ultrasound into clinical practice, the physical exam of the 
thyroid remained the mainstay of detection of suspicious goiters requiring interven-
tion. Multiple studies done to assess the utility of clinical exam have been extremely 
variable. Studies looking at sensitivity of detecting presence of goiter by physical 
exam have be estimated to be as low as 64% [25, 26], and sensitivity for nodules as 
low as 31% [27]. On the other hand, assessment of specificity in detecting abnormal 
thyroid goiter has approached 100% in many studies [25, 28, 29]. Nevertheless the 
variability in physical examination’s sensitivity led to widespread adoption of the 
use of ultrasound in detecting thyroid abnormalities. Since one of the first descrip-
tions of use of ultrasound to view the thyroid gland in 1967, [30] the ultrasound 
rapidly became a central clinical tool in detecting pathology. Currently, ultrasound 
technology has integrated into the clinicians practice so much so that it has become 
an extension of the physical exam. Surgeon performed ultrasound has become 
accepted as an integral part of the assessment of thyroid nodules within national 
guidelines [31].

 Defining the Population Most Likely to Benefit from Screening

There has been a growing concern regarding the overdiagnosis of thyroid cancer in 
the general population. The initiation of whole-population screening with thyroid 
ultrasound in South Korea has led to a striking increase in the diagnosis of thyroid 
cancer since the beginning of this millennium, but no change in cancer-related mor-
tality. Although not nearly as dramatic, this phenomenon has been demonstrated to 
a lesser degree in the United States. This discrepancy between the rate of diagnosis 
versus rate of mortality has raised the concern that this detection strategy is leading 
to the workup and treatment of many smaller thyroid cancers which may otherwise 
never become clinically significant [32]. The implications on treatment-related 
complications/morbidity as well as costs and resources are evident.
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On the other hand, FNMTC tumors do exhibit more aggressive behavior and 
confer a worse prognosis, as described above. In addition, it appears that early diag-
nosis and appropriate treatment in FNMTC patients increases their disease free and 
overall survival [5], which certainly suggests a benefit to screening at-risk family 
members. Therefore, any proposal for a screening strategy for FNMTC kindreds 
would do best to implement an adequately sensitive screening strategy for those 
families most at risk, while minimizing the pitfalls related to overdiagnosis and 
cost.

Identifying the FNMTC population most likely to benefit from screening 
depends critically upon whether FNMTC is defined as a family with ≥2 or 3 
affected first-degree relatives. This is because the probability of a true genetic com-
ponent in any given family with differentiated thyroid cancer increases (and that of 
a random sporadic cancer inversely decreases) as the number of known affected 
relatives increase [14] and (Table 6.3). Table 6.4 summarizes screening recommen-
dations by breaking down the probability estimates of detecting a true FNMTC-
related differentiated thyroid cancer using ultrasound versus physical exam, 
depending on the family history of a hypothetical screening subject. The key 
dependent variables in this model that were derived from the literature are (1) the 
prevalence of a thyroid nodule, (2) probability of a differentiated thyroid cancer in 
that nodule, (3) sensitivity of ultrasound versus physical exam in detecting this 
nodule/cancer, and (4) the likelihood that this cancer has a true heritable compo-
nent (as opposed to a sporadic cancer). One limitation of this model is that the 
increased prevalence of a thyroid nodule and cancer in a subject with a positive 
family history remains static (52% and 20%, respectively) regardless of the num-
ber of affected family members. One would assume that there would be a more 
proportional relationship, but in the absence of robust evidence, the static preva-
lence numbers were left in place, and thought to represent a more conservative 
strategy from a cost-effectiveness standpoint.

Based on this model, it appears clear that any screening strategy for thyroid can-
cer (either ultrasound or physical exam) in the absence of any related family history 
would be ineffective, with an overall detection rate of 0.01%–0.02%. Conversely, 
ultrasound appears justified as an effective screening strategy for families with ≥2 
affected members, with its ability to detect a true FNMTC-related cancer in 10% of 
this population. In comparison, screening strategies for colorectal cancer in the US 
addresses an approximately 1% cancer prevalence in people over the age of 50, and 
for breast cancer addresses a 3% prevalence in women over the age of 40.

For the prospective screening subject with only one affected first-degree family 
member with NMTC, however, it remains unclear whether the more modest 
improvement in sensitivity of ultrasound compared to physical exam (3.6% vs 1%) 
justifies the extra cost and resources. One could argue that these percentages are still 
within the range of those for general-population screening for colon and breast can-
cer; however, the consequences of delayed diagnosis are admittedly more severe in 
these cancers compared to either sporadic NMTC or FNMTC. Based on the current 
evidence, a firm recommendation cannot be made about the preferred screening 
modality for people with only one first-degree family member with NMTC.

6 Prospective Screening Protocol for FNMTC Family Members
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Lastly, a key question also remains as to the proper timing of screening, both 
with respect to initiation and frequency. Limited evidence currently exists to support 
any frequency longer than yearly screening, and more studies are needed in order to 
address this.

 Understanding Risks with Numbers: Hypothetical Scenario 
of Patient Without Known Thyroid Disease

As can be seen from Table 6.4, the hypothetical calculation above shows that com-
paring physical exam to ultrasound screening of patients with only one first degree 
relative having thyroid cancer shows a 3.6% vs 1.1% detection rate of thyroid can-
cer. This illustrates a potential miss rate of 2.5%. What is not calculated in this 
model is the cost of regular ultrasounds for many family members of thyroid cancer 
patients, as well as the rate of detection, workup and follow-up of benign or incon-
sequential thyroid nodules. Depending on the practice setting, the absolute risk 
reduction may or may not justify the extra costs associated with ultrasound screen-
ing in this cohort. Our tentative recommendation would be to.

On the other hand, it would be prudent to use ultrasound in families with two or 
more affected members with NMTC, due to the higher risks associated with a true 
FNMTC tumor. These are the patients who would most benefit from treatment and 
are least likely to belong to the category of patients with overdiagnosed thyroid 
cancer. According to this model, ultrasound would be effective in capturing the 
significantly higher proportion (~10%) of family members with FNMTC.

 Fine Needle Aspiration of Thyroid Nodules

The American Thyroid Association recommends considering fine needle aspiration 
biopsy (FNAB) for all thyroid nodules >5 mm in patients with a first degree family 
member with NMTC (recommendation I—neither for nor against). Micropapillary 
thyroid cancer in the general population is an extremely indolent disease; however, 
little is known about these tumors in the context of FNMTC, and it is reasonable to 
assume that the more aggressive characteristics associated with FNMTC apply even 
to tumors <1 cm in size (Ito). We therefore suggest using the ATA recommendations 
specifically performing fine needle aspirations in thyroid nodules >5 mm with sus-
picious features or < 1 cm without (ATA recommendation A- strongly recommend 
and B—recommend respectively).

Conclusion
Although its genetics have yet to be elucidated, FNMTC is a clinically distinct 
entity with a worse prognosis compared to sporadic NMTC. For this reason, we 
recommend screening family members of FNMTC patients who are at risk for 
this disease; however it is important to stratify the modality of screening based 
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on the overall probability of having FNMTC. There is a high variability in the 
sensitivity and specificity of physical exam, and an overall superior detection of 
suspicious thyroid nodules with ultrasonography. With no cost considerations, it 
is therefore clear that ultrasound is superior to physical exam. Further, as many 
studies have shown (Rosario etc), it is important to recognize these malignancies 
earlier as familial cancers portend a worse prognosis than sporadic ones. Without 
formal cost effective studies taking into consideration the prevalence of FNMTC, 
current recommendations suggest screening all those with a single first degree 
family member with NMTC. Considering that the prevalence of true FNMTC is 
relatively low, as well as the high cost of regular ultrasounds, biopsies and health 
professional follow-up, the authors recommend yearly ultrasound screening for 
those with ≥2 family members with NMTC, and physical exam with aggressive 
management of any detected thyroid nodules in those families with only one 
affected member with NMTC.
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7Operative Management Versus 
Observation for Thyroid Nodules  
Larger than 4 cm with Benign Cytology

Nicole A. Cipriani

Abstract
Workup of thyroid nodules usually involves a multi-disciplinary approach, 
including fine needle aspiration (FNA) biopsy. The Bethesda System for 
Reporting Thyroid Cytopathology (TBSRTC) was devised to stratify patients 
into tiers with increasing risk for cancer, based on features identified on FNA. 
A number of studies have attempted to correlate thyroid nodule size with intrin-
sic risk of malignancy, as well as with false negative rates (nodules with a benign 
diagnosis on cytology but a malignant diagnosis on final surgical pathology fol-
lowing resection). The aims of this chapter are (1) to review studies that have 
evaluated the false negative rate of thyroid nodules based on size, (2) to summa-
rize, analyze, and grade the published data, and (3) to make recommendations for 
treatment of large thyroid nodules.

Keywords
Fine-needle aspiration (FNA) · Ultrasonography · Thyroid nodules · False nega-
tive rates

 Introduction

Workup of thyroid nodules usually involves a multi-disciplinary approach, and may 
involve serologic thyroid function testing, manual palpation, ultrasonographic (US) 
evaluation, and fine needle aspiration (FNA) biopsy. The Bethesda System for 
Reporting Thyroid Cytopathology (TBSRTC) was devised to stratify patients into 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-92860-9_7&domain=pdf
mailto:Nicole.Cipriani@uchospitals.edu


70

tiers with increasing risk for cancer, based on features identified on FNA [1] 
(Table  7.1). Nodules are placed into six diagnostic categories: nondiagnostic 
(Bethesda I), benign (Bethesda II), atypia of undetermined significance (AUS) or 
follicular lesion of undetermined significance (FLUS) (Bethesda III), follicular neo-
plasm or suspicious for follicular neoplasm (Bethesda IV), suspicious for malig-
nancy (Bethesda V), or malignant (Bethesda VI). Estimated risks of malignancy in 
categories II through VI are up to 3%, 15%, 30%, 75%, and 99%, respectively [1, 
2]. Actual percentages may vary based on practices of both cytopathologists and 
surgical pathologists, and have been shown to vary by institution [3, 4].

Surgical resection is recommended by the American Thyroid Association 
(ATA) for thyroid nodules with a definitive FNA) diagnosis of malignancy, with 
the exception of low risk microcarcinomas, patients with high surgical risk or 
short life expectancy, or patients whose other comorbid conditions need more 
urgent treatment [2]. Contrarily, for nodules with a benign FNA diagnosis in 
asymptomatic patients, additional immediate workup or treatment is not recom-
mended. Follow-up may vary based on ultrasonographic features: for highly sus-
picious nodules, repeat US with FNA within 1 year is recommended; for minimally 
suspicious nodules, the utility of surveillance is limited, and repeat US should be 
performed no sooner than 2 years. Resection of cytologically benign nodules is 
not routinely recommended, but may be considered in the context of growth, 
patient symptoms, or other clinical concern [2]. A number of studies have 
attempted to correlate thyroid nodule size with intrinsic risk of malignancy, as 
well as with false negative rates (nodules with a benign diagnosis on cytology but 
a malignant diagnosis on final surgical pathology following resection). Some 
authors report higher rates of malignancy or false negative rates in larger nodules 
(>3 cm or >4 cm), whereas others report the opposite, or no difference based on 
size. The ATA guidelines find the current data unsatisfactory, and make no recom-
mendation on treatment of cytologically benign nodules based on size: “Based on 
the evidence, it is still unclear if patients with thyroid nodules ≥4 cm and benign 
cytology carry a higher risk of malignancy and should be managed differently 
than those with smaller nodules” [2].

The aims of this chapter are (1) to review studies that have evaluated the false 
negative rate of thyroid nodules based on size, (2) to summarize, analyze, and grade 
the published data, and (3) to make recommendations for treatment of large thyroid 
nodules.

Table 7.1 PICO table

Population Patients with cytologically benign (Bethesda II) thyroid nodules >3 cm or 
>4 cm in size on ultrasound

Intervention Observation
Comparator Surgical resection
Outcomes Cancer rate, quality of life, progression of disease
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 Methodology

A literature search in PubMed was performed using the words false negative thyroid 
size, resulting in 114 articles, of which 105 were written in English. Thirty-seven 
potentially-relevant articles were identified, and an additional 13 articles were iden-
tified within the references, for a total of 50 potentially-relevant articles. Potentially-
relevant articles were reviewed and included if they contained: (1) Size stratification 
of thyroid nodules using 3 cm or 4 cm cutoffs. (2) Final diagnosis (benign or malig-
nant) confirmed by histologic examination. Malignant diagnoses included papillary 
thyroid carcinoma (PTC), follicular variant of PTC (PTC-FV), follicular thyroid 
carcinoma (FTC), oncocytic or Hurthle cell variant of FTC (HTC), poorly differen-
tiated thyroid carcinoma (PDC), undifferentiated or anaplastic thyroid carcinoma 
(UTC), medullary thyroid carcinoma (MTC), or other malignant neoplasms. (3) 
Nodules with Bethesda II (benign) diagnoses, or nodules with ALL Bethesda diag-
noses. (4) Numeric documentation of total nodules with benign cytology including 
those with malignant histology, stratified by size (i.e. false negatives). Articles not 
meeting these criteria were excluded, resulting in 21 articles meeting criteria. 
Articles were relatively recent: all were published between 1995 and 2016, includ-
ing 15 between 2010 and 2016. Based on authors, institutions, and time-frames, the 
data in two articles was identical [5, 6], however, one specifically compared females 
to males. When applicable, these two articles are reported together.

 Results of Literature Review and Data Analysis

Patients with large thyroid nodules (>3 cm or >4 cm) may undergo lobectomy or 
thyroidectomy in the context of a malignant or suspicious FNA, compressive symp-
toms, patient preference, or other relevant indications. Should patients with large 
nodules, benign FNA, and no other indication undergo operative resection? Is there 
a higher risk of false negative results on FNA in larger nodules? In other words, is 
there a higher risk of finding malignancy on final pathologic examination in these 
larger nodules compared to smaller nodules? If so, how great is the risk and is it 
worth a surgical procedure? In our literature search, 12 articles directly compared 
false negative rates in small versus large nodules. Nine articles evaluated false nega-
tive rates in large nodules only.

 Nodules Larger Than 4 cm

Fourteen articles evaluated cytologically benign nodules using a size cutoff of 4 cm. 
Seven articles directly compared false negative rates in nodules <4 cm versus >4 cm 
[6–12]. The total number of nodules with benign cytology that were evaluated 
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ranged from 74 to 417 (39–319 in small, 35–113 in large nodules). False negative 
rates in small nodules ranged from 1.3 to 28.2%; false negative rates in large nod-
ules ranged from 4.1 to 20%. Seven articles only evaluated false negative rates in 
nodules >4 cm [5, 13–18] (the data in Parikh et al. [5] is evaluated with Albuja-Cruz 
et al. [6]). The number of large nodules with benign cytology that were evaluated 
ranged from 71 to 123. False negative rates in these large nodules ranged from 0.8 
to 12.7%. When considering all 14 articles, false negative diagnoses were reported 
in 9. Of the seven articles that documented false negative diagnoses in large nod-
ules, the most frequently-reported diagnosis was PTC-FV (25 cases), followed by 
FTC (14 cases, including 3 HTC), PTC (11 cases), PTMC (3 within the index nod-
ule), 1 MTC, and 3 other (including 1 lymphoma and 2 unspecified). Two articles 
reported false negative diagnoses without specifying size: 20 PTC, 2 PTMC (within 
the index nodule), 5 FTC, 1 MTC, and 1 UTC.

Authors of 9 articles (9/14, 64%) did not recommend surgical resection of 
nodules >4 cm with benign cytology [6–11, 13–15]. Koo et al. and Carrillo et al. 
additionally recommended repeat ultrasound-guided biopsy or consideration of 
surgery in the event of nodule growth [11]. Rosario et  al. additionally recom-
mended that each institution calculate its own false negative rate in large thyroid 
nodules and determine patient management in this context [15]. One author (1/14, 
7%) suggested surgical resection in women (not men), due to apparent higher 
false negative rates in large nodules in women compared to men (17% (17/98) in 
women versus 0% in men (0/9)) [5]. However, this difference may be biased by 
the higher prevalence of thyroid nodules in women, rather than a true gender dif-
ference in false negative rates. Authors of 3 articles (3/14, 21%) advocated surgi-
cal resection of all cytologically benign thyroid nodules >4 cm [16–18] due to 
perceived high false negative rates. Khalife et  al. made no recommendation 
regarding resection, as the main aim of their paper was to evaluate the McGill 
Thyroid Nodule Score (MTNS) [12].

Overall, false negative rates in nodules >4 cm were variable, ranging from 0.8 to 
20%. Interestingly, the highest false negative rate in an article that did not recom-
mend resection (20%, Carrillo et al.) was higher than that of the highest false nega-
tive rate in an article that did recommend resection (12.7%, McCoy et al.) [11, 18]. 
All articles that compared false negative rates in large and small nodules did not 
recommend resection, as the rates between small and large nodules were not signifi-
cantly different. Half of articles that did not compare rates (i.e. only evaluated large 
nodules) recommended resection.

 Nodules Larger Than 3 cm

Seven articles evaluated cytologically benign nodules using a size cutoff of 3 cm. 
Five articles directly compared false negative rates in nodules <3 cm versus >3 cm 
[19–23]. The total number of nodules with benign cytology that were evaluated 
ranged from 42 to 323 (12–83 in small, 30–240 in large nodules). False negative 
rates in small nodules ranged from 0 to 21.9%; false negative rates in large nodules 
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ranged from 6.7 to 16.7%. One article reported unusually high false negative rates 
(43.7 and 77.3% in small and large nodules, respectively), however, they did include 
PTMC outside the index nodule as a “false negative,” likely contributing to these 
high rates [20]. Two articles only evaluated false negative rates in nodules >3 cm 
[24, 25]. The number of large nodules with benign cytology that were evaluated 
were 112 and 145. False negative rates in these large nodules were 0.7 and 1.8%. 
When considering all seven articles, false negative diagnoses were reported in five. 
Of the four articles that documented false negative diagnoses in large nodules, the 
most frequently-reported diagnosis was PTC-FV (19 cases), followed by FTC (8 
cases, including 1 HTC), PTC (4 cases, including 1 oxyphilic, 1 tall cell, and 1 with 
“mixed” histologic patterns), 2 PTMC (outside the index nodule), 2 UTC, and 1 
PDC. One of these also reported 4 PTC-FV in nodules <3 cm [23]. One additional 
article reported false negative diagnoses without specifying size: 5 PTC-FV, 2 FTC, 
and 1 PTC.

Overall, false negative rates in nodules >3 cm were variable, ranging from 0.7 to 
16.7%. Authors of 4 articles (4/7, 57%) did not recommend surgical resection of 
nodules >3 cm with benign cytology [19, 21, 24, 25]. Mehanna et al. additionally 
recommended repeat ultrasound-guided biopsy or consideration of surgery [21]. 
Authors of 3 articles (3/7, 43%) advocated surgical resection of all cytologically 
benign thyroid nodules >3  cm [20, 22, 23] due to higher false negative rates. 
Excluding the article that included PTMC outside nodule [20], the highest false 
negative rate in an article that did not recommend resection (10.9%, Mehanna) was 
slightly lower than that of the highest false negative rate in an article that did recom-
mend resection (16.7%, Meko) [21, 22].

 Summary and Limitations

Considering all 21 articles that evaluated false negative rates in cytologically benign 
thyroid nodules using size cutoffs of 3 or 4 cm, 13 (62%) did not recommend imme-
diate surgical resection of large, cytologically benign nodules, as they found that 
false negative rates in large nodules were low, or were not significantly different 
from false negative rates in smaller nodules. In this group, three suggested repeat 
ultrasound-guided biopsy to identify any possible indeterminate or malignant nod-
ules, and one recommended institution-dependent management (determining need 
for surgical resection based on false negative rates within one’s own institution). 
One article considered preferential resection in women rather than men. Six of 21 
(29%) advocated surgical resection of all large cytologically benign nodules due to 
false negative rate findings.

Most authors evaluated small to moderate numbers of large nodules (range 
12–240, mean 87, median 84), likely due to low resection rates of cytologically 
benign nodules in standard practice. All but two studies were retrospective, leading 
to a significant selection bias in most studies. One study claimed to prospectively 
recruit patients, however, the management of patients did not appear different from 
the standard of care [7]. In other words, not all cytologically benign nodules were 
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resected, and “surgery was to remove or exclude malignant goiter.” Therefore, the 
patient population in this study is similar to that in retrospective studies [7]. Only 
one study appeared to be truly prospective, such that all patients with thyroid nod-
ules >4 cm on ultrasound and no contraindication to or refusal of surgery proceeded 
to surgical resection regardless of the FNA result [15]. In this prospective study, 
false negative rates in large nodules were low (3.6%), and 2 of 3 were PTC-FV. A 
number of retrospective studies reported that surgical resection was routinely offered 
to patients with large nodules [13, 17–19, 21, 23], however, they do not claim that 
all patients with large nodules actually underwent resection; therefore, some level 
of selection bias is likely still present in these studies.

Another limitation is that only 8 of 21 articles included a pathologist amongst the 
authors [10–12, 17–19, 21, 24]. This rate seems low, given that the focus was to com-
pare diagnoses on cytology to surgical pathology. This type of comparison is not 
always straightforward, and difficulties may arise when confirming that the nodule 
sampled on FNA was correlated to the surgical specimen, i.e. that the aspirated nodule 
was able to be identified based on the gross and microscopic surgical pathology report. 
Inclusion of a pathologist to assist with pathologic correlation would be encouraged.

Two articles that strongly recommended resection of large nodules made their 
recommendations not only based on perceived high false negative rates (5.8% and 
12.7%, similar to other studies), but also claimed that benign cytology may miss or 
incorrectly classify “follicular lesions,” namely follicular adenomas (including 
oncocytic or Hurthle cell adenomas) [16, 18]. McCoy et al. found 19 adenomas in 
their group of 71 cytologically benign nodules >4 cm [18]; Pinchot et al. found 22 
adenomas in their group of 52 cytologically benign nodules >4 cm [16]. Pinchot 
also reported that none of the patients with a missed follicular lesion had a malig-
nant follicular neoplasm. All missed cancers were PTC. Since follicular neoplasms 
require resection for determination of follicular adenoma versus carcinoma, they 
claim that follicular adenomas with benign cytology may be inappropriately treated 
non-surgically. There are a few issues with this statement: (1) We cannot assume 
that follow-up of patients with cytologically benign nodules is not needed. If a fol-
licular neoplasm with benign cytology is not immediately resected, repeat FNA or 
subsequent resection may be prompted by growth, worrisome ultrasonographic fea-
tures, or other patient symptoms. One may argue that a benign follicular adenoma 
that remains in the patient and does not grow, does not cause symptoms, and has no 
worrisome imaging features is likely not a significant threat. (2) We cannot assume 
that all follicular adenomas are highly cellular or composed of microfollicles, such 
that they would be called FLUS or follicular neoplasm on FNA). In fact, The 
Bethesda System specifically comments that “FNA is unable to distinguish NG 
[nodular goiter] from a colloid-rich, macrofollicular adenoma, so the latter will 
often be diagnosed cytologically as a BFN [benign follicular nodule]” [26]. In other 
words, a follicular adenoma composed of large follicles with abundant colloid will 
likely be classified as colloid nodule on FNA. (3) We cannot assume that all pathol-
ogists diagnose follicular adenoma in the same way. According to the World Health 
Organization Classification of Tumours of Endocrine Organs, follicular adenoma is 
“typically enclosed in a fibrous capsule of variable thickness…[and] may have been 
referred to as ‘normofollicular’, ‘macrofollicular’ and ‘microfollicular’, reflecting 
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the size of the of the follicles comprising the tumor” [27]. Furthermore, the “distinc-
tion between follicular adenoma and adenomatoid nodule (cellular colloid nodule) 
is sometimes rather arbitrary.” In light of the vague criteria and wide histologic 
spectrum (from follicular adenoma to adenomatoid nodule to hyperplastic nodule to 
colloid nodule), we cannot assume that identical diagnostic criteria are used by all 
pathologists, and what one may call a follicular adenoma, another may call a hyper-
plastic nodule. The only way to determine if a nodule is a true clonal neoplasm (i.e. 
adenoma) is via genetic analysis, which is not routinely performed on benign thy-
roid. In a clonality analysis using X-inactivation, Apel et al. found that 18 of 27 
histologically hyperplastic thyroid nodules were monoclonal, and morphologically 
identical to the polyclonal cases [28]. Additionally, it is well-known that benign 
adenomatoid or histologically hyperplastic nodules harbor clonal RAS point muta-
tions [29]. Due to the interobserver variability amongst both surgical pathologists 
and cytopathologists, caution must be exercised when evaluating so-called “missed 
follicular lesions,” as the significance is unclear and negative impact on patient care 
may be minimal [3, 30].

Lastly, the prevalence of follicular variant of papillary thyroid carcinoma 
(PTC-FV) requires discussion. Considering all 14 articles that reported false nega-
tive diagnoses within the index nodule, PTC-FV was the most frequent (53/132, 
40%). The proposed nomenclature revision for PTC-FV will affect these rates. 
Namely, neoplasms formerly classified as encapsulated, noninvasive PTC-FV, 
should, according to the proposal, now be classified as noninvasive follicular thy-
roid neoplasm with papillary-like nuclear features (NIFTP) as long as strict diag-
nostic criteria are met [31]. Infiltrative PTC-FV or encapsulated, invasive PTC-FV 
should not be classified as NIFTP and will still be considered cancers. True NIFTPs 
will no longer be classified or treated as cancers, but will be followed akin to follicu-
lar adenomas. Arguably, surgical resection is required for definitive diagnosis (simi-
lar to follicular neoplasms), however, the same concepts discussed above for 
follicular adenomas pertain to NIFTP: (1) not all are microfollicular or highly cel-
lular; some are macrofollicular or colloid-rich; (2) a clinically aggressive but cyto-
logically benign NIFTP could also be brought to attention (repeat FNA or resection) 
by worrisome clinical or radiographic features. Some studies have evaluated NIFTP 
in the context of the Bethesda system, and upon histologic re-review, decreases in 
the malignancy rates of cytologically benign (Bethesda II) nodules have been 
reported by various institutions (ranging from 3% to 60% relative percent decrease 
with removal of NIFTPs) [32, 33]. Not all historic PTC-FV would fall into the 
NIFTP category, however, some certainly will. False negative rates in this context 
are, therefore, expected to decrease.

 Recommendations

Patients with cytologically benign (Bethesda II) thyroid nodules >3 cm or >4 cm in 
size on ultrasound need not undergo immediate surgical resection, in light of three 
main factors: (1) False negative rates in larger nodules are widely variable and, in 
most studies, are not significantly different from false negative rates in smaller 
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nodules; (2) False negative rates are highly institution- and pathologist-dependent; (3) 
False negative rates are expected to decrease in light of new recommendations on the 
nomenclature of NIFTP versus PTC-FV. Although number needed to treat or cost-
benefit analysis was not performed, surgical resection may lead to increased morbid-
ity (physical, psychological, and possibly financial) compared to close clinical 
follow-up of cytologically benign nodules (including repeat ultrasound and/or FNA).

Quality of recommendation: (low quality evidence; weak recommendation).

 Personal View

Rates of malignancy in cytologically benign nodules are highly variable, and depend 
upon individual and institutional practices of surgeons, endocrinologists, radiolo-
gists, and pathologists. First, false negative rates may be affected by variability in 
sampling practices: FNA under ultrasound guidance by an interventional radiologist 
with adequacy assessment by a cytopathologist is favored at our institution, in order 
to more accurately qualify the imaging characteristics of the nodule and target the 
nodule or region of interest. Palpation-guided aspiration is not recommended and is 
hypothesized to result in an increased number of inadequate or inappropriately-
sampled specimens [34, 35]. At our institution, false negative rates in nodules <4 cm 
versus >4 cm are 2.5% and 5.4%, respectively, which is not a statistically significant 
difference (years 2011–2013) [36]. Second, interobserver variability amongst cyto-
pathologists and surgical pathologists may affect false negative rates: A large study 
by Cibas et al. evaluated differences between an academic cytopathology panel and 
local community cytopathologists and found that overall concordance in the stan-
dard six-category Bethesda system was 64%. Furthermore, they found that local 
pathologists made fewer benign cytologic diagnoses, but their risk for malignancy 
was slightly higher; in other words, academic pathologists made more benign diag-
noses with no increase in final false negative rate. Additionally, overall concordance 
in a 2-tier histopathology system (benign versus malignant) was 90.7%, with the 
most common disagreements being in PTC and PTC-FV [3].

It is my personal view that patients with cytologically benign but large thyroid 
nodules need not undergo immediate surgical resection, based on the reasons listed 
above: (1) False negative rates in larger nodules are widely variable and, in most 
studies, are not significantly different from false negative rates in smaller nodules; 
(2) False negative rates are highly institution- and pathologist-dependent; (3) False 
negative rates are expected to decrease in light of new recommendations on the 
nomenclature of NIFTP versus PTC-FV.  Close clinical follow-up can identify 
patients who ultimately require resection, and those with indolent disease may avoid 
surgery for benign but large thyroid nodules.

 Abstracted Recommendation for Box
Patients with cytologically benign (Bethesda II) thyroid nodules >3 cm or >4 cm in 
size on ultrasound need NOT undergo immediate surgical resection. Close clinical 
follow-up is advised. (low quality evidence; weak recommendation).
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8Lobectomy Versus Total Thyroidectomy 
for Follicular Microcarcinomas

Linwah Yip

Abstract
The diagnosis of follicular thyroid cancer <1 cm is most likely to occur after 
initial thyroid lobectomy. High risk features include widely invasive, extensive 
angioinvasion (≥4 foci), or presence of distant metastasis and are the primary 
predictors of poor prognosis. In the absence of these features, thyroid lobectomy 
is likely adequate for treatment.

Keywords
Follicular thyroid carcinoma · Microcarcinoma · Extent of thyroidectomy · 
Thyroid surgery · Thyroid cancer

Follicular thyroid carcinoma (FTC) has historically represented 10–15% of diag-
nosed thyroid cancers [1]. FTC is more common in areas with endemic goiter and 
is associated with iodine deficiency. Therefore, the incidence is estimated to be 
lower (~5%) in iodine-replete geographic regions [2]. The incidence of FTC may be 
increasing nationally but at a rate that is slower than for papillary thyroid cancer 
(PTC) [3]. In contrast to the lymphatic spread characteristic of PTC, FTC spreads 
hematogenously to bone and lung. The relative 10-year survival for FTC is 85–90% 
and is lower than for PTC although patients with AJCC TNM stage I/II disease have 
an outstanding prognosis with mortality <1% [1]. Although there is a significant 
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increase in small (<1 cm) differentiated thyroid cancers, this is predominantly in 
PTC and overall, ~2% of <1 cm thyroid cancers are FTC [4, 5]. The aim of this 
review is to discuss the evidence available to guide treatment recommendations for 
FTC <1 cm (Table 8.1).

FTC incidence has been variable as a result of changes in histologic classifica-
tion criteria. A cellular pattern of macro- or microfollicles without nuclear features 
of papillary thyroid cancer (PTC) is characteristic of both follicular adenoma (FA) 
and FTC [6]. The differentiating feature of carcinoma is the presence of capsular 
and/or vascular invasion. The criteria for diagnosing these invasive features are spe-
cific; for example, vascular invasion is defined by tumors cells in association with 
thrombus formation and tumor plugs within the vascular space is not in itself con-
sidered sufficient for vascular invasion [6]. Whether capsular invasion without vas-
cular invasion has malignant potential is also debated although patients with 
capsular invasion alone have been reported to have distant metastatic disease.

Another histologic change that has caused variability in the incidence of FTC is 
the recognition of follicular-variant PTC (FV-PTC) as a clinically distinct entity. 
Microscopically, these lesions are predominantly follicular patterned but also have 
nuclear features of PTC [6]. The nuclear features associated with FV-PTC may be 
focal instead of diffuse, lack papillae, and may be entirely encapsulated. Thus, many 
of these lesions were likely misdiagnosed as FTC or FA. In a study by Cipriani et al. 
which histologically re-reviewed 66 FTC diagnosed over a 40  year time period, 
70% were reclassified as PTC, FA, or poorly differentiated thyroid cancer (PDTC) 
[7]. In another study by Liu et al., ~30% of follicular neoplasms diagnosed from 
1980 to 1995 were reclassified by a single pathologist to FV-PTC [8]. The changing 
histologic classification associated with follicular lesions has impacted FTC diag-
nosis in particular, and has implications for accurate interpretation of both popula-
tion level data and historic retrospective studies that have not utilized histologic 
re-review [2, 9].

Because the diagnostic criteria rely on histologic features, FTC can only be diag-
nosed after thyroidectomy. For nodules >1 cm, often preoperative fine needle aspi-
ration (FNA) biopsy is cytologically indeterminate (Bethesda III: atypia or follicular 
lesion of undetermined significance or IV: follicular neoplasm [10]) and at mini-
mum, initial thyroid lobectomy has been performed [6]. Ultrasound features that 
have been described to associate with FTC include hypervascularity, hypoecho-
genicity, absence of a hypoechoic halo, calcifications, solid component, and larger 
nodule size, and these features may be most clinically helpful in directing need for 
FNA biopsy [11]. Available adjuncts such as FNA molecular marker testing or 
immunocytochemical analysis, lack sufficient accuracy to definitively differentiate 
FA from FTC. In the 2015 American Thyroid Association (ATA) Guidelines, FNA 

Table 8.1 PICO table Population Patients with follicular thyroid cancer <1 cm
Intervention Lobectomy
Comparator Total thyroidectomy
Outcomes Survival, quality of life, disease progression
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biopsy is not recommended for nodules <1 cm [12] and small nodules are now less 
likely to undergo preoperative FNA biopsy. Recommendations for active observa-
tion versus thyroid lobectomy are proposed for differentiated thyroid cancer <1 cm 
however, it is unlikely, given the need for histologic evaluation, that FTC <1 cm will 
be diagnosed solely on radiographic, molecular, and/or cytologic criteria. Thus, the 
most likely current clinical scenarios for diagnosing FTC <1 cm is either inciden-
tally or in the evaluation of distant metastatic disease.

 Incidental Diagnosis of FTC

FTC is subclassified by the World Health Organization as either minimally or 
widely invasive [13]. Minimally invasive FTC without vascular invasion have indo-
lent behavior with 97–98% disease-free survival at 10 years [14]. The presence of 
even minimal vascular invasion is a poorer prognostic factor and reduces the 10-year 
disease free survival to 80% [15–18]. In contrast, widely invasive FTC have <50% 
10-year disease free survival [14, 19, 20] (Table 8.2). Thus, the degree of invasive-
ness and the presence as well as extent of vascular invasion are essential histologic 
variables.

Other disease-related factors that are associated with poorer outcomes include 
older age at diagnosis, larger size of the primary tumor, and completeness of resec-
tion [19]. Conventional staging systems such as AMES, AJCC TNM and even 
MACIS can provide accurate prognostic information for FTC patients [21–23]. 
Among patients with minimally-invasive FTC, variables that are associated with 
poor prognosis also include older age, larger tumor size (>4 cm), male gender, and 
extensive vascular invasion (≥4 foci) [16, 24, 25]. Lymph node metastasis are rare 
in FTC but have been reported in ~10% of patients at presentation [26]. Nodal dis-
ease does not appear to impact prognosis and does not correlate with distant metas-
tasis. The presence of distant metastasis is the most important prognostic indicator; 
synchronous distant metastasis has been reported to occur in 3–20% and develop 
metachronously in 10–20% of patients [19, 27].

In a single institution series from Machens et al. which compared FTC to PTC 
outcomes after stratifying by tumor size, the cumulative risk of distant metastasis 
was equal for the two types of cancer and was directly proportional to tumor size. 
However, distant metastasis was not observed for PTC or FTC <2 cm in size [28]. 
Poorer outcomes were observed despite small tumor size in a population-level 

Table 8.2 Classification 
of follicular thyroid 
carcinoma and prognosis

10-year overall survival
All 85–90%
Minimally invasive 95–98%
Capsular only 98–100%
Angioinvasive 60–75%
Widely invasive 50–75%
Distant metastasis 20–40%
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database study from Kuo et al. which evaluated histologic variables and for PTC, 
FTC, and Hurthle cell carcinomas (HCC) <1  cm [29]. This series specifically 
excluded minimally invasive FTC. The rate of distant metastasis for FTC <1 cm was 
5.4% and overall 10-year disease specific survival was 95% which was lower than 
the 10-year disease specific survival for patients with PTC < 1 cm (99%). The study 
concluded that having HCC or FTC histology was an independent predictor of 
decreased survival even when tumor size was small [29]. Because the study utilized 
data from the SEER database (1988–2009) which does not mandate a centralized 
pathologic review, there is likely significant interobserver variability and potential 
overdiagnosis associated with FTC diagnosis that was not accounted for and which 
may be a confounder particularly for small tumors.

 Synchronous Distant Metastasis

FTC can present with bone, lung, or more unusually, liver, brain, or soft tissue 
metastasis. The diagnosis can be challenging in the absence of a known history of 
thyroid cancer. Histologically, biopsy of the metastatic site will have follicular cells 
with a background of colloid, and immunohistochemical staining will be thyroid 
transcription factor-1 and thyroglobulin positive. When diagnosed, the initial treat-
ment should include stabilization of bone disease associated with impending frac-
ture or neurologic compromise, and total thyroidectomy which will allow for 
radioactive iodine (RAI) ablation therapy [12]. The prognosis of patients who pres-
ent with metastatic FTC is dependent on degree of iodine avidity.

 Surgical Treatment for FTC <1 cm

As mentioned, if synchronous metastasis is known, then total thyroidectomy should 
be the extent of initial thyroidectomy. Without a pre-existing diagnosis of synchro-
nous metastasis, thyroid lobectomy has typically already been performed in order to 
reach the diagnosis of FTC. Completion thyroidectomy is considered for thyroid 
cancer if RAI ablation is needed and/or to facilitate surveillance [12]. FTC with 
concerning histologic features such as widely invasive or extensive vascular inva-
sion (≥4 foci) are considered high risk for recurrence and metastatic disease, and 
should be treated with completion thyroidectomy followed by RAI ablation [12]. 
TERT promoter mutations have been found in up to 15% of FTC and are indepen-
dent markers of aggressive disease including distant and persistent disease [30]. It 
is not yet known if TERT positive FTC without other histologic high-risk features 
should be treated more aggressively with total thyroidectomy and RAI ablation.

Minimally-invasive FTC have excellent long-term outcomes and current guide-
lines classify these as low risk tumors that could likely be treated with lobectomy 
alone [12, 31]. Sugino et al. evaluated a comparison cohort study of patients who 
had minimally-invasive FTC; 101 patients had total thyroidectomy and 223 patients 
had lobectomy alone [32]. The primary criteria for recommending completion 

L. Yip



83

thyroidectomy was patient age ≥45  years. The extent of surgery did not affect 
cause-specific survival regardless of patient age at diagnosis however, no patient age 
≥45 years who had total thyroidectomy had disease-related mortality. The study 
concluded that completion thyroidectomy can be recommended for older patients 
with minimally-invasive FTC although the study was likely underpowered to show 
the true impact of extent of thyroidectomy on disease outcomes [32].

In a population-level analysis using the SEER database (2000–2009), 1200 
patients with minimally-invasive FTC were evaluated and survival was not impacted 
by extent of thyroidectomy or use of RAI ablation [33]. The overall survival of 
patients with minimally-invasive FTC mirrored that of the U.S. general population 
regardless of type of treatment suggesting that thyroid lobectomy was likely ade-
quate treatment. Megwalu et al. also queried the SEER database during a different 
time frame (1988–2009) to evaluate if extent of thyroidectomy was associated with 
outcomes in patients with FTC <1 cm (n = 203) [34]. Multifocal disease was rare 
(4%) and 5-year survival was the same in the lobectomy (98%) and total thyroidec-
tomy (99%) cohorts. This study did not stratify tumors by degree of invasiveness but 
the findings suggested that small FTC are overall likely indolent [34].

Quality of life following thyroid cancer treatment has been reported to be 
decreased and is similar to survivors of other cancers with poorer prognosis such as 
colon, breast, and gynecologic cancers [35, 36]. However, there are no studies that 
have specifically compared quality of life in patients who had thyroid lobectomy 
versus total thyroidectomy. Quality of life is impacted by factors such as treatment 
related complications, need for testing, concern for recurrence and other physical 
and psychosocial components that contribute to well-being. Although operative 
risks are lower with lobectomy, it is unclear whether lobectomy instead of total 
thyroidectomy for low risk FTCs would impact quality of life.

In summary, FTC <1 cm are typically encountered after initial lobectomy has 
already been performed but can also rarely be diagnosed by the presence of syn-
chronous distant metastasis. Extent and type of invasiveness has prognostic implica-
tions and guides subsequent treatment. Minimally invasive FTC has an outstanding 
long-term prognosis, and is likely adequately treated by lobectomy. Total thyroidec-
tomy should be reserved for those patients with high risk widely-invasive FTC, or 
FTC with extensive vascular invasion which may still be associated with distant 
metastasis (up to 5%) even when size <1 cm.
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Abstract
The optimal surgical management for a thyroid nodule that is ‘suspicious for 
papillary thyroid carcinoma (PTC)’ remains unclear. Surgical options include (1) 
lobectomy with intraoperative frozen section or (2) initial total thyroidectomy. 
To help address this clinical question we employ the GRADE approach. The cur-
rent literature was reviewed, and outcomes were assessed for their impact on 
clinical decision-making as related to thyroid surgery. Based on our review of the 
literature, it is clear that there is currently a paucity of high-to-moderate quality 
evidence regarding the treatment of patients with thyroid nodules that are ‘suspi-
cious for PTC’. Important aspects to consider in the decision-making process are 
(1) accuracy of diagnosis and (2) relative risk of surgery. When considering the 
available evidence, assuming relatively low complication rates by experienced 
surgeons, initial total thyroidectomy may be recommended.
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 Introduction

The incidence of thyroid nodular disease is increasing, largely attributed to an aging 
population and the increased use of cross-sectional imaging of the neck and chest 
[1]. Thyroid nodules are detected in up to 10% of the United States population, of 
whom 5–30% are found to have a malignancy requiring thyroidectomy (up to 90% 
are papillary thyroid carcinoma, PTC) [2, 3]. As the societal cost for thyroid cancer 
treatment is projected to reach $3.1 billion by 2020, there continues to be contro-
versy regarding the optimal surgical management of PTC [4, 5]. To help define the 
current clinical question, the Population, Intervention, Comparator, and Outcome 
(PICO) strategy was employed (Table 9.1).

 Current Status of Thyroid Cancer Diagnosis

Fine-needle aspiration (FNA) is the gold standard for the preoperative assessment 
of thyroid nodules, as it is rapid and cost-effective [6]. However, due to sampling 
errors, histological variants (e.g. follicular variant PTC), and variable interpreta-
tions from non-expert cytopathologists (overall intra-observer accordance rate as 
low as 64%), the rate of agreement between FNA cytology and final surgical histo-
pathology has been reported to be under 73% [7, 8]. In 2009, the Bethesda System 
for Reporting Thyroid Cytopathology was introduced to help increase the reproduc-
ibility of FNA diagnoses (Table 9.2) [9, 10].

Table 9.1 PICO table

Population Node-negative patients with no family history of thyroid cancer or prior neck 
irradiation, who present with a unifocal, 1–4 cm thyroid nodule diagnosed as 
‘suspicious for PTC’ on FNA

Intervention Diagnostic lobectomy with intraoperative frozen section
Comparator Initial total thyroidectomy
Outcomes Diagnostic accuracy; patient quality-of-life; cost/time benefits

Table 9.2 Incidence of malignancy according to The Bethesda System for Reporting Thyroid 
Cytopathology [7, 9, 10]

Category
Intra-observer 
accordance (%)

Incidence of 
malignancy (%) Management

I. Non-diagnostic 69 1–4 Repeat FNA
II. Benign 82 0–3 Clinical follow-up
III. Atypia or follicular lesion 
of undetermined significance

35 5–15 Repeat FNA

IV. Follicular neoplasm 66 15–30 Diagnostic lobectomy
V. Suspicious for malignancy 
(suspicious for PTC)

37 50–75 Total thyroidectomy or 
diagnostic lobectomy

VI. Malignant 94 97–99 Total thyroidectomy

FNA fine-needle aspiration, PTC papillary thyroid carcinoma
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Previously grouped into an ‘indeterminate’ category, a new designation of ‘sus-
picious for malignancy’ (Bethesda Category V) was proposed by the Bethesda 
System. For a nodule to be confirmed as PTC (Bethesda Category VI) on FNA, 
cytology must demonstrate sheets of epithelial cells, enlarged nuclei, intra-nuclear 
inclusions, nuclear grooves, and papillary structures [9, 10]. If only a few of these 
characteristics are present, if the features are not widespread throughout the cell 
population, or if the specimen is sparsely cellular, a malignant diagnosis cannot be 
established and the specimen is considered ‘suspicious for PTC’ [9, 10]. Up to 7% 
of all nodules are diagnosed as ‘suspicious for PTC’, anywhere from 29 to 95% of 
which have been reported to harbor thyroid cancer on final surgical histopathology 
[10–16]. Despite the widespread implementation of the Bethesda System classifica-
tion, the intra-observer accordance has been reported to be as low as 37% for a 
diagnosis of ‘suspicious for PTC’ [7]. Therefore, due to lack of diagnostic reproduc-
ibility and varying reports of malignancy incidence, the optimal surgical manage-
ment for thyroid nodules that are ‘suspicious for PTC’ remains unclear.

 Optimal Surgical Management of Thyroid Nodules That Are 
‘Suspicious for PTC’

According to the 2015 Revised American Thyroid Association (ATA) guidelines, 
thyroid lobectomy is indicated for patients with a solitary, cytologically indetermi-
nate nodule (R19; Strong recommendation) [17]. However, due to an increased risk 
for disease recurrence and the potential need for radioactive iodine adjuvant therapy 
and/or use of serum thyroglobulin to identify recurrent PTC, initial total thyroidec-
tomy is indicated for patients that have large (>4 cm) nodules, gross extrathyroidal 
extension, metastatic disease, a family history of thyroid cancer, or a personal his-
tory of neck irradiation (R20 and R35; Strong recommendations) [17]. For nodules 
that are ‘suspicious for malignancy’ on FNA, these guidelines suggest that total 
thyroidectomy may be preferred, as long as completion thyroidectomy would be 
indicated based on malignant histopathology (R20; Strong recommendation) [17].

Advocates of initial thyroid lobectomy cite advantages in outcomes such as over-
all cost, operative time, and quality-of-life, as a subset of patients may not require 
total thyroidectomy. Intraoperative frozen section is typically performed, with 
immediate completion thyroidectomy if a malignancy is identified [18–20]. Thyroid 
lobectomy may prevent patients with benign pathology from requiring life-long 
thyroid hormone replacement and spare them from the potential morbidity of total 
thyroidectomy, which can include hypoparathyroidism and bilateral recurrent laryn-
geal nerve (RLN) injury. Alternatively, those who advocate initial total thyroidec-
tomy report relatively high variability in the diagnostic accuracy of frozen section, 
noting very little advantage over FNA diagnosis in some studies [21, 22]. A report 
by Akhtar et al. noted that while FNA and frozen section had 100% specificity for 
detecting malignancy at their institution, both diagnostic adjuncts had relatively low 
sensitivity (50% and 64%, respectively) and overall accuracy (68% and 77%, 
respectively) [23]. Due to the risk of multifocality with thyroid cancer, completion 
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thyroidectomy is recommended for high risk tumors (e.g. extrathyroidal extension, 
locoregional metastases, BRAF mutation); false-negative frozen sections (benign 
on frozen section but malignant on final pathology) would require a second opera-
tion, often performed at least 8 weeks after initial surgery to minimize potential 
morbidity [17]. This not only increases potential morbidity but also requires a sec-
ond recovery, increasing loss of productivity.

 Evaluation of Surgical Management Options

The GRADE approach for literature review systematically defines a clinical ques-
tion, ranks the importance of various outcomes, stratifies the quality of published 
evidence, and summarizes the authors’ confidence in the estimate of treatment 
effect to support a particular clinical decision [24]. To help define the current 
clinical question, the Population, Intervention, Comparator, and Outcome (PICO) 
strategy was employed. The target population is defined as patients with no family 
history of thyroid cancer, prior neck irradiation, or clinical evidence of metastatic 
lymphadenopathy, who present with a unifocal, 1–4  cm thyroid nodule that is 
diagnosed as ‘suspicious for PTC’ on FNA cytology. The intervention being stud-
ied is lobectomy with intraoperative frozen section and the comparator is initial 
total thyroidectomy (Table 9.1). In the following sections, several outcomes that 
influence thyroid cancer clinical decision-making are considered. The primary 
outcome evaluated was ‘diagnostic accuracy’ (the probability that a thyroid nod-
ule that is ‘suspicious for PTC’ on FNA cytology is in fact malignant on final 
surgical histopathology, or the probability that a nodule that is benign on frozen 
section is in fact benign on final surgical histopathology), as this is paramount in 
determining the extent of initial operation for nodules that are ‘suspicious for 
PTC’. Outcomes such as patient quality-of-life and cost/time benefits were also 
assessed.

 Search Strategy

A comprehensive review of the literature was performed. Searches were conducted 
in the PubMed Medline database using the key words: suspicious for papillary thy-
roid carcinoma, indeterminate thyroid nodules, total thyroidectomy, thyroid lobec-
tomy, hemithyroidectomy, thyroid intraoperative frozen section, and thyroidectomy 
cost. Searches were limited to the English language, human subjects, and literature 
published within the last 10 years. Our search returned 953 studies. A total of 26 
articles were critically reviewed; these studies included information related to the 
diagnostic accuracy of FNA and/or frozen section for nodules that are ‘suspicious 
for PTC’, information on patient quality-of-life when comparing total thyroidec-
tomy to thyroid lobectomy with frozen section, or information analyzing cost/time 
outcomes for thyroid surgery. Clinical practice guidelines from the ATA were 
included for reference.
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 Diagnostic Accuracy

First introduced about 85 years ago, FNA has proven to be a simple, cost-effective 
tool in the evaluation of thyroid nodules [18, 23]. When a nodule is diagnosed as 
either ‘benign’ (Bethesda Category II) or ‘malignant’ (Bethesda Category VI) on 
FNA cytology, the rate of agreement with the final surgical histopathology is >97% 
[25]. However, when a nodule is diagnosed as ‘suspicious for PTC’, the rate of 
agreement varies widely between studies [10–16]. This discrepancy is largely due 
to a lack of diagnostic reproducibility for suspicious nodules (FNA cytology that 
experienced cytopathologists label as benign or malignant, are instead labeled as 
suspicious by less experienced cytopathologists) [7]. Thus, an institution’s rate of 
agreement between FNA cytology and final surgical histopathology should help 
guide the optimal initial surgical management at that particular institution.

 Accuracy of FNA in Thyroid Nodules That Are ‘Suspicious 
for PTC’

The Bethesda System for Reporting Thyroid Cytopathology reports a 50–75% inci-
dence of malignancy in nodules that are ‘suspicious for PTC’ [9, 10]. However, as 
noted in several recent studies, this incidence can range anywhere from 33% to 
87%, and is largely contingent on the expertise of the respective cytopathologists in 
determining malignancy when all cytological criteria for PTC diagnosis are not met 
(Table 9.3) [14, 18–20, 25–33]. All of these recent studies were retrospective insti-
tutional reviews with relatively small sample sizes; therefore, the quality of avail-
able evidence for determining the accuracy of FNA in our target patient population 
is limited.

In a report by Kwak et al., five off-site pathologists, specializing in thyroid cyto-
pathology, reviewed 10,487 FNAs performed over a 4-year period [33]. They diag-
nosed 394 (4%) of these nodules as ‘suspicious for PTC’, and 303 (77%) 
subsequently underwent thyroidectomy. The rate of agreement between FNA cytol-
ogy and final surgical histopathology for these patients was 84% [33]. Moon et al. 
echoed these findings in another recent report, where over a one and a half-year 
period, nine expert cytopathologists reviewed 10,338 FNAs; 410 (4%) nodules were 
diagnosed as ‘suspicious for PTC’, and 217 (53%) subsequently underwent thyroid-
ectomy [20]. The rate of agreement between FNA cytology and final surgical histo-
pathology for these patients was 87% [20].

Several smaller studies have suggested that the accuracy of FNA for diagnosing 
nodules that are ‘suspicious for PTC’ may be significantly less than what has been 
reported above; however, these studies consist of much smaller sample sizes and 
rarely comment on the expertise of cytopathologists [14, 19, 26, 28, 30]. In a report 
by Huber et al., ten pathologists, without mention of thyroid cytopathology exper-
tise, reviewed 201 FNAs obtained at a single institution over a two and a half-year 
period [28]. In a total of 15 thyroid nodules diagnosed as ‘suspicious for malig-
nancy’, the agreement rate between FNA cytology and final surgical histopathology 
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was only 33%. When considering the results of the larger and smaller studies 
together, these findings suggest that a high institutional volume of suspicious thy-
roid nodules, as well as physician expertise in thyroid cytopathology, improve the 
diagnostic accuracy of FNA for nodules that are ‘suspicious for PTC’.

 Accuracy of Frozen Section in Thyroid Nodules That Are 
‘Suspicious for PTC’

Frozen section has been in use since 1818; however, it was not until the introduction 
of cryostat in 1960 that it became widely used in the intraoperative evaluation of 
indeterminate thyroid nodules [18]. Despite its relative popularity, the 2015 Revised 
ATA guidelines does not recommend intraoperative frozen section in the manage-
ment of nodules that are ‘suspicious for malignancy’ [17]. This omission leaves the 
utility of frozen section up for debate and ultimately at the discretion of the surgeon. 
The goal of intraoperative frozen section is to identify benign nodules and rule out 
the presence of malignancy. As a result, the negative predictive value (NPV) of 
intraoperative frozen section is of critical importance. With respect to thyroid frozen 
section, NPV denotes the proportion of lesions interpreted as benign on frozen sec-
tion that are also benign on final surgical histopathology (NPV = true negatives/
(true negatives +  false negatives)). Therefore, a low NPV (more false-negatives) 
results in a higher proportion of patients that require completion thyroidectomy.

Several recent studies have examined the diagnostic accuracy of intraoperative 
frozen section for nodules that are ‘suspicious for PTC’ [14, 18–20, 26]. The NPV 
in these studies ranged from 50 to 100%; however, the quality of available evidence 
was limited, as only two studies reported >30 intraoperative frozen sections during 
their study period (Table 9.3) [14, 18–20, 26]. Chao et al. evaluated 569 intraopera-
tive frozen sections performed over a two and a half-year period, which included 56 
thyroid nodules that were ‘suspicious for malignancy’ [26]. They reported that the 
NPV of intraoperative frozen section at their institution was 88%, but also noted a 
rate of agreement between FNA cytology and final surgical histopathology of only 
46% [26]. In the previously mentioned study by Moon et  al., 217 intraoperative 
frozen sections were performed on nodules that were ‘suspicious for PTC’ [20]. 
They reported that the NPV at their institution was only 50% for suspicious nodules, 
whereas the rate of agreement between FNA cytology and final surgical histopathol-
ogy was 87% [20]. Due to the relative inaccuracy of FNA cytology and a high NPV 
of frozen section in the Chao et al. study, initial thyroid lobectomy with frozen sec-
tion may be recommended as the preferred management at that institution. 
Conversely, accurate FNA cytology and a relatively low NPV of frozen section 
reported in the Moon et al. study suggests that total thyroidectomy may be the pre-
ferred initial management at that institution.

In a recent cost-effectiveness study by Leiker et al., a Markov decision model 
was created to compare the incremental cost-utility of total thyroidectomy versus 
lobectomy with intraoperative frozen section as the initial surgical management for 
thyroid nodules that are ‘suspicious for PTC’ [34]. The authors found that 
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lobectomy with intraoperative frozen section becomes the favored initial surgical 
procedure only when the percentage of false-negative frozen sections is ≤8%; oth-
erwise, initial total thyroidectomy dominates as the preferred surgical management 
(Fig. 9.1) [34]. As the included studies reported values above and below this thresh-
old, each institution should evaluate their own frozen section NPV to determine if 
lobectomy with intraoperative frozen section is advantageous over FNA cytology 
alone for the treatment of nodules that are ‘suspicious for PTC’.

 Use of Molecular Markers in Thyroid Nodules That Are 
‘Suspicious for PTC’

In an effort to better characterize the malignant potential of ‘indeterminate’ thyroid 
nodules, there has been increased utilization of molecular markers as preoperative 
adjuncts in recent years [35]. Preliminary data suggests that the greatest influence of 
mutational analysis on surgical decision-making comes when the pre-test probabil-
ity of malignancy is relatively low (i.e. atypical/follicular lesions of undetermined 
significance or follicular neoplasms) [17]. In these cases, a positive test result would 
likely favor initial total thyroidectomy, and a negative result may or may not facili-
tate decision-making, depending on the sensitivity of test being used and the clinical 
context (nodule size, ultrasound characteristics, etc.). The role for the molecular 
profiling of nodules that are ‘suspicious for malignancy’ remains less clear, as the 
sensitivity for many of these tests approximate the estimated risk of malignancy 
based on cytological analysis alone (up to 75%) [17, 35].
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Fig. 9.1 Sensitivity analysis of the negative predictive values of frozen section in the diagnosis of 
nodules that are ‘suspicious for PTC’. ICUR incremental cost-utility ratio, QALY quality-adjusted 
life-year; *Adapted with permission of Leiker et al. [34]
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Several molecular profiling platforms have been developed over the past 10 years, 
a few of which are now commercially available. Gene-Expression Classifier (GEC) 
tests measure the expression of >160 thyroid gene transcripts, for which somatic 
mutations have been identified in >70% of PTCs [17, 36–38]. In a prospective, 
double blind, multicenter study, Alexander et al. found that GEC testing correctly 
identified 92% of malignant thyroid nodules, and they noted a NPV of 85% in 55 
nodules that were ‘suspicious for malignancy’. However, a positive predictive value 
(PPV) of 76%, which is similar to that of FNA cytology alone, suggests that GEC 
may not significantly change surgical decision-making for nodules that are ‘suspi-
cious for malignancy’ [39–42].

Next-Generation Sequencing (NGS) panels offer simultaneous detection of 
>1000 known mutation hotspots and >40 gene fusion sites for multiple thyroid 
cancer- related genes [17, 43, 44]. In studies evaluating the diagnostic accuracy of 
NGS for ‘indeterminate’ thyroid nodules, Nikiforov et al. found that the residual 
risk of malignancy in thyroid nodules that are ‘suspicious for malignancy’ and have 
a negative NGS panel, is approximately 20% [43, 44]. Additionally, several retro-
spective single institution studies have reported a specificity up to 96% and PPV up 
to 95% when using NGS panels that include BRAF, RAS, RET/PTC, and PAX8/
PPARγ [17, 45–47]. As such, the 2015 Revised ATA guidelines recommend that 
mutational testing for BRAF, or the use of an NGS panel, may be considered in 
nodules that are ‘suspicious for malignancy’ if the results are expected to alter surgi-
cal decision-making (R17; Weak recommendation) [17].

 Recommendation

The diagnostic accuracy of FNA and intraoperative frozen section for nodules that 
are ‘suspicious for PTC’ ranges widely in the literature, and is likely to be institu-
tion and cytopathologist-dependent. If the data obtained by FNA is deemed to be 
sufficiently accurate for suspicious nodules and/or if the proportion of false- negative 
frozen sections is >8%, then total thyroidectomy may be recommended as the pre-
ferred initial surgical management. If the data obtained by FNA is deemed to be 
relatively inaccurate, then frozen section or molecular testing may offer a diagnostic 
benefit over FNA cytology alone. Due to the important impact that diagnostic accu-
racy has in determining the optimal surgical management of thyroid nodules, the 
authors rate this outcome as ‘critical for decision-making’. However, when taken 
together, due to a small sample size and lack of prospective studies, the overall qual-
ity of available evidence for this outcome is low. For each study reviewed, a sum-
mary of the quality of evidence is included in Table 9.3.

 Quality of Life

Patient quality-of-life is an important determinate for any clinical decision. When 
assessing the optimal extent of thyroid resection, factors such as perioperative mor-
bidity and the need for life-long thyroid hormone replacement must be considered. 
The most common complications after thyroidectomy include recurrent laryngeal 
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nerve (RLN) injury, hypoparathyroidism, and iatrogenic hypothyroidism [48, 49]. 
There is a relative paucity of data specifically reporting these complications in those 
treated for nodules that are ‘suspicious for PTC’; therefore, the following sections 
will include a general overview of recent literature evaluating total thyroidectomy, 
lobectomy, and completion thyroidectomy associated complications.

 Recurrent Laryngeal Nerve Injury

Although RLN injury is a relatively rare complication of thyroid surgery, it poten-
tially has the greatest effects on overall patient quality-of-life [50]. The life- 
threatening complication of bilateral RLN injury, rarely seen following total 
thyroidectomy, has led many clinicians to favor lobectomy with intraoperative fro-
zen section as the initial surgical management of suspicious nodules. Several recent 
studies have reported on the incidence of RLN injury following thyroid surgery, 
noting a permanent RLN injury rate of up to 1.9% for total thyroidectomy, up to 
0.9% for lobectomy, and up to 3.1% for completion thyroidectomy (Table 9.3) [48, 
49, 51–55]. In the two studies that directly compared total thyroidectomy with com-
pletion thyroidectomy, the latter was associated with increased RLN injury rates (0 
vs 0.5% and 1.4 vs 2.5%, respectively) [52, 55]. This higher injury rate following 
completion thyroidectomy may suggest that total thyroidectomy represents the pre-
ferred initial surgical management of thyroid nodules that are ‘suspicious for PTC’. 
Similarly, Leiker et  al. noted that total thyroidectomy remained the more cost- 
effective approach, unless rates of unilateral and bilateral RLN injury exceeded 5% 
and 2%, respectively; these rates were not observed in any of the reviewed studies 
and are higher than what would be clinically acceptable [34].

 Hypoparathyroidism

Hypoparathyroidism is the most commonly reported procedure-related complica-
tion following thyroid surgery [48, 49]. Although total thyroidectomy has previ-
ously been associated with higher rates of hypoparathyroidism when compared to 
lobectomy, concerns over an increased risk of hypoparathyroidism following com-
pletion thyroidectomy has led many clinicians to favor initial total resection [51]. 
Several recent studies have reported on the incidence of hypoparathyroidism fol-
lowing thyroid surgery, for which the rates of permanent hypoparathyroidism have 
ranged from 3.3 to 16.1% for total thyroidectomy, 1.4–7.1% for lobectomy, and 
2.5–4.0% for completion thyroidectomy (Table 9.4) [48, 49, 51–55].

In a study by Vaiman et al., hypoparathyroidism was noted following 3.5% of 
3834 total thyroidectomies, 1.4% of 1051 lobectomies, and 4.0% of 194 completion 
thyroidectomies [55]. Despite a relatively small sample size of completions, there 
were no significant differences in hypoparathyroidism rates between total and com-
pletion thyroidectomies in this study. In another recent study, Rafferty et al. reported 
a higher rate of postoperative hypoparathyroidism following total thyroidectomy 
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(3.3%) when compared to completion thyroidectomy (2.5%) [52]. While varying 
rates of parathyroid re-implantation may be a potential confounder of this data, 
improved surgical techniques and an increased overall volume of thyroid surgery 
have likely resulted in hypoparathyroidism rates that are comparable for total and 
completion thyroidectomies. In a prospective, randomized study by Cayo et al., no 
significant differences were found in rates of postoperative hypoparathyroidism 
based on the surgical procedure performed (total versus completion thyroidectomy), 
the frequency of parathyroid re-implantation, or the frequency of central compart-
ment neck dissection [56].

 Hypothyroidism

When determining the optimal surgical management for suspicious thyroid nodules, 
a reported advantage of lobectomy is that if the intraoperative frozen section is 
benign, half of the gland is preserved, allowing for an endogenous source of thyroid 
hormone. However, recent data suggests that many of these patients still require 
thyroid hormone replacement following lobectomy. A meta-analysis by Kandil 
et  al. examined the need for thyroid hormone replacement following lobectomy; 
their review included 32 studies and a total of 15,412 lobectomies [57]. They 
reported an overall incidence of hypothyroidism ranging from 11 to 49% across 
studies (Table 9.4), noting an increased occurrence in patients with thyroiditis and 
in those with a high-normal preoperative TSH (relative risk of 3.2 for TSH 
>2.5 μIU/L).

 Recommendation

Based on a slightly higher rate of RLN injury following completion thyroidectomy 
and the significant proportion of lobectomy patients that become hypothyroid, ini-
tial total thyroidectomy may be recommended, assuming relatively low complica-
tion rates with experienced surgeons. However, this data is generalized and does not 
specifically encompass those patients in our target population (thyroid nodules that 
are ‘suspicious for PTC’). Due to relatively small differences in complication rates, 
the authors rate this outcome as ‘important, but not critical for decision-making’. 
When taken together, the overall quality of available evidence for this outcome is 
low. For each study reviewed, a summary of the quality of evidence is included in 
Table 9.4.

 Cost/Time Benefits

It is undeniable that we are in an era of increasing health care regulation and oversight 
by federal and private insurance agencies. With the ballooning costs of thyroid cancer 
diagnosis and treatment, hospitals are held self-accountable to provide efficient and 
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cost-effective patient care [4]. To determine the optimal initial surgical management 
of thyroid nodules that are ‘suspicious for PTC’, clinicians must consider patient and 
institutional costs, as well as loss of time and productivity, from a societal perspective. 
Costs related to frozen section, operative time, length of hospital stay, workdays lost, 
thyroid hormone replacement, reoperation, and surveillance must be considered in 
order to make an informed clinical decision. However, most studies do not address 
these factors in the setting of thyroid nodules that are ‘suspicious for PTC’.

 Costs for the Treatment of Thyroid Nodules That Are 
‘Suspicious for PTC’

A report by Leiker et al. was the only study in our review that addressed the effects 
of cost and time on the surgical management of thyroid nodules that are ‘suspicious 
for PTC’ [34]. Using Medicare reimbursement schedules, they examined quality- 
adjusted life-years (QALY) and cost differentials between total thyroidectomy and 
lobectomy with intraoperative frozen section. They assigned base monetary values 
to perioperative variables based on QALY and used an incremental cost ratio with a 
threshold of $50,000/QALY to signify cost-effectiveness. Overall, they found that 
total thyroidectomy was the most cost-effective initial treatment of thyroid nodules 
that are ‘suspicious for PTC’. However, if complication rates were unacceptably 
high or if the percentage of false-negative frozen sections was ≤8%, lobectomy with 
intraoperative frozen section could be the most cost-effective option (Fig. 9.1) [34].

 Total Thyroidectomy Versus Lobectomy with Intraoperative 
Frozen Section

All other studies in our review did not specifically encompass patients with thyroid 
nodules that are ‘suspicious for PTC’; however, several will be included in this discus-
sion for completeness [53, 58–60]. When comparing procedural costs for total thy-
roidectomy versus lobectomy with intraoperative frozen section, total thyroidectomy 
was associated with an increased cost of 8–32% [53, 58–60]. Also, when evaluating 
hospital length-of-stay, Marino et al. reported that when compared to same-day sur-
gery, an overnight 23-h admission was associated with an increased admission cost of 
22% for total thyroidectomy and 18% for lobectomy [58]. As these studies include 
data from Canada and the United States, relative cost and reimbursement differentials 
between health care systems may account for inconsistencies in outcome reporting.

In a series examining the societal cost for the treatment of follicular thyroid nod-
ules, Zanocco et al. used Medicare reimbursement schedules to construct a Markov 
decision model to evaluate the cost-effectiveness of lobectomy with intraoperative 
frozen section [60]. They assigned base monetary values to perioperative variables 
based on QALY and used an incremental cost ratio with a threshold of $100,000/
QALY to signify cost-effectiveness. Overall, they found that total thyroidectomy 
was the most cost-effective initial treatment of follicular nodules. However, if the 
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FNA malignancy risk becomes >43%, the cost of lobectomy becomes <$8990, the 
cost of completion thyroidectomy becomes >$11,787, the hourly cost of missed 
patient work becomes >$410, the additional work lost to undergo completion thy-
roidectomy becomes >12 days, or life-expectancy becomes <2 years, then lobec-
tomy with intraoperative frozen section could be the most cost-effective [60].

 Recommendation

Based on the two cost-utility models reviewed (one for nodules that are ‘suspicious 
for PTC’ and one for follicular nodules), initial total thyroidectomy is cost-effective 
and may be recommended; however, this is contingent on low overall complication 
rates, especially for that of RLN injury. As the effect that this outcome has on clini-
cal decision-making is highly conditional and is not universally applicable to all 
surgical practices, the authors rate this outcome as ‘important, but not critical for 
decision-making’. Most previous studies have evaluated surgical decision-making 
in the setting of follicular or ‘indeterminate’ nodules, and not specifically for nod-
ules that are ‘suspicious for PTC’. Therefore, more moderate-to-high quality evi-
dence is required to be able to make confident treatment recommendations based on 
cost/time benefits for the surgical management of nodules that are ‘suspicious for 
PTC’. When taken together, due to theoretical nature of cost-utility models and the 
relative paucity of data related to cost/time outcomes for our targeted patient popu-
lation, the overall quality of available evidence for this outcome is low.

 Conclusions

To determine the optimal initial surgical management of thyroid nodules that are 
‘suspicious for PTC’ on FNA cytology, one must consider the diagnostic accu-
racy of FNA and frozen section, patient quality of life, and cost/time benefits for 
total thyroidectomy versus lobectomy with intraoperative frozen section. Based 
on our review of the literature, it is clear that there is currently a paucity of high-
to- moderate quality evidence regarding this patient population. However, when 
considering the available evidence, assuming relatively low complication rates 
by experienced surgeons, initial total thyroidectomy may be recommended, as 
long as completion thyroidectomy would be otherwise be indicated based on 
histopathology.

 Summary of Recommendations

Diagnostic accuracy of FNA and intraoperative frozen section

• Outcome rating: Critical for decision-making
• Quality of available evidence: Low
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• If the data obtained by FNA is deemed to be sufficiently accurate for suspicious 
nodules and/or if the proportion of false-negative frozen sections is >8%, then 
total thyroidectomy may be recommended as the preferred initial surgical man-
agement, as long as completion thyroidectomy would be indicated based on 
histopathology

• If the data obtained by FNA is deemed to be relatively inaccurate, then frozen 
section or molecular testing may offer a diagnostic benefit over FNA cytology 
alone.

Patient quality-of-life

• Outcome rating: Important, but not critical for decision-making
• Quality of available evidence: Low
• Based on a higher rate of RLN injury following completion thyroidectomy and 

the significant proportion of lobectomy patients that become hypothyroid, initial 
total thyroidectomy may be recommended, assuming relatively low complica-
tion rates with experienced surgeons.

Cost/time benefits

• Outcome rating: Important, but not critical for decision-making
• Quality of available evidence: Low
• Initial total thyroidectomy is cost-effective and may be recommended; however, 

this is contingent on low overall complication rates, especially for that of RLN 
injury.
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Abstract
This chapter will examine the data regarding this rare but serious complication of 
thyroid surgery. We evaluated the available literature for recommendations 
regarding immediate primary repair versus no repair in patients with an identi-
fied transected RLN during thyroid surgery.
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 Introduction

Injury to the recurrent laryngeal nerve (RLN) is a known complication of thyroid 
surgery that can have a significant impact on a patient’s quality of life. Even in an 
experienced surgeon’s hands, a temporary palsy of the RLN can occur in 2.5–5% of 
patients [1]. This may be the result of inadvertent nerve traction, stretching, electro-
thermal injury, or transient ischemia; in all of these cases despite the injury the 
nerve is still intact. Full recovery is expected and may be supplemented by tempo-
rary measures.
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The incidence of complete RLN transection (planned and unplanned) and per-
manent paralysis is much less common at 1–1.5% after total thyroidectomy [1]. 
Disease-specific risk factors for nerve transection include thyroid malignancy, con-
current neck dissection, substernal goiter and thyroiditis [2]. In planned transection, 
a patient either presents with obvious tumor invasion of the RLN or surgical explo-
ration reveals adherence of a cancerous thyroid gland. In both cases sacrifice of the 
nerve is often made in favor of a complete oncologic resection. Inadvertent iatro-
genic transection of the RLN also occurs, and is made more likely by recurrence and 
re-operation, and distorted anatomy caused by large nodules or goiters.

 The Recurrent Laryngeal Nerve and Management Options 
for Nerve Transection

The RLN innervates all intrinsic laryngeal muscles except the cricothyroid muscle. 
This includes adductor muscles—thyroarytenoid (TA), lateral cricoarytenoid 
(LCA), interarytenoid (IA)—and abductor muscles—posterior cricoarytenoid 
(PCA). The sequelae of RLN injury and vocal fold denervation are well known, 
including vocal fold immobility, flaccidity and subsequent muscle atrophy [3]. A 
height disparity between the paralyzed and intact vocal fold may also result from 
destabilization of the cricoarytenoid joint. This produces glottis incompetence, 
which can clinically manifest as hoarseness, shortened phonation and aspiration [4].

The surgical management options following known RLN transection include 
medialization procedures as well as primary nerve repair with re-innervation proce-
dures. Vocal cord medialization improves vocal quality by improving glottal com-
petence. Such procedures include thyroplasty, arytenoid adduction and vocal cord 
injection [5–7]. Re-innervation procedures, on the other hand, aim to restore neural 
integrity. Even when the nerve is repaired, normal movement of the vocal cord is not 
restored [3]. Within the RLN there is no spatial segregation of the nerve fibers. 
Therefore, even with direct anastomosis of severed nerve endings, nerve fibers 
regenerate but it occurs in a misdirected fashion among adductor and abductor 
fibers. This process, called synkinesis, results in the cross-innervation of adductor 
muscle fibers into abductor axons, or vice versa [8]. The degree of synkinesis after 
reinnervation is hard to predict. But because there is a 3:1 axonal distribution of 
adductors and abductors, laryngeal adduction predominates over abduction and the 
re-innervated cords are normally fixed at the median [8].

Re-innervation, however, is the only procedure that prevents muscle atrophy and 
therefore is worthwhile to perform if nerve transection occurs. Voice improvement 
occurs by restoration of motor tone to the flaccid TA muscle [3]. It can also allow 
for some vocal cord adduction from the LCA and IA, though this is not the primary 
benefit of re-innervation. Tonic action of the PCA can also be preserved, which may 
have a stabilizing effect on the cricoarytenoid joint [3]. Although RLN re-innerva-
tion does not restore geometric symmetry to the glottis as a medialization procedure 
can, it can achieve viscoelastic symmetry of the vocal cord which improves phona-
tory function [9].
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 Types of Primary Repair

Direct re-innervation should be performed when the length of the defect in the tran-
sected RLN is small enough (typically <5 mm) to allow for a tension-free primary 
anastomosis. The nerve is carefully traced out distally and proximally to provide the 
mobility necessary to minimize tension. Using loupe magnification or an operating 
microscope, 2–4 fine monofilament sutures (8-0 to 10-0) are carefully placed in the 
epineurium. However, if tension-free re-approximation of transected nerve endings 
cannot be performed, then several graft options are available to achieve 
re-innervation.

A common neurorrhaphy alternative is the ansa cervicalis-to-RLN anastomosis. 
This technique can be employed when the proximal RLN is not available for nerve 
repair. Using the same thyroidectomy incision, the ipsilateral sternocleidomastoid 
muscle is mobilized laterally to identify the ansa cervicalis loop overlying the inter-
nal jugular vein. Branches to the strap muscles are transected and then the ansa 
cervicalis itself is divided and anastomosed to the distal RLN as described previ-
ously. When the ipsilateral ansa cervicalis is unavailable, the contralateral nerve can 
also be used. Similarly, if the ipsilateral vagus is sacrificed proximal to the RLN 
branch secondary to a neck or chest tumor excision, the proximal vagus stump can 
be reflected medially and anastomosed to the distal RLN.

When the proximal and distal ends of the RLN are intact, and re-innervation with 
the ansa cervicalis is not possible, a free cable graft can be used to repair the 
RLN. The most commonly and easily harvested donor is the greater auricular nerve 
(GAN). The same thyroidectomy incision can again be utilized and the GAN is 
identified overlying the ipsilateral sternocleidomastoid muscle. A segment of nerve 
can be harvested to fit the transected portion of the RLN. Anastomosis is performed 
at both the distal and proximal ends of the RLN. Postoperatively, patients should be 
alerted that they will have permanent periauricular numbness, especially the ear-
lobe, and that they should be careful to protect against injury to the numb ear (com-
mon causes are burns from curling irons and frostbite).

This chapter will examine the data regarding this rare but serious complication of 
thyroid surgery. We evaluated the available literature for recommendations regard-
ing immediate primary repair versus no repair in patients with an identified tran-
sected RLN during thyroid surgery (Table 10.1).

 Methods

We conducted a comprehensive review of the literature related to the treatment of 
RLN transection during thyroid surgery. Literature searches were conducted in the 
PubMed database using the key words: recurrent laryngeal nerve injury, recurrent 
laryngeal nerve transection, recurrent laryngeal nerve management, immediate 
recurrent laryngeal nerve repair, neurorraphy, recurrent laryngeal nerve reconstruc-
tion, thyroidectomy complications, laryngeal re-innervation, vocal fold paralysis 
treatment. Searches were limited to the English language, human subjects over 
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18 years old, and literature published in the last 20 years. We excluded articles on 
RLN injury that occurred exclusively during non-thyroid surgeries (i.e.: cardiac, 
esophageal, trauma), and articles that focused solely on non-nerve repair treatments 
(i.e.: medialization procedures). Reference lists of identified articles were screened 
for additional relevant studies. There were no related articles found in the Cochrane 
Library using the same search key words.

 Measurement of Clinical Outcomes

There are various methods to clinically measure nerve repair outcomes following 
injury. This includes the Voice Handicap Index (VHI), a validated self-administered 
questionnaire that measures the functional, emotional and physical impact of a 
voice disorder on patient quality of life [10]. Perceptual voice quality is measured 
by a speech language pathologist using the grade, roughness, breathiness, asthenia 
and strain (GRBAS) scale. Acoustic analysis and mean phonation time (MPT) are 
other common measures of phonatory function. Finally, laryngoscopic examination, 
including the use of videostroboscopy, is used to objectively evaluate vocal 
function.

 Immediate Management of Transected RLN

There are no current national guidelines or consensus statements for the manage-
ment of RLN transection identified intra-operatively during thyroid surgery. The 
majority of studies focusing on this specific clinical situation are observational 
cohort studies or case series. There are only a handful of review articles on the man-
agement of vocal fold paralysis following all types of surgery [11–13], and specifi-
cally thyroid surgery [14–16], but none that look at primary nerve repair in the 
immediate setting.

Several studies have examined the natural history of denervation and compared 
it to outcomes following primary nerve repair. In a small cohort study, Chou et al. 
[4] studied subjective and objective vocal outcomes in patients with complete RLN 
injury who had either immediate direct anastomosis or no repair following thyroid 
surgery. Immediate repair was prohibited by extensive cancer involvement of the 
distal RLN. Although all patients demonstrated an immobilized vocal cord on post-
operative laryngoscopy, only the patients who underwent direct repair showed sig-
nificantly improved voice quality, aspiration, GRBAS scales, and MPT at 6 months 
follow-up compared to 3 months; patients who did not undergo repair did not show 
improvement in any of these measures. Laryngoscopic findings, including glottic 
gap size and vocal cord muscle tone, also improved over time only in the repair 
group. All patients in the no repair group eventually underwent medialization laryn-
goplasty to achieve better vocal quality.

A similar study comparing direct anastomosis with no repair was replicated 
recently by Hong et al. [17], with the noted difference that all patients in both groups 
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routinely underwent injection medialization 2–6 months post-operatively. Even so, 
the re-innervation group still had objective improvement in phonatory function, 
with significantly longer MPT and smaller glottal gap than the non-innervation 
group at 12 months. These indices also improved significantly over time from 3 to 
12 months in the re-innervation group, suggesting progressive laryngeal re-innerva-
tion that provides persistent clinical benefit even after the temporary effects of injec-
tion laryngoplasty diminish. In addition, no patient showed laryngoscopic evidence 
of vocal cord atrophy. Subjective outcomes, including GBRAS scales, VHI and 
aspiration scores, were all significantly better in the re-innervation group overall, 
and showed significant improvement at 12  months compared to 3  months 
post-operatively.

In two larger cohort studies, Miyauchi et  al. [18, 19] studied thyroid cancer 
patients who had unilateral RLN resection in order to achieve oncologic control. 
Functional outcomes were compared among patients who underwent various types 
of RLN re-innervation, patients who did not have any repair, and normal controls. 
Patients who underwent repair demonstrated MPT values that were longer than 
those without repair, and comparable to normal controls [18]. Serial measurements 
of MPT demonstrated a clear increase around 3–5 months after reconstruction. To 
account for differences in lung function when measuring MPT, the authors utilized 
another measurement called the phonation efficiency index (PEI), which takes into 
account pulmonary vital capacity. Similar to MPT, the PEI was greater in patients 
who underwent repair, and comparable to normal controls [19]. Among patients 
who had pre-operative vocal cord paralysis and ultimately underwent repair, the PEI 
was found to be greater at 1 year post-operatively than the PEI before surgery in 45 
of 51 patients, demonstrating good recovery of phonatory function even when pre-
operative paralysis exists [19].

The long-term effects of immediate RLN reconstruction on acoustic measure-
ments of the voice were examined by Yumoto et al. [20]. Acoustic analysis is an 
objective measurement of vocal parameters that reflect the vibratory patterns of the 
vocal cords. Measurements such as jitter, shimmer and harmonics-to-noise ratio 
(HNR) are indices of vocal stability and clinically translate into the severity of dys-
phonia or hoarseness. Compared to a group of thyroidectomy patients who did not 
undergo any RLN repair, the group that underwent RLN reconstruction with either 
direct anastomosis or GAN free graft had significantly greater HNR, less jitter and 
trended toward less shimmer, all of which indicate improved vocal quality. The 
reconstructed group also demonstrated significantly greater MPT and smaller glot-
tal gap on laryngoscopy. The mean follow-up period was 17 months.

 Recommendations

Studies that compare primary nerve repair to no repair in the setting of a recognized 
intra-operative RLN transection are limited to small observational cohort studies. 
They demonstrate the improvement in various clinical measures of vocal function 
and quality in patients who undergo immediate repair. Because it is performed 
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immediately, the patient is spared a second surgery and anesthetic, while adding 
only a small increase in operative time. It avoids a re-operative surgical bed, and the 
tissue fibrosis and adhesions associated with higher complications, and is the only 
procedure that prevents muscle atrophy and the loss of muscle tension and bulk, 
providing good long-term results. However, immediate primary repair requires an 
intact distal RLN and it does not produce vocal improvement for several months. If 
the microsurgical expertise is available, a transected RLN with favorable anatomy 
should be reconstructed.

 Selection of Re-innervation Technique

There have been several studies that compare the different RLN re-innervation tech-
niques following transection during thyroid surgery. Overall, no single technique 
has demonstrated significantly better outcomes. The main determinant of technique 
selection has been anatomic limitations. Two recent prospective studies by Lee et al. 
[21] and Dzodic et al. [22] showed no difference between direct and ansa cervicalis-
to-RLN anastomosis in various clinical measures, including glottal gap, acoustic 
analyses, MPT, VHI and perceptual voice quality. Dzodic noted improved phona-
tion at 1 month for patients who underwent direct anastomosis, and 2–6 months for 
ansa cervicalis-to-RLN patients. Lee noted sustained results up to 2 years following 
reconstruction, with an overall mean time to improvement of 4.3 months. The only 
systematic review of different laryngeal re-innervation techniques found the mean 
time to the first signs of re-innervation to be 4.5 months [12].

Comparisons between ansa-to-RLN anastomosis and free nerve grafting have 
also demonstrated good vocal outcomes, with improved phonation by both subjec-
tive and objective measures [23–28]. In addition to the GAN, other donor nerve 
grafts included transverse cervical, supraclavicular and ansa cervicalis. There were 
no outcome differences between techniques and among donor nerves. These find-
ings were confirmed in a systematic review of different laryngeal innervation tech-
niques. Of note, these studies showed no difference in outcomes between those 
patients who demonstrated pre-operative vocal fold paralysis and those who did not, 
although the time to improvement was slightly longer in the former group. While 
this supports the effectiveness of re-innervation techniques even in the presence of 
ongoing nerve degeneration, what is less clear is the optimal time to re-innervation 
after the onset of vocal fold paralysis, with two large retrospective studies reporting 
success up to 2 years after injury [29, 30].

Studies on ansa cervicalis-to-RLN reconstruction comprise the majority of case 
series examining the outcomes of laryngeal re-innervation. Overall, all re-innerva-
tion techniques achieve good acoustic, perceptual and visual outcomes, whether it 
is performed immediately or delayed, and in the setting of both thyroid and non-
thyroid surgery. However, it is important to note that there is great heterogeneity in 
the literature with regard to surgical timing, indications, technique, possible con-
comitant procedures, and follow-up, precluding the ability to make strong recom-
mendations regarding one technique over another [11–14].
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The only randomized controlled trial that studied re-innervation for the manage-
ment of unilateral vocal fold paralysis was performed by Paniello et al. [31], which 
compared medialization laryngoplasty to delayed ansa cervicalis-to-RLN recon-
struction in patients with a paralyzed vocal cord at least 6 months after initial sur-
gery. Unfortunately the study was prematurely closed due to administrative and 
consent issues and only enrolled 24 patients. Nonetheless, it showed a greater 
improvement in perceptual, acoustic and quality of life scores in re-innervation 
patients under age 52 compared to those over age 52 and medialization patients of 
all ages, underscoring the role of age in outcomes. A retrospective study of 349 
patients who underwent delayed ansa cervicalis-to-RLN repair following primary 
thyroid surgery corroborated this finding of age-dependent vocal outcomes, with 
decreased effectiveness in those over age 60 [29]. Finally, the complication rate of 
nerve reconstruction is low, even when compared to medialization procedures [11, 
13, 32].

 Recommendations

There are no completed randomized trials comparing immediate re-innervation 
techniques of a transected RLN during thyroid surgery. Existing data on the various 
techniques of repair are heterogeneous and limited to observational cohort studies. 
The few available systematic reviews comparing management strategies that include 
nerve reconstruction evaluate it as a delayed intervention. Anatomic limitations and 
surgeon expertise should dictate which technique is used to repair the RLN, as there 
are no significant differences in vocal outcomes or safety profiles among the differ-
ent techniques.

 Summary of Recommendations

 Immediate Management of Transected RLN

Primary repair is recommended in the setting of a transected RLN identified during 
thyroid surgery (evidence quality low; weak recommendation). Primary repair is the 
only management strategy that prevents muscle atrophy and preserves muscle ten-
sion and bulk, resulting in long-term vocal improvement (evidence quality low; 
weak recommendation). Primary repair alone should not be performed if immediate 
vocal improvement is desired, given the recognized delay in vocal outcomes associ-
ated with primary repair (evidence quality low; weak recommendation).

 Selection of Re-innervation Technique

There are no vocal outcome or safety differences among re-innervation techniques, 
and technique selection should be dependent on anatomic limitations and surgeon 
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expertise (evidence quality low; weak recommendation). Limited data suggest that 
primary repair be recommended for younger patients, and used with caution in older 
patients (evidence quality low; weak recommendation).

Conclusion
We discuss the immediate management of RLN transection incurred during thy-
roid surgery. While high-quality data examining this particular situation is lack-
ing, the available data suggest the benefit of immediate re-innervation compared 
to no repair, and the comparable outcomes from different re-innervation tech-
niques. The current state of literature highlights the need for prospective 
studies.
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11Surgery Versus Observation for Papillary 
Thyroid Microcarcinoma

Shi Lam and Brian H. H. Lang

Abstract
Papillary thyroid carcinoma (PTC) is the most common malignancy arising from 
the follicular cells and its age-adjusted incidence has doubled over the past two 
decades. As a result, it imposes a cost burden to the society in general. However, 
despite the rapid rise in incidence, the actual mortality (or the chance of dying) 
from PTC has remained relatively unchanged in the same period.

Keywords
Papillary thyroid carcinoma (PTC) · Papillary thyroid microcarcinoma (PTMC)

 Introduction

Papillary thyroid carcinoma (PTC) is the most common malignancy arising from 
the follicular cells and its age-adjusted incidence has doubled over the past two 
decades [1]. As a result, it imposes a cost burden to the society in general [1]. 
However, despite the rapid rise in incidence, the actual mortality (or the chance of 
dying) from PTC has remained relatively unchanged in the same period [2]. One 
explanation for this seemingly-contradictory phenomenon is that this observed 
increase could have been a result of an increasing detection of small and harmless 
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PTCs rather than clinically-significant PTCs (i.e. those larger than 1 cm with nodal 
or distant metastasis). Small and harmless PTCs are often referred to as incidental 
papillary thyroid microcarcinoma (PTMC) because they are incidental and usually 
not larger than 10 mm [3]. In fact, it is known that PTMC can be found frequently 
in the healthy general population. The estimated prevalence of PTMC at autopsy 
examination ranged widely between 2 and 35.6% [3] depending on how thorough 
the thyroid gland was sectioned. With improved ultrasonography (USG) technique 
and increased accuracy in USG-guided fine-needle aspiration cytology (USG- 
FNAC), it is possible to detect a PTMC as little as 2–3 mm in diameter in an other-
wise normal thyroid lobe [4]. Therefore, one could postulate that over time, the 
prevalence of PTC would eventually approach that of the autopsy series. In fact, if 
a massive USG screening program of the thyroid gland were to be carried out in an 
otherwise healthy asymptomatic female population aged 30  years or older, the 
actual prevalence of PTMC (or the chance of finding a small PTC) would come 
close to 4% [5]. This is in contrast to the low prevalence observed for clinical PTC 
(1.9 to 11.7 per 100,000 females) [6]. Therefore, the prevalence of incidental 
PTMCs (or “incidentalomas”) could be up to 500–1000 times higher than that of 
clinical PTC. Following this observation, some have questioned whether immediate 
surgery is necessary for these incidental PTMCs because most would probably not 
cause any symptoms or harm over one’s lifetime. Some investigators have even 
gone further to propose that perhaps close observation might be a better alternative 
to surgery [7, 8]. However, given that PTMCs could behave unpredictably with 
some tumors having high rates of multicentricity and nodal metastases on presenta-
tion and even causing deaths [9, 10] several centers in Japan initiated observation 
trials in the 1990s to evaluate the natural behavior of these incidental PTMC over 
time. The purposes of this chapter are to critically review the results on these ongo-
ing trials and make management recommendations if any based on the review 
(Table 11.1).

 Background and Details of These Active Observation Trials

Akira Miyauchi was the pioneer of these trials. He first proposed nonsurgical treat-
ment for low-risk PTMC at the Kuma Hospital in 1993. In the same year, the 
“active” observation trial was started at the Kuma hospital [11]. His idea of nonsur-
gical treatment for low-risk PTMC was adopted by another Japanese group (Sugitani 
et al. at Cancer Institute Hospital in Tokyo) in 1995 [11]. However, to be eligible for 
these observation trials, the incidental PTMC had to be considered “low-risk” which 

Table 11.1 PICO table

Population Patients with FNA proven papillary thyroid 
microcarcinoma

Intervention Active observation
Comparator Immediate surgery
Outcomes Disease progression, survival
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by their definition, meant that the tumor was located away from the trachea and the 
recurrent laryngeal nerve and had no evidence of nodal or distant metastases on 
presentation. The reason for having these exclusions was that in case the tumor did 
progress over time under active observation, it would not have posed any added 
patient risk or morbidity. Therefore, tumors with any one of these features were 
immediately surgically resected. The other inclusion criterion was that the inciden-
tal tumor had to be PTC on FNAC and not other higher grade cancers like tall cell 
variant or poorly differentiated cancers. Therefore, all eligible tumors had to be 
biopsied before the start of the trial.

Figure 11.1 describes the overall design of these trials. As these trials were non- 
randomized, patients with proven PTC on FNAC were given the choice of either 
active observation or immediate surgery. For those who chose active observation, 
they underwent regular USG examination of the thyroid gland every 6–12 months 
and during each examination, the size of the primary tumor and the regional lymph 
node status were carefully assessed and recorded by a dedicated radiologist. If the 
primary tumor size increased by 3 mm or more (relative to the original dimension) 
or reached above 12 mm in diameter or a new metastatic lymph node was found, 
immediate surgery was offered. Based on their experience, the rationale for choos-
ing a cut-off of 3 mm or above was because the inter-observer variation even among 
expert radiologists was 2 mm and so a ≥3 mm enlargement represented a “real” size 
enlargement [12].

“Low risk” unilateral papillary thyroid microcarcinoma (≤1cm)

Active observation

Twice yearly ultrasonography

Continued observation Surgery 
(hemithyroidectomy ± neck dissection)

MorbidityLocoregional recurrence
Locoregional recurrence

Reoperation

Surgery

Reoperation

MorbidityYearly surveillance by 
ultrasonography

Hemithyroidectomy / lobectomy

Fig. 11.1 Overall design of the trials reviewed
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 Results of These Observation Trials for Low-Risk PTMC

Table 11.2 summarizes the results of these trials. The first report was published in 
2003 from the Kuma Hospital, Kobe [7]. In that particular report, of the 732 eligible 
patients, 162 (22.1%) patients chose to undergo active observation and after a mean 
period of 46.5 months, more than 70% did not experience any size change or reduc-
tion. However, there were around 10% whose tumors enlarged to >10 mm and 1.2% 
developing new lymph node metastasis in the lateral compartment. In the surgical 
arm, 570 (77.9%) patients chose surgical treatment at diagnosis while 56 (34.6%) 
patients in the observation group eventually chose surgery after a period of observa-
tion. Of these 626 patients, lymph node dissection was performed in 594 patients, 
and metastasis was confirmed histologically in 50.5%. Multiple tumor formation 
was seen in 42.8% of patients. In this surgical group, the recurrence rate was 2.7% 
at 5 years and 5.0% at 8 years after surgery. The authors concluded that PTMC did 
not frequently become clinically apparent, and that patients may choose observation 
while their tumors are not progressing. These data were later superseded by a more 
recent report published in 2014 [13]. In that later report, Miyauchi et al. recruited a 
total of 1235 patients with incidental PTMC at Kuma Hospital from 1993 to 2011. 
These patients were placed under observation for 18 months or longer. Their data 
showed that 58 (4.7%) showed size enlargement, 19 (1.5%) showed a novel appear-
ance of lymph node metastasis (four in central and 15 in lateral compartments) and 
43 (3.5%) showed progression to clinical disease. None of the patients developed 
distant metastasis or died of thyroid cancer, and one patient in the operated group 
developed recurrence with stable disease on follow-up. Interestingly, the proportion 
of patients with PTMC progression was lowest in the older patients while it was 

Table 11.2 A comparison of progression and nodal metastasis in PTMCs undergoing active 
observation only

First 
author 
(year)

Number of 
patients or 
PTMCs 
observed

Surgical 
comparative 
group

Mean 
observation 
period 
(months)

% patients/
PTMCs with 
enlargement 
(≥3 mm)

% patients/
PTMCs with 
nodal 
metastasis

Ito 
(2003) 
[7]

162 626 46.5 10.2 1.2

Ito 
(2007) 
[11]

346 n/a 54 6.7 1.7

Sugitani 
(2010) 
[8]

300a 56 60 7.3a 1.0

Ito 
(2014) 
[13]

1235 n/a 75 4.7 1.5

Sugitani 
(2014) 
[14]

415a n/a 78 6.0a 0.9

n/a not available, PTMC papillary thyroid microcarcinoma
aExpressed as number of PTMCs
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highest in the young patients. Older (>60) patients had a 2.2% chance of size 
enlargement while younger (<40) and middle-aged (40–59) patients had 5.9% and 
5.7% chances, respectively, of size enlargement. Similarly, for new nodal metasta-
sis, the incidence in young, middle-aged and older aged patients were 5.3%, 1.4% 
and 0.4%, respectively. In fact, on multivariate analysis, young age was an indepen-
dent predictor of PTMC progression. This is in contrast to what had been observed 
for clinically apparent PTCs as older age has long been recognized as a poor prog-
nostic factor of PTC [15]. Miyauchi et al. showed that the rate of persistent disease 
was higher in older (>60  years old) patients than middle-aged patients (40–59 
patients) [16]. Our group also showed that even among those who were older 
(>45 years old), more advanced age (>60 years old) was an independent predictor 
of disease-specific death [17].

Sugitani et  al. also reported a series of 244 patients (with 300 PTMCs) who 
agreed to undergo active observation after diagnosis of PTMC, with similar inclu-
sion criteria and conversion to surgical treatment as Ito’s report [8]. After a mean 
period of 5 years, 4% of patients developed tumor enlargement and 1% developed 
lymph node metastasis and so they underwent surgery. No recurrence was identified 
at 1–12 years after operation [8]. The same group published a more updated report 
recently [14]. In that report, a total of 415 asymptomatic PTMCs were observed by 
USG surveillance only. After a mean period of 6.5 ± 4.0 years of observation, 25 
PTMCs (6.0%) had tumor size increase while the rest either decreased in size or 
unchanged. However, unlike Ito et al., [16] Sugitani et al. did not find any significant 
association between tumor progression and age at diagnosis. Furthermore, serum 
thyroid-stimulating hormone (TSH) was not a predictor of PTMC progression [14].

 Implications from These Trials

Based on the result of these observation trials, one could conclude that despite the 
lack of treatment or surgery, it was rare for an asymptomatic “low-risk” PTMC to 
significantly enlarge over time. Under observation, approximately only 1% of 
patients each year would experience a significant size enlargement (≥3 mm) to war-
rant immediate surgery. Therefore, using change in size alone as a criterion, surgery 
was rarely required. Similarly, if new appearance of nodal metastasis was used as a 
criterion for tumor growth or progression, only around 0.3–0.4% of patients each 
year would need to undergo immediate surgery (together with neck dissection). 
Therefore, new development of nodal metastasis as a result of active observation 
occurred even less commonly than size enlargement. Therefore overall, perhaps less 
than 2% of patients each year would experience signs of tumor progression during 
active observation leading to immediate surgery.

The other point worth noting was that delayed surgery (i.e. after a period of active 
observation) did not appear to compromise the survival or prognosis of those PTMC 
that progressed over time. In Ito’s latest report, of the 191 patients who underwent 
delayed surgery after a period of observation, none had recurrence except for one 
patient and also none suffered from distant metastasis or died of PTC after surgery 
[13]. Similarly, in Sugitani’s first report [8], of the 16 patients who had delayed sur-
gery 1–3 years after active observation, no patient had recurrence and death.
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Regarding to which patient subgroup benefitted more from active observation 
rather than surgery, the current data appeared to show the young age (<40) group 
tended to have greater chance of size enlargement as well as new appearance of 
lymph node metastasis and therefore, the older age (>60) group should benefit more 
from active observation [13]. Furthermore, given the shorter life expectancy, it 
appeared to be logical to offer active observation to older patients with asymptom-
atic, low-risk PTMC.

Although TSH might be important in the development and progression of PTMC 
or PTC in general, there is still no evidence to show that TSH suppression should be 
given during the period of active observation as one study showed that there was no 
significant correlation between mean TSH during follow-up and change in PTMC 
size [14]. Therefore, observation alone (without TSH suppression) appeared ade-
quate for low-risk PTMC.

 Downsides with Active Observation as Opposed to Immediate 
Surgery for PTMC

However, despite these findings, there are downsides with active observation. First, 
as acknowledged by the authors themselves, [11] USG has limitations. For example, 
it is difficult to image accurately the dorsal part of a PTMC because of the presence 
of occasional intra-lesional calcifications causing strong echoes behind. Therefore, 
size determination is less accurate in some cases. Also there is great variability in 
observers’ interpretations of USG images particularly in tumors with a less defined 
border. Although observation trials so far had dedicated radiologists interpreting 
USG images throughout the study period, it does raise the question on its applicabil-
ity in other centers with no dedicated radiologists.

Second, by choosing active observation, it implies a life-long follow-up for the 
patient. He or she would be committed to at least once or twice yearly USG for the 
rest of the life. This could be difficult for some who may have not get access to 
healthcare easily because they live far or in the lower socioeconomic status. 
Although the cost of USG might be low in some countries, it does vary greatly 
between countries and so the life-time cumulative cost of USG examinations may 
be a greater burden for the society than perhaps immediate surgery alone. However, 
such cost comparison between observation and surgery has never been done.

Third, despite the associated morbidity of thyroidectomy, a hemithyroidectomy 
by experienced surgeons poses little to no risk to most patients having a low-risk 
PTMC. A hemi or partial thyroidectomy is a relatively simple operation and could 
be done as a day or short-stay procedure under general anesthesia. More impor-
tantly, it almost cures all patients with an asymptomatic low-risk PTMC without the 
need for life-long follow-up afterwards.

Fourth, although all of these observation trials demonstrated that few tumors 
would progress over time, it is unknown how observation itself might affect patient 
quality of life over time. It could potentially increase patient anxiety and reduce 
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quality of time over time as patients might get increasingly worried despite ade-
quate reassurance. In fact, it was interesting to note that despite such a 2% yearly 
rate of tumor progression, Ito’s latest report showed that after 5 years, 191 or 16% 
of patients ended up undergoing thyroidectomy for one reason or another. Therefore, 
a greater proportion of patients would eventually undergo surgery despite the lack 
of objective tumor progression.

Fifth, there are many practical issues when adapting the observation approach 
and some of these may cause medico-legal problems. For example, if one patient 
under observation recurred or died of PTC, the patient’s relatives may argue that 
perhaps surgery could have prevented the recurrence or death [18].

Lastly, since all these observation trials were non-randomized, their findings 
were prone to selection biases. It is possible that perhaps because most symptomatic 
and high-risk PTMC were screened out initially, the remaining PTMCs would do 
well regardless of observation or surgery. Perhaps, the same trial could be applied to 
larger-sized (>1 cm) PTC and results might be similar because these tumors are 
known to behave indolently. Therefore, it is important to conduct prospective ran-
domized trials comparing between observation and immediate surgery in the future.

Nevertheless, the Japanese Society of Thyroid Surgeons and the Japan Association 
of Endocrine Surgeons have endorsed the use of “active observation” as an accept-
able alternative to immediate surgery for low-risk PTMC [19].

 Conclusions

The fact that the incidence of PTMC in autopsy examination is approximately 500–
1000 times higher than that of clinically significant PTC means that the majority of 
PTMC do not necessarily require surgical treatment over one’s lifetime. The “active 
observation” trials so far from the two Japanese centers have illustrated that in a 
well-selected group of PTMCs, the rate of significant size enlargement (≥3 mm) 
and appearance of new nodal metastasis per year without surgery are extremely low 
(1.0% and 0.3–0.4%, respectively) and patients most likely to benefit from active 
observation over immediate surgery are those aged >60  years because of lower 
chance of significant tumor progression. Nevertheless, there are still many uncer-
tainties and controversies with active observation as a treatment option for PTMC 
and these include its applicability in other less specialized centers, its long-term 
cost-effectiveness and impact on patients’ quality of life and the associated potential 
medico-legal issues. Larger prospective randomized trials are necessary to resolve 
some of these controversies.

 Recommendation

“PTMC could be safely observed without the need for immediate surgery”.

Quality: Moderate Strength: Weak Overall grade: C1
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Abstract
Anaplastic thyroid cancer (ATC) is a highly lethal disease. First-line therapy for 
a patient diagnosed with this disease includes surgical resection or chemoradia-
tion. Due to variable treatment and its rarity, there is a paucity of prospective and/
or randomized controlled literature studying the initial therapy for patients diag-
nosed with ATC. To understand which therapy is more appropriate in terms of 
survival and quality of life, we evaluated the available literature and our own 
institutional experience with the management of ATC for recommendations 
regarding this topic. This chapter provides a summary of the pertaining literature 
and offers recommendations based on these sources for first-line management of 
a patient with newly diagnosed ATC.
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 Introduction

Anaplastic thyroid carcinoma (ATC) is a rare but highly lethal disease. It comprises 
1.7% of all newly diagnosed thyroid cancers each year in the United States [1]. In a 
review article looking at 1771 patients with ATC who were reported in clinical stud-
ies, 64% were women, the median survival was 5 months and the 1-year survival 
was 20% [1]. It typically occurs in the sixth or seventh decade of life. Although 
there is much scientific research into disease understanding and treatment of ATC, 
the median overall survival has not changed in recent decades. ATC is poorly dif-
ferentiated in that it does not produce thyroglobulin, cannot transport iodine and it 
lacks genetic changes associated with follicular-origin thyroid cancers [2]. Thus, 
radioactive iodine as an adjuvant therapy is not considered for ATC as it is for the 
majority of thyroid cancers. In most cases, the prognosis is dismal even with the 
most aggressive treatment. Clinically, ATC presents most commonly with a rapidly 
growing neck mass in a short period of time, sometimes days to weeks. 
Histopathological confirmation is usually obtained by fine needle aspiration but 
often an open or core needle biopsy is required for diagnosis.

The first-line therapy for a newly diagnosed patient with ATC is controversial. 
Given the near certain lethality from the disease soon after diagnosis, clinicians 
have a small window of time to prescribe treatment expeditiously that may improve 
survival and quality of life. As far as published data and recommendations on man-
agement of ATC, the rarity of the tumor forces researchers to utilize multi- 
institutional data often spanning over several decades during which treatment and 
dose, and approach has changed. The decision to operate versus chemoradiation 
therapy at the onset hinges on several patient factors: location(s) and spread of the 
cancer, proximity and danger to adjacent vital structures, the imminent life- threating 
concerns from synchronous metastases, comorbidities, and the wishes of the patient. 
The chapter includes a review of the American Thyroid Association (ATA) guide-
lines on ATC and published literature to arrive at the most evidence-based approach 
to first-line therapy (Table 12.1). Overall survival of patients with ATC patients and 
clinical trials have only lead to small differences in median survival (generally at 
most 2 months). Depending on an individual patient, the possibility of improving 
median survival by a few weeks or months may be considered significant or futile 
[3]. The published clinical trials on ATC have exemplified the challenges for trial 
design in this very rare and quickly lethal disease. Most trials have been small and 
often have been terminated early due to poor accrual or inadequate treatment 
response to justify risks [4].

Table 12.1 PICO table Population: Patients with anaplastic thyroid cancer
Intervention: Surgical resection
Comparator: Chemoradiation
Outcomes: Survival, QOL
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 Early Multidisciplinary Assessment

An early multidisciplinary discussion is integral to the evaluation, workup and treat-
ment of a patient with ATC. Histopathologic diagnosis is necessary. Usually this 
diagnosis can be made with fine needle aspiration cytology. Infrequently, a surgical 
incisional biopsy will need to be done to secure the diagnosis. Once the diagnosis is 
confirmed, an expeditious discussion among primary physician, endocrinologist, 
medical oncologist, radiation oncologist, surgeon, and palliative care specialist is 
due in order to form an acceptable mutually agreed upon plan in the patient’s best 
interests. Decisions regarding first-line therapy should be made based on available 
literature, initial staging, presence of synchronous metastases, comorbidities, and 
patient’s wishes.

 Prognostic Factors

Prognostic factors for better suitability and improved outcomes to undergo aggres-
sive treatment include younger age, smaller tumor size, and lack of distant metasta-
ses. Existing data suggests a better prognosis for patients less than 70 years old of 
age. Others have found improved survival outcomes even for those under the age of 
60 years [5, 6]. Tumor size less than 5 cm have been associated with a relatively 
better prognosis [5, 7, 8]. The presence of distant metastases, local tumor extension, 
rapid tumor growth and poor performance status have all been noted to be poor 
prognostic factors in a published series from 2005 [9]. In the treatment of ATC, 
multimodality therapy can be of benefit, however institution of all three modalities, 
radiation, chemotherapy, and surgery are not always feasible. These prognostic fac-
tors should be considered in deciding whether to offer an aggressive tri-modality 
treatment, but which may have increased complications and significant side effects. 
Available treatments for ATC are very burdensome for the patient and patients with 
a reduced performance status or poor prognostic factors may be considered for less 
aggressive treatment or palliation. Ito et al. demonstrated that patients with a clini-
cally resectable tumor and who underwent multimodal therapy with surgery, che-
motherapy and radiation treatment had the longest survival of 13.7 months [10] in 
comparison to patients who underwent uni or bi-modal treatments.

 Determine Resectability

Thyroid ultrasound provides a rapid, non-invasive evaluation of neck mass and 
regional lymph nodes. Computed tomography (CT) imaging with iodinated contrast 
can provide important locally invasive structural information and will help deter-
mine extent of disease and resectability. If the patient has symptoms or imaging 
features suggestive of invasion into the recurrent laryngeal nerve, trachea, or 
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esophagus, laryngoscopy for upper airway and larynx, bronchoscopy for trachea, 
and esophagoscopy for esophagus are warranted as part of the preoperative 
staging.

Initial resectability requires a detailed evaluation with neck imaging and depends 
on the presence or absence of local invasion to adjacent structures. Figure 12.1 is a 
coronal image of a patient with tumor extension into the superior vena cava. This 
tumor was deemed unresectable due to local invasion into superior vena cava as 
well into the larynx. Although a decision to resect such aggressive tumors also var-
ies from surgeon to surgeon, it should primarily be dictated by the ability to obtain 
a R0 or R1 resection with minimal morbidity in the safest way possible.

Metastases with ATC are common. In a series of 41 autopsy cases of ATC, 91% 
had metastases. The most common sites of metastases were the lungs (78%), intra-
thoracic lymph nodes (58%), neck lymph nodes (51%), pleura (29%), adrenal 
glands (24%), liver (20%), brain (18%), heart (18%), and retroperitoneal lymph 
nodes (18%) [11]. Moreover, up to 50% of patients have distant metastases at pre-
sentation [2, 12]. Dedicated imaging of the rest of the body can identify synchro-
nous metastases that may alter first line management. For instance, an impending 
neurologic crisis either from a growing brain metastasis or a vertebral metastasis 
compromising the spinal cord, would constitute sufficient cause for delaying pri-
mary thyroid surgery until after emergent neurologic care is administered. Similarly, 
life-threatening pulmonary hemorrhage from metastatic lung disease may demand 

Fig. 12.1 Tumor extension into the superior vena cava in a patient with newly diagnosed anaplas-
tic thyroid carcinoma
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priority over neck operation [13, 14]. However, the presence of non-life-threating 
distant metastases is not a strict contraindication for neck resection. In fact, the 
workup of distant metastases with biopsy and imaging should not delay the treat-
ment of the primary neck disease often warrants immediate attention [14]. Therefore, 
in a patient with suspected distant metastases and locally resectable disease in the 
neck, should be offered a neck resection as first line therapy to obtain local tumor 
control and prevent airway obstruction. Because ATC frequently invades adjacent 
organs and tissues, the potential for complete tumor extirpation is not always pos-
sible at the time of presentation. Nevertheless, impending airway compromise from 
primary neck disease will be priority in most cases of ATC.

 Operative Resection as First Line Therapy

In patients with newly diagnosed ATC who are deemed resectable, the goal is a 
gross tumor resection with R0 or R1 margins. Several single center retrospective 
studies suggest that either an R0 or R1 resection correlates with an improved 
disease- free and overall survival with or without adjunct therapy. One study of 120 
patients examined the utility of restricted radical surgery with the intent to clear as 
much tumor without removal of vital organs such as the esophagus, larynx, and 
trachea [15]. Overall survival was poor with median survival time of 3.1 months 
regardless of approach, nevertheless the patients who had a R0 resection had a 15% 
5-year survival whereas no patient survived at 5 years who underwent a R1 or R2 
resection [15]. In another study of 33 patients, those patients treated with a poten-
tially curative resection had a median survival of 43 months versus 3 months [16]. 
The operation should be a total or near-total thyroidectomy. In those with extrathy-
roidal extension, a more aggressive resection is warranted if gross disease can be 
safely cleared [10, 17]. In a study of 75 patients that looked at multimodal treat-
ment, the patients that had better locoregional control were those that underwent 
R0/R1 resection with and without chemoradiation. The survival benefit was mini-
mal but there were three patients who survived for more than 5 years and all of them 
underwent gross tumor resection [18]. Another retrospective study looking at 40 
consecutive patients with ATC evaluated surgical resection followed by chemora-
diation and found that patients with less invasive primary tumors that were resected 
initially and had adjuvant therapy had a survival benefit compared to those with 
more aggressive and less resectable disease (9.6 months versus 4.0 months) [10].

Patients with locoregional invasion should be offered a resection if gross tumor 
resection can be achieved with minimal morbidity [14]. Since ATC can spread via 
direct contiguous invasion and through the lymphatics, adjacent anatomical struc-
tures and applicable surgical planes in relation to the tumor must be carefully evalu-
ated. More than 80% of patients with ATC present with primary tumors that have 
already invaded into surrounding structures including the trachea, esophagus, and 
carotid artery [19, 20]. Moreover, nearly 40% of patient with ATC taken for resection 
required extended resections [15]. Operative debulking with gross positive margins 
should never be a goal as the rate of local recurrence are very high. In a retrospective 
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study with 67 patients, 6-month, 1 year, and 3-year survival rates were reported as 
92%, 92%, and 83%, respectively after complete resection. This was much dimin-
ished to 53%, 35%, and 0% if the patient underwent debulking surgery [8].

 Airway Management

Frequently airway obstruction can be the initial presentation or can develop during 
the treatment of ATC. Often times, mortality from these aggressive tumors results 
from airway issues. There is a paucity of literature regarding airway management in 
ATC.

Historically, prophylactic tracheostomy was employed in many cases of ATC for 
prevention of airway compromise or suffocation. Current guidelines do not recom-
mend for a routine and elective tracheostomy either with oncological operation or 
as a prophylactic procedure alone [14]. Tracheostomy is often fraught with inherent 
issues such as excessive secretions, wound infections and potential local complica-
tions including bleeding and tumor overgrowth or tube dislodgement. Furthermore, 
placement of a tracheostomy usually necessitates an inpatient hospital or nursing 
facility stay and can delay future treatments. Holting et al. in their experience of 170 
patients with ATC showed that tracheostomy resulted in delayed radiation treat-
ments and this was mainly due to tracheostomy related complications [21, 22]. 
Moreover, tracheostomy resulted in a reduction in median survival from 5 months 
to 2 months. From a quality or life standpoint, many patients with tracheostomy will 
lose their voice permanently as decannulation or downsizing with the use of speech 
valve can rarely be achieved. A potential for future tracheostomy in unstable and 
unintubatable patients can also lead to a decision to perform prophylactic tracheos-
tomy in a small minority of patients.

A rapidly enlarging central compartment mass, unilateral or bilateral vocal cord 
paralysis, direct tracheal invasion, bleeding into the trachea, or upper airway edema 
are the usual causes of airway obstruction [23]. Hoarseness, stridor or dyspnea 
could indicate impending airway obstruction [24]. Every patient with suspected 
ATC should undergo evaluation of the vocal cords. The best way to evaluate the 
vocal cords is with fiberoptic laryngoscopy; however, mirror examination may also 
be acceptable. Fiberoptic laryngoscopy will also help to assess the opposite vocal 
cord, mobility of the vocal cords, any endolaryngeal pathology and can also identify 
any extension of disease in the subglottic or upper tracheal regions [14].

Concerning airway management, a patient’s desire and wishes should be taken 
into consideration in decision-making. A diagnosis of ATC does not necessitate a 
tracheostomy upfront if the patient is clinically stable from a respiratory standpoint. 
Medical management with steroids and nebulized epinephrine in conjunction with 
comfort care measures can be employed. In situations of respiratory distress, secur-
ing the airway is the priority. Additionally, management of acute airway issues in 
the operating room has been advised [23]. Awake intubation in a semirecumbent 
position, preferably using a flexible laryngoscope should be attempted. The trachea 
could be almost impossible to reach especially in the presence of a bulky anterior 
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mass requiring the use of a long tracheostomy tube. For long segment tracheal com-
pression, use of airway stents or endotracheal tube via cricothyroidotomy tube have 
been also described. Figure 12.2 demonstrates a coronal CT image of a patient who 
had a long tracheostomy tube placed via a cricothyroidotomy for impending airway 
compromise.

The presence of airway compromise in ATC is almost universally associated 
with a dismal prognosis. Prophylactic tracheostomy in a patient with a biopsy- 
proven ATC is not indicated. In contrast to most acute airway situations, a clear and 
informed discussion about the prognosis and goals of care should be considered 
prior to any airway interventions as these could be the source of much morbidity in 
a clinical entity with dismal prognosis.

 Medical Management as First-Line Therapy

Two subgroups of patients are candidates for medical therapy as first-line therapy. If 
a patient who has biopsy-proven ATC is deemed to have a tumor that would not 
allow for a safe resection, neoadjuvant radiotherapy and/or chemotherapy should be 
administered. Also, in the case where systemic disease is present upon presentation 
and the neck disease is confined and does not need immediate resection, initial 
chemoradiation is indicated. If a patient is truly unresectable from a safety and mor-
bidity standpoint, chemoradiation is the preferred initial management. Patients with 
ATC who present with locoregionally confined with borderline unresectable disease 
should consider radiotherapy with or without systemic therapy as these patients 
may become operable candidates [14] (Fig. 12.3).

Fig. 12.2 Cricothyroidotomy with long tracheostomy tube placement in a patient with acute air-
way obstruction from anaplastic thyroid carcinoma
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 Radiotherapy

Radiation therapy is delivered with either definitive or palliative intent. Definitive 
radiotherapy refers to high-dose radiation treatment with the intention to provide 
long-term local control. Palliative radiotherapy, on the other hand, refers to lower 
dose treatment in order to alleviate symptoms locally albeit for a shorter duration 
[14]. In the setting of ATC, external beam radiotherapy (EBRT) is the primary 
modality of radiation therapy utilized. Intensity-modulated radiotherapy (IMRT) is 
a type EBRT that allows for radiation to be more conformal to the tumor while spar-
ing adjacent normal tissues. Radiation dose is prescribed in Gray (Gy). Once daily 
radiation is called standard fractionation. Hyperfractionation is radiation therapy 

Presentation

Stable
Acute Life-

Threatening lssues:
Airway, Metastases

Stabilize: Airway
Access, Radiation Patient’s desire

Unresectable

Biopsy + Staging +
Multidisciplinary

Discussion + Palliative
Consultation

Resectable ± 
Metastases

Surgical Resection
Reassess

Neoadjuvant
Chemoradiation

Adjuvant
Chemoradiation

Progression

Progression
Palliative

Management

Borderline
Resectable

Fig. 12.3 Algorithmic approach for first-line therapy in anaplastic thyroid carcinoma

S. Abadin et al.



131

given more than once a day. Hyperfractionated accelerated radiation therapy allows 
the same total dose to be given in a shorter time frame. This is utilized in ATC with 
the intent of combatting the rapid repopulation of the tumor.

 Dose Benefit

Radiation has been found to prolong survival in ATC, typically by a few months. It 
is often delivered in conjunction with chemotherapy, but even radiation as a single 
modality prolongs survival although for a short duration. Radiation dose is a signifi-
cant prognostic factor. Survival benefit was found in a single institution retrospec-
tive review where patients were treated to either a curative dose (>40 Gy) versus a 
palliative dose of 40 Gy or less [25]. There was a statistically significant improve-
ment in survival for those patients receiving greater than 40 Gy [25] of radiation. 
Dose is also a significant prognostic factor. Improvements in survival with increas-
ing dose were found to be at 40 Gy in several studies [18, 25, 26]. A higher dose 
(60 Gy) in some studies demonstrated improvements in survival [26, 27]. In the 
modern era, higher doses can be delivered with better target coverage and decreased 
toxicity to normal structures such as the spinal cord utilizing IMRT [28, 29].

 Hyperfractionation

However, even though there is a dose response and survival benefit with radiother-
apy upfront, survival remains incredibly low. Many institutions have tried to improve 
survival by altering fractionation. The rationale for the use of hyperfractionation in 
ATC is due to its rapid doubling time. With hyperfractionation accelerated treat-
ment, the total prescribed dose is delivered over a shorter treatment time. There are 
several issues with this method, one is patient convenience as the fractions are typi-
cally separated by 6 h to decrease toxicity and this involves the patient coming to the 
radiation center either twice a day or staying for over 6 h at the center. In addition, 
hyperfractionation typically causes increased acute toxicity such as dysphagia, 
esophagitis, erythema, and desquamation, but not late side effects [30, 31]. 
Hyperfractionation has been measured in multiple trials and there is evidence for 
improved local control, although not always statistically significant, over standard 
fractionation [7, 25]. Wang et al. treated their radical radiation patients to 60 Gy. 
Their patients were treated without chemotherapy and a comparison was performed 
between standard fractionation given in the earlier period of the review (14 patients) 
vs. twice daily fractionation given in the latter period of the study (9 patients). 
Standard fractionation was delivered once daily to a total dose of 60 Gy in 30 frac-
tions (6 week course of treatment) or twice daily radiation, most commonly 60 Gy 
in 40 fractions of 1.5 Gy each (taking 4 weeks to achieve desired dosing) [25]. It 
was found that there was a trend toward improved overall survival to 13.6 months 
for patients receiving hyperfractionation vs 10.3 months for standard fractionation, 
but this difference was not statistically significant (p = 0.3). An important caveat 

12 First-Line Therapy for Anaplastic Thyroid Cancer: Operation Versus Medical



132

here is that hyperfractionation was only offered to patients with good performance 
status of Eastern Cooperative Oncology Group (ECOG) grade 2 or better [25].

Hyperfractionated accelerated treatment has resulted in improved local control, 
but not survival. Other studies have looked to further accelerate the radiation treat-
ment, although at times with severe toxicity. One protocol treated with 1 Gy four 
times daily, with each fraction separated by 3  h and had a 6% rate of radiation 
myelitis [32]. Other regimens include increasing acceleration by increase in the per 
fraction dose, as employed by three consecutive protocols run at Lund Hospital 
[33]. One protocol treated all patients with 46 Gy of radiation. The protocol initially 
called for treating with 1 Gy twice daily. The second protocol increased the dose per 
fraction to 1.3 Gy and the third protocol to 1.6 Gy per fraction. Thus each protocol 
accelerated the time to completion over the previous one. Acceleration showed the 
benefit of improved local control but did not improve overall survival [33]. The first 
two protocols had a treatment break after 30 Gy for surgery, but the third protocol 
was completed without a break. The final radiation protocol had 100% local control, 
but the shortest survival at 2  months [33]. Given that overall survival has not 
improved significantly, some institutions have gone back to the standard fraction-
ation [27, 30].

Many patients with ATC are found to be unresectable and can be offered defini-
tive radiation treatment including hyperfractionation if they have good performance 
status [34, 35]. In one small series of five patients, survival was 13 months with 
radiotherapy and chemotherapy [34]. Additionally, radiation therapy could also 
convert an inoperable tumor to an operable one. Besic et al. in 2001 retrospectively 
divided the eligible patients treated in his institution into 26 patients who received 
upfront surgery versus those who were treated with upfront chemoradiation (53 
patients) [35]. The patients with upfront chemoradiation had a worse prognosis 
when compared to upfront surgery group likely due to more aggressive tumors, 
extension outside of the thyroid capsule, and lymph node metastases. There was no 
difference in overall survival at 1 year between those two groups, 21% chemother-
apy and/or radiotherapy first and 25% for surgery first [35]. Of those 53 patients, 12 
became operable. The best overall survival of 50% at 1 year was found to be in those 
12 patients who first underwent chemoradiation, followed by surgery [35].

 Combined Treatment Modalities

Surgery in addition to radiation improves outcomes. A multivariate analysis of the 
SEER database found that the combination of surgical resection and radiotherapy 
decreased the cause-specific mortality and was statistically significant [5]. For 
those patients who can undergo upfront surgery followed by radiotherapy, they 
may have a better outcome. In another study, there were three patients who had 
gross tumor resection upfront followed by radiotherapy and survived more than 
2 years. Among patients who did not have surgery and only received radiotherapy, 
none lived greater than 2 years [36]. Another study also found improved survival in 
those who had a potentially curable resection followed by radiation and 
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chemotherapy had a median survival of 43 months versus 3 months for those who 
only had a palliative surgery [16].

In patients undergoing surgery first, several studies have found a local control 
benefit to those who underwent hyperfractionated radiation as opposed to daily 
treatment [7, 37]. Although not statistically significant, there were no local recur-
rences for those receiving hyperfractionated radiation [7]. For patients who under-
went an R0 or R1 resection, complete locoregional control was 89% in a previously 
mentioned study [18].

In some cases, chemotherapy is administered concurrently with radiation to act 
as a radiation sensitizer by making its the anti-tumor properties more effective for 
local control [14]. Concurrent chemotherapy is now added to most radiation regi-
mens. However, some data suggests that there is no impact on survival [8, 26]. 
Conversely, there are studies to support improvement in local response [31], local 
control [3], progression-free survival [27], and overall survival [9, 38]. Regardless, 
given the high rate of distant metastases and dismal prognosis, a search for better 
systemic treatment continues.

 Systemic Therapy

There are no standard chemotherapy guidelines for ATC and, therefore, there is no 
clear data on the most appropriate timing of systemic therapy. The importance of 
performing comprehensive pre-operative staging to address tumor invasiveness to 
find out whether patients could benefit from neoadjuvant therapy is unfortunately 
challenged by this tumor’s rapid doubling time which often require expeditious 
therapeutic intervention. Systemic chemotherapy and radiotherapy have been used 
therapeutically together in the neoadjuvant setting to downstage locally unresect-
able tumor to enable complete resection. Furthermore, chemoradiation is also used 
in the adjuvant setting to control locoregional disease and distant metastases, and in 
the palliative setting [2].

 Neoadjuvant Therapy

There have been studies suggesting that neoadjuvant chemoradiation should be 
considered if disease at presentation is considered unresectable. Besic et al. com-
pared outcomes for a primary surgery group with a primary chemotherapy ± 
radiation group (16 out of 18 patients had radiotherapy) and found there was no 
survival difference between the two. Notably, the neoadjuvant therapy group was 
older, had larger and more rapidly growing disease not confined to the thyroid 
and had more frequent lymph node metastases [35]. In mouse model studies of 
ATC, administration of a selective BRAF V600E inhibitor PLX4720 for 1 week 
in mice with unresectable disease enabled thyroidectomy to be performed and 
modestly affected lifespan. However, tumor growth resumed after this agent was 
stopped [39].
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 Cytotoxic Agents

Doxorubicin is the only FDA-approved drug for systemic therapy that may be used 
to treat ATC, and, while it has achieved modest effects against advanced ATC, it is 
often used in multi-modal fashion [2]. Since no single cytotoxic agent or combina-
tion of agents has demonstrated a very significant survival advantage especially in 
stage IVC ATC, systemic chemotherapy is recommended through clinical trials [2]. 
A randomized trial of patients comparing doxorubicin plus cisplatin (n = 18) to 
doxorubicin alone (n  =  21) concluded with 3 complete responses and 3 partial 
responses in the combination therapy group (18%) versus 1 partial response in the 
single agent group (5%) [1]. The sequence of therapy was variable (adjuvant vs. 
induction) but overall response rate was 50% in this small case series [40]. A phase 
II trial with paclitaxel demonstrated a longer median survival of 32 weeks compared 
to only 7 weeks in non-responders [3].

 Targeted Therapies

The invasive nature of ATC is in part a result of the accumulation of activated/
mutated oncogenes and defective tumor suppressor genes along with the high per-
centage of patients who have distant metastases at diagnosis [41]. Smallridge et al. 
reported the prevalence of the following mutations: p53 (55%), RAS (22%), BRAF 
(26%), PIK3CA (17%) and PTEN (12%) [42]. Liu et  al. used polymerase chain 
reaction (PCR) to analyze the role of the MAPK and PI3K pathway in ATC and 
found tyrosine kinase receptors like epidermal growth factor receptor (EGFR), 
platelet-derived growth factor receptor (PDGFR) and vascular endothelial growth 
factor (VEGFR) are frequently amplified in ATC [43]. Furthermore, mutations in 
the tumor suppressor gene TP53 which controls cell proliferation and apoptosis 
have been reported in 50–80% cases [44]. Identifying and targeting specific muta-
tions in ATC has shown promising results in pre-clinical mouse model studies [45]. 
However, translating what is understood about the molecular pathogenesis of ATC 
from pre-clinical laboratories to clinical trials has not resulted in large survival ben-
efits in this highly lethal tumor.

Several trials targeting tyrosine kinase inhibitors have demonstrated very limited 
efficacy. Sorafenib, a BRAF/VEGFR inhibitor is being used in to treat advanced 
radioiodine refractory thyroid cancer. Since BRAF is also mutated in a quarter of 
ATC cases, a phase II clinical trial using Sorafenib was conducted involving 20 ATC 
patients. Only 2 of 20 had a partial response and 5 of 20 had stable disease that was 
short-lived. Toxicities were manageable and included transient hypertension and 
rash [4]. Imatinib, a tyrosine kinase inhibitor of Bcr-ABL and PDGF, has been 
implicated in ATC cell proliferation pre-clinically. A phase II clinical trial (termi-
nated early due to poor accrual) enrolled 11 patients with advanced ATC and over- 
expressing PDGF receptors or cABL (9 of whom had prior chemoradiation), and 
were started on imatinib 400 mg BID. There were no complete responses, however 
75% of patients either had a partial response or stable disease and 6 month overall 
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survival was 45% which is comparable to other cytotoxic regimens, suggesting 
some activity in advanced tumors [46]. A trial using Pazopanib also had disappoint-
ing results demonstrating no tumor responses among the first 14 patients enrolled 
such that the trial was closed [47].

Other small molecule inhibitors such as EGFR inhibitors have been studied in 
radio-resistant advanced thyroid cancer. A phase II trial using EGFR inhibitor 
Gefitinib in advanced, radio-iodine resistant thyroid cancer (19% of which of were 
ATC, n = 5) described a single patient who had stable disease for 12 months [13]. A 
phase II trial evaluating the efficacy and safety of mTOR kinase inhibitor in 
advanced, radio-resistant thyroid cancer (all histology) included 6 patients (15% of 
total) with ATC. 63% of total patients, including 1 with ATC experienced tumor 
shrinkage during the study [48]. Because of this unexpected finding, a non- 
randomized phase II clinical trial of mTOR kinase inhibitor in metastatic ATC has 
been designed but has not yet begun enrolling patients.

Preclinical studies demonstrated that peroxisome proliferator-activated receptor 
(PPAR-γ) agonist therapy inhibits ATC cell proliferation and promotes apoptosis 
when combined with paclitaxel [49]. Subsequently, a phase I clinical trial (which 
closed early due to poor accrual) treated 15 ATC patients with paclitaxel and vari-
able doses (0.15 mg BID and 0.3 mg BID) of efatutazone. Dose-dependent biologic 
activity was observed and median survival was 41% greater with the 0.3 mg BID 
versus the 0.15 mg BID dosing (138 days vs. 98 days) [49].

Vascular disrupting agents which impact tumor blood supply are another area 
being actively researched. Most recently, a phase II trial of single-agent fosbretabu-
lin in ATC was performed. Fosbretabulin destabilizes microtubules causing vascular 
disruption and decreased blood flow/necrosis to tumors [50]. Median survival was 
4.7 months in this trial. No patients achieved the primary endpoint of the trial (dou-
bling median survival time), however, the 6-month and 12-month survival rates 
were 34% and 23%, respectively. The authors concluded that these results were 
comparable to the aforementioned single-agent study using paclitaxel [51].

 Combination Therapy

Results from trials using single selective targeted agents in ATC has been disap-
pointing. Randomized trials using a combination of cytotoxic and targeted therapy 
hope to achieve improved overall survival. One of the largest randomized prospec-
tive trials in ATC (n = 80, enrollment stopped early due to low accrual) investigated 
the overall survival differences between carboplatin/paclitaxel with or without fos-
bretabulin. The median survival was 5.2 months in the carboplatin/paclitaxel + fos-
bretabulin arm versus 4.0 months in the carboplatin/paclitaxel arm. Overall survival 
rates were greater at 6 months and 1 year in the carboplatin/paclitaxel + fosbretabu-
lin group [50]. A Radiation Therapy Oncology Group (RTOG 0912) randomized 
phase II clinical trial that is ongoing is evaluating IMRT, paclitaxel and pazopanib 
in ATC is currently open to accrual. The basis for this trial was preclinical data 
demonstrating that combination pazopanib with paclitaxel had synergistic 
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anti- tumor effects and part of the mechanism was attributed to possible inhibition of 
aurora A kinase by pazopanib [52].

 Conclusion

Anaplastic thyroid cancer (ATC) is a highly lethal disease even with aggressive 
multimodal treatment. The debate on initial surgical resection or chemoradiation 
depends on many factors including the ability to obtain a gross tumor resection with 
low morbidity, other comorbidities, and the patient’s wishes. Historically, palliative 
measures were the primary treatment options including prophylactic tracheostomy, 
debulking surgery, and palliative chemoradiation. Although there is a scarcity in 
prospective literature for ATC treatment, some evidence has suggested that resec-
tion is advised in some cases where a RO or R1 resection is possible. Furthermore, 
airway management has become more tailored to each patient and not the initial and 
only operation for a patient. Chemoradiation is often the first-line therapy due to the 
disease extent and invasiveness at presentation. Radiotherapy demonstrates survival 
benefit and local control but long-term benefit is rare. Systemic therapy has expanded 
into targeted agents as ATC has been studied and analyzed on a genetic level, but by 
itself have shown minimal benefit. For many patients who wish to proceed with 
treatment, chemoradiation is frequently the first-line therapy. Evidence-based litera-
ture is low quality as most studies are retrospective and have variable regimens.

 Recommendations

Recommendations for Operative Management as First-Line Therapy

• Once the histopathologic diagnosis of anaplastic thyroid cancer is made, if pre-
operative imaging demonstrates a tumor that can be resected safely and with low 
morbidity (Strength of Recommendation: Moderate; Quality of Evidence: Low)

• If operative management is selected, it should not be delayed by workup and 
biopsy of other potential distant tumor sites (Strength of Recommendation: 
Moderate; Quality of Evidence: Low)

• The presence of distant metastases does not prohibit initial neck resection espe-
cially if the neck disease is resectable. If the tumor is confined to the thyroid or 
can be removed safely with minimal morbidity, neck resection can be performed 
even in the setting of distant disease, as this may prevent the need for a tracheos-
tomy due to impending airway obstruction. (Strength of Recommendation: 
Weak; Quality of Evidence: Low)

• Prophylactic tracheostomy is not indicated in all biopsy-proven cases of 
ATC. Since it is the source of much morbidity, it should be reserved for those 
patients with impending airway obstruction. If needed, it should be performed in 
the most controlled setting in the operating room, not as a bedside or intensive 
care unit (ICU) procedure. (Strength of Recommendation: Weak; Quality of 
Evidence: Low)
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Recommendations for Chemoradiation as First-Line Therapy

• If preoperative staging suggests that initial operation would be unsafe and would 
cause morbidity, chemoradiation is warranted for local control (Strength of 
Recommendation: Weak; Quality of Evidence: Low)

• Hyperfractionated radiotherapy may provide local control for locally advanced 
neck disease and may make the patient a potentially surgical candidate (Strength 
of Recommendation: Weak; Quality of Evidence: Low)

• In patients receiving definitive radiotherapy, a higher dose of radiation may be 
used for better local control and survival benefit. (Strength of Recommendation: 
Weak; Quality of Evidence: Low)

• Chemotherapy should be given in conjunction with radiotherapy for synergistic anti-
tumor effects. (Strength of Recommendation: Weak; Quality of Evidence: Low)

• Multiple agents including targeted therapy along with cytotoxic agents may pro-
vide greater survival benefit in unresectable patients with distant metastases than 
single agent therapy. (Strength of Recommendation: Weak; Quality of Evidence: 
Low)
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13Same-Day Versus Overnight Inpatient 
Surgery for Total Thyroidectomy
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Abstract
Outpatient surgery has gained popularity in recent years, and many procedures 
that once required prolonged hospitalization are now being performed in a same-
day, ambulatory fashion. In spite of patient comfort and cost benefits associated 
with same-day surgery, the performance of thyroidectomies with same-day dis-
charge has been met with some reservations, namely due to the possible compli-
cations that are uniquely inherent to this procedure. These include postoperative 
hematomas, recurrent laryngeal nerve injury, and hypocalcemia. Those who 
oppose same-day thyroid surgery claim that the possibility of these complica-
tions precludes the safety of this procedure. In this chapter, the authors review 
the available literature concerning same-day total thyroidectomy. Literature 
comparing this approach to traditional overnight inpatient surgery is also evalu-
ated and Authors’ recommendations regarding same-day thyroidectomy are 
outlined.
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 Introduction

Recent years have shown gradually increasing acceptance of the notion of same-day 
or out-patient surgery [1]. Several procedures that once required at least 1 day of 
postoperative hospitalization are now commonly being performed on a same-day, 
ambulatory basis. This approach has been shown to be safe practice in laparoscopic 
cholecystectomies, tonsillectomies, hernia repairs, breast surgeries, and in many 
other procedures [2, 3]. Same-day surgery has been associated with various bene-
fits, including increased patient comfort, decreased iatrogenic complications associ-
ated with being in the hospital, and a decreased risk of nosocomial infections. In 
addition, there is an obvious cost benefit associated with ambulatory, same-day pro-
cedures, when compared with those performed on an inpatient basis.

This trend has been slower to catch on in thyroid surgery, a fact that is mainly 
attributed to the inherent risk of serious, although rare, post-thyroidectomy compli-
cations. These complications include hypocalcemia, recurrent laryngeal nerve 
(RLN) injury, and post-operative hematoma. Although nerve injury can usually be 
assessed and diagnosed in the immediate postoperative period, the development of 
hypocalcemia and hematoma formation both take time. For this reason, patients 
undergoing thyroidectomy were traditionally kept in the hospital for one or more 
nights, in order to facilitate early diagnosis and swift intervention if these poten-
tially life-threatening complications developed.

The feasibility of same-day thyroidectomy was first reported by Steckler in 1986 
[4]. This topic was further advanced in subsequent years by other investigators, 
including Lo Gerfo, Mowschenson, and Samson [5–7]. Although these initial 
reports were met with strong opposition, over time more evidence is becoming 
available to support the theory that same-day thyroidectomy is safe and feasible.

In 2013, the American Thyroid Association published a statement regarding out-
patient thyroidectomy [8]. It was concluded that outpatient thyroidectomy is a safe 
practice in a carefully selected patient population. However, it was recommended 
that precautionary measures be set in place in order to minimize the likelihood of 
complications and maximize communication between the patient and the staff.

In this chapter, the available literature concerning same-day total thyroidectomy 
will be evaluated. Literature comparing this approach to traditional overnight inpa-
tient surgery will also be reviewed (Table 13.1).

 Search Strategy

A comprehensive review of the literature was performed, conducted in the PubMed 
database. Key words that were used included “thyroidectomy”, “thyroid surgery”, 
“same-day”, “ambulatory”, “out-patient”, and “complications”. Our search returned 

Table 13.1 PICO table Population Patients undergoing total thyroidectomy
Intervention Same-day discharge
Comparator Admission overnight
Outcomes Life-threatening complication
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over 200 articles, however after careful review, only a handful were found relevant 
to this topic. Special emphasis was put on more recently published papers, and those 
including larger numbers of patient populations.

 Complications to Be Considered

Unlike several procedures performed on an outpatient basis, thyroidectomy is 
unique in the fact that it is associated with a small, but definite risk of life-threaten-
ing complications [9]. As previously mentioned, post-thyroidectomy complications 
relevant to this topic include RLN injury, hypocalcemia, and postoperative hemor-
rhage or hematoma. When these complications do occur, their rapid recognition and 
prompt management are essential. Those who oppose same-day thyroidectomy 
claim that this possible requirement for acute intervention prevents ambulatory thy-
roidectomy from being a safe procedure. In this section, each of the above-men-
tioned possible complications will be explored, as will the significance of their 
occurrence in an ambulatory setting.

 Recurrent Laryngeal Nerve Injury

Although the rate of transient RLN injury is reported in the literature to be up to 7% 
[10], incidence of permanent nerve injury in experienced centers is around 1–2% 
[11–14]. A unilateral RLN paralysis would unlikely cause airway compromise, 
and—although unpleasant for the patient—would not prevent early discharge after 
surgery. Bilateral RLN paralysis, on the other hand, is considered a life-threatening 
condition. This complication is exceedingly rare, with an incidence reported to be 
0.2% in a large study [15]. Bilateral nerve injury would be diagnosed immediately 
after surgery, far before discharge. Therefore, it could be concluded that the risk of 
RLN injury in itself cannot be considered a strong argument against performing 
same-day thyroidectomy.

 Hypocalcemia

Some degree of temporary hypocalcemia is common after total thyroidectomy, with 
incidence rates reported up to 30% in the literature [9]. Hypocalcemia that is clini-
cally significant usually develops 48–72  h post-thyroidectomy, which would be 
long after discharge in a patient undergoing outpatient surgery. A commonly used 
method to identify cases likely to develop postoperative hypocalcemia is postopera-
tive parathyroid hormone (PTH) testing, which is routinely used in most centers 
performing same-day thyroidectomies [16–18]. Prophylactic calcium and vitamin 
D supplements are routinely utilized in many specialized centers. In addition, ade-
quate patient education and warning regarding the signs of hypocalcemia and its 
treatment are of utmost importance. In light of these precautionary measures, 
patients at risk for postoperative hypocalcemia can commonly be identified and 
accordingly treated. In an educated patient, symptomatic hypocalcemia that occurs 
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outside of the hospital can usually be treated on an ambulatory basis with oral cal-
cium supplementation alone [19]. Therefore, like that of RLN injury, the possibility 
of postoperative hypocalcemia will not be considered strong evidence against the 
safety of same-day thyroid surgery.

 Hemorrhage

Post-thyroidectomy hemorrhage causing neck hematoma is reported in the litera-
ture to occur in 0.25–2.1% of patients [20–22]. It has been shown that this hemor-
rhage, when it happens, occurs within 6  h from the surgery in 40–50%, within 
7–24 h in 40%, and after 24 h in 10–20% of patients [20, 21]. Therefore, due to its 
delayed presentation in a significant percentage of cases, post-operative hemor-
rhage seems to be the main risk that must be evaluated when considering the safety 
of same-day thyroidectomy. The small possibility of a neck hematoma compromis-
ing the airway, which may go undiagnosed and untreated at home after discharge, is 
the primary argument used by those who oppose the notion of same-day thyroidec-
tomy [21]. This point is also the main reason why thyroidectomy has not trans-
formed to be widely performed on an ambulatory basis, as have many other 
surgeries. However, it is essential to emphasize that although the need for re-opera-
tion due to hemorrhage has been reported to be between 0.1 and 1.7% of patients, 
[19, 21, 23] most endocrine surgeons would agree that the necessity to perform an 
emergent bedside neck decompression is an extremely rare occurrence. Therefore it 
could be concluded that non-life-threatening hemorrhages (which comprise the vast 
majority of post-thyroidectomy hemorrhages) that occur post-discharge do not form 
a strong argument against the routine practice of same-day thyroidectomy.

It is clear that the use of modern techniques to facilitate meticulous hemostasis is 
of great importance and strongly contributes to the minimization of post-operative 
bleeding. These techniques include the use of energy devices in the ligation of ves-
sels. In addition, loupe-magnification of the operative field allows the identification 
and control of bleeding from minute vessels. The use of hemostatic materials and 
pads has also become common practice in many large endocrine surgery centers. In 
addition, the application of a limited, non-bulky wound dressing can facilitate early 
identification of postoperative bleeding.

Certain inherent patient risk factors, in addition to events during the operative 
course must be taken into consideration prior to deciding on same-day discharge. 
Precaution must be taken when operating patients on anti-platelet or anticoagulant 
medication, and in this patient group, inpatient thyroidectomy should be strongly 
considered. Although it seems quite logical that such patients be operated in an 
inpatient fashion, several large studies have not shown a clear relationship between 
the use of anti-platelet or anticoagulant treatment and the development of post-
operative bleeding in thyroidectomy cases [20, 21].
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 Review of the Available Literature

Since Steckler reported his institution’s experience on same-day discharge after thy-
roidectomy in 1986 [4], scattered additional studies have appeared in the literature 
evaluating this issue. The last decade has shown a significant increase in the practice 
of same-day thyroidectomy; however this still only constitutes a small percentage of 
thyroidectomy cases performed. According to the British Association of Endocrine 
and Thyroid Surgeons only 6% of thyroidectomies nationwide were performed as 
day-case procedures in 2012 [24]. When considering the specific types of thyroid-
ectomies—8% of lobectomies/isthmusectomies and only 1.2% of total thyroidecto-
mies were performed on an ambulatory basis. In a large, New York State based 
study; it was shown that statewide, 17% of thyroidectomies in general (both partial 
and total), and approximately 13% of total thyroidectomies were performed as 
same-day thyroidectomies [25]. Apparently due to the limited number of cases 
included in most published series, most studies describe both partial and total thy-
roidectomies as one entity, rarely describing the results and complication rates of 
total thyroidectomy alone.

One of the largest single series of same-day thyroidectomies was published by 
Snyder et al. in 2010 [19]. Of 1242 consecutive thyroidectomies, 1136 were planned 
as outpatient procedures, and of these, 94% were successfully completed in an out-
patient (same-day) fashion. Of these operations, 58% constituted total thyroidecto-
mies. In the outpatient surgeries, the median postoperative time to same-day 
discharge was 2:23 h. Reasons for conversion from outpatient to inpatient surgery 
included, extensive surgery, extensive intra-operative blood loss, late surgery, and 
patient health concerns. Conversion to inpatient surgery was more likely to occur in 
those undergoing total thyroidectomy (66% of those converted). In patients who 
were planned to undergo outpatient total thyroidectomy, only 7% (48/661) were 
converted to inpatient procedures. The overall complication rate was found to be 
significantly less in those undergoing successful outpatient thyroidectomy, when 
compared to the “converted to inpatient” group and the “previously planned as inpa-
tient” group (26%, 40%, and 44%, respectively, P < 0.0001). It should be noted that 
a wide variety of complications was reported, including asymptomatic and symp-
tomatic hypocalcemia, permanent hypoparathyroidism, transient and permanent 
RLN injury, postoperative hematoma, seroma, infectious complications and mortal-
ity. The rates of postoperative symptomatic hypocalcemia showed no statistically 
significant difference between the groups (5%, 8%, and 7.6%, respectively), and 
neither did the rates of permanent hypoparathyroidism (0.2%, 1.4%, 1%, respec-
tively). The rate of overall and transient RLN injury was found to be significantly 
higher in those converted to inpatient procedures; however, there is an element of 
bias in this figure, due to the fact that many of those converted to inpatient proce-
dures were done so presumably due to a difficult and possibly complicated opera-
tion. The rate of hematoma formation was 0.2% in the outpatient group, 3% in the 
converted group, and 1% in the inpatient group. It is reported that all of the 
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postoperative hematomas (constituting 0.4% of all patients) required operative 
drainage, but none—however—needed urgent bedside decompression. The one 
reported case of mortality in the outpatient group was in an elderly nursing-home 
patient who died 2 days after the operation from a presumed cardiac event, with no 
evidence of wound or respiratory problems. No mortalities were described in the 
“converted to inpatient” group, and three were reported in the “planned as inpatient” 
group. The conclusion of the authors of this study was that outpatient thyroidec-
tomy is safe and reasonable in experienced hands.

Another large publication exploring the prevalence of same-day thyroidectomy 
was published by Tuggle et al. in 2011, and presents a New York state-wide data-
base study [25]. Of a total of 6762 thyroidectomies performed, 1168 (17%) were 
performed on a same-day basis. Those undergoing same-day thyroidectomies had 
less co-morbidities when compared to the inpatient group. Total thyroidectomies 
constituted 33% of the outpatient thyroidectomies performed, and most single-day 
thyroidectomies were performed at high-volume centers by high-volume surgeons. 
Although a thorough comparative description of the specific complications (RLN 
injury, hypocalcemia, hematoma, etc.) was not provided—probably due to the fact 
that this was a database study, no statistically significant difference was shown 
between the readmission rates of the outpatient and inpatient groups (1.4% and 
2.4%, respectively). Risks for readmission included total thyroidectomy, longer 
length of hospital stay, increased co-morbidities, and less-experienced surgeons.

Mazeh et al. published in 2012 a series of thyroidectomies performed by a single 
surgeon over a 6-year period [1]. During this time period, 608 thyroidectomies were 
performed, of which 298 (49%) were same-day cases. Of the patients undergoing 
total thyroidectomy, 26% were performed on a same-day basis, and approximately 
30% of the same-day thyroidectomies performed constituted total thyroidectomies. 
The overall rate of post-operative complications was found to be significantly higher 
in the inpatient group (17% vs. 8%, p = 0.03), however no statistically significant 
difference in the individual complication rates was demonstrated between the inpa-
tient and outpatient groups. Transient hypocalcemia occurred in 10% of the inpa-
tient group, and 5% of the same-day thyroidectomy group. Transient RLN injury (as 
defined by transient hoarseness) occurred in 4% and 2%, respectively. Permanent 
hypocalcemia occurred in 1% of each group. The rate of postoperative hematoma 
was 1% in the inpatient group, but occurred in no patients in the same-day thyroid-
ectomy group. None of the same-day thyroidectomy patients required 
readmission.

Mazeh et al. went further to describe their results after the introduction of post-
operative PTH testing [1]. After the initiation of use of this modality, the rate of 
performing single day surgery in total thyroidectomy increased from 9% to 66% 
(p < 0.00001). When comparing the complication rates for total thyroidectomy in 
this period, an overall complication rate of 31% was demonstrated for the inpatient 
group, compared to a mere 6% in the same-day total thyroidectomy group 
(p = 0.002). In addition, when comparing the inpatient and the same-day discharge 
groups, transient hypocalcemia occurred in 11% and 5% (p = 0.2), transient hoarse-
ness in 9% and 2% (p = 0.03), and neck hematoma in 6% and 0% (p = 0.25), respec-
tively. No patients developed permanent hypocalcemia or permanent RLN injury.
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Mazeh et  al. proposed recommended criteria that must be fulfilled prior to 
attempting same-day thyroidectomy (See Table 13.2) [1]. The authors conclude that 
same-day thyroidectomy is a safe practice and can be routinely performed by highly 
experienced surgeons in the setting of an adequate support system. The importance 
of postoperative PTH testing was also strongly emphasized in this study.

Seybt et al. published in 2010 a series of 418 thyroidectomies performed over a 
period of 4 years, of which 208 (50%) were outpatient procedures [3]. No signifi-
cant age difference was shown between the outpatient and inpatient groups (45 and 
48 years, respectively). Also, no significant difference was shown with regard to 
ASA (American Society of Anesthesiologists) score or the presence of malignancy. 
Of all total or completion thyroidectomies 36% were performed on an outpatient 
basis, and total/completion thyroidectomies constituted 38% of those undergoing 
outpatient surgery. Transient hypocalcemia was reported in 5% of outpatients and in 
16% of inpatients, while permanent hypocalcemia did not occur in any patient. 
Permanent vocal cord paralysis was reported in none of the outpatients and 0.3% of 
inpatients. “Other complications” (in which hematomas were included) occurred in 
none of the outpatients and 2% of inpatients. The readmission rate was also found 
to be lower in those undergoing outpatient thyroidectomy when compared to inpa-
tient procedures (2% and 6%, respectively).

Seybt et al. also proposed their selection criteria for outpatient thyroidectomy. 
These included a cooperative patient, the lack of significant medical co-morbidities, 
the lack of anticoagulant treatment or the need for a drain, the lack of concomitant 
procedures like lateral neck dissection, and the presence of sufficient patient auton-
omy and social support [3]. The authors also reported their discharge criteria, which 
included a stable wound and airway with normal vital signs, an ambulatory patient 
who can tolerate diet, the control of pain by oral medications, the ability to void, and 
the availability of a person to accompany the patient home. As in the previously 
mentioned studies, the authors concluded that ambulatory thyroidectomy could be 
performed safely in high-volume endocrine centers.

Table 13.2 The recommended criteria that must be fulfilled prior to attempting same-day thy-
roidectomy, as proposed by Mazeh et al. (modified)

Category Description
Patient Consent and preparation for same-day discharge

Absence of restricting co-morbidities
Reasonable distance from the patient’s residence to the hospital

Surgery Absence of overt complications
Absence of extensive lymph node dissection
Absence of drains

Surgeon Highly experienced in endocrine surgery
Previous experience with same-day thyroid lobectomy surgeries

Support system Availability of postoperative PTH testing
Allowance of 3–4 h observation before discharge
Easy conversion to inpatient admission when necessary
Availability of a dedicated and educated team 24 h per day
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The use of local anesthesia in thyroidectomy procedures has been proposed, and 
may facilitate quicker recovery from anesthesia and therefore shorter post-operative 
stay, in addition to decreased costs. Spanknebel et al. demonstrated that the use of 
local anesthesia in 939 out of 1194 thyroidectomy patients enabled them to undergo 
more outpatient procedures (6 h postoperative observation) when compared with 
the general anesthesia group (82% vs. 34%, p < 0.001) [26].

The American Thyroid Association formed a task-force to investigate the feasi-
bility and safety of outpatient thyroidectomy, and published a statement summariz-
ing its recommendations in 2013 [8]. The proposed eligibility criteria for the 
performance of such surgeries included: The absence of major co-morbidities, ASA 
score of less than four, suitable preoperative education, the presence of a team 
approach to education and clinical care, the availability and willingness of an at-
home care giver, the presence of a postoperative social setting that will allow safe 
postoperative management, and post-discharge proximity to a skilled facility. In 
addition, a number of relative contraindications for ambulatory surgery were pro-
posed. These included the presence of medical conditions such as uncompensated 
cardiopulmonary disease, neurological disorders, and end-stage renal failure; use of 
anticoagulants or antiplatelets; pregnancy; socio-economic factors; and specific 
surgery-related factors such as the presence of a massive or retrosternal goiter, dif-
ficult intraoperative hemostasis, locally-advanced malignancy and a difficult opera-
tion in the presence of Hashimoto’s thyroiditis or Graves’ disease. Also, it was 
recommended that certain criteria be fulfilled prior to discharge of the patient. These 
include tolerability of liquids and medications, adequate pain control, ability to void 
and ambulate, adequate social support and understanding of instructions, and nor-
mal vital signs. In addition, before discharge a postoperative examination must be 
performed, assessing the surgical wound, ruling out neck swelling/hematoma, dys-
phonia, dyspnea and dysphagia. It was concluded that outpatient thyroidectomy can 
be safely undertaken in a carefully selection patient population, in the presence of 
precautionary measures set forth to minimize complications.

Table 13.3 summarizes the results of the largest most recent studies exploring the 
safety and applicability of same-day thyroid surgery [1, 3, 19, 25, 27–29].

Two explanations can account for the higher complication rate in the inpatient 
group demonstrated in some of the studies. First, this may simply represent a higher 
detection rate as these patients were examined and their labs evaluated during their 
time at the hospital where as outpatients were not as closely monitored. Second, in 
these retrospective studies a clear selection bias exists as inpatients were excluded 
from outpatient surgery due to certain characteristics that were for prone for com-
plications such as prolonged surgery, co-morbidities, or any deviance from normal 
postoperative course at PACU.

Many studies have demonstrated a significant cost benefit from performing 
same-day thyroidectomies when compared to the performance of these procedures 
in an inpatient setting. Mowschenson et  al. showed a 30% reduction in hospital 
costs in patients undergoing ambulatory surgery, however stressed that formal hos-
pitalization should still be performed in patients with post-anesthetic complications, 
in those with serious co-morbid diseases, and when a social reason for 
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hospitalization is present [6]. It should be emphasized that the primary factor that 
should be taken into consideration when an institution decides upon the feasibility 
of a same-day thyroidectomy program, should be patient safety and comfort, rather 
than financial benefits.

It is worth noting that some studies in the literature explored the feasibility of an 
entity termed “short-stay thyroidectomy”, in which the patient is hospitalized for 
less than 23 h [30]. Other studies combine the results of “short-stay” cases with 
those of same-day cases [7]. In this review short-stay thyroidectomy and inpatients 
were considered as a combined group and compared to same-day thyroidectomy.

 Recommendations

There are currently no available randomized controlled trials comparing same-day 
thyroidectomy to inpatient thyroidectomy. All recommendations rely on retrospec-
tive series or expert opinion and therefore graded as weak evidence and low level of 
recommendation. Nevertheless, upon reviewing the literature, the majority of the 
various retrospective and case-control trials support the fact that same-day thyroid-
ectomy is a reasonable and safe practice, with no evidence of increased post-opera-
tive complications.

Therefore it is the authors’ recommendation that same-day partial or total thy-
roidectomy may be performed in suitable patient populations. It is recommended 
that this procedure be performed only by experienced endocrine surgeons in high-
volume centers. Preoperative patient selection is essential, as is the development of 
institutional standards and discharge criteria. Patient education is of utmost impor-
tance, with focus on early recognition of complications that may occur at home after 
discharge vis-à-vis staff availability (physicians/nurse practitioners, physician assis-
tants) over the phone at all times. Lastly, surgeon’s discretion must be used to easily 
convert patients to inpatient surgery when appropriate. It must be stressed that due 
to the lack of results of randomized controlled trials, the quality of this evidence is 
low. Our recommendations are in accordance with those proposed in the American 
Thyroid Association Statement on Outpatient Thyroidectomy.

The authors recommend the use of postoperative PTH testing in order to decrease 
the occurrence of undiagnosed post-discharge hypocalcemia.

The authors recommend against the performance of same-day total thyroidec-
tomy in patients under anti-platelet or anticoagulant therapy at the time of the opera-
tion. Although some studies have not shown clear associations between these 
treatments and formation of post-operative hematomas, their safety has also not yet 
been established in this patient population. In addition, there is insufficient data 
regarding the performance of same-day thyroidectomy associated more extensive 
procedures (e.g. lateral neck dissection), therefore the authors recommend against 
same-day discharge in these patients. This is also true for patients requiring a drain 
in their operation.

The decision of whether or not to perform a same-day surgery is multi-factorial 
in nature, and although not a topic clearly discussed in the literature, the authors 
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strongly believe that the surgeon should be guided by his or her common sense and 
best judgment. The surgeon should take into consideration not only medical factors, 
such as the patient’s past illnesses and anticoagulant therapy, but also social factors, 
such as the proximity to the hospital after discharge and availability by telephone of 
both the patient and the treating staff. If the surgeon has any doubt regarding the 
safety of same-day thyroidectomy in a specific patient, then the operation should be 
performed in an inpatient fashion. Similarly, if at the end of a planned outpatient 
case the surgeon feels that the patient is at risk, then such patients should be con-
verted to inpatient or short stay admission.

Conclusion

Total thyroidectomy performed on an ambulatory, same-day basis is a safe and 
feasible practice. Patient selection, in an attempt to decrease post-discharge com-
plications, is important. These operations should only be performed in high-vol-
ume centers, by experienced endocrine surgeons. Patient education prior to the 
operation and prior to discharge is essential to the success of same-day thyroid-
ectomy programs. The use of modern intra-operative hemostatic methods, nerve 
monitoring, and postoperative PTH testing may decrease the incidence of unrec-
ognized post-discharge complications, and help facilitate the performance of 
safe ambulatory total thyroidectomies.
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Abstract
The first case of thyroid carcinoma in a child was described in 1902. Following this, 
Crile published the first case series of pediatric thyroid cancer in 1959, whereby he 
characterized pediatric thyroid cancer in 18 children. He noted that pediatric thyroid 
cancer was more commonly metastatic to cervical lymph nodes and to the lungs 
than was described in the adult population. Despite finding these cancers to be more 
aggressive than in adults, only one of the patients died of thyroid cancer and four of 
them were alive with lung metastases. This publication spawned many subsequent 
studies confirming these findings. As a result, there has been much debate on the 
appropriate surgical treatment of thyroid cancer in the pediatric population both 
with respect to the extent of surgery and the use of radioactive iodine.
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 Introduction

The first case of thyroid carcinoma in a child was described in 1902 [1]. Following 
this, Crile published the first case series of pediatric thyroid cancer in 1959, whereby 
he characterized pediatric thyroid cancer in 18 children [1]. He noted that pediatric 
thyroid cancer was more commonly metastatic to cervical lymph nodes and to the 
lungs than was described in the adult population. Despite finding these cancers to be 
more aggressive than in adults, only one of the patients died of thyroid cancer and 
four of them were alive with lung metastases. This publication spawned many sub-
sequent studies confirming these findings. As a result, there has been much debate 
on the appropriate surgical treatment of thyroid cancer in the pediatric population 
both with respect to the extent of surgery and the use of radioactive iodine.

Thyroid cancer represents about 1.4% of all malignancies and has been increas-
ing in incidence [2, 3]. The incidence is significantly higher in adolescents com-
pared to younger children and is five times more common in females than males [2, 
4]. As this chapter will detail, childhood thyroid cancer is more aggressive but less 
lethal than in adults, with a 2% cause-specific mortality [5]. The current surgical 
treatment of differentiated thyroid cancer in children is a total thyroidectomy for the 
majority of patients, as a higher rate of recurrence occurs with lobectomy alone [6, 
7]. Postoperative radioiodine treatment is generally offered when patients have 
aggressive features on histologic examination or when cervical nodes are involved.

The chapter will focus will be on prophylactic central neck dissection. We will 
define a prophylactic neck dissection as performing a central neck dissection in 
clinically N0 patients (i.e. no evidence of suspicious lymph nodes on physical exam 
or on imaging). Therapeutic neck dissection should be routinely implemented in 
clinically N1 patients and will not be discussed further in this chapter. Additionally, 
while there are clinical and biologic differences between papillary and follicular 
thyroid carcinoma, we chose to include follicular carcinoma in this chapter as the 
majority of studies in the pediatric literature did not differentiate papillary from fol-
licular thyroid carcinoma (Table 14.1).

 Search Strategy

The literature was searched using the PubMed search engine on June 2nd 2015 to 
identify all studies evaluating prophylactic central neck dissection in papillary thy-
roid cancer with respect to complications, recurrence rates and death. There were no 
limitations placed on language, publication year or publication origin. The search 

Table 14.1 PICO table Population Patients under 18 years old with papillary 
thyroid cancer

Intervention Routine central lymph node dissection
Comparator Selective central lymph node dissection
Outcomes Recurrence, hypocalcemia, recurrent 

laryngeal nerve injury

B. James et al.
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terms included “pediatric”, “childhood”, “adolescent”, “thyroid”, “cancer”, “carci-
noma”, “differentiated”, “papillary”, “prophylactic”, “central”, “neck”, and “dis-
section”. Following this, references from each study found were evaluated to 
identify other articles not found in the initial search that were relevant to the topic. 
Studies were excluded if patients under the age of 21 were not evaluated or if the 
study included histologic subtypes other than differentiated thyroid cancer. Studies 
were also excluded if the majority of the study cohort was from the Chernobyl 
accident.

 Results

The search yielded 48 articles based on the above search criteria. Two articles evalu-
ated only a radiated cohort and were excluded. One article contained medullary 
thyroid carcinoma patients in the analysis and was also excluded. This left 45 arti-
cles for review. None of the 45 articles specifically evaluated the use of prophylactic 
central neck dissection. There are no published data on the recurrence or mortality 
specifically addressing the use of prophylactic central neck dissection in the treat-
ment of pediatric thyroid cancer. Additionally, only two articles stated the percent of 
central neck lymph nodes involved [8, 9]. Importantly, no studies have been able to 
ascertain which patients are at a higher risk for locoregional recurrence. As a result, 
there are no formal guidelines on the use of prophylactic central neck dissection in 
the pediatric population. When we discuss the benefits of prophylactic central neck 
dissection, the main outcome being evaluated is recurrence, as mortality from DTC 
in the pediatric population is near zero. We will therefore discuss the pros and cons 
of prophylactic central neck dissection.

There are several key arguments for the implementation of prophylactic dissec-
tion in the pediatric thyroid cancer population. First, the incidence of lymph node 
metastases is significantly higher than the adult population. Table 14.2 lists all pub-
lications that specifically state the incidence of cervical neck lymph nodes. The 
incidence ranges from 26.5% to 100%. The publications are extremely heteroge-
neous in both population studied and in the way the central neck was evaluated. The 
majority of publications do not differentiate the central from lateral neck dissection. 
It should also be noted that many of these studies did not differentiate between pre-
operatively being clinically N0 vs. N1 at the time of surgery. Two studies com-
mented specifically on the incidence of positive central neck lymph nodes. Sugino 
et al. reported a positive central neck lymph node rate of 62.5% in a population of 
patients who had undergone both prophylactic and therapeutic central neck dissec-
tions [8]. In a retrospective review by Dzepina et al. of 16 patients who underwent 
varying types of neck dissection without specification of prophylactic neck dissec-
tion, a rate of positive central neck lymph nodes of 23% was found [9].

Prior to the early 2000s, “berry-picking”, the technique of removing only nodes 
that appeared grossly abnormal, was routinely used to address the central compart-
ment. Therefore, many of these publications report on central neck lymph nodes 
based on that technique, which does not assess every lymph node in the central 
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neck. This technique is no longer recommended as data suggest that a compartment- 
based level 6 dissection, removing all lymph nodes in the pretracheal, prelaryngeal 
and tracheoesophageal regions, has a lower local recurrence rate than “berry- 
picking” [10].

Jarzab et  al. retrospectively evaluated 109 children and found on multivariate 
analysis that radical surgery was the most significant factor for disease-free survival 
[7]. The authors describe neck dissection to include a central neck lymph node dis-
section routinely with biopsy of lateral neck lymph nodes. While this study did not 
isolate the patients who underwent only a prophylactic central neck dissection, this 

Table 14.2 Percent of positive cervical lymph nodes: literature review

Author
Publication 
year

Number  
of  
patientsa Age (years)

follow 
up(years)

Percent 
of lymph 
nodes

Alessandri [15] 2000 54 12.6 (4.5–16.8) 18.5 60.5
Arici [16] 2002 15 16.8 (8–21) 4.75 (0.4–12.4) 27
Borson-Chazot [17] 2004 74 17 (2–20) 5.1 (0.5–15.4) 88
Ceccarelli [18] 1988 49 6–18 7.7 73
Danese [19] 1997 48 18 (11–20) 4.9 (0.2–15.8) 50
Dottorini [20] 1997 85 15 (5–18) 9.3 (0.1–27) 73
Dzepina [9] 2012 16 16 (10–18) 5 77
Farahati [21] 1998 114 13 (3–18) 1 58
Frankenthaler [22] 1990 117 16 (5–19) 14.5 26
Grigsby [6] 2002 56 15.8 (4–20) 11 (0.6–30.7) 29
Hallwirth [23] 1997 18 16 12.5 (1–26) 83
Harness [24] 1992 89 12.8 (3–18) a 88
Haveman [25] 2003 21 14 (7–17) 11 (2–26) 52
Hay [5] 2010 215 16 (3–20) 29 78
Jarzab [7] 2000 109 13.6 (6–17) 5 (1–23) 59
La Quaglia [26] 1988 93 13.3 20 71
Machens [27] 2010 83 a a 84
Massimino [28] 1995 19 11 10 40
Massimino [29] 2006 42 13.5 (6–17) 19.3 (5.7–30.8) 100
Miccoli [30] 2008 346 a a 93
Newman [31] 1998 329 15.2 (0.4–20.8) 11.3 74
Robie [32] 1998 67 19 12.6 36
Savio [11] 2005 14 12.5 (5–17) 5.7 41
Schlumberger [33] 1987 72 11 (3–16) 13 90
Sugino [8] 2015 201 18 (7–20) 12.9 (1.3–35.2) 32
Wada [34] 2009 57 13.1 (7–15) 17.4 (0.7–45) 64.9
Wada [35] 2009 120 16.3 (7–19) 11.6 (0.2–29.4) 26.5
Welch Dinauer  
[36, 37]

1997 170 19 (3–21) 6.6 (0.2–39.5) 38.7

Zimmerman [38] 1988 58 5–16 28 (12.4–40.5) 90
aWhere the article specified the number that had lymph nodes assessed, the n represents this num-
ber and not the entire study cohort
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is the only study that specifically stated they evaluated the outcome with routine 
prophylactic central neck dissection [7]. Savio et  al. performed routine selective 
neck dissection in 121 pediatric thyroid cancer patients and found at an average fol-
low up of 5.7 years that none of the patients had a recurrence [11]. The authors 
concluded that there is some evidence for this approach. These are the two sources 
of evidence suggesting that central neck dissections in the pediatric population 
decreases the rate of recurrence.

Another argument for an aggressive up front initial surgical approach in pediatric 
thyroid cancer is that the use of postoperative RAI has decreased in use over the 
years as a result of concern for second primary malignancies. A recent study by 
Marti et  al. evaluated 1571 patients who received RAI and found a dramatically 
increased risk for the development of secondary malignancies, most notably in sali-
vary malignancies [12]. Additionally, the majority of deaths in pediatric thyroid 
cancer survivors is from non-thyroid second primary malignancies [5]. Many of 
these survivors in this study received post-operative therapeutic radiation. Therefore, 
if we are utilizing postoperative adjuncts for treatment less, we should make sure 
our surgical operation is as complete as possible. However, there is a counterargu-
ment that routine prophylactic central neck dissection causes excessive upstaging 
and unnecessary increased use of RAI. This has not been studied in the pediatric 
population.

The main argument against the implementation of routine prophylactic central 
neck dissection is the concern for an increased risk of complications. The two most 
common complications from central neck dissection are injury to the recurrent 
laryngeal nerve and hypoparathyroidism. The literature search performed was 
reviewed to find articles that commented on complication rates in their series 
(Table 14.3). The search yielded 31 articles. Many of the articles did not differenti-
ate temporary from permanent hypoparathyroidism or temporary from permanent 
nerve injury. Overall, the mean percent of hypoparathyroidism was 15.5% (range 
1.4–41.3%). The mean percent of temporary hypoparathyroidism was 11.3%, 
(range 0–29%). The mean percent of permanent hypoparathyroidism was 10.8% 
(range 0–36%). The overall voice change percent was 9.2% (range 0–40.1%). The 
mean percent of temporary voice changes was 18.6% (range 1.1–16.7%). The mean 
percent of permanent voice changes was 10.9% (range 0–15%). With a permanent 
rate of hypoparathyroidism and recurrent laryngeal nerve injury of around 11%, 
surgeons should consider this strongly in their decision to perform aggressive sur-
gery up front. It is imperative that the treatment is not worse than the disease as a 
lifelong struggle with voice changes and hypoparathyroidism can be debilitating.

While the benefit of prophylactic central neck dissection can be debated, there is 
no debate that any surgeon operating on a pediatric patient for DTC should be pre-
pared to perform a central neck dissection in every case as in many cases a preopera-
tive N0 patient may convert to a N1 once in the operating room. Certainly, evidence 
of grossly abnormal lymph nodes should direct the surgeon to convert the operation 
to a therapeutic neck dissection.

Additionally, it is of critical importance that the operation be performed by an 
experienced thyroid surgeon. A high volume thyroid surgeon, defined as performing 
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over 30 thyroid operations per year, reduces the rate of complications [13, 14]. Sosa 
et al. reviewed 600 pediatric thyroid surgery cases and found a complication rate for 
high volume surgeons of 8.7% compared to a rate of 13.4% when performed by low 
volume surgeons [14].

 Personal View of the Literature

Unfortunately, the literature on this topic is hard to interpret as there have been 
many changes over the last 20  years in how a neck dissection is performed. 
Therefore, interpreting the data as a whole is difficult. The biggest concerns when 
performing a central neck dissection are the risk of permanent hypoparathyroidism, 
and recurrent laryngeal nerve injury, and we know that the rate of these complica-
tions is lower when performed by high-volume surgeons in adults. In addition there 
is the theoretical risk of unnecessary upstaging leading to excessive use of 
RAI. These risks need to be weighed against the benefit of a possible decreased 
recurrence and subsequent reoperative rate. In light of these observations, the 
authors advocate for prophylactic central neck dissection in the pediatric population 
as the limited data suggest that recurrence rates are lower when a neck dissection is 
performed (level of evidence low, weak recommendation). We know that a signifi-
cant number of these patients will have positive nodes even when thought to be N0 
preoperatively. The one caveat is that the operation should be performed by a high- 
volume surgeon.
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Hyperparathyroidism in patients with MEN 1 is characterized by multiple 
gland involvement. Two surgical approaches have been advocated in these 
patients: total parathyroidectomy with heterotopic autotransplantation of 
parathyroid tissue grafts into skeletal muscle (TP/AT), or subtotal (3 and ½ 
gland) parathyroidectomy (SP) leaving a vascularized remnant of parathy-
roid tissue in situ in the neck. Despite the potential advantages and disadvan-
tages of these two commonly practiced operations, previous retrospective 
studies have demonstrated similar overall rates of recurrent HPT and perma-
nent postoperative hypoparathyroidism in patients undergoing the two opera-
tive procedures. Although one of these approaches is often preferred by 
individual endocrine surgery centers of excellence, improved outcomes or a 
clear advantage for either operation has not been previously established. The 
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 Background

The primary hyperparathyroidism (HPT) that occurs in patients with the multiple 
endocrine neoplasia type 1 (MEN 1) syndrome is associated with unique features 
that significantly influence treatment decision making. The occurrence of an inacti-
vating DNA mutation [1] in one copy of the MEN1 tumor suppressor gene in the 
germline represents a genetic first “hit” that is present in every cell in the body, and 
subsequent “second hit” events in target cells result in the development of multiple 
endocrine tumors in involved tissues. The parathyroid neoplasms that occur in 
patients with MEN 1 are characterized by multiple gland enlargement with synchro-
nous or metachronous development, asymmetrical gland enlargement, and variable 
age of onset and severity of clinical disease. In strict genetic terms the parathyroid 
tumors are multiple adenomas (monoclonal) rather than hyperplastic (polyclonal) 
neoplasms [2]. Essentially all patients who inherit an MEN1 mutation will develop 
HPT with an age-dependent onset beginning late in the second decade of life and 
peaking at approximately 21–30 years of age [3]. Prospective biochemical screen-
ing of patients known to be genetically affected results in the diagnosis of HPT at an 
earlier age [4]. Effective surgical management of this disease requires identification 
of all four parathyroid glands and a search for supernumerary or ectopic glands. 
Any operative strategy chosen should be aimed at reducing parathyroid tissue vol-
ume sufficiently to achieve parathyroid hormone (PTH) normalization with result-
ing correction of hypercalcemia, while minimizing postoperative complications. 
Unique challenges associated with treatment of MEN 1-associated HPT include the 
risk of recurrent hypersecretion of remaining parathyroid tissue whether preserved 
in the neck or in a heterotopic site, and the increased risk of permanent postopera-
tive hypoparathyroidism following a 4-gland intervention. Significant controversy 
exists regarding the optimal timing of intervention and the most appropriate opera-
tive procedure to perform. The relative rarity of the condition, variable approaches 
to management, single surgeon or center biases in screening practices and indica-
tions for intervention, and heterogeneity in methods and completeness of clinical 
follow-up have limited the availability of evidence-based studies to provide solid 
recommendations.

A number of studies exist that report the results of surgical treatment of HPT 
in individual series of MEN 1 patients. These retrospective studies are useful in 
aggregate, but are characterized by their heterogeneity, retrospective analysis, 
and the limitations described above. A single randomized prospective trial of the 
two most commonly performed operative procedures for HPT in patients with 
MEN 1 has been performed [5], but this study is limited by size and statistical 
power. This chapter examines the controversies associated with the surgical 
treatment of HPT in patients with the MEN 1 syndrome, with evaluation of 
available clinical outcomes data. The reported outcomes of subtotal parathy-
roidectomy (SP) are compared with the outcomes associated with total parathy-
roidectomy and autotransplantation (TP/AT). The level of clinical evidence and 
strength of recommendations that can be made from this evidence is discussed 
(Table 15.1).
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 Preoperative Localization Tests

Because the surgical strategies for treatment of HPT in MEN 1 require bilateral 
neck exploration and identification of all parathyroid glands, preoperative radio-
graphic localizing tests have a diminished role in the preoperative evaluation of 
these patients [6, 7]. Nilubol and coworkers performed a retrospective analysis of 60 
patients undergoing subtotal parathyroidectomy for HPT in MEN 1 and evaluated 
the utility of preoperative imaging tests including neck ultrasound, sestamibi scan, 
parathyroid protocol computed tomography scan, and MRI. The imaging tests were 
performed selectively in variable subsets of the patients. The authors concluded that 
these preoperative imaging studies altered the operative approach in only 7% of the 
patients in the study. Further, for patients undergoing routine bilateral neck explora-
tion and transcervical partial thymectomy, routine addition of imaging tests to local-
ize supernumerary or ectopic glands was not useful in the majority of patients.

 Four Gland Exploration

Multiple gland involvement characterizes the parathyroid disease in MEN 1. 
Bilateral cervical exploration and identification of all parathyroid glands has there-
fore been routinely advocated for treatment of HPT in these patients. In contrast, 
there has been an evolution of techniques for minimally invasive parathyroidectomy 
in the treatment of sporadic HPT, and a paradigm shift towards focused unilateral or 
single gland exploration. A number of important adjuncts have allowed the wide-
spread adoption of concise parathyroidectomy techniques, including improved pre-
operative localization studies, gamma probe localization of parathyroid adenomas 
after isotope injection, and importantly, the application of quick intraoperative 
assays for PTH to confirm biochemical cure. However, sporadic HPT is most com-
monly caused by a solitary hyperfunctioning parathyroid adenoma, and less fre-
quently by double adenomas or multiple gland disease. The suitability of minimally 
invasive techniques for the successful treatment of MEN 1-associated HPT requires 
special consideration.

The role of surgical adjuncts for parathyroidectomy, including gamma probe local-
ization following Tc-99m-Sestamibi injection, quick intraoperative PTH levels [8], 
and operation using local or regional anesthesia in the ambulatory setting has not been 
clearly defined in the surgical treatment of patients with MEN 1. The indications for 

Table 15.1 PICO table

Population Patients with MEN 1 and primary hyperparathyroidism
Intervention Total parathyroidectomy with autotransplantation
Comparator Subtotal parathyroidectomy
Outcomes 1. Persistent or recurrence of hyperparathyroidism

2. Permanent postoperative hypoparathyroidism
3. Disease free interval, period of dependence on supplements

15 Subtotal Parathyroidectomy Versus Total Parathyroidectomy
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and efficacy of some of these techniques may be altered in the unique circumstance of 
parathyroid surgery to treat MEN 1 patients. A partial transcervical thymectomy, and 
a routine search for ectopic parathyroid tissue and supernumerary glands, have been 
advocated for patients with MEN 1 owing to a suggested increased incidence [6, 7] of 
extra parathyroid glands in patients with familial HPT.  Traditional bilateral neck 
exploration under general anesthesia and gross identification of all parathyroid glands 
remains an excellent “gold standard” approach to any patient with primary HPT, and 
this approach has now been advocated again for all patients by some [9]. Measurement 
of intraoperative PTH levels represents an assessment of biochemical cure and may 
provide guidance for the extent of parathyroid resection. Based on the final operative 
PTH levels, adequacy of subtotal resection as well as the potential need for comple-
tion total parathyroidectomy and intramuscular transplantation of additional tissue to 
maintain parathyroid function may be determined [8].

Less than subtotal parathyroidectomy, or selective removal of only those para-
thyroid glands that are enlarged at the time of neck exploration is associated with a 
high incidence of recurrent HPT [10–13]. Nevertheless, one group has advocated 
minimally invasive parathyroidectomy and selective removal of only enlarged para-
thyroid glands as an acceptable alternative for patients with MEN 1 to avoid the 
occurrence of permanent postoperative hypoparathyroidism that can be associated 
with bilateral cervical exploration and 4-gland interventions [14]. These authors 
acknowledge the inevitable development of recurrent disease in patients managed 
by this approach, but have argued that such disease recurrence may take years to 
develop and can be managed by further focused procedures. When the diagnosis of 
MEN 1 is not recognized prior to initial neck exploration, selective parathyroidec-
tomy is often performed with a high incidence of recurrent HPT and the need for a 
second operation.

 Subtotal Parathyroidectomy Versus Total Parathyroidectomy 
with Autotransplantation

The operative management of HPT in patients with MEN 1 requires an attempt to 
identify and address all four parathyroid glands, as well as a search for ectopic or 
supernumerary glands. Further, the surgeon must use intraoperative data and judg-
ment to determine the appropriate extent of resection and the manner and location 
for preservation of the volume of parathyroid tissue intended to function postopera-
tively and maintain normocalcemia. The unique features and challenges account for 
a higher rate of permanent hypoparathyroidism and subsequent recurrent HPT in 
patients undergoing surgical treatment of multiglandular disease in the setting of the 
MEN 1 syndrome when compared with the results of parathyroidectomy for spo-
radic HPT.

Two different surgical approaches have been advocated for in the treatment of 
HPT in patients with MEN 1. The first is total parathyroidectomy with heterotopic 
autotransplantation of parathyroid tissue grafts into skeletal muscle (TP/AT). The 
goals of this approach are to reduce the parathyroid tissue volume to an appropriate 
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amount to achieve a normal PTH level and result in normocalcemia, while removing 
all parathyroid tissue from the neck and creating vascularized autografts in a hetero-
topic site such as the brachioradialis forearm muscle. The rationale for transplanting 
the remaining parathyroid tissue to the forearm is to allow reduction of the grafted 
parathyroid tissue in patients who develop recurrent HPT with a simple and low risk 
procedure. This procedure may be performed under local anesthesia as an outpa-
tient, without the need cervical re-exploration. Performance of TP/AT requires a 
high success rate for parathyroid graft function, in order to avoid an unacceptably 
high incidence of permanent postoperative hypocalcemia. A second frequently 
employed operation is a subtotal (3 and ½ gland) parathyroidectomy (SP), leaving 
a vascularized remnant of one parathyroid gland in situ in the neck. This operative 
strategy seeks to preserve an appropriate volume of vascularized parathyroid tissue 
to achieve a normal PTH level and maintain normocalcemia, while avoiding a per-
ceived higher rate of permanent hypoparathyroidism associated with heterotopic 
transplantation of the only remaining parathyroid tissue. In addition, this approach 
obviates the need for a second incision for parathyroid grafting and may shorten or 
reduce the severity of the period of transient hypocalcemia requiring supplementa-
tion until the grafts function adequately. Despite the potential advantages and disad-
vantages of these two commonly practiced operations, retrospective studies have 
demonstrated similar overall rates of recurrent HPT and permanent postoperative 
hypoparathyroidism in patients undergoing both operations [10, 11, 13, 15–32]. 
Although one of these approaches is often preferred by individual endocrine surgery 
centers of excellence, improved outcomes or a clear advantage for either operation 
has not been established by previous studies.

The available studies collectively provide a large amount of data relating to the 
epidemiology, presentation, biochemical findings, natural history, and outcome of 
patients with MEN 1-associated HPT following various surgical treatments. There 
are significant challenges however, in the interpretation of findings of individual 
studies, the comparison of reported results between different studies, and an attempt 
to arrive at a consensus on the specific operative procedure that can be clearly asso-
ciated with improved outcomes. These difficulties relate to the heterogeneity of the 
patient populations included in different studies, and the variability in study design 
and methods of analyzing and interpreting results. In addition, except for a single 
study [5], all of the available series are retrospective. Most of the studies come from 
high volume, specialized referral centers that see enough of these unusual patients 
over time to develop a sufficient experience to standardize the surgical approach and 
accumulate data on outcomes. The combined results from these studies provides 
important information for our current understanding of the outcomes of patients 
with MEN 1-associated HPT following parathyroidectomy and represents our best 
available evidence. The results from major studies comparing the outcomes of para-
thyroidectomy in patients with primary hyperplasia and MEN 1 are depicted in 
Table 15.2. The postoperative outcomes separated for SP and TP/AT are shown in 
summary form in Tables 15.3 and 15.4, respectively.

There are notable limitations in interpreting the data from these studies that 
should be recognized. Some studies included patients with multiglandular disease 
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or “primary chief cell hyperplasia”, with or without a clear familial association. 
There were varying definitions for establishing a diagnosis of MEN 1. For those 
studies that included both MEN 1 and MEN 2 patients, only the results for the MEN 
1 patients are shown. The study cohort for each of these studies includes patients 
treated over several decades, necessarily spanning different treatment eras. 
Differences in the availability of informative preoperative imaging, as well as surgi-
cal adjuncts to guide intraoperative parathyroid gland identification and appropriate 
extent of resection exist between patients treated in early versus late time periods. 
Further, the recent understanding of the genetic basis for disease has facilitated 
diagnosis and earlier intervention with an operation tailored to address disease 
affecting all 4 glands, with a resulting increase in the proportion of patients treated 
with a disease-specific operation as the first procedure. Finally, in some studies the 
results of patients undergoing a primary procedure and those undergoing a second 
procedure after a failed initial operation (either elsewhere or at the study institu-
tion), were reported in aggregate. Some studies include patients that underwent a 
primary operation prior to recognition of the associated MEN 1 diagnosis. These 
patients may have been treated with a selective parathyroidectomy, but outcomes 
are included with the patients that were treated with a strategy intended to address 
all 4 parathyroid glands. There is great potential for selection and treatment biases 
within individual institutions, as well as widely differing treatment protocols and 
level of experience with specific operative techniques (e.g. parathyroid autotrans-
plantation) between the surgeon(s) performing the operations in any particular 
study.

Despite these limitations, some important observations can be made when care-
fully reviewing the reported outcomes in aggregate. Persistent or recurrent HPT 
occurs very frequently following any operative procedure for HPT in patients with 
MEN 1. Because these patients harbor a genetic mutation present in every parathy-
roid cell, there is an inherent predisposition to recurrent disease-associated prolif-
eration and hyperfunction of parathyroid tissue whether it is left as a vascularized 
remnant in the neck, or transplanted to a heterotopic site in the forearm muscle. If 
patients are followed long enough, it is not surprising that recurrent disease can be 
expected in a significant percentage of patients. The general rates of recurrent HPT 
after parathyroidectomy for MEN 1 reported in the available studies range from 
approximately 15–50% after 5–10 years of follow-up (see Table 15.2).

Similarly, the reported rates of permanent postoperative hypoparathyroidism fol-
lowing parathyroidectomy for MEN 1-associated HPT are higher when compared 
with the results for patients with sporadic HPT.  In the collected studies the fre-
quency of hypoparathyroidism is approximately 5–30% after 5–10-year follow-up, 
with rates up to 60–80% depending on the specific operative procedure (see 
Table 15.2). In general, these rates are highest for patients undergoing parathyroid 
autotransplantation, and concern over avoiding this unfavorable outcome underlies 
the opinion of many surgeons that total parathyroidectomy with transplant of the 
only remaining parathyroid tissue to a heterotopic site is associated with an unac-
ceptable risk of graft failure. This potential conclusion deserves further discussion 
with careful analysis of the results in all available studies.
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For the purposes of this chapter, it is the intention of this author to present the 
whole of available evidence, and as unbiased an evaluation of the validity of the 
conclusions made based on the data presented as possible. In keeping with this 
pledge, I will endeavor to clearly delineate where statements provided are supported 
by available data, and where they represent best expert opinion. The following argu-
ments regarding the results of TP/AT represent the observations and opinion of the 
author. The success rate of transplantation of immediate, fresh parathyroid auto-
grafts is highly technique dependent. Numerous variables including the manner of 
preparing the fragments for grafting, the technique for creating pockets, choice of 
anatomic site and ideal portion of skeletal muscle, and the number and distribution 
of parathyroid fragments transplanted can significantly affect the likelihood of neo-
vascularization and ultimate graft function. The widely disparate results reported 
following autotransplantation likely reflects the varying levels of surgeon experi-
ence. Surgeons invested in performing a meticulous technique and with extensive 
experience report very good results with immediate parathyroid autotransplantation 
[5, 16, 31]. Nevertheless, the significant dependence of parathyroid transplantation 
on operator technique and experience arguably represents a basis for caution in 
advocating this strategy for all surgeons.

The premise that preserving a vascularized gland or portion of a gland in the 
neck provides better protection against hypocalcemia also deserves further com-
ment. It is well recognized by endocrine surgeons that a parathyroid gland or rem-
nant preserved in situ on its vascular supply may nevertheless fail to have sufficient 
function to maintain a normal calcium level without dependence on postoperative 
supplementation long-term. Inadequate function can occur even when the surgeon 
is confident a sufficient volume of tissue remains and appears to have excellent 
perfusion by visual inspection. The intraoperative PTH level following the maxi-
mum parathyroid tissue reduction can be used to guide appropriate resection, but 
does not always accurately predict postoperative hypoparathyroidism [8]. This 
observation represents not only the opinion of the author, but is also supported by 
the results of SP in the available studies, with reported rates of permanent hypopara-
thyroidism following SP of 12–39% [5, 13, 24, 26, 27, 32]. A recent study [33] 
showed very high success with transplantation of parathyroid tissue to subcutane-
ous fat, highlighting the potential importance of local factors to promote angiogen-
esis and neovascularization of grafted parathyroid tissue.

Routine cryopreservation of a portion of the parathyroid tissue resected during 
either SP or TP/AT can allow salvage of a subset of patients that develop postopera-
tive hypoparathyroidism. Cohen et al. [34] reported their 13-year experience with 
the results of transplantation of cryopreserved parathyroid tissue. The study included 
26 patients undergoing 30 procedures for cryopreserved heterotopic parathyroid 
autotransplantation (CHPA). Approximately 60% of delayed CHPA grafts were 
functional, and 40% of the autografts functioned sufficiently to maintain normal 
calcium levels without supplementation. The duration of cryopreservation was a 
significant predictor of graft function, and no functional autograft was observed 
after 22  months of preservation. Optimal care may be provided by specialized 
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centers with the capability to perform routine cryopreservation of parathyroid tissue 
and delayed grafting when needed.

If an exercise is taken to determine the relative number of studies advocating one 
surgical approach to provide support for the best operation, it is evident that most 
studies have concluded that SP is the preferred treatment. Considering the 18 major 
studies included in Table 15.2, 12 recommend SP [10, 13, 15, 17, 18, 21, 22, 24, 
26–28, 32], three recommend TP/AT [16, 19, 31], and three find the two operative 
procedures to provide similar results [5, 11, 20]. For an individual study, this con-
clusion may be based on the authors’ best opinion, with variable strength of support 
from the data presented and with the numerous limitations itemized above. It is fair 
to say that the predominant opinion of “experts” appears to favor SP. As is the case 
for many controversies and difficult decisions in endocrine surgery, the relative 
infrequency of this disease and variability in surgical techniques and study design 
make the performance of a well-controlled, multicenter randomized prospective 
trial very difficult. In fact, probably less than 10% of all current surgical practices 
are supported by data from randomized controlled trials (RCT) [35, 36] highlight-
ing the need for more such studies [37, 38]. Clearly, additional study is needed to 
adequately address the important issues for the optimal surgical treatment of HPT 
in patients with MEN 1. However, much can still be learned from the large volume 
of results reported in the available studies over an approximately 35-year period.

A multicenter study has also been reported including analysis of 245 patients 
with HPT and MEN 1 retrieved through the French and Belgian GENEM study 
group’s database [25]. In this study, the patients were divided into three groups: 
those treated before 1986, 1986–1990, and after 1990. The authors followed trends 
in surgical treatment and outcomes over different treatment eras, and noted that 
20% of patients were still hypercalcemic immediately after primary surgery in the 
most recent treatment era, with increasing rates of recurrent disease over time. Their 
results highlight the challenges in managing the multiple gland disease in patients 
with MEN 1. The overall conclusion of this study was that subtotal parathyroidec-
tomy should be advocated, and is best performed in specialized high-volume 
centers.

In 2014, Lairmore et al. [5] reported the results of the first randomized prospec-
tive trial of operative treatments for HPT in patients with MEN 1. The study popula-
tion included 32 MEN 1 patients randomized to receive either SP or TP/AT with a 
mean follow-up of 7.5 years. The overall rate of recurrent HPT was 19% (6/32). 
Recurrent HPT occurred in 4 of 17 patients (24%) treated with SP, and 2 of 15 
patients (13%) treated with TP/AT (P  =  0.66). Permanent hypoparathyroidism 
occurred in 3 of 32 patients (9%) overall. The incidence of permanent hypoparathy-
roidism was 12% (2/17) in the SP group and 7% (1/15) in the TP/AT group. A sec-
ond operation was performed in 4 of 17 patients initially treated with SP (24%), 
compared with 1 of 15 patients undergoing TP/AT (7%). Although the need for 
reoperation was higher in the SP group, the difference did not meet statistical sig-
nificance (P = 0.34). The study concluded that no difference could be demonstrated 
when comparing the outcomes of SP and TP/AT, and that both procedures were 
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associated with acceptable results. However, SP may be associated advantages in 
that it involves only one incision and avoids an obligate period of transient postop-
erative hypocalcemia.

It is important to also consider the severity and duration of hypocalcemic 
symptoms associated with the two procedures, as well as other factors relating 
to patient discomfort, cosmetic concerns, and transient functional limitations 
during convalescence. TP/AT requires two surgical incision sites compared with 
one for SP. In addition, patients undergoing TP/AT can be expected to have an 
obligate period of transient hypoparathyroidism and dependence on oral supple-
mentation that may be associated with greater severity and duration compared 
with patients that have preservation of a native vascularized parathyroid rem-
nant. These considerations may confer mild incremental advantages to SP 
beyond achievement of equivalent surgical outcomes. Although not studied, the 
longer duration of this supplementation period may result in the potential need 
for interventions or hospital readmissions to manage complications. Cost differ-
ences have not been demonstrated. On the other hand, some studies suggest that 
the need for a second operative procedure occurs more frequently following SP 
compared with TP/AT [5, 19], with attendant significant potential for increase in 
costs and resource utilization. Finally, it is important to consider the time inter-
val to recurrence based on extent of resection. Limited data exist, but where this 
metric has been evaluated more extended resections have been associated with 
a longer disease-free interval. Elaraj et al. [27] found that mean recurrence-free 
interval was not significantly different between SP versus TP/AT, but it was 
longer for SP and TP/AT combined compared with lesser resection (16.5 versus 
7.0 years; P = 0.03). In the study of 52 MEN 1 patients by Schreinemakers et al. 
[13], time to recurrence was 61 months longer after SP than after less that sub-
total resection, and recurrent HPT was not seen after TP/AT. Therefore, even 
with equivalent rates of recurrent HPT, patients undergoing more extensive 
resection (e.g. TP/AT) may take longer to recur.

Conclusions

The outcomes of surgical treatment for HPT in patients with MEN 1 syndrome 
are strongly influenced by (1) preoperative recognition of the diagnosis of MEN 
1, (2) performance of an adequate operative procedure to address all four para-
thyroid glands, (3) appropriate timing of intervention and selection of procedure 
based on surgeon experience, and (4) the employment of meticulous surgical 
technique and adjuncts to determine optimal extent of parathyroid resection. 
Selective or less than subtotal parathyroidectomy can be expected to result in 
persistent or recurrent HPT in the majority of patients. The outcomes and cura-
tive potential of the specific surgical procedure should be guided by surgeon 
experience and understanding of the natural history and reported results of the 
two commonly performed operative treatments. The available evidence provides 
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useful guidance, but a clear advantage of one operative procedure over the other 
is not provided.

In summary, the outcomes of SP and TP/AT in patients with MEN 1 are similar 
in the available retrospective studies, and a single randomized prospective trial 
failed to show significant differences in the overall incidence of recurrent HPT and 
permanent hypoparathyroidism between the two operations. In individual studies, 
SP is associated with lower hypoparathyroidism compared with TP/AT [19, 27], and 
in some a higher persistent/recurrent HPT [19] and more frequent requirement for a 
second operation [5]. The results of TP/AT are surgeon and technique dependent, 
but in centers with experience and expertise in performing this procedure, is associ-
ated with similar outcomes compared with SP [5, 19]. The time interval to recur-
rence may be prolonged after TP/AT [10, 28]. TP/AT is a good operation with good 
outcomes in selected centers, but may not be appropriate for all surgeons.

 Recommendations

 1. Depending on the expertise and experience of individual surgeons, subtotal para-
thyroidectomy (SP) may be the preferred operative treatment for HPT associated 
with the MEN 1 syndrome for many clinicians who care for these patients. Rates 
of recurrent/persistent HPT and permanent hypoparathyroidism vary consider-
ably in available retrospective studies, but overall are similar to those following 
total parathyroidectomy and autotransplantation (TP/AT). SP may have minor 
incremental advantages because it involves only one surgical incision and avoids 
a longer obligate period of postoperative transient hypoparathyroidism and 
dependence on oral calcium and/or vitamin D supplementation.

Level of evidence [39], 3: multiple comparative retrospective studies
GRADE strength of recommendation, B, moderate: Further research is likely 

to have an important impact on the outcome studies.
 2. Less than subtotal (selective) parathyroidectomy of only grossly enlarged glands 

will result in almost uniform recurrence and is not recommended for patients 
with a known diagnosis of MEN 1.

Level of evidence, 3: multiple comparative retrospective studies with uniform 
outcome

GRADE strength of recommendation, A, high: Further research is very 
unlikely to change this recommendation.

 3. Total parathyroidectomy with autotransplantation (TP/AT) results in similar out-
comes when compared with SP. Therefore, TP/AT represents a good and accept-
able treatment for MEN 1-associated HPT when performed by experienced 
surgeons. The interval to recurrence may be longer after TP/AT compared with 
SP.

Level of evidence, 2: lesser quality randomized controlled trial (single RCT with 
small numbers and low statistical power)

GRADE strength of recommendation, B, moderate: Further research is likely to 
have an important impact on the outcome studies.
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Four-Dimensional Computed 
Tomography in Patients 
with Nonlocalized Primary 
Hyperparathyroidism
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Abstract
The surgical management of patients with primary hyperparathyroidism 
(PHPT) varies greatly among parathyroid surgeons, as well as across institu-
tions. Four gland exploration, or bilateral neck exploration (BNE) has long 
been the “gold standard” operation for PHPT; it involves direct visualization of 
all parathyroid glands, with removal of enlarged parathyroid tissue, and has 
yielded excellent cure and complication rates, when performed by experienced 
surgeons. However, given that approximately 85% of patients with PHPT have 
single-gland disease, unilateral, minimally-invasive approaches have been 
advocated. The latter approaches require preoperative localization studies to 
identify the abnormal gland(s). While non-invasive imaging studies are rou-
tinely employed before index parathyroid surgery, negative, discordant or 
equivocal non-invasive localization studies are not uncommon, even in the 
unexplored patient. In this setting, an experienced parathyroid surgeon will 
still find and cure PHPT in the vast majority of patients. While bilateral neck 
exploration remains an excellent operation, controversy has developed in 
recent years, regarding the potential superiority of more focused, minimally 
invasive approaches. To address this issue, we evaluated the available literature 
for recommendations regarding the use of preoperative four-dimensional com-
puted tomography (4DCT) versus direct, four gland exploration in patients 
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with negative sestamibi and/or neck ultrasound studies. We summarize the 
available data and provide recommendations on how to surgically treat patients 
undergoing parathyroidectomy for PHPT.

Keywords
Primary hyperparathyroidism · Parathyroid adenoma · 4D CT · Four-gland explo-
ration · Bilateral neck exploration · Sestamibi · Neck ultrasound · Non-invasive 
imaging · Parathyroidectomy · Minimally invasive parathyroidectomy

 Introduction

Approximately 85% of patients with PHPT have single parathyroid gland enlarge-
ment, referred to as a parathyroid adenoma. A subset of patients with sporadic dis-
ease have multi-gland disease, in which all parathyroid glands are involved. Once 
the diagnosis of PHPT is made and patients meet surgical criteria, imaging studies 
are often undertaken to localize abnormal gland(s). Preoperative localization studies 
help identify patients who are candidates for minimally invasive approaches. While 
non-invasive imaging studies are routinely employed before index parathyroid sur-
gery, negative, discordant or equivocal sestamibi and ultrasound studies are not 
uncommon, even in the unexplored patient. In recent years, four-dimensional com-
puted tomography (4DCT) has been employed for parathyroid localization. The 
fourth dimension, time, accounts for differences in perfusion characteristics between 
the hyperfunctioning parathyroid gland and surrounding structures, such as the thy-
roid gland. Proponents of 4DCT hypothesize that routine institution of this preop-
erative localization study may lead to decreased operative time, shorter length of 
hospital stay, and improved cure rates. However, since BNE remains an excellent 
operation and avoids the increased radiation exposure associated with 4DCT, con-
troversy has developed in recent years, regarding the optimal surgical approach for 
patients with PHPT.  We evaluated the available literature for recommendations 
regarding the use of preoperative four-dimensional CT (4DCT) versus direct, four 
gland exploration in patients with negative sestamibi and/or neck ultrasound stud-
ies. To date, few large-scale studies have been performed to address this issue. Many 
of the recommendations in the literature have been based on the practices of single 
institutions. We summarize the available data and provide recommendations on how 
to surgically treat patients with non-localized PHPT (Table 16.1).

Table 16.1 PICO table

Population Primary hyperparathyroidism with negative (non-localized) ultrasound and 
sestamibi

Intervention 4DCT (preop)
Comparator 4-gland exploration
Outcome Cure rates, cost benefit, complications
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 Search Strategy

We conducted a focused review of the current guidelines related to preoperative 
localization studies for parathyroid adenomas/hyperplasia. We then performed a 
comprehensive review of the literature related to non-invasive imaging and parathy-
roid surgery. Literature searches were conducted in the PubMed database using the 
key words: primary hyperparathyroidism, parathyroid adenoma, 4D CT, four-gland 
exploration, bilateral neck exploration, sestamibi, non-invasive imaging, parathy-
roidectomy, and minimally invasive parathyroidectomy. Searches were limited to 
the English language, human subjects, and literature published in the last 15 years. 
Our search returned 618 articles; we critically reviewed 38 articles related to para-
thyroid surgery, as well as international guidelines from the Fourth International 
Workshop for the management of asymptomatic primary hyperparathyroidism. 
Emphasis was made on current national guidelines and recommendations.

 Preoperative Localization of Abnormal Parathyroid Glands 
in Primary Hyperparathyroidism

The purpose of preoperative imaging in parathyroid surgery is to assist the surgeon 
in planning and performing an appropriate operation; such imaging should not be 
used for diagnosis, as PHPT is a biochemical diagnosis. Preoperative localization 
studies can help identify patients who may be candidates for a minimally invasive 
approach. An additional advantage is the potential for identification of concurrent 
thyroid disease, which may allow for a combined endocrine surgical procedure. A 
variety of non-invasive imaging options exist, including: neck ultrasound (U/S), 
sestamibi (SeS) ± single-photon emission computed tomography (SPECT), 4DCT, 
MRI, and positron emission tomography computed tomography (PET-CT).

The most commonly used non-invasive imaging for preoperative localization in 
PHPT are neck U/S, SeS ± SPECT, and 4DCT. Each imaging modality has its own 
advantages, as well as its own limitations. Parathyroid U/S has the best safety pro-
file because it does not use ionizing radiation. Additionally, it is particularly sensi-
tive in the detection of concurrent thyroid disease, and is relatively inexpensive. 
However, it requires a skilled technician to adequately demonstrate an abnormal 
parathyroid gland. It is also has very limited ability to identify ectopically-located 
parathyroid adenomas, such as in the retroesophageal or mediastinal location.

There exists a variety of nuclear scintigraphic agents and techniques. Currently, 
the most preferred non-invasive imaging study for parathyroid disease uses 99mTc-
SeS with SPECT. This modality’s improved spatial resolution allows for detection 
of smaller parathyroid lesions than those found with sestamibi alone. However, 
similar to neck U/S, the sensitivity of SeS is greatly diminished by multiglandular 
parathyroid disease and concurrent thyroid pathology. More recently, 4DCT has 
been utilized for parathyroid localization; the fourth dimension (time) accounts 
for differences in perfusion characteristics between parathyroid adenomas/hyper-
plastic glands, and surrounding structures, such as the thyroid gland. Of note, 
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because of the use of intravenous contrast, 4DCT should not be utilized in patients 
with known contrast allergy, renal insufficiency or known or suspected thyroid 
carcinoma.

In an effort to determine which non-invasive preoperative imaging modality is 
best for localizing abnormal parathyroid glands, several studies in the literature 
have been performed, most of which are retrospective analyses or case series 
(Table 16.2). Rodgers et al. [1] compared the results of preoperative imaging studies 
in 75 patients undergoing parathyroidectomy for PHPT. These investigators found 
that compared to neck U/S or SeS, 4DCT had significantly higher sensitivity and 
specificity for lateralization of the aberrant gland(s). Additionally, 4DCT localized 
the aberrant gland to the correct quadrant in 70% of cases, which was a significant 
improvement over neck U/S or SeS.  Starker et  al. [2] performed a retrospective 
analysis of a prospective database of patients undergoing parathyroidectomy for 
PHPT by a single experienced endocrine surgeon. Similar to the prior study, the 
researchers found 4DCT to be superior to neck U/S and SeS-SPECT, for both local-
ization and lateralization of abnormal parathyroid tissue. A meta-analysis of 32 
studies on preoperative localization techniques for patients with PHPT found that 
ultrasound and SeS were similar in their ability to preoperatively localize abnormal 
parathyroid glands, with pooled sensitivities of 76.1% and 78.9%, respectively [3]. 
Since an insufficient number of preoperative 4DCT studies were available for inclu-
sion in this meta-analysis, the authors could not definitively demonstrate an advan-
tage of 4DCT over U/S or SeS. However, results of those two studies suggested 
increased sensitivity of 4DCT. Recently, Suh et al. [4] carried out a prospective case 
series to compare 4DCT, U/S and SeS as methods of preoperative localization for 
patients undergoing parathyroidectomy. Thirty-eight patients underwent all three 
imaging modalities prior to surgery. All imaging studies were reviewed indepen-
dently and in a blinded fashion. Once again, 4D CT proved superior in terms of 
sensitivity and specificity. In a most recent retrospective analysis, comparisons were 
made between the three aforementioned non-invasive imaging modalities for preop-
erative localization rate and accuracy in 200 patients who underwent parathyroidec-
tomy for PHPT [5]. Results showed that in patients with single-gland disease, the 
sensitivity of 4DCT, SeS and U/S were 96%, 65.4% and 57.7%, respectively. 
Furthermore, these investigators used a modified 4DCT that decreased the effective 
radiation dose compared to standard 4DCT, noting an average radiation dose of 
11–13 mSv, which is comparable to that of SeS. This was an important finding, as 
one criticism of the routine use of 4DCT has been the higher level of radiation dose 
given to patients, with its inherent increased risk of subsequent malignancy.

 Recommendations

• 4DCT has higher sensitivity and specificity over U/S or SeS in the preoperative 
localization of abnormal parathyroid glands, and therefore may be considered as 
a first-line imaging choice for patients undergoing MIP, in centers/institutions 
where this modality is readily available.
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• 4DCT should not be used in patients with suspected or definitive thyroid carci-
noma, renal insufficiency, or in those allergic to intravenous contrast

• The combination of U/S + SeS, when studies are concordant, serve as adequate 
localization prior to surgical intervention.

• In cases of known multigland disease, or genetic causes of PHPT preoperative 
imaging for localization purposes are not necessary.

Because MIP requires preoperative imaging for localization of abnormal para-
thyroid glands, some surgeons question the cost-effectiveness of such a strategy, in 
comparison to the costs associated with BNE. In an effort to comprehensively eval-
uate the short-terms costs associated with various preoperative parathyroid localiza-
tion strategies, cost-utility analysis models have been developed (Table 16.3). Wang 
et al. [6] described five different preoperative imaging algorithms to determine their 
incremental cost-utility ratio in patients with PHPT. They found that although U/S 
alone was the least expensive imaging modality ($6666), sestamibi-SPECT + 
U/S ± 4DCT was the most cost effective method. These savings are likely attributed 
to the decreased amount of BNE performed when this preoperative localization 
strategy is instituted. Lubitz et al. [7] developed a cost-analysis model to evaluate 
the short-term costs of preoperative localization strategies for patients with PHPT. In 
this model, U/S + 4DCT was the most cost effective strategy. However, both studies 
found that the most expensive strategy was direct BNE.

 Recommendations

• A combined imaging strategy of either U/S  +  sestamibi, U/S  +  4DCT, or 
U/S + sestamibi ± 4DCT are the most cost effective strategies for preoperative 
localization in patients with PHPT.

• Direct BNE is the most expensive approach, and should be limited to patients 
with known multigland disease, including those with genetic endocrine disorders 
(Table 16.3).

 Unilateral Versus Bilateral Neck Exploration for Primary 
Hyperparathyroidism

Bilateral neck exploration (BNE)  has long been the “gold standard” for the surgical 
management of primary hyperparathyroidism. However, in recent years, more 
focused, minimally invasive approaches have been promoted. This is largely due to 
the finding that a vast majority of patients with PHPT (85%) have single-gland dis-
ease. Therefore, a limited, unilateral approach could lead to curative rates compa-
rable to BNE.

Data comparing BNE to minimally invasive parathyroidectomy (MIP) in patients 
with PHPT are limited. While several small to moderate-scale randomized clinical 
trials (RCTs) have been reported in the literature, the methods for BNE and MIP are 
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extremely variable, making it somewhat challenging to compare across studies. The 
first RCT compared a video-assisted MIP approach to BNE in 38 patients undergo-
ing surgery for PHPT [8]. While the authors found no difference in cure rate between 
the two groups, they reported shorter operative time, less pain and improved cosme-
sis in the MIP cohort. Several years later the same group of investigators compared 
a video-assisted MIP approach to an endoscopic BNE approach and found no dif-
ferences in operative time, cure or complication rates between the two groups [9].

In 2002 Bergenfelz et al. [10] randomized 91 patients with PHPT to unilateral or 
bilateral neck exploration; preoperative scintigraphy and intraoperative parathyroid 
hormone (PTH) measurement guided the unilateral exploration. They found no dif-
ferences in cost, transient recurrent laryngeal nerve (RLN) injury or short-term cure 
rates between the two groups. A five-year follow-up study confirmed comparable 
long-term cure rates between the two groups [11]. Another study by Bergenfelz 
et al. [12] looked specifically at the incidence of transient, post-operative hypocal-
cemia in 50 patients randomized to either MIP or BNE. The authors found a higher 
rate of transient hypocalcemia in the latter group. The remaining RCTs found no 
differences in cure or complication rates between MIP and BNE; variable differ-
ences in operative time and overall lower cost with BNE were reported [13–16].

In 2011, Udelsman et al. [17] compared the results of MIP with conventional 
BNE in a retrospective cohort of 1650 consecutive patients with PHPT. Interestingly, 
these authors found statistically significant higher curative rates, lower complica-
tion rates, as well as lower costs in the MIP group. To date, this study represents one 
of the largest series of patients who underwent parathyroidectomy for treatment of 
PHPT by a single, experienced endocrine surgeon.

 Recommendations

A Surgical Taskforce, in connection with the Fourth International Workshop on the 
Management of Asymptomatic Primary Hyperparathyroidism developed evidence-
based guidelines regarding surgery for PHPT [18]. They are as follows:

• Both bilateral, or four-gland exploration, and minimally invasive parathyroidec-
tomy yield excellent cure rates and minimal complication rates, when performed 
by an experienced surgeon.

• Bilateral cervical exploration is the ideal operation for most patients with multi-
gland disease, including those with genetic disease.

• Minimally invasive parathyroidectomy procedures are not recommended in cen-
ters that do not have sophisticated imaging, intraoperative PTH assays, and expe-
rienced endocrine surgeons.

• Intraoperative PTH assays are useful adjuncts during parathyroid surgery, and 
are essential, if focused approaches are employed.

• Although minimally invasive techniques have become increasingly adopted, all 
parathyroid surgeons must be able to perform a standard bilateral cervical explo-
ration, in the event that occult multigland disease is present (Table 16.4).

C. E. Quinn and T. Carling
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 Four-Gland Exploration Versus 4D CT in Patients  
with Non-localized Primary Hyperparathyroidism

As mentioned earlier, four-gland exploration has long been the standard of care for 
the surgical treatment of PHPT. Recent data suggest that a more focused, or mini-
mally invasive approach is fast becoming the “new standard”. Success of the latter 
approach requires adequate preoperative localization on radiologic evaluation, 
whereas the former approach does not require such imaging. While the choice 
between MIP and BNE remains a matter of debate, most parathyroid surgeons 
would likely proceed with MIP for patients with concordant positive imaging, while 
reserving BNE for cases with discordant imaging. However, there exists a subset of 
patients with discordant imaging (U/S and SeS)—to date, the management of such 
patients is not standardized.

Given that up to 70% of cases with discordant imaging still have single-gland 
disease [19], there is the possibility that a focused approach could be undertaken in 
many patients, pending some other means of preoperative localization (i.e. 4DCT). 
The other option would be to proceed straight to BNE to identify and remove the 
culprit gland. To date, there are no randomized trials comparing MIP to BNE in 
patients with PHPT and non-localized or discordant imaging. In an effort to assess 
the role of 4DCT in patients with negative or discordant preoperative U/S and SeS 
studies, Lubitz et al. [20] retrospectively reviewed 60 patients with PHPT and dis-
cordant preoperative U/S and SeS who underwent both localization with 4DCT and 
operative intervention by an experienced endocrine surgeon. These authors found 
that 4DCT correctly lateralized and localized the abnormal parathyroid gland(s) in 
76 and 60% of cases, respectively. Although the majority of these patients under-
went bilateral neck exploration (as per convention for non-localizing imaging), 
4DCT imaging allowed for a focused approach in 34% of patients who would have 
otherwise undergone BNE.  The authors concluded that 4DCT identifies patients 
amenable to focused intervention in more than half of the patients with negative (or 
discordant) U/S and SeS.

 Summary of Recommendations

 Preoperative Localization of Abnormal Parathyroid Glands 
in Primary Hyperparathyroidism

4DCT has higher sensitivity and specificity over U/S or SeS in the preoperative 
localization of abnormal parathyroid glands, and therefore may be considered as a 
first-line imaging choice for patients undergoing MIP, in centers/institutions where 
this modality is readily available (evidence quality strong; strong recommendation). 
The combination of U/S  +  SeS, when studies are concordant, serve as adequate 
localization prior to surgical intervention (evidence quality strong; strong recom-
mendation). In cases of known multigland disease, or genetic causes of PHPT pre-
operative imaging for localization purposes are not necessary (evidence quality 
moderate; moderate recommendation) (Table 16.4).

C. E. Quinn and T. Carling
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 Unilateral Versus Bilateral Neck Exploration for Primary 
Hyperparathyroidism

A combined imaging strategy of either U/S + sestamibi, U/S + 4DCT, or U/S + ses-
tamibi ± 4DCT are the most cost effective strategies for preoperative localization in 
patients with PHPT (evidence quality moderate; moderate recommendation). Direct 
BNE is the most expensive approach, and should be limited to patients with known 
multigland disease, including those with genetic endocrine disorders (evidence 
quality moderate; moderate recommendation).

 Four-Gland Exploration Versus 4D CT in Patients  
with Non-localized Primary Hyperparathyroidism

There are no randomized clinical trials comparing 4DCT as a third imaging study 
prior to parathyroidectomy, versus direct four-gland exploration without further 
imaging in patients with PHPT and negative or discordant preoperative U/S and SeS 
scanning. However 4DCT imaging may be beneficial in the subset of patients with 
PHPT and negative or discordant U/S and SeS. Future studies on the comparative 
effectiveness of these two surgical strategies are warranted.

 Conclusion

We discuss the perioperative management of patients with PHPT and discordant pre-
operative imaging, specifically the use of preoperative four-dimensional computed 
tomography (4DCT) versus direct, four gland exploration in patients with negative 
sestamibi and/or neck ultrasound studies. While there are no prospective, random-
ized clinical trials comparing these two surgical strategies, a substantial amount of 
useful information can inferred from the current literature on this topic. The recom-
mendations for preoperative localization strategies prior to focused parathyroidec-
tomy are largely straightforward. Controversy remains regarding the best approach 
to operative management in patients with PHPT and discordant or negative U/S 
and SeS. Because this issue is of both clinical and economic significance, future 
randomized trials are necessary to determine how to best manage these patients.

 A Personal View of the Data

We routinely use 4DCT as a preoperative imaging strategy for patients undergoing 
parathyroidectomy for PHPT. If referred patients have already undergone U/S and 
SeS, with positive concordant studies, then such patients proceed to MIP (in the 
absence of concomitant thyroid disease). However, if imaging is discordant, or if 
referral patients have only undergone one prior non-invasive imaging study (either 
U/S or SeS), then those patients undergo 4DCT prior to surgical intervention. 
Exceptions to this strategy include patients with either renal insufficiency, known or 
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suspected well-differentiated thyroid cancer, or contrast allergy (in the latter case, 
pretreatment prior to 4DCT can allow for some studies to be carried out).

If 4DCT localized the abnormal parathyroid gland, then patients undergo a MIP; 
in cases of non-localization with 4DCT, or concern for multigland disease, patients 
either undergo a focused approach with the possibility to conversion to bilateral 
neck exploration, or proceed directly with BNE. The operative strategy for this sub-
set of patients is made on a case-by-case basis, and involves several factors includ-
ing (but not limited to) preoperative serum calcium and intact PTH (iPTH) levels, as 
well as a thorough review of all imaging studies undertaken. Additionally, we use 
intraoperative PTH monitoring as an adjunct to surgery for all cases, both MIP and 
four-gland exploratory procedures.

The major criticism of the routine use of 4DCT is its relatively high radiation 
dose and risk of subsequent cancer. However many authors have demonstrated radi-
ation doses that are comparable to that obtained with SeS. Furthermore, reductions 
in radiation dose with modified 4DCT imaging may be attainable as more refined 
reconstruction techniques become available (Tables 16.5, 16.6, and 16.7).

Table 16.5 Recommendations for preoperative localization of abnormal parathyroid glands in 
primary hyperparathyroidism

•  4DCT has higher sensitivity and specificity over U/S or SeS in the preoperative localization 
of abnormal parathyroid glands, and therefore may be considered as a first-line imaging 
choice for patients undergoing MIP, in centers/institutions where this modality is readily 
available

•  4DCT should not be used in patients with suspected or definitive thyroid carcinoma, renal 
insufficiency, or in those allergic to intravenous contrast

•  The combination of U/S + SeS, when studies are concordant, serve as adequate localization 
prior to surgical intervention

•  In cases of known multigland disease, or genetic causes of PHPT preoperative imaging for 
localization purposes are not necessary

•  A combined imaging strategy of either U/S + sestamibi, U/S + 4DCT, or 
U/S + sestamibi ± 4DCT are the most cost effective strategies for preoperative localization 
in patients with PHPT

Table 16.6 Recommendations for unilateral versus bilateral neck exploration for primary 
hyperparathyroidism

•  Both bilateral, or four-gland exploration, and minimally invasive parathyroidectomy yield 
excellent cure rates and minimal complication rates, when performed by an experienced 
surgeon

•  Bilateral cervical exploration is the ideal operation for most patients with multigland 
disease, including those with genetic disease

•  Minimally invasive parathyroidectomy procedures are not recommended in centers that do 
not have sophisticated imaging, intraoperative PTH assays, and experienced endocrine 
surgeons

•  Intraoperative PTH assays are useful adjuncts during parathyroid surgery, and are essential, 
if focused approaches are employed

•  Although minimally invasive techniques have become increasingly adopted, all parathyroid 
surgeons must be able to perform a standard bilateral cervical exploration, in the event that 
occult multigland disease is present

C. E. Quinn and T. Carling
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17Lymph Node Dissection Versus No 
Lymph Node Dissection for Parathyroid 
Cancer

Reese W. Randle and David F. Schneider

Abstract
Surgery is the primary treatment for parathyroid carcinoma, but no consensus 
statement exists regarding the optimal extent of the initial resection. Given the 
rare nature of the disease, the literature is almost entirely limited to retrospective 
reviews, but was used in an attempt to determine the impact a routine central 
neck dissection has on recurrence, survival, and complications in patients being 
treated for parathyroid carcinoma. Nodal metastases do seem to predict recur-
rence but not worse survival. However, no clear difference was observed in 
recurrence or survival based on whether or not a lymph node dissection was 
performed indicating that there is minimal value in a nodal dissection as a routine 
procedure in all patients. While the addition of a central neck dissection does not 
increase rates of vocal cord palsies or hematomas, it does carry a significant risk 
of permanent hypoparathyroidism. Therefore, because there is no definitive ben-
efit in patients with parathyroid carcinoma, the added risk of a routine central 
node dissection is not justified for all patients.

Keywords
Parathyroid cancer · Central compartment lymph node dissection · Lymph node 
metastases · Parathyroidectomy · Neck exploration
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 Introduction

Parathyroid carcinoma is rare affecting less than one person per million people, and 
accounting for merely 0.005% of all malignancies diagnosed in the United States 
each year [1, 2]. However, the incidence is increasing, and for patients undergoing 
parathyroidectomy for primary hyperparathyroidism the reported incidence of para-
thyroid cancer has ranged from 0.5 to 5.3% [1, 3–17]. The treatment for parathyroid 
carcinoma is primarily surgical, but the optimal extent of resection is controversial. 
Retrospective reviews have failed to demonstrate a consistent link between lymph 
node metastases and survival, and as a result, some investigators question whether 
central neck dissection is necessary in the treatment of patients with parathyroid 
cancer and clinically negative nodes. A PICO format question, designed to address 
this controversy, is the focus of the current chapter [18] (Table 17.1). In other words, 
this chapter aims to review the impact routine central lymph node dissection has on 
disease recurrence, long-term survival, and complication rates for patients with 
parathyroid carcinoma.

 Current Recommendations

In order to more fully understand the controversy at hand, a general knowledge of 
the current treatment strategies for parathyroid carcinoma is necessary. Surgery is 
the mainstay of treatment for patients with parathyroid carcinoma. Chemotherapy 
has added little to no benefit in terms of disease control, biochemical response, or 
survival [15, 19–23]. Radiotherapy has also been employed without a clear improve-
ment in outcomes [1, 24–28]. This leaves surgery as the best and only hope for cure 
in patients with parathyroid cancer. No consensus exists, however, as to the ideal 
extent of surgery. Certainly, en bloc resection of the tumor keeps with sound onco-
logic principles and avoids tumor rupture. Furthermore, local excision is more likely 
to result in positive margins [26]. Unfortunately, many parathyroid cancers are 
locally excised when the surgeon believes it to be an adenoma and only realizes the 
tumor was malignant upon receiving the final pathology report. Some retrospective 
studies have demonstrated a link between the extent of the initial surgery and sur-
vival [23, 29], yet others have failed to identify a survival difference based on the 
initial surgery [1, 3, 5, 20, 24, 26]. Without a clear answer in the literature, prevail-
ing opinions and institutional preferences are considered to be among the main 
influences determining the extent of the initial surgery [20]. In general, en bloc 
resection of the tumor with the ipsilateral thyroid, isthmus, involved strap muscles, 

Table 17.1 PICO table Population Patients with parathyroid carcinoma
Intervention Routine central lymph node dissection
Comparator No lymph node dissection
Outcome Recurrence, survival, and complications
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and central lymph node compartment is recommended [2, 14, 28, 30–32]. A modi-
fied radical lymph node dissection is not merited as a routine [9, 32, 33]. However, 
the value of routine central compartment node dissection in patients with clinically 
negative nodes remains unclear.

Furthermore, the reported prognostic importance of lymph node metastases has 
varied [1–3, 24–26, 31]. Due at least in part to the paucity of clear prognosticators, 
the American Joint Committee on Cancer nor the National Comprehensive Cancer 
Network have developed a staging system for parathyroid cancer. At least two pro-
posed TNM staging systems include lymph node status as a component, but their 
correlation with recurrence and survival has varied [3, 26, 31, 34]. Neither has been 
universally adopted. Thus recommendations for the optimal surgical treatment of 
parathyroid carcinoma remain ambiguous especially concerning the central lymph 
nodes.

 Difficulty in Diagnosis

Regardless of the recommended surgical treatment, proper handling of parathyroid 
carcinoma requires pre- and intra-operative recognition. An accurate and timely 
diagnosis may prevent a simple excision as would be the preferred treatment for the 
majority of benign parathyroid pathology. Imaging is not consistently reliable, and 
no specific tumor marker exists. Markedly elevated parathyroid hormone and cal-
cium levels may suggest a diagnosis preoperatively. Tumor adherence to surround-
ing tissue is a helpful sign and may allow proper recognition [28]. Also, parathyroid 
cancers may be gray and hard. While vocal cord paralysis and a palpable cervical 
mass in a patient with presumed primary hyperparathyroidism are concerning signs 
that make a diagnosis of cancer highly likely, the rate of patients presenting with a 
neck mass is decreasing [6, 8, 20, 23, 27, 33, 35, 36]. Large tumor size is another 
concerning feature. In one study, carcinomas were 3.8  cm on average compared 
with 1.7 cm for adenomas or hyperplastic glands (P = 0.03) [37]. However, tumor 
size is also decreasing [1, 37]. Earlier detection of parathyroid cancer with calcium 
screening and parathyroid hormone assays may be responsible for these trends [8, 
35]. There is no question that timely recognition of parathyroid cancer affects the 
procedure that is ultimately undertaken [2, 20, 25, 28, 29]. Therefore, a high index 
of suspicion is key in treating patients with hyperparathyroidism so that the appro-
priate operation is performed.

 Current Practice

The very low incidence of parathyroid cancer, the ambiguity of current recommen-
dations, and the difficulty in obtaining a timely diagnosis are reflected in the great 
variability with which patients are currently being treated. The proportion of patients 
receiving an en bloc resection as their initial operation has ranged from 5 to 78%, 
however, population based data indicates this number is actually closer to the lower 
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end (5–11%) [1, 3, 22, 25, 26, 29, 31, 38]. Although institutional rates of central 
node dissection vary greatly (Table 17.2), only about a third of patients receive a 
lymph node evaluation as a part of their initial surgery [1–3, 5, 6, 8, 10, 25, 26, 28, 
31, 32, 36]. The rate of node positivity is also quite variable, yet overall, lymph node 
metastases are an uncommon feature of parathyroid carcinoma. Taken as a whole, 
lymph node involvement is identified in less than one-sixth of patients with a node 
dissection. When considering the fact that most patients being treated for parathy-
roid cancer do not get a nodal evaluation, the rate of known lymph node metastases 
in all patients is less than 5%, although this value does not capture patients with 
lymph node metastases who did not get a lymph node dissection at their initial 
operation (Table 17.2).

Another important consideration involves the trouble in defining parathyroid car-
cinoma. The definition of parathyroid cancer has not only been difficult to develop 
but also has changed over time [17, 34, 39]. The validity of findings derived from 
population-based datasets depends on the accuracy of coding “parathyroid cancer.” 
For example, inclusion of atypical adenomas or parathyromatosis could falsely 
decrease the overall incidence of lymph node metastases. On the other hand, calcu-
lating rates of nodal metastases from a collection of case reports might potentially 
falsely increase the incidence given that surgeons may be less likely to report early, 
unremarkable cancers diagnosed and treated appropriately [31].

 Overall Outcomes

Despite the discrepancies in what is recommended and what is actually being done, 
disease specific survival is relatively good at 91–94% at 5 years and 69–90% at 
10 years [1, 3, 25]. Because many patients with parathyroid carcinoma do not actu-
ally die from tumor burden but from the metabolic effects of hypercalcemia, they 
may not always get properly coded as having died from parathyroid carcinoma. 
Overall survival may capture more cancer-specific deaths, but this obviously 
becomes difficult to distinguish in large datasets. Overall survival has ranged from 
78 to 86% at 5 years and 49–70% at 10 years [2, 21, 24, 25, 29]. Recurrence is quite 
variable, ranging from 33 to 86%, although some of the institutions reporting the 
higher rates may be influenced by referral bias [15, 19, 21, 22, 24, 29, 31, 38]. 
Reoperations in the neck for recurrence are common as locoregional recurrence 
constitutes 58–92% of the overall recurrence rates in larger studies [3, 15, 29, 31, 
32].

Complication rates for the treatment of parathyroid carcinoma are also consider-
able. Nearly 45–60% of patients will experience a complication during their treat-
ment including vocal cord paralysis in 18–38%, temporary hypocalcemia in 
22–34%, and permanent hypocalcemia in 5.4% [24, 32]. Perioperative mortality 
can be as high as 1.8% [24]. Less frequently observed but important perioperative 
complications include hematoma, jugular venous thrombosis, esophageal injury, 
fluid collection, and wound infections [24, 32].
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The impact a central lymph node dissection has on recurrence, survival, and 
complications becomes difficult to discern especially considering the variations in 
the treatment of patients with parathyroid cancer. Nevertheless, a careful appraisal 
of the literature within the context of its limitations is important in order to under-
stand the value of a central compartment node dissection in this disease.

 Outcomes with and Without Central Lymph Node Dissection

All available data regarding lymph node dissections in patients with parathyroid 
carcinoma is retrospective in nature. Given this fact, one might expect a selection 
bias to be a major determining factor in which patients did and did not get a central 
lymph node dissection as a component of their operation for parathyroid carcinoma. 
Perhaps more concerning disease may have alerted the surgeon pre- or intraopera-
tively to proceed with a more extensive initial operation. However, using population 
based data to compare patients that did and did not receive a lymph node dissection, 
Hsu et al. were unable to identify any differences between the two groups in terms 
of age, gender, diagnostic period, tumor size, the presence of local invasion, or the 
presence of metastases [25]. Similarly, Talat and Schulte did not observe any differ-
ence in pathologic features based on the type of procedure performed [31]. Even 
though patients receiving and not receiving a central lymph node dissection appear 
to be similar cohorts in terms of demographics and tumor characteristics, the pres-
ence of a significant selection bias cannot be entirely ruled out. Retrospective data 
does not capture the operating surgeon’s thought process, degree of suspicion, or 
threshold to perform a lymph node dissection. Nor do retrospective databases have 
variables describing the extent of local invasion or dense adherence to surrounding 
tissue. Therefore, comparisons between these two groups must be made allowing 
the possibility that more extensive disease might be clustered in the lymph node 
dissection group.

 Recurrence

Both locoregional and distant recurrence are independent predictors of worse sur-
vival in patients with parathyroid carcinoma [3]. Survival worsens as the number of 
cervical recurrences increases [24]. While it stands to reason that a more extensive 
initial resection would decrease recurrence, actual reports vary. Many studies show 
higher recurrence after parathyroidectomy alone compared with en bloc resection 
[5, 23, 31], but not all [24]. En bloc resection resulted in fewer reoperations (32% 
versus 65%) when compared with local excision according data from cases gathered 
by Talat and Schulte [31]. Few studies specifically evaluated the impact of nodal 
dissection on recurrence. Villar del Moral et al. [3] found that performing a nodal 
dissection had no discernable effect on disease recurrence in a multicenter review of 
62 patients [3]. In their review of 330 case reports, Talat and Schulte [31] did 
observe higher recurrence at 5 years and overall in patients who did not receive a 
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systematic lymph node dissection, although this latter group included both patients 
that received an en bloc resection without a node dissection as well as patients who 
simply underwent local excision. They suggest that high locoregional recurrence 
rates in patients following a resection with negative margins may be explained by 
the presence of occult nodal disease. In comparing patients getting an en bloc resec-
tion with or without node dissection, however, the number of reoperations for recur-
rence appeared similar, possibly indicating that the addition of a lymph node 
dissection did not decrease recurrence relative to an en bloc resection alone [31]. 
Additionally, patterns of initial recurrence indicate that recurrence in the cervical 
lymph nodes occurs infrequently (Table 17.3). For example, in a review of 95 cases 
of parathyroid cancer, Sandelin et al. [29] observed a recurrence rate of 42% requir-
ing a range of reoperations from 1 to 9 in 36 patients. Lymph node metastases only 
accounted for three of these initial recurrences with the majority occurring else-
where in the neck (n = 30) or the lungs (n = 9) [29]. These data suggest that occult 
nodal disease is not a major contributor to the high recurrence rates experienced by 
patients with parathyroid carcinoma.

While it does seem that lymph node metastases do predict higher recurrence 
rates, the evidence is not overwhelming. Unfortunately, population-based data gen-
erally lacks reliable recurrence information. In a single institution review of 37 
patients, Harari et  al. [24] found that lymph node metastases were a significant 
predictor of recurrence as did Talat and Schulte in their collection of case reports 
[31]. In a multicenter retrospective review by Villar del Moral et  al. [3] nodal 
metastases were associated with recurrence on univariate analysis but not after 
controlling for other significant predictors of recurrence [3]. Given that the later 
review included only eight patients with lymph node metastases compared with the 
27 in the review by Talat and Schulte, it seems that Villar del Moral et al. may have 
lacked the numbers necessary to identify higher recurrence in patients with lymph 
node metastases [3, 31]. Several even smaller studies have implicated lymph node 
metastases as a marker for recurrence. Fernandez-Ranvier et  al. [36] reported 
recurrence in 5 out of 5 patients that presented with lymph node metastases [36]. 
In a review by Iihara et al. [5] 3 of 3 patients with lymph node metastases recurred 
and eventually died of disease [5]. Schulte et al. [32] found that 1 of 11 patients 
who underwent lymph node dissections had positive lymph nodes, and this same 
patient recurred [32].

Overall, lymph node metastases do seem to predict recurrence, yet it remains 
unclear if nodal disease contributes to the mechanism of recurrence or if it simply 
serves as a marker for more aggressive biologic behavior. In a review of 11 patients, 
Schulte et al. [32] found two lymph nodes that contained metastatic parathyroid 
cancer but only one was distinct from the large inflammatory mass that contained 
the primary tumor. They also observed that surgeons harvest fewer nodes from the 
central compartment in lymph node dissections for parathyroid cancer compared to 
thyroid cancer, and they suggest it may be because the contents of the central com-
partment were replaced by the tumor itself [32]. Thus, nodal disease likely reflects 
locoregional spread of disease rather than true lymphatic metastases. Given that 
the majority of locoregional recurrence does not involve the lymph nodes 
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(Table 17.3), the role lymphatic dissemination plays in recurrence is questionable. 
Tumor rupture may result in dissemination throughout the operative field and is 
likely responsible for many local recurrences [2, 22, 29]. Direct or discontinuous 
extensions of the cancer may be another mechanism responsible for locoregional 
recurrence [32]. Vascular invasion is another independent predictor of recurrence 
and likely a predominant mechanism of cancer dissemination [31, 38]. 
Hematogenous spread from vascular invasion may explain reports of distant metas-
tases in patients without documented nodal disease. These data, together with the 
fact that nodal recurrence is uncommon, suggest that lymphatic spread is not a 
major contributor in the dissemination of parathyroid carcinoma but simply an 
important marker for recurrence.

 Survival

As with recurrence, the available literature is somewhat contradictory regarding 
the impact of a nodal dissection on survival in patients with parathyroid carcinoma. 
Villar del Moral et al. [3] found that a lymph node dissection did not affect sur-
vival. Similarly, Lee et  al. [1] and Sadler et  al. [26] using the Surveillance, 
Epidemiology, and End Results (SEER) registry and National Cancer Database 
(NCDB), respectively, found that unknown nodal disease did not predict worse 
survival when compared to patients with known negative nodes [1, 26]. In fact, 
survival was similar between patients with no nodal dissection and those with 
known negative nodes after adjusting for other significant predictors of survival 
[26]. Hsu et al. [25], who also used SEER data, did not find any difference in rates 
of metastases and death between patients who did and did not have lymph nodes 
examined [25]. In an earlier NCDB study, Hundhal et al. reported generally similar 
5-year overall survival between patients with negative nodes (83.3%) and unknown 
nodal status (86.7%). In contrast, Talat and Schulte [31] identified the omission of 
a systematic lymph node dissection as a significant predictor of 5-year mortality 
but not overall mortality. The reason for the discrepancies between Talat and 
Schultes’ systematic review and population-based data from the United States is 
not immediately apparent. Talat and Schulte [31] used data from previously pub-
lished case reports to construct their cohort of 330 cases of parathyroid carcinoma. 
A lymph node dissection was performed in 13% of the entire cohort, and lymph 
node metastases were observed in 62% of those undergoing lymph node dissection 
[31]. This is in contrast to the studies using population based data by Sadler and 
Hsu which both reported lymph node dissections in about 28%, and rates of nodal 
metastases nearly one-sixth that reported by Talat and Schulte [25, 26, 31]. In light 
of their unique method of collecting data, Talat and Schulte [31] suggest that a 
reporting bias may have skewed their results [31]. While all of the studies may be 
biased by the nonrandom selection of those who received a central node dissection, 
similar tumor size and similar rates of local invasion and metastases in the groups 
with and without lymph node evaluations would argue against a significant selec-
tion bias [25].
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Even if a lymph node dissection does not have a clear impact on survival, it is 
important to investigate if lymph node metastases predict worse survival in patients 
with parathyroid carcinoma. While some investigators found that positive lymph 
nodes confer worse survival [3, 23, 24, 26, 31] others found this not to be the case 
[1, 2, 25]. However, due to the infrequency of lymph node metastases, small num-
bers were an unavoidable limitation in all reports (Table 17.4). The reported hazard 
ratios comparing mortality in patients with positive lymph nodes to those with 
known negative nodes ranged from 2.8 to 16.3. In addition to the wide range in risk, 
the confidence intervals also were quite large indicating the wide variability and 
imprecision that exists within the literature for this disease [1, 3, 24–26, 31]. This 
makes it difficult to really indicate the magnitude of risk lymph node metastases 
have on disease-specific mortality. Taken as a whole, it seems that the presence of 
lymph node metastases is a marker of more advanced disease and recurrence, but 
there is not sufficient evidence to consider it a marker of worse survival in all 
patients presenting with parathyroid cancer. There may be a subset of patients, how-
ever, for whom lymph node metastases may confer worse survival. Hsu et al. [25] 
reported a 7.5 times greater incidence in lymph node metastases in patients with 
tumors measuring over 3 cm (21% versus 2.8%, p = 0.02) [25]. Their findings indi-
cate that it may be possible to identify patients who would be more likely to benefit 
from the prognostic value of a central neck lymphadenectomy as a component of 
their initial resection. Besides size, there may be other variables that would aid in 
the risk stratification of patients who would benefit from a more aggressive resec-
tion and allow surgeons to tailor a patient specific approach to the optimal extent of 
surgery.

Due to the conflicting data regarding the prognostic importance of nodal metas-
tases, attempts to incorporate lymph node status into a staging system are not 
widely accepted. Lee et al. [1] compared survival based on SEER historic stage 
and found that unstaged patients (presumably for lack of lymph node or other 
metastatic data) experienced similar survival to patients with localized disease 
[1]. Both Shaha and Shah [34] and Talat and Schulte [31] proposed TNM staging 
systems. In Shaha and Shah’s system lymph node metastases equated to stage IIIc 
[34]. In an attempt to validate Shaha and Shah’s system, Talat and Schulte found 
that higher stages (III and IV) did not reliably correlate with worse survival than 
lower stages (I and II) where lymph nodes were uninvolved. In light of this, they 
introduced their own TNM staging system where both lymph node metastases and 
invasion of vital organs were considered stage III disease [31, 38]. They reported 
that unstagable patients, often due to lack of a lymph node evaluation, experi-
enced survival worse those assigned stage III but better than stage IV, and sug-
gested that unstaged patients are likely being under treated. In a more simplified 
risk classification system also developed by Talat and Schulte [31], patients are 
categorized into low or high risk categories with the presence of lymph node 
metastases placing patients in the high risk category even in the absence of other 
prognostic features [31]. In contrast to the findings by Talat and Schulte, Sadler 
et al. [26], reported that patients with unknown lymph node status experienced 
survival that was more akin to that seen in Shulte’s low risk category. They 
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suggest that there is insufficient evidence to recommend a prophylactic central 
node dissection for patients with clinically negative nodes [26]. Because lymph 
node metastases are not a common feature in patients with parathyroid carcinoma, 
it is possible that the impact patients with retained occult nodal metastases have 
on prognosis is negligible within the large cohort of patients without a lymph 
node evaluation. This further emphasizes the importance of targeting a select 
high-risk cohort who may benefit from the added node dissection. Taken as a 
whole however, the population of patients with parathyroid carcinoma and clini-
cally negative nodes stands to benefit very little from a central node dissection. 
Therefore, in the absence of a therapeutic benefit and with prognostic value lim-
ited to predicting recurrence, routine central compartment lymphadenectomy 
must be considered within the context of its risks.

 Complications

Any potential benefit achieved with a central node dissection in patients with para-
thyroid carcinoma must be carefully weighed against the risk of en bloc resection of 
the mass alone. There is a general lack of data comparing complications in patients 
with parathyroid carcinoma receiving en bloc resection with or without central neck 
dissection, but a relative wealth of retrospective data concerning the risks of a central 
neck dissection exists in patients with thyroid cancer. Analyzing retrospective data, 
many investigators have failed to identify a significant difference in vocal cord pal-
sies or hypoparathyroidism based on the addition or omission of a central node dis-
section in patients receiving thyroidectomies [40–42]. In a comparison of 113 
patients receiving a total thyroidectomy to 119 patients receiving a total thyroidec-
tomy with central lymph node dissection reported by So et al. [42], the addition of a 
node dissection did not significantly increase vocal cord palsies, hematoma, or chyle 
leaks. Even though their observed rate of permanent hypocalcemia was three times 
greater in the group that received a lymph node dissection, this difference was not 
statistically significant [42]. Palestini et al. [43] reported significantly higher rates of 
transient hypocalcemia in patients who had the addition of a node dissection to their 
total thyroidectomy, but long term complications were comparable between groups 
[43]. On the other hand, the first prospective randomized controlled trial comparing 
central node dissection to its omission in patients with clinically node negative papil-
lary thyroid cancer reported a higher rate of permanent hypoparathyroidism in 
patients who had the central neck dissection (19.4% versus 8.0%, p = 0.02) indicat-
ing that routine central node dissections are not without added risk [44]. In patients 
with thyroid cancer getting a central compartment neck dissection, hypoparathyroid-
ism presumably occurs from the inadvertent removal of one or more inferior parathy-
roid glands within the nodal tissue. In extrapolating these data to patients with 
parathyroid carcinoma, it is logical to expect that the risk of permanent hypoparathy-
roidism is equal or greater. For parathyroid cancer, one gland is already being 
removed. If another is removed with the nodal dissection, and the others are injured 
during exploration of the contralateral neck, permanent hypoparathyroidism becomes 
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a strong possibility. However, this scenario may not occur in all parathyroid cancer 
cases, depending on preoperative localization studies. Therefore, total thyroidectomy 
is not universally comparable to operations for parathyroid cancer. Nonetheless, the 
most abundant data on central neck dissection comes from the thyroid cancer 
literature.

The risk of a central compartment dissection at the initial surgery must also be 
weighed within the context of reoperating for nodal disease that might later become 
apparent either as a recurrence or as progression of occult disease. In a study look-
ing at complications from a central nodal dissection in a reoperative field compared 
to those from a central node dissection at the initial surgery, Alvarado et al. reported 
similar rates of vocal cord palsies, hypoparathyroidism, and wound infections [45]. 
These data indicate that waiting until a patient recurs before removing their central 
nodes is safe and spares patients who will not recur the added risk at the first opera-
tion. Furthermore, because locoregional recurrence and reoperations for such are 
common in patients with nodal metastases, it is unlikely that removing occult nodal 
disease at the first operation will spare a cervical reoperation.

 Summary

Due to the retrospective nature of all of the available data, there are substantial limi-
tations to the strength of conclusions derived in this chapter. A prospective trial 
comparing lymph node dissection to no lymph node dissection in patients with 
parathyroid carcinoma is impractical given the rarity of the disease. Data collabora-
tives such as the Collaborative Endocrine Surgery Quality Improvement Program 
will provide more abundant and uniform data on this type of rare endocrine tumor 
and may help direct future recommendations.

Parathyroid cancer is difficult to recognize partly due to its rare nature and simi-
larity to benign parathyroid pathology. Surgery is the mainstay of therapy and 
offers the only hope for cure. A timely diagnosis affects the operation performed 
requiring surgeons to have a high clinical suspicion. The historically recommended 
operative approach is en bloc resection with adjacent tissues and the ipsilateral 
thyroid along with the lymph nodes of the central neck. Nodal metastases seem to 
be an important marker of aggressive biologic behavior and recurrence. Yet even 
though lymph node metastases predict higher recurrence, positive lymph nodes in 
parathyroid carcinoma are uncommon occurring in only 13.5% of patients with a 
lymph node evaluation. Furthermore, the current literature fails to identify a sub-
stantial therapeutic benefit of the inclusion of a central node dissection to an en 
bloc resection for parathyroid carcinoma in terms of disease recurrence or survival. 
The risk of permanent hypoparathyroidism is increased when a central node dis-
section is performed, and that risk must be weighed against the anticipated benefit 
of more extensive surgery. Tumor size is one factor, although there are likely other 
factors, that may allow surgeons to risk stratify who might benefit from a central 
node dissection, facilitate patient-specific treatment, and spare low-risk patients an 
unnecessary procedure.

17 Lymph Node Dissection Versus No Lymph Node Dissection for Parathyroid Cancer
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 Recommendations

The following recommendations are rated according to the GRADE format which 
takes the quality of evidence into account and assigns a grade according to the 
strength of the recommendation [18].

• Lymph node metastases in parathyroid carcinoma likely predict recurrence but 
do not definitively predict survival. Given that most patients will be enrolled in 
surveillance, predicting recurrence is not a sufficient indication for routine cen-
tral node dissection (evidence quality low; weak recommendation).

• There is not a clear therapeutic benefit to adding a central node dissection to an 
en bloc resection in patients with clinically node negative parathyroid cancer as 
a whole, therefore routine central node dissection should not be performed. 
Certain patient subsets may benefit from central neck dissection, but further 
study is required to help surgeons risk stratify patients. (evidence quality low; 
weak recommendation).

• Locoregional recurrence is common and dominated by soft tissue involvement 
rather than nodal involvement. A central neck dissection performed during a cer-
vical reoperation for recurrence may be performed safely if indicated (evidence 
quality low; weak recommendation).

• Patients with parathyroid cancers greater than 3  cm are more likely to have 
lymph node metastases and may benefit from a central node dissection (evidence 
quality low; weak recommendation).

Conclusions
Parathyroid carcinoma is rare but its incidence is increasing. Although lymph 
node metastases predict recurrence, nodal involvement is rare and routine central 
node dissections are not without complications. Furthermore, patients who do 
not receive a central node dissection as a component of their initial resection 
seem to have similar recurrence and survival compared with those that do. 
Subjecting all patients with parathyroid carcinoma to the risks of a routine cen-
tral node dissection when the available literature cannot identify a therapeutic 
benefit is not justified. Future investigations may however, identify a more tar-
geted cohort of patients with parathyroid carcinoma for which a central node 
dissection is indicated.
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18Early Versus Late Parathyroidectomy 
for Tertiary (Posttransplant) 
Hyperparathyroidism

Jyotirmay Sharma and Collin Weber

Abstract
Tertiary hyperparathyroidism is hypercalcemia after kidney transplantation. A 
near-total parathyroidectomy is curative for tertiary hyperparathyroidism and 
should be considered within the first year of kidney transplantation if hypercal-
cemia does not resolve. Cure rates of hypercalcemia after a parathyroidectomy 
for tertiary hyperparathyroidism are >95%.

Keywords
Tertiary hyperparathyroidism · Parathyroidectomy · Kidney transplant

 Introduction

Tertiary hyperparathyroidism (3HPT) is described as persistent hyperparathyroidism 
with hypercalcemia despite correction of secondary hyperparathyroidism (from 
chronic renal failure) with renal transplantation. The reported incidence of post renal 
transplant hyperparathyroidism ranges from 25–50% at 1 year after transplant and 
about 17% at 4 years after transplant [1, 2]. The average time for parathyroid levels to 
return to normal post transplant varies between three to 6 months [3]. Calcium levels 
post renal transplant are also highly variable. The natural history of post transplant 
calcium levels can be categorized into three distinct groups: eucalcemia, hypercalce-
mia, and fluctuating calcium levels. These varying calcium levels present an obstacle 
to identifying patients with true tertiary hyperparathyroidism as opposed to patients 
who are still undergoing gland involution. Resolution of hypercalcemia >1  year 
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post-transplant is highly unlikely. The incidence of “true” 3HPT with hypercalcemia 
post renal transplant ranges from 0.5% to 5.6% [4–9] (Table 18.1).

 Indications for Parathyroidectomy in Tertiary 
Hyperparathyroidism

Tertiary hyperparathyroidism leads to decreased bone mineral density, changes in 
mental status, myopathies, and; importantly, volume depletion and calcification of the 
renal allograft, which may affect allograft function [10–12]. Parathyroidectomy 
(PTX) is the only definitive treatment option for 3HPT. Current indications for PTX 
include highly increased and persistent hypercalcemia, symptomatic hypercalcemia, 
increased parathyroid hormone levels, hypophosphatemia, decreased bone mineral 
density, or kidney function decline associated with hyperparathyroidism; however, it 
is unclear as to what calcium or parathyroid hormone level and at what time point 
after renal transplantation one should refer a patient for PTX [5]. At our institution and 
many others, patients are referred for PTX by the transplant nephrology department, 
and their criteria for referral are based on the level and persistence (greater than 
6 months) of serum calcium and increases in PTH. Pharmaceutical therapy for hyper-
calcemia management is often initiated in these patients with a varied response. The 
role and timing of implementation of calcimimetics is controversial and it can be 
associated with worsening allograft function with a paucity of long term outcomes 
data. The decision to initiate calcimimetic therapy or to proceed with parathyroidec-
tomy is often individual and institution dependent with a paucity of consensus derived 
guidelines. Studies have shown similar renal graft survival between patients who 
undergo PTX and control groups even though some studies report a decrease in GFR 
in patients who have undergone PTX. Benefits of PTX may include improved patient 
survival, improved bone mineral density, and alleviation of symptoms [13–17].

The optimal timing of PTX post-kidney transplant in patients with 3HPT is also dif-
ficult and the decision to proceed with PTX is based upon expectation of resolution of 
hypercalcemia, risks of surgery, cure rates and improvement in symptomology. Near-
total or total PTX with autograft are both effective in curing 3HPT with numerous series 
documenting a cure rate >95% when resolution of hypercalcemia is used as a marker for 
cure [18]. However, up to 20% of patients will have elevated PTH levels and this is 
likely due to vitamin D deficiency, fluctuations in GFR and remaining hyperplastic tis-
sue [19, 20]. Although, the rate of reoperations is low; patients with persistent marked 
elevations in PTH should be followed closely for hypercalcemia and some require a 
reoperation. The risks of parathyroidectomy are related to anesthesia and neck surgery. 
Permanent voice alteration from recurrent laryngeal nerve injury rates vary between 
0–8% and are relatively uncommon in the hands of experienced endocrine surgeons 
[16]. Transient and permanent hypoparathyroidism is a known complication of any 
parathyroidectomy and the rates are low after PTX for 3HPT. Bone hunger and vitamin 
D deficiency should be assessed during the postoperative course and invariably patients 
will require calcium supplementation and vitamin D repletion. Permanent hypoparathy-
roidism is an extremely rare and avoidable complication. Careful assessment of the rem-
nant parathyroid and its vascular viability should be routine in the operation and an 
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immediate autograft of parathyroid fragments should be performed if the remnant is 
ischemic. Cryopreservation of parathyroid fragments should be performed in all patients 
with storage of fragments for at least 3–6 months. Intraoperative parathyroid hormone 
(IOPTH) monitoring can not only help assess the adequacy and completeness of a PTX, 
and IOPTH also helps assess parathyroid remnant function.

Effect on allograft function from 3HPT and PTX is an area of controversy with 
conflicting data on outcomes [6, 12]. Hypercalcemia and hyperparathyroidism can 
cause vasoconstriction, renal arterial calcification and tubulointerstitial calcification 
which can lead to decrease allograft function and lead to graft failure [20]. There are 
direct effects of PTH on vascular contractility and vascular calcifications which can 
lead to decrease allograft blood flow [21, 22]. Increasing GFR without evidence of 
rejection can serve as a marker for consideration of PTX.  There are conflicting 
reports on improvement in GFR and a decrease in rejection episodes after PTX in 
3HPT. In case-controlled series an increase in GFR was noted in patients undergo-
ing PTX when compared to patients with medical management, however, this group 
also had a higher rate of eventual graft failure.

Uncontrolled 3HPT is associated with increased mortality, myocardial disease, 
vascular calcification, worsening bone disease, calciphylaxis, neuropsychiatric 
symptoms, generalized malaise and fatigue [4–9]. Improvements in all of these are 
well documented in literature from PTX and calcimimetic therapy. In the past few 
years calcimimetic therapy is more readily available and therefore more likely to be 
utilized. However, PTX results in immediate and the most profound control of 
hypercalcemia and symptoms and it is also cost-effective.

Early intervention may improve outcomes in patients with 3HPT. Kidney trans-
plantation results in normal urinary excretion of phosphorus and restores calcium 
and vitamin D homeostasis, which in >95% patients is curative for hyperparathy-
roidism. However up to 5% of patients will develop 3HPT. In patients undergoing 
PTX for 3HPT there are pre-transplant and post-transplant factors associated with 
an increased risk for 3HPT [23]. Pre-transplant factors with increased risk of the 
development of 3HPT were elevated serum calcium, very high PTH levels 
(>1000  pg/mL), longer vintage of dialysis, failed parathyroidectomy and use of 
calcimimetics (Table 18.2). Hypercalcemia immediately after kidney transplanta-
tion is observed in many patients with resolution seen in the majority of patients. 

Table 18.2 Patient factors associated with increased risk of 3HPT and PTX

PTX Control
Age, years* 41.8 ± 11.5 46.5 ± 11.5
Gender (M:F ratio) 1.1:1 1.46:1
Race (%AA) 58.1% 48.3%
Dialysis duration, years* 6 ± 4.9 2.8 ± 2.8
Cause of renal failure (%HTN)* 43.3% 22.8%
Cinacalcet use* 24.7% 8.3%
Pre-transplant PTH at 1 year prior to transplant* 745 ± 84 pg/dL 245 ± 92 pg/dL
Pre-transplant calcium at 6 months prior to 
transplant*

9.9 ± 0.9 mg/d 9.1 ± 0.9 mg/d

Post-transplant calcium at 1 month* 10.4 ± 1.0 mg/dL 9.4 ± 1.0 mg/dL
Post-transplant PTH at 1 month* 351 ± 187 pg/dL 112 ± 73 pg/dL

*p < 0.05
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However, when patients are hypercalcemic at 1 or 3 months they are 11 and 15 
times more likely to require PTX, respectively. When PTH and serum calcium are 
used concurrently at 1 month post-kidney transplant they are strong predictors of 
the development of 3HPT. We believe that an early PTX (within the first year of 
transplant) is cost-effective and likely to offer a greater benefit to the patient and 
further waiting is unlikely to be curative for 3HPT.

 Techniques of Parathyroidectomy in Tertiary 
Hyperparathyroidism

The technique described here is as a near-total parathyroidectomy is a more precise 
variant of subtotal parathyroidectomy. In 3HPT parathyroid glands are hyperplastic, 
three and three fourths are removed, leaving a vascularized remnant of one gland 
which approximates the size of 2 normal parathyroids; and the fragment which are 
equivalent of 8–10 normal glands are cryopreserved. The in-situ gland remnant may 
be marked with a permanent suture for future identification (Fig. 18.1). Alternately, 

RU – OUT
15 x 10 x 8 mm

RU – OUT
12 x 10 x 9 mm

LL Remnant
5 x 5 x 2 mm

Preoperative Data
(42yo; dialysis vintage: 4 year; kidney
transplant 1 year ago)
PTH = 1074, Serum Ca = 10.7 mg/dL, GFR = 53

Follow-up @ 5 years
PTH = 89, Serum Ca = 8.2 mg/dL
GFR = 49

LL – near total
16 x 10 x 4 mm

LU – OUT
23 x 12 x 8 mm

Time

08:20 915

435

82

68

08:40 LL – NTPTX

LU – Rx

RU – Rx

RU – Rx

08:53

09:03

09:08

09:13

09:18

09:24

Cryopreservation

IOPTH* Procedure

Fig. 18.1 Schema of patient undergoing parathyroidectomy for tertiary hyperparathyroidism
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all parathyroids may be removed from the neck, and the equivalent of 1–2 normal 
parathyroids may be minced into 1–2 mm fragments and autografted into either the 
sterno-cleidomastoid or nondominant forearm muscle. Autografted fragments 
should not be prepared from nodular parathyroids but from the more uniform para-
thyroids. In this instance, additional fragments should be cryopreserved as a safe-
guard in case the autografted tissue is insufficient. Total parathyroidectomy and 
autotransplantation has the advantage that recurrent parathyroid hyperfunction may 
be treated by partial autograft excision under local anesthesia. However, some auto-
grafts fail to function. In these patients a vascularized parathyroid remnant often 
functions better, and patients may be discharged sooner. Furthermore, in our experi-
ence, vascularized remnant regrowth is distinctly uncommon if the size of the rem-
nant is small (the equivalent of 2 normal parathyroids in mass, approximately 
80 mg). In some institutions, a small group of patients undergo a less than subtotal 
or near-total parathyroidectomy due to variation in appearance, size and vascularity 
of the observed parathyroid glands. Outcomes of this type of “limited” parathyroid-
ectomy in 3HPT have been good in some series by experienced surgeons. Although 
this practice may be efficacious for some patients, we believe there are pitfalls in 
such an approach and this has led to referrals to many endocrine surgeons for reop-
erations in patients for persistent 3HPT. Also the pathophysiology of 3HPT is of 
renal insufficiency triggered hyperplasia leading to abnormality in all glands. This 
may play role in recurrence of hyperparathyroidism for patients after a kidney trans-
plant since a significant number of patients develop chronic renal insufficiency with 
decrease graft function and up to 20% of patients also progress to failure of the 
transplanted kidney and resumption of dialysis. Leaving as small an amount of 
parathyroid tissue as possible without leading to hypoparathyroidism with cryo-
preservation of parathyroid fragments is the ideal approach.
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19Observation Versus Surgery 
for Pregnant Patients with Primary 
Hyperparathyroidism

James Y. Lim and James A. Lee

Abstract
Primary hyperparathyroidism (PHP) in the pregnant patient can pose significant 
risks to the mother and fetus. The actual incidence of PHP in the pregnant popu-
lation is unknown as the subtle symptoms and findings can often be masked by 
the physical and physiologic changes that occur with pregnancy. The range of 
presentations runs from the asymptomatic to severely symptomatic. Symptoms 
in the mother can include all of the typical symptoms of PHP such as nephroli-
thiasis, dehydration, pancreatitis, bone disease, and hypercalcemic crisis as well 
as hyperemesis gravidarum. Symptoms manifested by the developing fetus can 
include spontaneous abortion, preterm delivery, postpartum neonatal tetany, and 
permanent hypoparathyroidism. The prompt diagnosis of this condition can pre-
vent many of these complications. The following chapter will discuss the physi-
ology of calcium homeostasis between the mother and fetus, diagnosis of PHP, 
as well as the surgical and medical treatment options.
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 Evidence Summary

The literature consists of case reports, case series, and reviews of the literature, with 
most papers describing a single case only. The total number of pregnant patients 
with primary hyperparathyroidism described in the literature amounts to less than 
200 cases. At earlier time points, patients tended to be managed medically, however 
with high associated maternal and fetal complication rates, the more recent trend 
has been towards surgical management. This move towards surgical management 
has led to a dramatic decrease in maternal and fetal complications. As the surgical 
and anesthetic techniques have become safer for, both, mother and fetus, the bene-
fits of surgery appear to outweigh the risks. From the period from 1992 to 2014, 
there were no case reports describing infant or maternal deaths in the peri-operative 
and peri-partum periods.

 Quality of Evidence

Numerous case reports and case series provide consistent results when comparing 
outcomes after surgical treatment versus medical treatment. The lack of any statisti-
cal measures or controls across the different case reports leads to evidence that is 
low in quality (Grade C).

 Best Estimates

There appear to be improved outcomes after surgery in pregnant patients with PHP 
for both the mother and fetus as compared to patients managed medically.

 Judgment of Benefits Versus Risks, Burden, and Cost

Given the reduction in maternal and fetal complications after parathyroidectomy, 
the benefits of surgery outweigh the minimal risks of surgery and general anesthesia 
as well as medical therapy alone. No cost analyses have been performed.

 Grade of Recommendation

Although the quality of evidence is low, the consistent demonstration of improved 
outcomes and lower maternal and fetal complications with surgical management are 
striking when compared to the potential complications including fetal demise if the 
mother’s hypercalcemic state is inadequately treated medically. The limited number 
of medications that can be safely used during pregnancy to aggressively treat hyper-
calcemia further limits the safety of medical management (Grade 1C).
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 Introduction

Primary hyperparathyroidism (PHP) is one of the most common endocrine disorders 
in the general population with an incidence of 0.15% [1]. Within this population, the 
disease is more common in women and it is estimated that the incidence within the 
childbearing population is up to 25% [2]. The actual reported incidence within the 
pregnant population is unknown with much of the medical literature limited to case 
reports and small case series. It is suspected that an estimated 80% of pregnant 
women with primary hyperparathyroidism are either asymptomatic, or the physio-
logic and physical changes of pregnancy leads to the masking of symptoms. PHP 
may also be underdiagnosed since current prenatal screening guidelines, according 
to the American Congress of Obstetricians and Gynecologists, do not recommend 
routine testing for calcium levels or parathyroid hormone (PTH) levels during preg-
nancy [3]. Since the first report of PHP in the pregnant patient was reported in 1939, 
the considerable morbidity associated with this condition has been well-recognized 
[4]. Undiagnosed, PHP during pregnancy is associated with significant risks of 
severe complications for both mother and fetus. The incidence of maternal and fetal 
complications is as high as 67% and 80% respectively, with maternal and fetal deaths 
the most serious of those complications. [5] However, with an appropriate level of 
suspicion and proper screening, management strategies have improved to make 
maternal and fetal complications preventable events (Table 19.1).

 Methods

A search of the Medline database from 1962 to 2014 with keywords related to pri-
mary hyperparathyroidism, pregnancy and its complications was performed. Letters, 
communications and non-English language papers were excluded. Papers were 
excluded if no medical treatment was instituted prior to childbirth and if the diagno-
sis of hyperparathyroidism occurred postnatal. References from all articles retrieved 
were also reviewed to identify any further additional articles.

 Calcium Homeostasis During Pregnancy

Over the course of a pregnancy, the developing fetus requires a total of 25–30 g 
of calcium which is obtained from the maternal circulation [6]. The majority of 
the calcium is transferred during the last trimester as bone mineralization of the 

Table 19.1 PICO table Population Pregnant patients with PHP
Intervention Parathyroidectomy
Comparator Observation, medical treatment
Outcomes Reduce maternal and fetal complications
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fetal skeleton accelerates. The transfer of calcium occurs across the placental barrier 
throughout gestation and the calcium pumps are thought to be maintained by para-
thyroid hormone–related peptide (PTHrP) secreted by the fetal parathyroid glands 
and placenta [5, 7]. PTHrP is consistently elevated during pregnancy as opposed 
to PTH levels which are often depressed [8]. Other physiologic changes that occur 
are an increase in extracellular fluid volume and increased renal clearance of cal-
cium due to an increase in glomerular filtration rate. Pregnant women excrete twice 
the amount of calcium in their urine as compared to non-pregnant women. These 
changes lead to a decreased level of total serum calcium while ionized calcium 
levels remain unchanged. Despite these increased demands on maternal calcium 
stores, there is no evidence that pregnant women suffer from skeletal demineraliza-
tion during a normal gestation. The primary compensatory adjustment that occurs 
in pregnant women are increased levels of 1,25-dihydroxyvitamin D, nearly two 
to three times the levels seen in non-pregnant women, resulting in an increased 
intestinal absorption rate of 0.8–1.5 g/day [9]. It was thought in the past that there 
was a physiological compensatory increase in parathyroid hormone but these levels 
are normally decreased during pregnancy. The mechanism behind the increase in 
1, 25-dihydroxyvitamin D levels in pregnant women is unclear, but these increased 
levels likely also explain the normal depression seen in parathyroid hormone levels 
in pregnant women due to inhibition at the level of gene transcription.

 Diagnosis of Primary Hyperparathyroidism During Pregnancy

Making the diagnosis of PHP in the pregnant population can be difficult. Subtle 
symptoms such as fatigue, lethargy, and proximal muscle weakness that might 
prompt an evaluation for PHP in the general population, can easily be overlooked in 
pregnant women [5]. One review looking at 70 cases, found the most common 
symptoms to be nausea/vomiting/anorexia (36%), fatigue/weakness (34%), mental 
symptoms (26%), asymptomatic (24%) and renal colic (17%) [10]. As a result, 
although women of childbearing age make up 25% of the total number of cases of 
PHP, PHP during pregnancy is rarely reported in the literature. It is presumed that 
the prevalence is underreported due to the nonspecific symptoms of presentation 
and, in addition, shunting of high levels of calcium to the fetus, especially in the 
third trimester, may also be protective against maternal hypercalcemia. The degree 
of maternal hypercalcemia can also be masked on laboratory tests by the changes in 
calcium homeostasis. These changes include calcium being shunted to the placenta, 
increased maternal hypercalciuria, as well as the physiologic hypoalbuminemia that 
develops during pregnancy. In the past, the diagnosis was most commonly made 
postpartum with the newborn presenting with tetany. An evaluation should also be 
prompted when patients have a history of, or present with, nephrolithiasis, peptic 
ulcer disease, pancreatitis, osteoporosis, severe nausea and vomiting, or a history of 
spontaneous abortions/stillbirths or neonatal death.

The workup of PHP during pregnancy is the same as for non-pregnant patients 
and should start with serum calcium, parathyroid hormone, and vitamin D levels. 
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However, different threshold values, especially for calcium should be considered. 
Elevated calcium levels may differ based on the trimester of the pregnancy. For 
example, one study stated that total serum calcium concentration greater than 
10.1 mg/dL (2.52 mmol/L) or 8.8 mg/dL (2.2 mmol/L) during the second or third 
trimester, respectively, should prompt the clinician to suspect possible hyperpara-
thyroidism [10]. Ionized calcium may also be useful in the pregnant patient as total 
calcium may be blunted by physiologic changes while ionized levels should remain 
unchanged. Elevated calcium levels in the setting of normal to elevated PTH levels 
confirm the diagnosis of PHP.  During the evaluation of PHP, the possibility of 
hereditary syndromes such as multiple endocrine neoplasia 1 and 2A should be 
considered, as well as familial hypocalciuric hypercalcemia. Once a diagnosis of 
PHP is made, parathyroidectomy should be considered for all pregnant patients in 
order to avoid the complications of the disease in both the mother and fetus.

 Fetal Complications

Untreated, PHP in the mother can cause significant morbidity to the fetus with an 
incidence of complications as high as 80% [11]. The major complications ranged 
from stillbirth, neonatal death, neonatal tetany, and permanent hypoparathyroidism. 
Of mothers that have been managed conservatively with medications, neonatal 
complications have been cited as high as 53% with one-third of those cases result-
ing in neonatal death [5, 12]. One study found that the rate of miscarriage was 3.5 
times higher in women with primary hyperparathyroidism, and fetal losses typically 
occurred in the late first or early second trimester [13]. The risk of fetal death was 
proportional to the elevation in the calcium levels within this study. Maternal cal-
cium levels above 11.5 mg/dL was associated with a 50% risk of fetal death and 
increased to 85% when calcium levels reached 13 mg/dL [13]. Other studies have 
found that maternal calcium levels do not correlate with the likelihood of complica-
tions [14]. More studies are necessary to identify at what elevated calcium levels, 
non-operative management may be safe for the fetus and mother.

Post-partum, neonatal tetany is the most common presentation of maternal 
PHP. This is due to the lack of development of the fetal parathyroid glands due to the 
chronically high levels of calcium provided by the maternal circulatory system dur-
ing pregnancy. Up to 50% of infants born to untreated mothers will demonstrate 
tetany, most often from day of life 2 to 14 [12, 15]. When this complication is antici-
pated and calcium supplementation is begun early, infant outcomes are generally 
good. In the most severe cases, hypocalcemia can persist in the infant for several 
months and several cases of permanent hypoparathyroidism in infants have been 
described due to persistently high levels of calcium during the first and second tri-
mesters of pregnancy [16]. Other fetal complications can include intrauterine growth 
restriction, low birth weight, and the risk of preterm delivery [5, 14, 17]. With proper 
interventions to treat the maternal hyperparathyroidism, fetal complications have 
been reduced by a factor of four [18]. The goal of treatment should be to bring the 
mother and fetus back to a eucalcemic state prior to delivery.

19 Observation Versus Surgery for Pregnant HPT Patients
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 Maternal Complications

Studies indicate that the complication rate for pregnant women with uncontrolled 
PHP is as high as 67% and mirror complications seen in the non-pregnant patient 
[19, 20]. Although rare, one of the most feared complications is that of acute hyper-
calcemic crisis. This condition is typically accompanied by elevations in serum cal-
cium greater than 14 mg/dL and has the potential for rapid deterioration. Symptoms 
of this condition include severe muscle weakness, fatigue, nausea, vomiting, dehy-
dration, uremia, confusion and mental status changes that can lead to coma and 
death. In particular, the postpartum period can lead to worsening hypercalcemia 
since the fetus is no longer present to divert calcium stores [20, 21]. Six cases of 
hypercalcemic crisis have been identified in the literature in pregnant patients. Three 
cases occurred during pregnancy and three cases occurred immediately postpartum. 
Each of these cases was associated with significant complications including mater-
nal death (two cases), fetal demise (two cases), or neonatal tetany (two cases) [10].

Nephrolithiasis is the most common complication seen in pregnant patients with 
PHP [2, 10, 22]. Recent studies looking at primary hyperparathyroidism have iden-
tified an incidence of nephrolithiasis in the pregnant population of 24–36% [10]. 
The risk of pancreatitis is also significantly elevated in pregnant patients with PHP 
with the prevalence in this specific population quoted at 7–13% as compared to a 
prevalence of 1–2% in the non-pregnant population. In patients with PHP and pan-
creatitis, the maternal mortality rate has been reported to be as high as 37% and 
premature labor rates are up to 60% when diagnosed in the third trimester [23].

Other complications that can occur in the mother include bone disease, hyper-
emesis gravidarum, urinary tract infections as well as the muscle weakness, consti-
tutional symptoms and mental status changes generally associated with 
hyperparathyroidism. Radiographically demonstrated bone disease has been 
reported in 13–19% of pregnant patients [24]. Hyperemesis gravidarum has also 
been found to be significantly increased in patients with PHP [5]. Finally, there have 
also been increased associations with preeclampsia and polyhydramnios in mothers 
with PHP [25, 26] (Table 19.2).

Table 19.2 List of maternal and fetal complications due to PHP in pregnancy

Maternal complications Fetal complications
• Dehydration
• Cardiac arrhythmias
• Nephrolithiasis
• Pancreatitis
• Bone disease
• Urinary tract infections
• Mental status changes
• Hyperemesis gravidarum
• Preeclampsia
• Coma
• Death

• Stillbirth
• Spontaneous abortion
• Preterm delivery
• Intrauterine growth retardation
• Neonatal tetany
• Permanent hypoparathyroidism
• Hypotonia
• Respiratory distress
• Neonatal death

J. Y. Lim and J. A. Lee
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 Management of Primary Hyperparathyroidism  
in the Pregnant Patient

Once the diagnosis of PHP has been confirmed, parathyroidectomy should be con-
sidered for all pregnant patients. Although there are no specific guidelines for sur-
gery in pregnant patients with PHP, guidance can be obtained by looking at current 
guidelines for the non-pregnant population. Indications for surgery in the general 
population include anyone who is symptomatic from PHP.  In the asymptomatic 
population, indications for surgery include serum calcium concentration of 1.0 mg/
dL or more above the upper limit of normal, creatinine clearance that is reduced to 
<60 mL/min, bone density at the hip, lumbar spine, or distal radius that is more than 
2.5 standard deviations below peak bone mass, and age less than 50 years [27]. 
Based on these criteria, parathyroidectomy for PHP will almost always be recom-
mended in the pregnant population either due to symptoms or on the basis that most 
women will be under the age of 50.

One of the largest reviews written on the topic demonstrated the benefits of para-
thyroidectomy in this patient population with improved outcomes in the surgical 
group as compared to the medically managed group. The review looked at 39 surgi-
cally treated cases and 70 medically treated cases of PHP during pregnancy and 
found the rate of neonatal complications and death in the medical group to be 53% 
and 16% respectively, while the rate of neonatal complications and death in the 
surgical group was 12.5% and 2.5%, respectively [12, 17]. Due to the significant 
maternal, fetal, and neonatal risks associated with primary hyperparathyroidism, 
surgery has become the recommended therapy for PHP in pregnant patients.

If possible, parathyroidectomy should be performed in the second trimester, 
when the risks of anesthesia-induced preterm labor are the least and the organogen-
esis that occurs in the first trimester is complete. For cases that are diagnosed in the 
third trimester, there is an increasing number of case reports in which parathyroid-
ectomy was performed safely during that period without an increase in preterm 
labor. These reports are in stark contrast to an earlier review that associated third 
trimester parathyroidectomy with a 58% perinatal complication rate and so surgery 
should still be given consideration, even in advanced gestation [10, 28–30].

Although parathyroidectomy is the definitive management of maternal PHP, 
medications can be used to stabilize patients and treat hypercalcemia if non-opera-
tive management is chosen. Pregnant patients with severe PHP are generally volume 
depleted and require rapid intravenous resuscitation with normal saline in a moni-
tored setting in addition to medications to treat the hypercalcemia. Calcium wasting 
diuretics such as Lasix (category C medication) can be started. Calcitonin (category 
B), an inhibitor of osteoclast function, and oral phosphate (category C), have both 
been used safely in pregnancies although they are known to cross the placental bar-
rier. Bisphosphonates, such as Pamidronate (category C), have been shown to be 
teratogenic in extremely high doses in rabbits and mice, and its safety in pregnancy 
is unclear. Mithramycin (category X) has been discontinued, and was never recom-
mended due to severe hepatic, renal and marrow toxicity [5]. Cinacalcet (category 
C), a calcimimetic agent that lowers calcium by acting at the extracellular calcium 
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sensing receptor, is another medication that is known to cross the placental barrier 
and must be used with caution in the pregnant patient. There have been isolated case 
reports where Cinacalcet has been used in pregnant patients with no adverse effects 
on the fetus reported [31]. These medications are particularly important when a 
pregnant patient is admitted in hypercalcemic crisis and needs to be initially stabi-
lized medically. The safety profiles of these medications have not been well studied 
in the developing human fetus and caution must be exercised when using any of 
these medications in the pregnant patient.

Conclusion

Primary hyperparathyroidism in pregnant women can carry high rates of morbid-
ity and mortality to both the mother and fetus when left untreated. Once diag-
nosed, parathyroidectomy, ideally in the second trimester, is recommended for 
definitive treatment. More studies are required to validate this recommendation 
in both the symptomatic and asymptomatic pregnant PHP populations given that 
the only available data consists of case reports and case series.
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Abstract
Primary hyperparathyroidism, a common endocrine disorder, is associated with 
familial disease in about 10% of cases. These syndromes include multiple endocrine 
neoplasia types 1, 2A and 4 (MEN1, MEN2A, MEN4), familial isolated hyperpara-
thyroidism (FIHP), and the hyperparathyroidism jaw tumor (HPT-JT) syndrome. 
HPT-JT syndrome, an autosomal dominant disease with incomplete penetrance, 
results from a germline inactivating mutation in the HRPT2 gene. HPT-JT manifests 
with about 20% of patients having multiple enlarged parathyroid glands and/or 
parathyroid carcinoma. Furthermore, 28% of patients will have a recurrence during 
follow-up. Since these patients have a high rate of multiple enlarged parathyroid 
glands, parathyroid carcinoma, and recurrence, it is controversial as to what is the 
optimal initial surgical approach for parathyroidectomy. Clinical evidence for the 
optimal initial surgical approach for HPT-JT syndrome is limited to case series and 
retrospective small cohort studies. Furthermore, there is scant data on the clinical 
utility of localization studies to select the optimal operative approach. Only one 
study reported the results of localization studies and showed a lack of benefit due to 
high rates of multigland disease that would have been missed if a focused parathy-
roidectomy approach was used. Given the high rates of multigland disease, parathy-
roid carcinoma, risk of recurrence, and the possibility of missing additional enlarged 
glands not seen on preoperative localizing studies, bilateral neck exploration with 
identification of all four glands and removal of enlarged glands would be the best 
surgical approach given our current knowledge.
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 Introduction

Primary hyperparathyroidism (PHPT) is a common endocrine disease that results 
from parathyroid adenoma(s) (single or multiple enlarged glands), or parathyroid 
carcinoma. In about 10% of cases, PHPT is associated with hereditary syndromes. 
These syndromes include multiple endocrine neoplasia types 1, 2A and 4 (MEN1, 
MEN2A, MEN4), familial isolated hyperparathyroidism (FIHP), and the hyper-
parathyroidism jaw tumor (HPT-JT) syndrome [1].

HPT-JT syndrome is an autosomal dominant inherited syndrome with incomplete 
penetrance and variable expression. In approximately 90% of carriers, PHPT will 
develop due to single or multiple parathyroid tumors. About 35% of patients may also 
develop ossifying fibromas of the mandible and/or maxilla [2]. Albeit less common, 
patients with HPT-JT syndrome also manifest with renal lesions (Wilm’s tumors, 
polycystic disease, hamartomas, and adenocarcinomas) and uterine tumors [1, 2]. A 
recent report also indicated that there may be an association with thoracic aneurysms 
and HPT-JT syndrome [3].

HPT-JT syndrome is due to inactivating mutations in HRPT2/CDC73, a tumor 
suppressor gene, located on chromosome 1q31.2. The HRPT2/CDC73 gene 
encodes the ubiquitously expressed nuclear protein parafibromin [4]. The function 
of parafibromin is believed to be inhibition of cellular proliferation through cell 
cycle arrest, and it is believed to act as a transcriptional regulator through interac-
tions with the RNA polymerase II–associated factor 1 (PAF1) complex [5]. The 
identification of the HRPT2/CDC73 as a susceptibility gene for HPT-JT and its 
presence as a somatic mutation in parathyroid carcinoma has provided additional 
information that should be considered when evaluating patients suspected or 
known to have HPT-JT.  One controversial issue is what the optimal surgical 
approach is in patients with HPT-JT? Variable approaches have been advocated in 
the literature ranging from a focused parathyroidectomy approach based on preop-
erative localization results versus routine bilateral neck exploration with four gland 
identification and removal of enlarged parathyroid gland(s). The controversy exists 
because of the high rates of multiglandular disease, parathyroid carcinoma, and 
recurrence in patients with HPT-JT.

 Search Strategy

A comprehensive review of the literature related to HPT-JT syndrome was 
 performed. Literature searches were conducted in the PubMed database using 
the  key words: hyperparathyroidism jaw-tumor syndrome, familial isolated 
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hyperparathyroidism, CDC73, and HRPT2. Searches were limited to the English 
language and human subjects. Our search returned 476 articles. Thirty-seven 
articles related to HPT-JT syndrome with clinical and surgical data were 
reviewed. When families were reported in multiple articles, either the most cur-
rent article related to that family or the article reporting the largest number of 
kindred was included in the analysis.

 Intervention

Approximately 90% of individuals with germline HRPT2/CDC73 inactivating 
mutations will develop biochemical evidence of PHPT [2]. Given the genetic pre-
disposition, these patients pose a clinical question as to what is the optimal surgi-
cal approach. The standard surgical approach for these patients has been bilateral 
neck exploration with four gland identification. A recent study by Iacobone et al. 
questioned whether a focused parathyroidectomy may be a superior approach 
compared to a bilateral neck exploration in order to reduce morbidity. Iacobone 
et al. reported retrospective results of parathyroidectomy in 17 affected members 
in three large families. In this study, 23 out of 44 patients who underwent clinical 
examination were found to be carriers. Of the 23 patients, one patient was excluded 
due to death from metastatic renal cell carcinoma and lack of clinical data regard-
ing parathyroid pathology. Six patients were asymptomatic, and in the remaining 
16 patients, the authors reported biochemical evidence of PHPT. All 16 patients 
underwent bilateral neck exploration with identification of all four parathyroid 
glands. At the time of surgery, all patients had only a single parathyroid adenoma. 
Final pathology showed parathyroid adenoma for fifteen patients, and one patient 
had an atypical parathyroid adenoma (classified as parathyroid carcinoma by the 
authors).

Based on these results and a review of the literature, the authors proposed a 
focused parathyroidectomy should be considered in patients with HPT-JT syndrome 
who have localizing studies suggesting single gland disease. In their analysis of the 
literature, they found that there was single gland involvement in 89.0% of patients 
and synchronous multiglandular involvement in only 13.2% of patients [1, 2, 6–28]. 
In addition, the authors reported that the rate of parathyroid carcinoma in their series 
was only 11.8%, compared to data in the literature showing 24.3% of patients with 
HPT-JT syndrome have parathyroid carcinoma. The theoretical advantage of such 
an approach would be to avoid tissue trauma, leading to less scar tissue in reopera-
tive cases, and possibly lower rate of recurrent laryngeal nerve injury and hypopara-
thyroidism as only one side of the neck would be explored. However, a major 
weakness in this study was that preoperative localization data was not reported. A 
recommendation of using a focused approach for parathyroidectomy in patients 
with HPT-JT syndrome should be based on data on the clinical utility of localizing 
studies similar to what has been done in patients with sporadic PHPT. Thus, the data 
presented by the authors can only speculate as to whether this approach would have 
been possible [29].

20 Four-Gland Exploration Versus Focused Parathyroidectomy



230

 Comparator

As in other familial PHPT syndromes, bilateral neck exploration and the identifica-
tion of four glands has been the gold standard surgical approach given the high rate 
of multigland disease in patients with germline mutations of HRPT2/CDC73. A 
comprehensive review of the literature showed a nearly one in five chance of having 
multigland disease at the initial neck exploration (Table 20.1). The rate of multi-
glandular disease in these patients is higher as compared to sporadic PHPT. Sarquis 
et al. reported their findings in three families [26]. The largest family had nine mem-
bers affected, and six out of the nine patients who had neck exploration and parathy-
roidectomy had multigland disease. Preoperative localization data was not reported 
[26]. The evidence in this case series provides a strong case for bilateral neck explo-
ration and four gland identification due to the rate of synchronous multigland 
involvement.

In another large cohort of patients, Mehta et al. examined the rate of multigland 
disease and parathyroid carcinoma. In that cohort, there were 16 affected family 
members, and the rate of synchronous multigland disease was 31.3%, or five out of 
16 patients. Most strikingly, however, was the rate of parathyroid carcinoma, which 
was 37.5%. Given the rate of synchronous multigland disease and the risk of para-
thyroid carcinoma, the authors recommended a bilateral neck exploration and four-
gland identification in all patients. Furthermore, in a thorough analysis of the 
literature, this study was the only study to report preoperative localization data with 
surgical approach and pathology with long term follow up. The authors found that 
preoperative localization was not always accurate for patients with synchronous 
multigland involvement with only two out of three patients being correctly identi-
fied with synchronous multigland involvement with preoperative localization stud-
ies [30].

The high risk of multigland disease and parathyroid carcinoma is also under-
scored by an affected patient reported by Korpi-Hyovalti et al.. In their series of 
patients, there were seven patients with HTP-JT and one patient had synchronous 
multigland disease. The patient underwent bilateral neck exploration and was found 
to have a 1.5 cm enlarged upper right parathyroid gland and a 1.4 cm enlarged upper 
left parathyroid gland. On final pathology, the authors reported that the right gland 
was parathyroid carcinoma based on histology showing vascular invasion and a Ki-
67 proliferation index of 5%. The left parathyroid gland was reported as an atypical 
adenoma. Preoperative localization studies were, unfortunately, not reported in this 
study [3].

 Outcome

In the literature, nearly all studies have defined cure as postoperative normalization 
of serum calcium and intact PTH levels for at least 6 months. Persistent disease has 
been defined as biochemical evidence of PHPT recurring within 6 months. Recurrent 
disease has been defined as biochemical evidence of PHPT occurring 6 months after 
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curative surgery. Iacobone et al. achieved cure by selective parathyroidectomy in 
93.3% of patients. One patient had persistent disease after en-bloc parathyroidec-
tomy and thyroid lobectomy. This patient was suspected and later diagnosed with 
parathyroid carcinoma. Aside from the patient with parathyroid carcinoma, the 
remaining patients were cured for an average of 12.3  years. Three patients had 
recurrent PHPT and were found to have metachronous single parathyroid tumors 
[29]. In another large series, Sarquis et al. had a higher rate of recurrence compared 
to the literature with eight out of 11 patients recurring after parathyroidectomy with 
an average disease free interval of 5 years. In the largest family, two out of the nine 
patients had persistent disease, and four out of the nine patients had recurrent dis-
ease. The average time to recurrence was 4.6 years for the six patients who had 
recurrence. One out of the nine patients had a second recurrence 30 years after her 
initial surgery [26]. Mehta et al. reported that one patient had persistent disease and 
three patients had recurrent disease. All four of these patients were found to have 
parathyroid carcinoma at either initial operation or subsequent operations. The aver-
age time to recurrence was 3.3 years for the three patients who were cured with their 
initial surgery [30]. In patients with HPT-JT, the rate of persistent/recurrent disease 
is approximately 28% based on review of the literature (Table 20.1).

In order to maximize the success of focused parathyroidectomy, preoperative 
localization studies should be reliable and accurate for demonstrating single gland 
disease. The evidence for the accuracy of localization in HPT-JT syndrome has not 
been reported extensively. To our knowledge, the study by Mehta et al. is the only 
study that analyzed preoperative imaging study results, surgical approaches, final 
pathology and patient outcome. Eleven patients with single gland disease and two 
patients with synchronous multigland disease were identified accurately by preopera-
tive imaging and confirmed after bilateral neck exploration and on pathology. One 
patient was thought to have single gland involvement by preoperative localizing stud-
ies, but was found to have synchronous multigland disease intraoperatively [30]. 
Given the paucity of preoperative localization data in HPT-JT syndrome, evaluating 
preoperative localization data in other familial PHPT syndromes such as MEN1 may 
be helpful. Nilubol et al. analyzed the accuracy of neck ultrasonography, sestamibi 
parathyroid scan, parathyroid protocol CT scan, and neck MRI relative to the total 
number of enlarged parathyroid glands found intraoperatively in patients with MEN1. 
Preoperative imaging was found to be not helpful in this cohort of patients, who like 
HPT-JT syndrome, had a high rate of synchronous multigland involvement [31].

The main risks of parathyroidectomy are bleeding, recurrent laryngeal nerve 
injury and hypoparathyroidism. Unfortunately, due to the rarity of the disease and 
lack of uniformity in reporting of case series, there is minimal data regarding com-
plications specifically in patients with HPT-JT. Mehta et al. did report that two out 
of 16 patients had postoperative permanent hypoparathyroidism. In their series, 
although there were no permanent recurrent laryngeal nerve injuries and/or hemato-
mas at initial operation, one patient did have a recurrent laryngeal nerve injury dur-
ing their second operation. Many of these patients will have recurrent disease, and 
the risk of recurrent laryngeal nerve injury in reoperative parathyroid surgery is 
higher [30]. This fact emphasizes the importance of patients with HPT-JT being 
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treated by an experienced endocrine surgeon. The importance of reporting compli-
cations and outcome data cannot be over emphasized and evaluation of this infor-
mation by surgeons is important in determining what the optimal surgical approach 
is for parathyroidectomy in patients with HPT-JT.

 Recommendations

The evidence for selecting focused parathyroidectomy or bilateral neck exploration 
with four gland identification and removal of enlarged parathyroid gland(s) in patients 
with HPT-JT syndrome is based on limited retrospective data. There are no prospec-
tive or randomized controlled trials and they are unlikely to be conducted given the 
rarity of HPT-JT syndrome, even at referral centers. Thus, the recommendation on the 
optimal surgical approach is based on the high rates of synchronous multigland dis-
ease, higher rate of parathyroid carcinoma at initial presentation or at the time of 
recurrent disease, and the overall higher rate of recurrence. In our own series of 
patients where we reported localizing data, surgical approach and final pathology, and 
follow up data, we believe that bilateral neck exploration with identification of all 
parathyroid glands and removal of enlarged glands is the optimal approach. In selected 
subjects a focused approach may be considered if (1) multiple localizing studies sug-
gest single gland disease, (2) the biochemical profile and imaging studies are not 
suspicious for parathyroid carcinoma, (3) intraoperative PTH monitoring will be used 
as an adjunct to confirm biochemical cure, (4) the patient is young with no family 
members who had parathyroid carcinoma, and (5) the patient prefers a focused 
approach, or has had a previous thyroid or parathyroid operation and presents with 
persistent/recurrent disease. In our opinion, the morbidity of parathyroid carcinoma 
and the high rate of synchronous multigland disease outweigh the morbidity of bilat-
eral neck exploration, especially when done by specialized endocrine surgeons.
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Abstract
Primary hyperparathyroidism is a common problem that is a result of the exces-
sive secretion of parathyroid hormone (PTH) from the parathyroid glands. This 
is most commonly caused by a single hypersecreting adenomatous gland. Most 
all patients with primary hyperparathyroidism meet criteria for surgery. The best 
operation should provide the highest rate of cure with the lowest rate of compli-
cations. The standard surgical approach has traditionally been a four-gland 
exploration. Though this method has endured many years of excellent cure rates, 
it has been challenged because a long-lasting cure is possible with the removal of 
a single adenoma in the majority of cases. Thus, a focused exploration via an 
image-guided, open unilateral exploration employing intraoperative PTH 
(ioPTH) monitoring has gained popularity over the last two decades. Specifically, 
ioPTH monitoring has been shown to be paramount to this approach, enabling a 
more limited exploration by accurately guiding gland excision and predicting 
postoperative cure. Several large series of focused parathyroid operations have 
shown excellent, durable cure rates similar to standard four-gland exploration. 
Focused exploration guided by ioPTH is a safe, effective technique that is recom-
mended for most patients with sporadic primary hyperparathyroidism.

Keywords
Primary hyperparathyroidism · Hypercalcemia · Four-gland exploration  
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 Population: Patients with Primary Hyperparathyroidism 
Undergoing Surgery

 Epidemiology

Primary hyperparathyroidism is a common problem with 100,000 new cases 
detected annually in the United States [1]. It is the third most common endocrine 
disorder, and the most common cause of hypercalcemia in the nonhospitalized 
patient [2]. It is more common in women than men. Prevalence depends on the age 
of the population being studied. It is present in about 1 out of every 500 women and 
1 out of every 2000 men over the age of 40 [3]. The typical patient is a postmeno-
pausal female.

For decades after its initial description as a medical disorder, primary hyperpara-
thyroidism was diagnosed after bone or renal complications produced symptoms. 
However, as routine calcium screening became more common with the advent of 
automated multichannel analysis in the early 1970s, there was a significant increase 
in its incidence. As an example, the annual incidence rose from 15 per 100,000 
person-years before 1974 (prescreening) to a peak of 112 per 100,000 person-years 
in 1975 following the introduction of calcium screening in the population of 
Rochester, Minnesota [4]. This was attributed to the identification of previously 
unrecognized patients with asymptomatic hypercalcemia and primary hyperpara-
thyroidism [5]. Furthermore, in this Rochester population, the proportion of patients 
presenting with classical symptoms or complications of primary hyperparathyroid-
ism decreased from 22% in the prescreening era to 6% thereafter [4]. A more recent 
study from a racially mixed population in Southern California showed that the inci-
dence of primary hyperparathyroidism tripled during the study period from 1995 to 
2010, increasing from 76 to 233 per 100,000 female-years and from 30 to 85 per 
100,000 male-years [6].

 Pathophysiology

Primary hyperparathyroidism is the result of excessive secretion of parathyroid hor-
mone (PTH) from one or more parathyroid glands. Chief cells in the parathyroid 
gland release PTH mainly in response to low extracellular calcium detected by a 
calcium-sensing receptor (CaSR) on their cell membranes. Other stimuli of PTH 
secretion include low levels of 1,25-dihydroxyvitamin D and hypomagnesemia. 
PTH along with vitamin D and calcitonin regulate serum calcium and phosphorus 
levels through their interactions with three target organ systems—the skeleton, the 
kidneys, and the gastrointestinal tract. In the bone, PTH stimulates bone resorption 
via increased osteoclastic activity. In the kidney, PTH promotes tubular reabsorp-
tion of calcium and the hydroxylation of 25-hydroxyvitamin D but inhibits phos-
phorus absorption. Finally, PTH indirectly stimulates calcium absorption from the 
gut by increasing 1,25-dihydroxyvitamin D production. As a result of these interac-
tions, PTH serves to increase serum calcium and reduce serum phosphorus. With 
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rising calcium levels, feedback inhibition of the CaSR on chief cells normally 
results in a decrease in PTH secretion.

Failure of this feedback regulation permits inappropriately high levels of PTH 
release. Primary hyperparathyroidism results from the autonomous production of 
PTH from one of three different pathologic lesions: parathyroid adenoma, parathy-
roid hyperplasia, or parathyroid carcinoma. Single gland adenomas are the most 
common cause (accounting for 75–85% of cases); double adenomas are seen in 
2–12% of cases, and three gland adenomas represent less than 1–2% of cases. Four- 
gland hyperplasia is seen in up to 15% of patients with primary hyperparathyroid-
ism, and parathyroid carcinoma is rare—accounting for approximately 1% of cases 
[2]. In the majority of patients, primary hyperparathyroidism arises spontaneously, 
and no known cause is identified to explain the loss of calcium sensitivity at the 
glandular level. Some authors have found an association between exposure of the 
head and neck to ionizing radiation and the future development of hyperparathy-
roidism [7]. Although the etiology of sporadic primary hyperparathyroidism is 
unclear, it is certainly different from secondary or tertiary hyperparathyroidism 
caused by chronic renal insufficiency and from familial disorders like multiple 
endocrine neoplasia (MEN) with identifiable genetic abnormalities.

 Diagnosis

 Clinical Manifestations

In the United States, most patients lack the classic clinical manifestations described 
by Fuller Albright such as osteitis fibrosa cystica, nephrolithiasis, peptic ulcer dis-
ease, pancreatitis, gout and neuromuscular weakness [8]. At first, primary hyper-
parathyroidism was a disease of the bones, but it soon became evident that kidney 
stones were more common. Historically, the classic pentad of symptoms included 
painful bones, kidney stones, abdominal groans, psychic moans, and fatigue over-
tones. Constipation, anorexia, polyuria, depression, fatigue, and weakness are mani-
festations of hypercalcemia in general. Only symptoms of fatigue, bone pain, and 
weight loss seem to correlate with the severity of hypercalcemia [9]. It is estimated 
that approximately 20% of patients with primary hyperparathyroidism present with 
symptoms from kidney stones, bone disease, or proximal neuromuscular weakness 
[10–12]. Nephrolithiasis is the most common complication (15–20%) and less than 
5% of patients present with osteitis fibrosa cystica. The clinical presentation often 
differs drastically in developing countries that do not have access to routine calcium 
screening. In these situations, the search for classic symptoms unveils the disease 
[13]. Perhaps these geographical differences in presentation can be explained to 
some degree by evidence suggesting the disease is more severe in countries where 
hypovitaminosis D is more widespread [14–16].

Today, the classic skeletal consequence of primary hyperparathyroidism is 
really only seen in parts of the world where symptomatic disease predominates. 
Advanced primary hyperparathyroidism is characterized by osteitis fibrosa cystica 
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(generalized bone pain, fragility fractures, “brown” tumors; radiologic features 
include salt-and-pepper appearance of the skull, subperiosteal bone resorption of 
the phalanges, and tapering of the distal third of the clavicle). Although this 
classic feature is now rare in most places, skeletal involvement remains a critical 
aspect of the disease. Today, bone mineral density (BMD) testing has become a 
suitable method for the detection of skeletal complications of asymptomatic 
primary hyperparathyroidism. BMD measurement is now a standard of care for 
the evaluation of this disease [17]. Usually, bone loss is most prominent in the 
distal one-third of the radius (comprised mostly of cortical bone) and least evident 
at the lumbar spine (comprised mostly of trabecular bone) [18]. Despite data 
suggesting that the spine is relatively preserved, most studies have demonstrated 
an increased risk of fractures at all sites—trabecular bone of the spine as well as 
cortical sites (forearm, hip)—in patients with primary hyperparathyroidism [19–
22]. A longitudinal 15-year study out of Columbia revealed progressive BMD 
losses from cortical sites in 37% of asymptomatic patients over the entire study 
period [23].

Nephrolithiasis is a key component of the classic pentad of clinical features 
described previously, and the kidney remains a principal target of primary hyper-
parathyroidism. The kidney is the organ most likely to demonstrate overt clinical 
manifestations as a result of the effects of the disease today. Approximately 15% 
to 20% of patients with primary hyperparathyroidism experience nephrolithiasis. 
About 3% of patients with stone disease have primary hyperparathyroidism [24]. 
Kidney stone disease is multifactorial and cannot be explained purely by hyper-
calciuria. Nevertheless, hypercalciuria is a significant urinary risk factor for the 
development of calcium oxalate and phosphate stones. Nephrocalcinosis (miner-
alization of the renal parenchyma) seems to be much less common and not present 
until disease becomes severe. Primary hyperparathyroidism is associated with 
renal insufficiency as well; this is demonstrated by a decline in estimated glo-
merular filtration rate below 60 mL/min in up to 17% of patients suffering from 
asymptomatic disease [25].

Currently many authors believe that primary hyperparathyroidism is associated 
with cardiovascular disease, including hypertension, coronary artery disease, heart 
failure, left ventricular hypertrophy, atherosclerosis, valvular calcifications, and 
cerebrovascular accidents. Cardiovascular morbidity and mortality were increased 
in classical primary hyperparathyroidism, but the cardiovascular outcomes from 
mild or asymptomatic disease continue to be less clear [17]. Studies out of Scotland 
found increased cardiovascular mortality in primary hyperparathyroidism [26, 27]. 
Hypertension is frequently associated with this disease, even among those with mild 
disease [28, 29]. Some studies have found that left ventricular mass [30] and aortic 
valve calcification area [31, 32] correlate with PTH levels but do not seem to 
improve following parathyroidectomy. A recent study suggested that the carotid 
artery may be more affected than the heart, indicating that primary hyperparathy-
roidism may not initiate but could propagate intimal medial thickness and plaque 
thickness [32]. However, the degree to which these relationships exist along with 
the reversibility of such manifestations following surgical correction remains a 
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topic of considerable debate as most available data are observational. Thus, at this 
time, there is no evidence to suggest that cardiovascular function or structure should 
be routinely evaluated in the workup of primary hyperparathyroidism [14].

Today, around 80% of patients diagnosed in the United States are asymptomatic 
with mild hypercalcemia. Because a biochemical diagnosis is often made inciden-
tally in an asymptomatic patient, the history and physical seldom provide any 
insight into the diagnosis of primary hyperparathyroidism. However, vague or non-
specific effects on fatigue, cognition, and depression may be more common than 
previously thought [33].

 Initial Investigations

Primary hyperparathyroidism is often initially suspected after an incidental finding 
of elevated calcium on routine serum chemistry. The total serum calcium should be 
adjusted for any albumin abnormality. Although ionized calcium can be measured, 
most centers use total serum calcium concentration. For the hypercalcemic patient, 
a serum calcium should be repeated in conjunction with intact PTH (iPTH). A diag-
nosis of primary hyperparathyroidism is established by an elevated PTH concentra-
tion in a hypercalcemic patient or by a PTH concentration that is within the mid to 
upper end of normal range but inappropriately high for a patient’s degree of hyper-
calcemia. The second most common cause of hypercalcemia is malignancy, which 
can generally be ruled out by an elevated PTH level.

Other laboratory values that are useful in confirming the diagnosis of primary 
hyperparathyroidism include 24-h urine calcium excretion (elevated in approxi-
mately 25% to 35% of patients) and 25-hydroxyvitamin D levels (usually low- 
normal range) [13]. Patients with primary hyperparathyroidism have a low or 
low-normal serum phosphorus level and an increased serum chloride-to-phos-
phorus ratio. Also, these patients exhibit a mild hyperchloremic metabolic aci-
dosis from renal bicarbonate wasting. Differential diagnosis of the hypercalcemic 
patient with an elevated PTH also includes familial hypocalciuric hypercalce-
mia (FHH), hyperparathyroidism secondary to lithium or thiazide diuretic 
administration, and tertiary hyperparathyroidism seen with end-stage renal 
disease.

Formally recognized in 2008, normocalcemic hyperparathyroidism has been 
detected most often through the evaluation of individuals with osteoporosis and 
recurrent nephrolithiasis [34, 35]. The diagnosis of normocalcemic hyperparathy-
roidism is a challenge. In order to make a diagnosis, all secondary causes of hyper-
parathyroidism must be ruled out, ionized calcium levels should be normal, and the 
serum 25-hydroxyvitamin D level should not be below the lower limit of normal. It 
is not yet clear whether patients with this normocalcemic variant in fact have an 
early form of primary hyperparathyroidism, and thus their calcium levels, if fol-
lowed long enough, would be expected to rise [36, 37]. However, this variant 
remains incompletely described with regard to its epidemiology, natural history, and 
management [17].
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 Natural History of Asymptomatic Primary 
Hyperparathyroidism Without Surgery

As mentioned previously, prior to the introduction of automated equipment for ana-
lyzing routine serum calcium levels, primary hyperparathyroidism was a symptom-
atic disorder in which debilitating bone disease, kidney stones, and muscular 
weakness were common. Throughout history, symptomatic patients have continued 
to undergo parathyroidectomy for prevention of disease progression and relief of 
symptoms. However, the majority of patients today seem to have a milder form of 
the disease and, thus, treatment decisions that are rooted in risk-benefit analyses 
hinge largely on the natural history of the disease. A prospective 10-year follow-up 
study was begun at the Mayo Clinic in 1968, and it showed that the majority of 
asymptomatic patients who were followed without surgery did well with no signifi-
cant disease progression [38]. Later, Rao et al. examined the course of 80 untreated 
asymptomatic patients for up to 11  years; there were no episodes of worsening 
hypercalcemia, renal function, nephrolithiasis, or densitometric indices during this 
period [39]. These studies and others like them validated the nonoperative surveil-
lance of mild asymptomatic primary hyperparathyroidism by reporting that rapid 
progression of biochemistry, symptoms, or metabolic complications is uncommon 
with borderline hypercalcemia.

However, a longitudinal 15-year follow-up study out of Columbia University 
Medical Center published in 2008 demonstrated that BMD in cortical sites (distal 
radius, femoral neck) declines over time in asymptomatic patients who do not 
undergo surgery regardless of administration of antiresorptive therapy, but BMD 
improves following parathyroidectomy [23]. Furthermore, 37% of asymptomatic 
patients in this study showed disease progression (i.e., developing one or more new 
indication for surgery during the study period) [23]. In another study, patients 
younger than 50 years of age were about three times more likely to have disease 
progression [40]. Several studies have provided more data on the natural history of 
untreated asymptomatic primary hyperparathyroidism [41–43]. Biochemistries may 
remain largely unchanged for up to 12 years, and BMD is stable for up to 8 years 
[23]. However, long-term observation seems suboptimal for skeletal outcomes. 
These data led to the consensus response that surgery is appropriate in the majority 
of patients with asymptomatic primary hyperparathyroidism despite evidence for 
biochemical and densitometric stability with nonsurgical surveillance because cur-
rent data suggests that this stability is not indefinite [44].

 Surgical Management of Primary Hyperparathyroidism

The approach to managing patients with primary hyperparathyroidism has under-
gone several changes over the last few decades. Yet, parathyroidectomy remains the 
only definitive cure [45]. There is universal agreement that all symptomatic patients 
should undergo surgery. However, the optimal treatment strategy for asymptomatic 
patients is less clear. In order to provide an evidence-based consensus on the 
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management of asymptomatic primary hyperparathyroidism, the National Institutes 
of Health (NIH) met in 1990, 2002, and 2013 to develop guidelines for the surgical 
treatment of this disease (Table  21.1). Surgery is also indicated in patients who 
refuse to undergo medical surveillance and in patients opting for an operation even 
if they do not meet any guidelines [14]. Following successful parathyroidectomy, 
kidney stone formation is reduced in those with a history of stones, bone density 
improves, fracture incidence decreases, and subjective improvements in 

Table 21.1 PICO table

P Population Patients with primary hyperparathyroidism undergoing surgery:
  • Symptomatic primary hyperparathyroidism
  • Asymptomatic primary hyperparathyroidism with following indications 

[14]:
   – Age <50 years
   – Serum calcium 1.0 mg/dL above the upper limit of normal
   – BMD by DXA: T-score <−2.5 at lumbar spine, total hip, femoral 

neck, or distal 1/3 of radius
   – Vertebral fracture by radiograph, CT, MRI, or VFA
   – Creatinine clearance <60 mL/min
   – 24-h urinary calcium >400 mg/day and increased calcium-

containing stone risk by biochemical analysis
   – Presence of nephrolithiasis or nephrocalcinosis by radiograph, 

ultrasound, or CT
I Intervention Four-gland exploration has served as the gold standard for several decades, 

demonstrating cure rates that range from 95 to 99% and a low risk of 
permanent recurrent laryngeal nerve injury (<1%) and permanent 
hypoparathyroidism (<0.5%)

C Comparator Focused exploration via an image-guided, open unilateral exploration 
employing ioPTH. With ioPTH monitoring, the surgeon can:
  • Make an objective determination of cure in the operating room
  • Often perform a more limited procedure with a potential to decrease 

risk of injuring the recurrent laryngeal nerves and other normal 
parathyroid glands

O Outcome A review of the literature comparing focused exploration using ioPTH 
monitoring to traditional four-gland exploration demonstrates the 
following:
  • No statistically significant difference in persistent primary 

hyperparathyroidism, which ranged from 0% to 4% for focused 
exploration

  • No statistically significant difference in recurrent primary 
hyperparathyroidism, which ranged from 0% to 4% for focused 
exploration

  • No statistically significant difference in complications (recurrent 
laryngeal nerve injury, permanent hypoparathyroidism, cervical 
hematoma, wound infection, etc.)

Focused exploration guided by ioPTH is a safe, effective technique that is 
recommended for most patients with sporadic primary hyperparathyroidism 
(moderate quality GRADE recommendation)

 BMD bone mineral density, CT computed tomography, DXA dual-energy X-ray absorptiometry, 
MRI magnetic resonance imaging, VFA vertebral fracture assessment, ioPTH intraoperative para-
thyroid hormone
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neurocognitive elements as well as quality of life are noted [14]. Cardiovascular 
disease is one of the most common causes of mortality in patients with both treated 
and untreated primary hyperparathyroidism [46–51]. However, at this time, para-
thyroidectomy should not be performed for improvement of cardiovascular end-
points [14]. Even with these guidelines in place, there still remains no true agreement 
among practicing endocrinologists and endocrine surgeons about whether most 
patients should be referred for parathyroidectomy or surveyed while administering 
medical therapy. Furthermore, the majority of patients who meet surgical criteria 
are not undergoing surgery [52].

 Intervention: Four-Gland Exploration

When surgery is indicated, the surgeon must choose the appropriate operative 
approach. The best operation among these choices should give the highest rate of 
cure with the lowest rate of complications. Traditionally, since Felix Mandel’s 
report of the first successful parathyroidectomy in 1925, the surgical management 
of primary hyperparathyroidism involved a bilateral neck exploration with visual-
ization of all four glands and removal of one or more enlarged glands [53]. However, 
minimally invasive parathyroidectomy (MIP) has gained popularity with improve-
ments in preoperative localization techniques and the development of intraoperative 
parathyroid hormone (ioPTH) monitoring. The definition of “minimally invasive” 
encompasses procedures that use open, endoscopic, and robotic-assisted techniques. 
This chapter will focus on comparing a bilateral exploration with an image-guided, 
open unilateral exploration employing ioPTH, which will be referred to as a 
“focused exploration.”

 Technique of Four-Gland Exploration

This procedure relies on an expert understanding of parathyroid embryology as well 
as normal and variant anatomy of the glands. Upon establishing a diagnosis of pri-
mary hyperparathyroidism, preoperative workup should include risk stratification 
of undergoing anesthesia and possible endoscopic evaluation of the vocal cords.

At our institution, the patient is placed under general anesthesia and positioned 
with a roll beneath the shoulders and the neck extended. The neck is open via a sym-
metrical transverse collar incision overlying the thyroid isthmus, which is typically 
about two fingerbreadths above the suprasternal notch. The platysma is divided, and 
a skin-platysma flap is developed within a relatively avascular plane just deep this 
muscle. The cervical fascia is divided in the midline and strap muscles separated 
from the underlying thyroid as well as thymus. Next, the thyroid lobe on the side to 
be explored is rotated anteriorly and medially. Sometimes the ipsilateral middle 
thyroid vein must be divided to allow this maneuver. In order to facilitate identifica-
tion of the parathyroid glands, the surgical field should remain bloodless if possible 
because blood staining of the tissues can make exploration quite difficult.
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The right upper parathyroid gland is sought first, followed by identification of the 
right lower gland. With the thyroid rotated anteromedially, the surgeon examines 
the tissues posterior to the lobe. A thorough understanding of the relationships seen 
with both normal and aberrant parathyroid anatomy is critical. A delicate dissection 
is carried out in the usual locations first. However, when a gland is unable to be 
identified in its normal location, the search is continued for an ectopic gland. Any 
abnormalities should be investigated. Normal parathyroid glands are a light yellow- 
brown color, whereas adenomatous glands take on a reddish-brown color. Suspicious 
fat lobules should be inspected and opened because the inferior parathyroid glands 
are often surrounded by thymic fat. The recurrent laryngeal nerve is not exposed 
routinely, but the surgeon must be familiar with its course so as to protect it from 
harm at all times. After both right-sided glands have been identified, the contralat-
eral neck should then be explored in a similar manner. In general, all four glands 
should be discovered before any gland is removed. When a solitary adenoma is 
found, the vascular pedicle of the gland is ligated and then resected. If more than 
one parathyroid gland is enlarged, they are resected, and normal glands are marked 
with a metallic clip to facilitate identification should re-operation be necessary. At 
least one of these normal-appearing glands should be biopsied and sent as frozen 
section to rule out parathyroid hyperplasia. A subtotal parathyroidectomy is per-
formed when all four glands are abnormal.

 Outcomes Following Four-Gland Exploration

The goal of parathyroid surgery is the excision of all hyperfunctioning glands so as 
to cure the patient’s disease, achieve normocalcemia, reverse metabolic complica-
tions, and relieve symptoms. The results for bilateral cervical exploration are 
outstanding.

 Cure Rates

Bilateral parathyroid exploration has served as the standard operation for a success-
ful cure of hyperparathyroidism for 90 years. The ultimate goal of parathyroidec-
tomy for primary hyperparathyroidism is to achieve postoperative eucalcemia that 
is both immediate and long-lasting. Although persistent and recurrent primary 
hyperparathyroidism are often presented as combined surgical outcomes, they are 
two very different entities. If elevated serum calcium is seen within the first 6 months 
postoperatively, then that patient is said to have persistent hyperparathyroidism. A 
failed initial operation is most often the result of surgeon inexperience, missed para-
thyroid adenoma (either in a normal or ectopic location), undiagnosed second ade-
noma, or misdiagnosis of parathyroid hyperplasia [54–57]. On the other hand, if 
hypercalcemia returns after 6 months of normocalcemia postoperatively, this is con-
sidered recurrent hyperparathyroidism. Whether this results from metachronous 
postoperative autonomous hypersecretion of a previously normally functioning 
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gland or from a synchronous additional latent abnormal gland that was previously 
unrecognized is a matter of debate. Multiple studies have demonstrated high surgi-
cal cure rates, ranging from 95% to 99%, with bilateral neck exploration and exci-
sion of all macroscopically enlarged parathyroid glands or histologically abnormal 
glands [58–65]. Recurrence following the traditional approach ranges from 0.4% to 
5% [58, 60, 62, 66–70]. The importance of an experienced surgeon cannot be over-
stated. In a 1988 study out of Scandinavia, it is clearly demonstrated that up to 70% 
of patients may fail to become normocalcemic in the hands of less experienced 
surgeons performing fewer than ten operations for primary hyperparathyroidism 
annually [71].

 Complications

Major complications following bilateral neck exploration and parathyroidectomy 
are rare. The overall combined perioperative morbidity is less than 4% in most 
reported series [45]. This rate may be slightly higher in the elderly patient undergo-
ing general anesthesia. Mortality is rare if not nonexistent in the majority of 
studies.

Hoarseness is a postoperative finding that is often indicative of a recurrent laryn-
geal nerve injury, which may be transient or permanent. Injury may be a result of 
crushing or traction as opposed to actual transection of the nerve [72]. However, this 
hoarseness may be the result of endotracheal intubation, which can have an inci-
dence up to 40% [73]. Permanent recurrent nerve injuries are generally reported to 
be less than 1% at the time of initial exploration [62–65]. Injuries involving the 
external branch of the superior laryngeal nerve are often subtle clinically and less 
likely to be reported [45]. Meticulous dissection by a surgeon well versed in the 
possible variations of the course of these nerves helps to avoid injury.

Postoperative hypocalcemia to some degree occurs relatively frequently, espe-
cially in patients who are severely hypercalcemic or chronically vitamin D deficient 
preoperatively. This is usually transient in nature and managed on an outpatient 
basis with oral calcium and vitamin D supplementation. Symptoms of hypocalce-
mia include perioral or digital paresthesias, anxiety, tetany, and seizures. Mild hypo-
calcemia is often caused by a transient relative hypoparathyroidism, resulting from 
a delay of normal parathyroid glands in returning to their baseline functional status 
after a period of suppression by hyperactive tissue. Permanent hypoparathyroidism 
is much less common but can occur secondary to ischemia from a failure to preserve 
the blood supply to normal parathyroid glands or following subtotal parathyroidec-
tomy for multigland disease with nonviable remnant tissue. In a study of 1112 
patients undergoing bilateral neck explorations for primary hyperparathyroidism, 
transient hypocalcemia was seen in 1.8% of patients with no patients suffering per-
manent hypoparathyroidism [63]. Other studies demonstrate similar results with 
permanent hypocalcemia rates less than 0.5% [60, 65].

Wound infections and neck hematomas are rare (<1%), but a potentially fatal 
airway obstruction can occur from a rapidly expanding hematoma that should be 
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managed emergently with evacuation if encountered. Despite the observed success 
and limited morbidity of this approach, there has been a steady worldwide trend 
toward a more focused, unilateral exploration.

 Comparator: Focused Exploration Using Intraoperative 
Parathyroid Hormone Monitoring

 Historical Perspective of Unilateral Exploration

The operative approach to parathyroid exploration has undergone a major shift over 
the past three decades. Although the bilateral neck exploration has endured many 
years of excellent cure rates, it has been challenged because a long-lasting cure is 
quite often possible with the removal of a single adenoma—accounting for up to 
85% of cases of sporadic primary hyperparathyroidism.

Unilateral neck exploration was initially advocated by Wang [74] and later by 
Tibblin [75] in the 1970s when an adenoma and a normal gland were found on the 
same side. The Lund University surgeons advocated for intraoperative oil red O 
staining of frozen sections of the macroscopically normal ipsilateral gland to 
exclude the possibility of multiglandular disease [75]. In principle, the goal was to 
restrict the neck exploration to the side with the solitary adenoma. At first, surgeons 
did not use localization studies, and so approximately half of patients had the cor-
rect side explored originally. If the wrong side was explored initially, an adenoma 
was sought on the opposite side. Then, there was a surge of interest in parathyroid 
localization with preoperative imaging. Early efforts often were of limited value 
leading to the often quoted remark by Doppman, an interventional radiologist, who 
said the “only localizing study necessary for primary hyperparathyroidism is to 
locate an experienced parathyroid surgeon.” [76, 77] However, over the following 
decades, we have seen a trend toward a focused exploration. This paradigm shift is 
primarily attributable to the advancements made in the accuracy of preoperative 
localization tests and availability of ioPTH monitoring.

 Preoperative Localization Tests

In an effort to improve the surgeon’s likelihood of initially exploring the correct side 
beyond that of mere random chance, preoperative imaging studies have been 
developed to guide the surgeon to the side with the adenoma. The strategy involves 
knowledge of and dissection on the side of the adenoma, thus reducing the operating 
time, cost, and possibly some of the morbidity associated with the procedure. No 
localization study should be regarded as diagnostic. These tests are meant for opera-
tive planning, and so it follows that they are unnecessary if a patient is not an opera-
tive candidate [78]. Thus, the surgeon in collaboration with the radiologist or nuclear 
medicine physician should be making the decisions regarding parathyroid localiza-
tion [45]. Preoperative imaging is not required for bilateral neck exploration in the 
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“virgin neck” because all four glands will be investigated intraoperatively. 
Consequently, localization is most appropriate when a focused approach or a reop-
erative neck case is planned.

Multiple imaging modalities are available for identifying the offending parathy-
roid gland(s). They can be divided into invasive and noninvasive tests. Noninvasive 
imaging studies include ultrasonography, technetium 99m (99mTc)-sestamibi scin-
tigraphy, computed tomography (CT), and magnetic resonance imaging (MRI). 
Invasive options consist mainly of selective venous sampling and parathyroid 
arteriography.

 Ultrasound
Cervical ultrasonography for the evaluation of parathyroid glands was first described 
in the late 1970s [79, 80]. Preoperative parathyroid ultrasonography was introduced 
at our institution a few years later, and we reported on our initial experiences with 
this technique between 1979 and 1988 [81]. Normal glands are uncommonly visual-
ized with this modality. Retroesophageal lesions are infrequently visible, and ultra-
sound cannot be used to locate mediastinal glands because it cannot penetrate the 
sternum. Parathyroid adenomas are characteristically homogeneous, hypoechoic 
structures with a peripheral rim of vascularity on ultrasonography employing gray-
scale and color Doppler imaging [82]. A meta-analysis that included 19 studies 
reporting results on parathyroid ultrasound demonstrated a pooled sensitivity and 
positive predictive value (PPV) of 76% and 93%, respectively [83]. This study 
included only patients at the time of initial presentation with primary hyperparathy-
roidism regardless of etiology, but another review of the literature [84] showed that 
sensitivity diminishes for patients with double adenomas (16%) and multiglandular 
hyperplasia (35%). Smaller gland size, ectopic gland location under the sternum or 
behind clavicles, and patient obesity have also been shown to limit the detection of 
abnormal glands [85].

Ultrasound is attractive because it is widely available, it is inexpensive, it does 
not expose the patient to ionizing radiation, and it can be performed by the surgeon. 
Also, concomitant thyroid pathology is seen in approximately 20% to 30% of 
patients with primary hyperparathyroidism [86]. Cervical ultrasound is a sensitive 
technique for evaluating the thyroid for synchronous nodules and preparing for the 
possibility of simultaneous parathyroid-thyroid surgery [87–89]. Although ultra-
sound has been successful in the localization of larger adenomas found within the 
neck in the absence of concurrent thyroid pathology, the accuracy of this modality 
is highly dependent on skilled sonographers performing and interpreting the study 
[81, 90–93].

 Sestamibi Scintigraphy
Young et al. initially described the ability to reliably locate parathyroid adenomas 
utilizing thallium-201 (201Tl) and 99mTc subtraction scintigraphy in 1983 [94]. In 
1989, Coakley et al. reported that 99mTc-sestamibi, which was being used for cardiac 
imaging at the time, also was concentrating within parathyroid tissue [95]. A variety 
of nuclear scintigraphic agents have been employed, but 99mTc remains the agent of 
choice today. Mitochondrial uptake of 99mTc-sestamibi occurs in both the thyroid 
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and parathyroid glands, but the radioisotope is retained longer by the mitochondria- 
rich parathyroid glands. Normal parathyroid glands are not seen on sestamibi scin-
tigraphy, but hyperfunctioning tissue more avidly concentrates 99mTc-sestamibi. A 
review of the literature demonstrates a wide range of sensitivities for sestamibi 
scanning. One meta-analysis of 52 studies reported sensitivities from 39% to greater 
than 90% [96]. Parathyroid hyperplasia and multiple adenomas can cause false neg-
ative results [97], and concurrent thyroid disease, particularly follicular and Hurthle 
cell thyroid neoplasms, may result in false positive results [98, 99]. Another meta- 
analysis found an overall sensitivity of 88% for single adenomas, 30% for double 
adenomas, and 44% for multiple gland hyperplasia [84].

Similar to ultrasonography, the advantages of 99mTc-sestamibi include wide-
spread availability and relatively low cost. Sestamibi scanning is less operator 
dependent than ultrasound, and its wider field of view facilitates the evaluation of 
ectopic glands, namely those in the mediastinum or retroesophageal locations [95]. 
Also, like ultrasound, sestamibi scintigraphy is more accurate in predicting the side 
rather than the quadrant of a single adenoma [100]. Scintigraphy does result in a 
modest dose of radiation.

Sestamibi scanning can be enhanced by three-dimensional imaging through its 
fusion with single-photon emission computed tomography (99mTc-SPECT or 
SPECT) and with CT (99mTc-SPECT/CT or SPECT/CT) to yield more readily inter-
pretable images as well as provide better anatomic detail. The additional dimension 
improves detection of ectopic glands and multiglandular disease along with overall 
sensitivity compared to planar imaging. A meta-analysis of 9 SPECT studies reports 
a pooled sensitivity and PPV of 79% and 91%, respectively, for this modality [83]. 
Another meta-analysis reviewing 24 studies showed a pooled sensitivity of 86% for 
SPECT/CT, which was superior to the sensitivities of SPECT (74%) and planar 
(70%) techniques [101]. Although these results are encouraging, SPECT/CT results 
in both increased cost and radiation exposure [78]. Also, by adding delayed sesta-
mibi scans (so called dual-phase imaging) or subtraction techniques to planar, 
SPECT, or SPECT/CT, even higher accuracy may be obtained by decreasing false 
positives that result from concurrent thyroid lesions or lymph nodes [102]. However, 
multiglandular disease remains difficult to image whether employing SPECT or 
SPECT/CT. Based on this data, dual-phase SPECT or SPECT/CT is often the pre-
ferred imaging modality for parathyroid localization prior to initial exploration by 
most surgeons.

 Computed Tomography
Although standard CT with intravenous contrast has been used in the evaluation of 
parathyroid adenomas, its sensitivity has been inferior to that of other techniques, 
and it exposes the patient to more radiation than other modalities. Yet CT can be 
helpful in visualizing mediastinal tumors as well as those in a retroesophageal loca-
tion. Four-dimensional CT (4D-CT) is an imaging modality that relies upon the 
characteristic rapid uptake and washout of contrast from parathyroid adenomas. The 
fourth dimension is time. 4D-CT seems particularly useful in reoperative neck cases 
where other initial imaging studies (sestamibi and ultrasound) fail to localize a 
tumor. In a study of 45 patients with primary hyperparathyroidism who had 
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undergone previous neck exploration, 4D-CT demonstrated 88% sensitivity for 
abnormal parathyroid glands compared to SPECT or neck US (54% and 21%, 
respectively) [103]. 4D-CT also seems highly effective in detecting the presence of 
multiglandular disease and the location of ectopic glands [104]. Compared to 
SPECT, 4D-CT results in a modest increase in total radiation dose; however, the 
radiation dose to the thyroid with 4D-CT is 57 times that of SPECT [105]. This 
must be considered particularly in young patients, who tend to have a higher risk of 
thyroid cancer [105]. In addition to the radiation exposure, 4D-CT is not widely 
available, and it is difficult to interpret.

 Invasive Localization
Venous catheterization with sampling for PTH, referred to as selective venous sampling 
(SVS), as well as parathyroid arteriography have largely been replaced by the above 
described noninvasive imaging modalities. However, these more invasive options still 
may play a role in lateralizing the side of disease in difficult reoperative cases with 
inconclusive, contradictory, or nondiagnostic noninvasive localization studies [78].

In summary, ultrasound, sestamibi scintigraphy, and CT scans are the most com-
monly utilized localization studies today [90]. The most preferred approach to 
localizing abnormal parathyroid glands in a patient with an initial diagnosis of pri-
mary hyperparathyroidism is combining 99mTc-SPECT with cervical ultrasound. 
Four-dimensional CT is reserved for equivocal or discordant initial imaging results. 
Preoperative localization is most commonly utilized today when a focused explora-
tion is planned or in patients with prior history of a neck operation. With experi-
enced sonographers and nuclear medicine physicians, the combination of SPECT 
and ultrasonography can accurately localize greater than 90% of single parathyroid 
adenomas preoperatively [106]. However, as discussed above, these localization 
studies may fail to recognize double adenomas and multiple gland hyperplasia. 
Moreover, nonlocalizing studies seem to be more common in patients with multi-
glandular disease [107]. Traditionally in cases of multigland disease, one-third of 
patients will have a negative scan, one-third will have a scan consistent with a single 
adenoma, and one-third will have a scan showing more than one abnormal gland 
[108, 109]. It should be emphasized that negative or discordant imaging studies 
should not discourage physicians from referring a patient to an endocrine surgeon 
[78]. Because the incidence of multiglandular disease is reported between 4% and 
30% [110–119], reliance on imaging alone appears to increase the operative failure 
rate [107, 120, 121]. Thus, other adjuncts have been applied to rule out multiglan-
dular disease intraoperatively.

 Intraoperative Localization Tests

 Intraoperative Gamma Probe
Some surgeons have promoted utilization of an intraoperative gamma probe as a 
useful aid in parathyroid exploration [122, 123]. Following the intravenous admin-
istration of 99mTc-sestamibi preoperatively, hyperfunctioning parathyroid glands are 
identified by a handheld gamma probe that assesses sestamibi uptake. However, the 
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expert panel constituted by the Committee of the Fourth International Workshop on 
the Surgical Management of Asymptomatic Primary Hyperparathyroidism does not 
advocate routine use of this technique [45]. It is an adjunct that may be employed in 
reoperative cases.

 Intraoperative Parathyroid Hormone Monitoring
A focused parathyroidectomy utilizes preoperative localization (where to start) and 
intraoperative PTH monitoring (when to stop) to guide operative success as well as 
to minimize dissection and time in the operating theater. Theoretically, once all 
hyperfunctioning tissue has been resected, the circulating levels of PTH should 
decline. If levels fail to decline, then additional hyperfunctioning tissue needs to be 
removed. Because of the short half-life of PTH (mean half-life of 3.5 to 4 min), it is 
ideal for monitoring intraoperatively in order to prove that surgical cure has been 
accomplished. Nussbaum and coworkers first described intraoperative measure-
ment of intact PTH in 1988 using a two-site antibody technique that proved more 
sensitive and specific than previous assays [124]. In 1991, Irvin et  al. modified 
Nussbaum’s technique and reported on a quick method for intraoperative PTH 
(ioPTH) monitoring as a “biochemical frozen section” that would provide feedback 
within 15 min [125]. A rapid PTH assay then became commercially available in 
1996, facilitating its widespread utilization in the operating room. Since this time, 
ioPTH has been employed more and more frequently during parathyroid surgery, 
particularly with focused exploration.

There are numerous assays available for intraoperative use today, but the princi-
ples underlying their use in the operating room are similar for all. The ioPTH assay 
confirms the resection of all hyperfunctioning parathyroid glands, helps to direct 
decisions regarding need for further cervical exploration, and allows for a focused 
unilateral parathyroid exploration. Furthermore, PTH levels can be analyzed from 
fine-needle aspirates or frozen sections to determine if suspicious tissue is indeed a 
parathyroid gland in the operating room rather than a lymph node or thyroid nodule 
[126]. Lastly, the assay can also be used to lateralize the side of the neck that is 
harboring hypersecreting tissue through the measurement of a jugular venous gradi-
ent in patients with equivocal preoperative imaging studies.

A considerable amount of controversy surrounds the criterion that should be 
used to predict operative success, as the accuracy of this surgical adjunct seems to 
depend on the timing and frequency of ioPTH measurements as well as the 
percentage drop in PTH levels from baseline values. An optimal algorithm for 
ioPTH monitoring is one that accurately validates cure—particularly for 
multiglandular disease—as well as minimizes unnecessary cervical exploration, 
resection of normally functioning parathyroid glands, operative time, and number 
of blood draws. In 1993, Irvin first described the “Miami criterion” that could be 
used to predict a postoperative return to normocalcemia [127]. This criterion is 
defined as a 50% or more drop in ioPTH from the highest of either the pre-incision 
or pre- excision level at 10 min after resection of all hyperfunctioning tissue [110, 
127]. Since this criterion was established, a significant amount of work has gone 
into defining the optimal interpretation strategy of ioPTH values. Several other 
authors have developed protocols for monitoring changes in ioPTH dynamics in 
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an attempt to better confirm operative cure (Table  21.2). Furthermore, scoring 
models that utilize either pre- or intra- operative variables are available to predict 
the likelihood of multiglandular disease and thus those most likely to benefit from 
further neck exploration [128, 129].

In the operating room, peripheral vein cannulation is most commonly used for 
collection of blood samples. Jugular venous sampling often demonstrates higher 
overall absolute ioPTH values when compared to peripheral samples, thus increas-
ing the time it takes ioPTH levels to decline adequately and possibly leading to 
unnecessary neck explorations. Vein access is kept open with saline infusion 
throughout the procedure. Only 2–3 mL of whole blood is needed for ioPTH mea-
surement, but prior to taking this sample 10  mL of blood is discarded to avoid 
sample dilution by saline infusion. The blood sample is placed in an 
ethylenediaminetetra- acetic acid (EDTA) coated glass tube. Routinely performing 
blood draws at specific intervals during parathyroidectomy allows for reliable 
analysis of intraoperative hormone dynamics. When following the Miami criterion, 
samples are most commonly taken at the following times: (1) before skin incision is 
made (pre-incision); (2) just before dividing the blood supply to the suspicious para-
thyroid gland (pre-excision); (3) at 5 min after excision of the suspected gland; and 
(4) at 10 min post-excision. During the 8 to 15 min of turnaround time for ioPTH 
assays, the surgeon can close the incision. Manipulation of the remaining normal 
parathyroid glands can falsely elevate PTH levels and delay hormone decline, thus 
manipulation should be avoided when closing. If the assumed criterion is not met 
with the 10-min level, then the surgeon should pursue further neck exploration by 
finding the other ipsilateral gland before moving to the contralateral side and employ 
the same protocol for each additional hyperfunctioning gland removed.

Table 21.2 Criteria for intraoperative parathyroid hormone (ioPTH) decline to predict cure

Miami criterion [110] An ioPTH drop by 50% or more from the highest of either  
pre-incision or pre-excision level at 10 min post-excision

Vienna criterion [113] An ioPTH drop by 50% or more from the baseline (pre-incision) 
within 10 min post-excision

Halle criterion [113] An ioPTH drop into the low-normal range (≤35 pg/mL) within 
15 min post-excision

Rome criterion [134] An ioPTH drop by greater than 50% from the highest pre-excision 
level, and/or ioPTH concentration within the reference range at 
20 min post-excision, and/or ioPTH less than or equal to 7.5 pg/mL 
lower than the value at 10 min post-excision

Wisconsin rule [132] An ioPTH drop by 50% or more from the baseline (pre-incision) at 
5, 10, or 15 min post-excision
  • If the 5-min post-excision value is elevated above the baseline 

pre-incision value, then the “baseline” should be reset to this peak 
(5-min) value, and curative resection is then predicted by a 50% 
fall in the ioPTH level from the redefined 5-min ioPTH peak 
within 15 min of this peak (approximately 20 min after resection 
of the initial gland)

Mayo protocol [140] An ioPTH drop by 50% or more from baseline (pre-excision) to a 
normal (or near normal) level at 10 min post-excision
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The PTH level measured for diagnosis of primary hyperparathyroidism should 
not be used as the pre-incision sample. All values should be collected under the 
same conditions and using the same assay that will be utilized in the operating 
room. The second or pre-excision sample will help to capture any decrease or 
increase in circulating PTH that may have occurred during gland dissection. Refer 
to Table 21.3 regarding definitions used to calculate the accuracy of ioPTH. Carniero 
et al. proposed that inadvertent premature devascularization of the hyperfunction-
ing gland during dissection may result in a pre-excision value that has already 
fallen below the pre-incision value [110]. Riss et  al. reported that PTH spikes, 
defined as an increase in PTH exceeding 50 pg/mL before excision of the gland, 
resulting from the manipulation of hypersecreting glands may occur in 15% to 
50% of patients [130]. For example, the Miami criterion could incorrectly predict 
a cure (i.e., false positive) before removal of any tissue if the highest ioPTH value 
was to be obtained during one of these spikes. Also, one can debate whether this 
elevated ioPTH level is a true reflection of the patient’s PTH level, and so it fol-
lows that a 50% drop from this falsely elevated level might result in increased 
failure rates. Chiu and colleagues reported that always using the pre-incision level 
as baseline may actually detect more abnormal glands by reducing false positives 
[131]. On the other hand, spikes occurring at the time of adenoma removal might 
result in a delayed decay of ioPTH and incorrectly predict the presence of addi-
tional hyperfunctioning tissue (i.e., false negative), thus leading to unnecessary 
bilateral explorations [130]. To cut costs incurred by multiple measurements, 
some surgeons employ a protocol that does not include a pre-excision value. 
However, when a pre-excision level is not obtained, a 50% drop may not be 
obtained at 10 min post-excision because of the aforementioned PTH spike that 
may occur. A criticism of this method is that it results in too many unnecessary 
continued neck explorations [110]. Because this PTH stimulation may be the 
result of surgical manipulation as opposed to multigland disease, a few studies 
[45, 130, 132] recommend that the surgeon should attempt to wait for the ioPTH 
to fall below 50% of the pre-incision baseline value, especially if the suspicious 
gland was correctly located by preoperative imaging. The Wisconsin rule was 
developed to help obviate this potential pitfall and avoid any unnecessary explora-
tion [132]. Barczynski et al. showed that using the Miami criterion without adding 
15 and 20 min post-excision samples may contribute to a higher number of false 
negative explorations [115]. In addition, prolonged PTH clearance in patients 
with subclinical renal insufficiency may contribute to false negatives [130].

Table 21.3 Definitions used to calculate the accuracy of intraoperative parathyroid hormone 
(ioPTH) with the Miami criterion in predicting postoperative calcium levels

Operative success (normal or low 
calcium for ≥6 months postoperatively)

Operative failure (high calcium 
within 6 months postoperatively)

ioPTH drop 
by ≥50%

True positive False positive

ioPTH drop 
by <50%

False negative True positive
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The Miami criterion is the most commonly employed algorithm today [45]. 
In 2004, Irvin et al. reported that this criterion predicted postoperative calcium 
levels with a false negative rate of 2%, a false positive rate of 1%, a sensitivity 
of 98%, a specificity of 96%, and an overall accuracy of 98% [133]. However, 
there have been variable success rates reported in the literature utilizing this 
algorithm to predict cure, largely attributed to missed double adenomas or mul-
tiglandular hyperplasia [109, 114, 134–137]. For example, Siperstein et al. pub-
lished a large study to evaluate the prevalence of additional parathyroid 
pathology following focused parathyroidectomy by continuing with bilateral 
exploration with excision of additional enlarged glands despite a significant 
drop of ioPTH levels [114]. In this study, the authors suggest that unrecognized 
enlarged glands may be left in situ in at least 16% of patients, risking future 
recurrent hyperparathyroidism [114]. However, the Miami group claims that 
ioPTH monitoring does not miss multiglandular disease in a review of its 
10-year outcomes with a mean follow-up of 83 months where the recurrence 
rate was 3% [138]. In fact, the main cause of operative failures in another study 
by the Miami group was the surgeon’s inability to find the abnormal gland rather 
than missed multiglandular disease [139]. Other investigators have suggested 
stricter criteria or alternative interpretations so as to reduce the reported inci-
dence of false positives (i.e., failure to recognize multigland disease and achieve 
cure despite a sufficient drop in hormone levels) [113, 134, 135, 140]. Richards 
and colleagues reported on the Mayo protocol, stating that it had the highest 
sensitivity (96%), PPV (99%), and accuracy (95%) compared with other strate-
gies, including a 50% drop from baseline at 10  min post-excision [140]. 
Specifically, with respect to multiglandular disease, the Mayo protocol [141] 
may have a higher sensitivity (95%), specificity (100%), and accuracy (97%) 
compared to that reported by the Miami group—90%, 94%, and 92%, respec-
tively [110]. Another study suggests that even stricter criteria (post-excision 
ioPTH level that is ≥75% lower than baseline and within normal range) should 
be used to predict success when multiglandular disease is recognized [142]. 
However, stricter criteria than the Miami criterion were estimated to increase 
operative success by only 0.3% but significantly increase unnecessary bilateral 
explorations to 20% in one study [143]. In general, attempts at improving 
detection of multiglandular disease by lowering the number of false positive 
outcomes have resulted in an increased specificity but at the cost of further 
unnecessary neck explorations with prolongation of operative time through an 
increase in false negatives, lower sensitivity and lower overall accuracy [115].

Because the various criteria for ioPTH monitoring were not found to be equiva-
lent in predicting cure or detecting multiglandular disease, there have been multiple 
studies comparing these strategies [110, 113, 115, 131]. Barczynski et al. performed 
a retrospective review of the Miami, Vienna, Halle, and Rome ioPTH criteria [115]. 
This study found that the Miami criterion followed by the Vienna criterion had the 
highest overall accuracy in predicting cure (97% and 92%, respectively) while the 
Rome criterion followed by the Halle criterion was most useful in the intraoperative 
detection of multiglandular disease. In contrast, another study by Riss et al. found 

W. Barnes et al.



257

that the Vienna and Halle criteria correctly detected multiglandular disease in 91% 
of patients, whereas the Miami criterion did so in only 57% of patients [113]. A 
criticism of some of these comparison studies is that the incidence of multiglandular 
disease ranged from only 4% to 7% [110, 113, 115, 117–119, 144, 145], whereas a 
rate of 15% to 30% is reported by other groups [111, 112, 114]. It is possible that 
these higher rates may overestimate the true incidence of multiglandular disease as 
these unrecognized enlarged glands are not necessarily hyperfunctioning, thus may 
not be contributing to hyperparathyroidism. Long-term follow-up data is needed to 
determine whether these are in fact “latent” adenomas increasing the chance for 
recurrence or just enlarged “nonsecreting” glands. Variations in multiglandular dis-
ease may also be associated with regional differences in vitamin D deficiency, 
familial disease, and referral patterns [140].

Another point of contention regards the role of ioPTH for the patient with con-
cordant imaging studies. In up to two-thirds of cases, both sestamibi and ultra-
sound imaging identify the same, solitary adenoma in patients with sporadic 
primary hyperparathyroidism. In this setting, a focused exploration without 
ioPTH monitoring has been shown to be successful in 96% of patients [108], and 
so some authors will not perform ioPTH monitoring for these patients with con-
cordant imaging studies because they feel it would be of little value [146, 147]. 
However, as discussed above, all hyperfunctioning glands cannot be accurately 
localized preoperatively in the majority of patients with multiglandular disease. 
Thus, ioPTH monitoring can help to solve this issue and improve operative success 
[107, 109, 121].

The quick intraoperative measurement of PTH dynamics has significantly altered 
the approach to parathyroidectomy in the management of primary hyperparathy-
roidism. In theory, not having to locate the remaining parathyroid glands after iden-
tification of an adenoma minimizes the extent of dissection, shortens the operating 
time, and lowers the risk of inadvertently injuring the recurrent laryngeal nerve or 
the other normal glands. With piqued patient interest in any surgical technique that 
can be converted to minimally invasive and with increased surgeon experience uti-
lizing ioPTH, focused parathyroidectomy has rapidly become an attractive alterna-
tive to bilateral neck exploration.

 Outcome: Comparison of Cure Rates and Complications 
Following Focused Versus Four-Gland Exploration

Since the mid-1990s, ioPTH has effectively guided an increasing number of sur-
geons who perform parathyroidectomy. Its popularity has continued to grow with 
90% of surgeons practicing a focused parathyroidectomy and 95% of high-volume 
surgeons using ioPTH monitoring today [140]. It seems that the focused approach 
with ioPTH monitoring has successfully replaced traditional bilateral cervical 
exploration in the surgical management of most patients with sporadic primary 
hyperparathyroidism and positive localization studies. As with any change in tradi-
tion, an evaluation of the long-term outcomes is necessary.
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 Cure Rates

In most studies, operative success is defined as continuous eucalcemia for at least 
6 months postoperatively. As mentioned previously, there is an important difference 
between persistent hyperparathyroidism (i.e., operative failure) and recurrent hyper-
parathyroidism. Many surgeons believe that focused parathyroidectomy is equally 
effective in immediately restoring normocalcemia as bilateral neck exploration. 
Table 21.4 summarizes the results of several studies comparing the operative suc-
cess of focused exploration using ioPTH with a bilateral approach in the manage-
ment of primary hyperparathyroidism. Cure rates exceeding 95% are possible with 
a focused exploration, and these data compare favorably to the reported cure rates 
after traditional bilateral neck exploration, which also typically range from 95% to 
99% [58–65, 70, 133]. When these two operative approaches are compared, there is 
generally no significant increase in operative success offered by a bilateral approach 
over a focused one [58, 61, 62, 70, 139, 144, 148, 149]. In fact, a few studies dem-
onstrated a marginally, but significantly, lower rate of persistent hyperparathyroid-
ism in patients undergoing focused parathyroidectomy [60, 133].

The most feared potential problem of the focused exploration is failure to iden-
tify multiglandular disease (i.e., a second adenoma or hyperplasia). This risk 
depends on the percentage of patients with multiglandular disease, the accuracy of 
localization studies in identifying multiglandular disease, and the accuracy of the 
ioPTH assay in detecting a residual pathologic parathyroid gland [150]. Studies 
involving traditional bilateral neck exploration, where parathyroidectomy is guided 
by surgeon experience and subjective interpretation of gland size as well as gross 
appearance, have consistently documented an incidence of multiglandular disease 
ranging from 15% to 30% [111, 112, 114]. However, when gland excision is guided 
by ioPTH, fewer parathyroid glands are resected with the incidence of multiglandu-
lar disease ranging from 4% to 7% [110, 113, 115]. If limitations in  localization 
studies and ioPTH truly miss multiglandular disease in at least 16% of cases at the 
time of surgery [114], then we would expect focused parathyroidectomy to demon-
strate higher rates of persistent hyperparathyroidism. In theory, multiglandular dis-
ease should not lead to recurrence because it represents the presence of more than 
one hypersecreting gland responsible for hypercalcemia at the time of parathyroid-
ectomy. Thus, if all of these glands are not removed, then persistent (not recurrent) 
hyperparathyroidism will result within 6 months postoperatively [144]. However, as 
demonstrated in Table  21.4, similar operative failure rates are seen with both 
techniques.

Despite excellent short-term results with utilization of ioPTH, which are challenging 
what the incidence of multiglandular disease truly is, some authors that espouse the 
bilateral approach argue that the low recurrence rates reported for a focused approach 
are due to a lack of long-term follow-up data. In fact, a concern over focused exploration 
leaving latent disease behind has led some surgeons to abandon it altogether in favor of 
a bilateral approach, which has proven durable historically [59]. Now that ioPTH moni-
toring has been commercially available for nearly 20 years, we have gained more insight 
into the recurrence rates to be expected from focused parathyroidectomy with this 
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surgical adjunct. Table  21.4 details several reports on recurrent disease following 
focused parathyroidectomy. The majority of these studies are retrospective in nature as 
very few prospective randomized control trials [62, 151] have been published specifi-
cally comparing focused exploration with ioPTH against bilateral exploration. A review 
of this data indicates that any “missed” glands, if they were truly undiscovered, require 
a long period of time (several years in some studies) to become physiologically active. 
In 2011, Udelsman [60] published his series on 1650 consecutive patients undergoing 
parathyroidectomy (of which 613 were performed in the standard fashion and 1037 
were focused with ioPTH) for sporadic primary hyperparathyroidism. He concluded 
that a focused parathyroidectomy employing ioPTH is a superior technique offering 
significant improvements in the cure rate compared to conventional surgery (99.4% vs 
97.1%). Schneider et al. [58] recently reported on the long-term results of 1386 parathy-
roid operations for primary hyperparathyroidism in an attempt to determine whether 
operative approach (focused exploration with ioPTH or bilateral exploration) influenced 
disease recurrence. Their conclusion was that neither technique independently predicted 
recurrence. Age, sex, preoperative PTH level, nonlocalizing sestamibi scan, and the 
number of glands removed were included in the multivariate analysis but did not inde-
pendently predict recurrence. However, the percentage decrease in ioPTH was protec-
tive against recurrent hyperparathyroidism with the optimal threshold determined to be 
a decline greater than 63%. Although many surgeons attribute failure to ioPTH, these 
data underscore the importance of this adjunct, as it was the only factor protective 
against recurrence for both the entire cohort (which included those undergoing four-
gland exploration) and those specifically undergoing a focused exploration [58].

 Complications

The routine use of bilateral exploration is not without risk. In theory, when a sur-
geon does not have to explore the contralateral neck because ioPTH predicts opera-
tive success, potential advantages include a lower risk of inadvertently injuring the 
remaining normal parathyroid glands or the recurrent nerves as well as a decrease in 
operative time. Although it seems intuitive that complications should occur less 
frequently with a unilateral approach, this remains a matter of debate. The mortality 
risk of parathyroidectomy is essentially zero, regardless of which technique is 
employed. The overall combined perioperative morbidity rate is less than 4% in 
most reported series, but this rate may be higher in elderly patients receiving general 
anesthesia [45]. If a single parathyroid gland is explored and resected, then there is 
no risk of permanent hypoparathyroidism. However, this no longer holds when 
ioPTH monitoring guides the surgeon to pursue dissection of the contralateral neck. 
A few studies [60, 64, 152] report a higher incidence of transient hypocalcemia with 
traditional surgery. Lund University surgeons reported that patients who underwent 
unilateral neck exploration had a lower incidence of early postoperative hypocalce-
mia that necessitated calcium supplementation than did those who underwent a 
bilateral approach. However, there were no significant differences with respect to 
complication rates between the two groups [64]. Udelsman demonstrated a trend 
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toward lower rates of postoperative hypocalcemia and recurrent nerve injury with a 
significant decrease in the overall perioperative complication rate, favoring a 
focused over a bilateral exploration [60]. Schneider et al. showed that more transient 
hypocalcemia occurred with a bilateral approach than with focused exploration 
(1.9% vs 0.1%, respectively). Furthermore, although there was no statistical signifi-
cance, there was documentation of bleeding and recurrent laryngeal nerve injury 
within the group that had a bilateral exploration but none of these complications 
were seen in the group that underwent a focused approach [152].

None of the prospective randomized controlled trials [64, 151, 153] have found 
a significant difference between focused and bilateral exploration for recurrent 
nerve injury. Unless specifically documented by postoperative serum calcium levels 
or progress notes, retrospective reviews relying on patient recall alone may be more 
likely to miss transient postoperative hypocalcemia and recurrent nerve deficits than 
randomized prospective controlled trials. Many surgeons also routinely prescribe 
oral calcium supplementation in the early postoperative period to limit the incidence 
of symptomatic hypocalcemia, which also minimizes the documentation of this 
complication. It seems that both approaches are safe and demonstrate minimal, but 
similar, overall complication rates with the vast majority experiencing an uncompli-
cated perioperative course.

 Other Advantages of a Focused Exploration

Some authors report on the potential benefits of improved cosmesis [151], less pain 
[151], decreased operative time [154], decreased costs [60, 133, 155], a decreased 
length of stay [60, 155, 156], and an improved quality of life [156] offered by a 
focused exploration. Finally, the rare patient who is not cured after a focused explo-
ration can generally undergo a simple, and technically less challenging, second 
operation that is performed in virgin tissue planes.

 Recommendations

Although surgeon judgment and experience remain critical to success in parathy-
roid surgery, enhancements in preoperative localization techniques along with 
ioPTH assays have facilitated the treatment of patients with sporadic primary hyper-
parathyroidism. Specifically, the intraoperative measurement of PTH has been 
shown to be a valuable tool available to the surgeon during parathyroidectomy and 
has largely supplanted the subjective evaluation of parathyroid hypersecretion based 
on gland size. It has enabled a more limited exploration by accurately guiding gland 
excision and minimizing tissue trauma. There are many large series of focused para-
thyroid operations guided by ioPTH that have shown excellent, durable cure rates 
similar to standard four-gland exploration. In fact, some studies have documented 
the superiority of the focused approach.
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When making an evidence-based recommendation regarding the approach to 
parathyroidectomy based on the literature in Table 21.4, one important criticism is 
that the overwhelming majority of the data comes from retrospective reviews. This 
lack of randomization introduces some selection bias. The patients who are under-
going focused exploration in these studies are highly selected and include mainly 
patients with a positive localization study, no prior neck operations, and no familial 
component to their primary hyperparathyroidism. On the other hand, series involv-
ing the traditional four-gland exploration routinely include complex reoperative 
cases and multiglandular hyperplasia.

After employing the GRADE method for evaluating the quality of available evi-
dence, we found a lack of high quality data. More long-term data from prospective, 
randomized controlled trials are necessary to provide even higher-grade evidence in 
favor of one approach over another. The strength of a recommendation, however, is 
not necessarily determined by quality of evidence alone. It also relies on other fac-
tors, such as risk-benefit ratios, costs, and patient preferences. Thus, we are moder-
ately confident that a focused exploration is a safe, effective technique that is 
appropriate for most patients with sporadic primary hyperparathyroidism and likely 
to be comparable to four-gland exploration with regard to cure rates and risk of 
complications. A specific algorithm for monitoring hormone dynamics so as to 
accurately predict postoperative eucalcemia is essential. Also, the use of this tech-
nique generally requires adequate preoperative imaging and an experienced sur-
geon. Nevertheless, four-gland exploration remains a valuable technique, especially 
for those who have familial forms of primary hyperparathyroidism.
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Abstract
Permanent hypoparathyroidism is a rare, yet life-altering complication of thyroid 
and parathyroid surgery. However, the advent of parathyroid cryopreservation, 
and subsequent autotransplantation of parathyroid tissue, revolutionized the 
management of this devastating complication. However, cryopreservation of 
parathyroid tissue is not widely performed due to the rarity of utilization, the 
potential high costs, and need for specialized expertise. Furthermore, studies 
have shown that the viability of the parathyroid tissue is diminished after 2 years, 
raising more debate about need for cryopreservation. In this chapter, we evaluate 
data justifying and contradicting the practice of parathyroid cryopreservation.
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 Introduction

Permanent hypoparathyroidism is a devastating complication of parathyroid and 
thyroid surgery. Although, hypoparathyroidism can be managed medically with oral 
calcium and vitamin D, it remains a problematic condition for patients who may 
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still experience the deleterious effects of hypocalcemia such as osteoporosis, 
arrhythmias, tetany and cataracts [1]. Permanent hypoparathyroidism also produces 
high financial costs resulting from frequent testing of calcium levels, hospital 
admissions for intravenous treatment, and lifetime calcium supplementation [2]. 
Adhering to meticulous intra-operative dissection during initial parathyroidectomy 
or thyroidectomy can significantly reduce the risk of hypoparathyroidism. The use 
of parathyroid gland autotransplantation (immediate or delayed) in patients with 
recurrent hyperparathyroidism or multiglandular hyperparathyroidism has also 
been shown to reduce the risk of permanent hypoparathyroidism [3]. It has been 
reported that up to 10% of patients undergoing initial parathyroidectomy for multi-
glandular parathyroid hyperplasia and 30% of patients undergoing reoperation for 
persistent or recurrent hyperparathyroidism develop permanent hypoparathyroid-
ism [4]. An acceptable risk of surgical hypoparathyroidism after initial surgery is 
approximately 1–2% [5], but the risk increases to more than 5% with reoperations. 
Enhanced methods in the preservation of parathyroid tissues have permitted the 
delayed autotransplantation of parathyroid tissue to help reduce permanent hypo-
parathyroidism [5]. In this chapter, we evaluate data justifying and contradicting the 
practice of parathyroid cryopreservation (Tables 22.1, 22.2, 22.3, 22.4, 22.5, 22.6).

Samuel Wells first described parathyroid cryopreservation in 1976 [6]. The same 
group further showed that cryopreserved parathyroid tissue maintained functional-
ity after delayed autotransplantation by measuring parathyroid hormone (PTH) [7]. 
Although cryopreservation of parathyroid tissue with delayed autotransplantation 
has been widely accepted as a method to prevent permanent hypoparathyroidism, the 

Table 22.1 PICO table

Population Patients undergoing subtotal parathyroidectomy or total with 
autotransplantation

Intervention Cryopreservation of parathyroid
Comparator No cryopreservation
Outcome Permanent hypoparathyroidism

Table 22.2 Indications for parathyroid cryopreservation

Initial neck operations:
Familial primary hyperparathyroidism
Secondary hyperparathyroidism
Tertiary hyperparathyroidism
Redo neck operations:
Persistent hyperparathyroidism
Recurrent hyperparathyroidism
Parathyroidectomy after thyroidectomy
Redo central neck dissection for thyroid cancer
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Table 22.3 Billing and reimbursement information for parathyroid cryopreservation [8]

Procedure
CPT code or 
TMID code

Professional 
(P) or technical 
(T) fee, $

Medicare 
reimbursement, $

Commercial 
payors 
reimbursement, $

Parathyroid 
cryopreservation 
(operating room portion)

60,669 574 (P)a 82 195–401b

Parathyroid 
cryopreservation 
(laboratory processing 
and storage portion)

88,399,099 1000 (T)c None 300–500

TMID transaction master charge ID
aThere is no technical fee for the procedure in the operating room
bSome commercial payors bundle this procedure with the main parathyroidectomy procedure 
(CPT 60500 series) and do not issue separate reimbursement. Those payors who do reimburse usu-
ally require that the hospital’s billing specialist sends additional information, such as the operative 
report, before payment
cThis fee covers processing by the laboratory and indefinite storage time. The same fee is also 
applied for the process of parathyroid thawing for reimplantation

Table 22.4 Parathyroid tissue cryopreservation, autotransplantation, and cure rates

Study

# of 
cryopreserved 
patients

# of 
autotransplants

No Fxn #, 
(%)

Partial 
Fxn #, 
(%)

Full Fxn 
#, (%)

Mean 
F/U 
(mths)

Caccitolo 
et al. [3]

112 15 9, (60%) 3, (20%) 3, (20%) 15

Cohen et al. 
[4]

448 30 8, (31%) 6, (23%) 12, (46%) 24

Wells et al. [7] 6 6 1, (17%) 0 5, (83%) 23
Herrera et al. 
[10]

NA 12 7, (59%) 3, (25%) 1, (8%) 60

Saxe et al. 
[11]

NA 12 5, (42%) 1, (8%) 6, (50%) 18

Brennan et al. 
[12]

NA 7 3, (43%) 1, (14%) 3(43%) NA

Wagner et al. 
[14]

25 25 NA NA 16, (64%) 40

Feldman et al. 
[15]

NA 26 11, (42%) 4, (15%) 8, (31%) 35

Borot et al. 
[19]

1376 21 17, (80%) 2, (10%) 2, (10%) 26

Shepet, et al. 
[21]

442 4 3, (75%) 0 1, (25%) 24

No Fxn No function, Partial Fxn Partial Function, Full Fxn Full function, mean F/U mean 
Follow-up, # number, mths months
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practice is cumbersome and costly and some endocrine surgeons have questioned its 
routine application. This chapter focuses on the evidence in favor and against para-
thyroid gland cryopreservation. Specific recommendations will be addressed:

Does cryopreservation affect cellular viability and graft function?
Does the cost of cryopreservation support its use?
Should parathyroid cryopreservation be utilized?

 Cryopreservation of Parathyroid Tissue

Cryopreservation allows the storage of parathyroid tissue with preservation of the 
tissue/cell integrity and function for delayed autotransplantation [6, 7]. Since its 
description, parathyroid cryopreservation has been utilized mainly in the setting of 

Table 22.5 GRADE recommendation criteria

A: Strongly recommend The recommendation is based on good evidence that the service or 
intervention can improve important health outcomes. Evidence 
includes consistent results from well-designed, well-conducted 
studies in representative populations that directly assess effects on 
health outcomes

B: Recommend The recommendation is based on fair evidence that the service or 
intervention can improve important health outcomes. The evidence is 
sufficient to determine effects on health outcomes, but the strength 
of the evidence is limited by the number, quality, or consistency of 
the individual studies; generalizability to routine practice; or indirect 
nature of the evidence on health outcomes

C: Recommend The recommendation is based on expert opinion
D: Recommend against The recommendation is based on expert opinion
E: Recommend against The recommendation is based on fair evidence that the service or 

intervention does not improve important health outcomes or that 
harms outweigh benefits

F: Strongly recommend 
against

The recommendation is based on good evidence that the service or 
intervention does not improve important health outcomes or that 
harms outweigh benefits

I: Recommends neither 
for nor against

Evidence is insufficient to recommend for or against

Adapted from the U.S.  Preventive Services Task Force, Agency for Healthcare Research and 
Quality [22]

Table 22.6 Level of evidence of studies

Level of 
evidence Treatment study
I Randomized controlled trials with adequate statistical power to detect 

differences
II Lower quality randomized control trials
III Case control studies
IV Case series with no comparison groups
V Expert opinion
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subtotal or total parathyroidectomy for hereditary primary hyperparathyroidism, 
and persistent or recurrent hyperparathyroidism [3, 6, 8, 9] (Table 22.2).

The technique of cryopreservation commences by confirming parathyroid tissue 
by frozen section. The parathyroid gland is then minced into 40 pieces measuring 
1 × 1 × 1 mm [5]. These pieces are then immersed in ice-chilled saline in a sterile 
vial or syringe. The patient’s blood or fetal calf serum can be used as the freezing 
media. However, the typical freezing medium contains Roswell Park Memorial 
Institute (RPMI) 1640 solution. The Mayo clinic cooling technique involves the 
placement of the vials in dry ice pre-chilled to approximately −55 °C to −60 °C for 
an hour to allow cooling by −1 °C per minute [10]. Some authors endorse placing 
the vials in −60 °C ethyl alcohol bath [11] or a −70 °C bath [4]. After cooling the 
vials are placed in a liquid nitrogen storage tank for the long term at temperatures 
ranging from −170 °C [4, 12], −180 °C [6, 13], −190 °C [11], or − 196 °C [14].

In the event that delayed autotransplantation is required, the vials containing the 
parathyroid tissue are removed from the liquid nitrogen baths and shaken in a bath 
of warm water at 37 °C [13] or 42 °C [11] until the parathyroid tissue is thawed. The 
pieces of tissue are then washed three times at 37 °C in RPMI 1640 solution [10, 11] 
to rinse off the DMSO. Up to 40 pieces of the parathyroid tissue are then implanted 
using local anesthesia into the non-dominant forearm. The wound is marked with a 
metal clip in the case of future re-exploration. The success of the autotransplanta-
tion is defined as:

 1. Complete function: Asymptomatic and eucalcemic patient
 2. Partial function: Hypocalcemic patient, but lower required dosage of preopera-

tive medication
 3. Non-Function: Hypocalcemic patient and no change in dosage of preoperative 

medication

 Parathyroid Graft Function and Cellular Viability

There exists variability regarding the success of delayed autotransplantation follow-
ing cryopreservation. In comparison to immediate fresh parathyroid autotransplan-
tation, delayed autotransplantation has been associated with reduced success rates 
(55% versus 17%, respectively) [10]. Other studies have demonstrated that immedi-
ate fresh autotransplantation can achieve functionality rate over 90% [4, 14], 
whereas the success rate of delayed autotransplantation varies from 18% to 83% [4, 
7, 10, 15, 16]. However, other studies show that delayed autotransplantation follow-
ing cryopreservation is successful [8] and some show no difference in the function 
of cryopreserved tissue when compared to immediate autotransplantation [6, 16, 
17]. One study demonstrated a 100% success in nine patients who required delayed 
parathyroid autotransplantation [8]. Hypocalcemia was corrected in all nine patients 
with delayed autotransplantation occurring between 3 and 22  months from their 
initial operation [8].

It may be argued that in order to maximize the chances for a successful delayed 
autotransplantation that cryopreservation should be performed in only experienced 
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centers. Several single institution studies have shown relatively high rates of graft 
functionality of 46% to 83% [4, 10, 14, 18]. A longitudinal study performed over 
the course of 10 years showed that 16 (64%) of 25 patients were eucalcemic and 
free of hypoparathyroid symptoms off of medication and that the remaining nine 
patients who still required calcium supplements required less supplementation in 
comparison to the preoperative dose [14]. It is plausible that use in a single high 
volume institution provides standardization of specimen acquisition and storage, 
thereby resulting in higher autotransplantation success rates. This is exemplified by 
the fact that one of the highest reported success rate (83%) is from the institution 
where cryopreservation was first described [18]. Yet, a recent multi-institutional 
study evaluated cryopreservation and autotransplantation in nine separate centers 
and found that only 20 patients underwent delayed autotransplantation and 80% 
were nonfunctional [19]. The authors recommended abandoning the practice of 
cryopreservation [19].

The etiology for the difference in success rate between immediate and delayed 
autotransplantation is not fully understood; the tissues are equally viable with no 
difference in secretory ability, but the reason for the decrease in function when 
the tissue is autotransplanted is unknown [20]. Wagner et al. conducted an inves-
tigation that showed that cryopreservation did not affect the secretory function 
and regulation of PTH secretion of parathyroid tissue [17]. There was no differ-
ence in viability, but investigation under light microscopy showed partial necrosis 
of the cryopreserved parathyroid tissue, leading to the recommendation of 
implanting 20–40 parathyroid tissue fragments to attain successful autotrans-
plantation [17]. More recent studies showed a decrease in function and cell via-
bility with lengthened periods of cryopreservation storage time up to and after 
22 months [4, 13].

It has been suggested that prolonged cryopreservation results in loss of graft 
function [13]. In a 13-year prospective analysis, Cohen and colleagues showed that 
60% of cryopreserved parathyroid autotransplantations were functional [4]. The 
authors did note that graft failure was related to length of cryopreservation. The 
study reported that no grafts function when stored longer than 22  months [4]. 
Another study found that 71% of parathyroid cells were viable when cryopreserva-
tion storage time was less than 24 months, but drastically fell to 1% when storage 
time exceeded that time point [13]. Other studies have also indicated a progressive 
diminished cellular viability with length of cryopreservation [6, 16, 17].

 Does Cryopreservation Affect Cellular Viability  
and Graft Function?

Level IV Evidence The majority data show that graft functionality is reduced with 
cryopreservation and delayed autotransplantation when compared to immediate 
fresh autotransplantation. Furthermore, studies have shown that cellular viability 
decreases with prolonged storage time beyond 22 months and may account for the 
decreased function.

S. Samuel and M. A. Guerrero
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 Financial Cost

Along with the lack of consensus regarding the function and viability of cryopre-
served parathyroid tissue, there is still concern regarding the costs related to storage 
of parathyroid tissue required for cryopreservation. The technique of cryopreserva-
tion itself and storage is relatively inexpensive (Table 22.3) [8]. However, another 
issue to consider is whether cryopreservation is utilized sufficiently to account for 
these costs. For instance, one study reported a cryopreservation rate of only 4% [3]. 
Therefore, cryopreservation may be theoretically applicable, but practically unfea-
sible due to the low indications for cryopreservation and low rate of cryopreserva-
tion [3].

Another point of contention is whether delayed autotransplantation produces 
sufficient success to account for costs of the procedure, storage, and disposal 
(Table 22.3). Some may argue that there is low utilization of cryopreservation and 
that the time and costs of cryopreservation outweigh the benefits. One study, for 
example, reported that out of 3080 parathyroid operations only 4% underwent cryo-
preservation with a success rate of 23% [3]. In 2010, a French multicenter study 
determined that only 2% of patients underwent delayed autotransplantation of cryo-
preserved tissue, with a low cure rate of 10% [19]. Based on these results, they 
recommended that cryopreservation only be performed in large centers for patients 
with parathyroid hyperplasia and tissues should be discarded when patient no lon-
ger displays symptoms of hypoparathyroidism and after 1 year of preservation [19].

Another study determined that cryopreservation was not cost effective with the 
need for re-implantation being quite low at 1% [21]. The study evaluated 442 
patients who underwent parathyroid cryopreservation over a decade and found that 
only 1 out of the 4 patients that required autotransplantation had a successful out-
come [21]. These results parallel those of other studies [3, 19] showing a high rate 
of cryopreservation with low utilization of cryopreserved parathyroid and low suc-
cess rates. This had led to some acknowledging the utility of cryopreservation, but 
deeming it economically unrealistic for all patients with parathyroid disease [9].

An opposing study showed that delayed autotransplantation following cryo-
preservation is successful [8]. Hypocalcemia was corrected in all nine patients with 
delayed autotransplantation occurring between 3 and 22 months from their initial 
operation. The authors determined that storage costs were inexpensive at their insti-
tution; specimen preparation and storage fees were reimbursable, and patients were 
not charged if the specimens were stored beyond 2 years [8]. However, although the 
study [8] performed cryopreservation in over a third of the patients, less than 2% 
required delayed parathyroid autotransplantation.

 Does the Cost of Parathyroid Cryopreservation Support Its Use?

Level III and IV evidence: Data available suggest that the low utilization of cryo-
preservation, and low use of delayed parathyroid autotransplantation does not offset 
the overall cost of parathyroid tissue cryopreservation and autotransplantation.
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Conclusion

The advent of parathyroid cryopreservation provided a means to treat the devastat-
ing complication of permanent hypoparathyroidism. Theoretically cryopreservation 
of parathyroid tissue is an essential tool for an endocrine surgeon, yet practically its 
use has not gained wide application. A clear alternative is to immediately autotrans-
plant parathyroid tissue in the forearm to protect against permanent hypoparathy-
roidism and to extract the autograft if permanent hypoparathyroidism does not 
develop. Given the varied data on cryopreservation usage, graft functionality, and 
clinical success continued usage will likely wane. From the available data, the fol-
lowing recommendations are made.

 Recommendations

 Routine Use of Cryopreservation

Recommendation (GRADE I): Data show that since the first description, cryo-
preservation utilization is exceedingly low. Therefore, it is the author’s conclusion 
that the routine practice of cryopreservation in individual centers may have limited 
clinical utility. Furthermore, tissue stored beyond 22 months should be considered 
for disposal.

 Selective Use of Cryopreservation

Recommendation (GRADE I): Data show that there is no cost benefit for selective 
cryopreservation in low volume situations. An exception would be at high volume 
academic centers that are using cryopreservation or in pooled high-volume situations.

 Delayed Autograft Transplantation

Recommend against (GRADE E): Based on available data, the authors do not rec-
ommend continued practice of delayed autotransplantation since studies have 
shown low utilization and low success rates. For centers that frequently cryopre-
serve tissue, it is recommended that delayed autotransplantation not extend beyond 
22 months.
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23Should Antibiotic Prophylaxis Be  
Given Prior to Thyroidectomy 
or Parathyroidectomy?

Jacob Moalem

Abstract
Although thyroid and parathyroid operations are very commonly performed, 
until recently there has been very little evidence to inform the decision of whether 
or not preoperative antibiotic prophylaxis should be given. It is interesting to 
note that while most surgeons would agree that clean operations that do not 
involve prosthetic implants do not generally require antibiotic prophylaxis, most 
endocrine surgeons give their patients preoperative antibiotic prophylaxis always 
or nearly always.

Keywords
Antibiotic prophylaxis · Thyroidectomy · Parathyroidectomy · Wound infection

Wound infections following thyroid or parathyroid operations are rare. Most large 
studies report a wound infection rate of less than 1%, although it is unknown 
whether that low infection rate is achieved with or without preoperative antibiotic 
prophylaxis. Recently, two prospective randomized trials have been reported on this 
subject [1, 2] (Table 23.1). Both studies, totaling more than 2500 patients did not 
demonstrate any benefit to antibiotic prophylaxis. Another retrospective study, 
reviewing more than 1000 patients, reached the same conclusion [3]. On the other 
hand, there are several reports of severe and occasionally lethal streptococcal infec-
tions following thyroid or parathyroid operations [4–8].
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To date, there are no data to support routine antibiotic prophylaxis prior to thy-
roid or parathyroid surgery. This decision should be individualized according to 
surgeon experience, previous results, and patient and operative considerations that 
may increase the risk for wound infection.

Thyroidectomy and parathyroidectomy together account for the vast majority of 
endocrine operations done, and are nearly always classified as clean cases. Although 
the routine use of prophylactic antibiotics is not generally recommended in clean 
cases, [9] the impact of a superficial or deep wound infection in a cervical incision 
can be great and the risk attributed to a single dose of antibiotics is low. Therefore, 
it remains controversial whether prophylactic antibiotics should be used prior to 
thyroidectomy or parathyroidectomy. Nevertheless, since the introduction of the 
Surgical Care Improvement Project (SCIP) in 2004, an active decision regarding the 
administration of preoperative antibiotics must be made in every case, and in cases 
where no antibiotics are given, justification must be documented in the chart.

As a recent international survey of endocrine surgeons has shown, there is substantial 
variation in practice patterns relating to the use of preoperative antibiotic prophylaxis 
prior to thyroid or parathyroid surgery: Nearly two thirds of endocrine surgeons stated 
that they used preoperative antibiotics almost always (more than 90% of the time) while 
26% of endocrine surgeons stated that they used preoperative antibiotics almost never 
(less than 10%) prior to thyroidectomy or parathyroidectomy. In that study, surgeons 
who worked in Asia (58%) were more likely than their European (8.8%) or American 
(29%) counterparts to always or almost always give preoperative antibiotics. Surgeons 
who worked in community hospitals were more likely to almost always give antibiotics 
than those who worked in University or Affiliated medical centers [10].

Table 23.1 Summary of comparative studies evaluating the role of preoperative antibiotic pro-
phylaxis in thyroidectomy and parathyroidectomy

Reference Patients Intervention Comparator Outcome
Urono [2] (Prospective) patients 

who underwent 
thyroidectomy or 
parathyroidectomy

541—received 
piperacillin
541 received 
cefazolin

1082 received 
no antibiotic 
prophylaxis

No 
difference 
in SSI rate

Avenia [1] (Prospective) patients 
who underwent 
thyroidectomy

250 received 
Ampicillin/
sulbactam

250 received no 
antibiotic 
prophylaxis

No 
difference 
in SSI

DePalma [3] (Retrospective) patients 
who underwent 
thyroidectomy

1132 patients who 
received antibiotic 
prophylaxis

1794 received 
no antibiotic 
prophylaxis

No 
difference 
in SSI

Lu [19] (Retrospective) patients 
who underwent 
thyroidectomy

1166 patients who 
received no 
antibiotic 
prophylaxis

None One SSI

Dionigi [23] (Prospective, 
nonrandomized)

50 patients who 
received first 
generation 
cephalosporin

191 received no 
antibiotic 
prophylaxis

No 
difference 
in SSI

SSI skin/soft tissue infection
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In this chapter, the available evidence that pertains to this important question will 
be summarized and graded, with the hope that it will help surgeons make more 
individualized decisions regarding the use or the withholding of preoperative anti-
biotic prophylaxis prior to thyroid or parathyroid surgery.

 Prevalence and Predictors of Wound Infections Following 
Thyroid or Parathyroid Surgery

A classic prospective study of more than 20,000 surgical wounds at a Minneapolis 
VA hospital was one of the most important in demonstrating the benefit of preopera-
tive antibiotic prophylaxis in clean and clean- contaminated operations. In that 
study, the administration of antibiotic prophylaxis was associated with a reduction 
in wound infection rates from 5.1% to 0.8% in clean cases, and from 10.1% to 1.3% 
in clean—contaminated wounds [11].

Among large series of unselected patients who underwent thyroidectomy, low 
but highly variable wound infection rates have been reported. In the largest series of 
patients who underwent thyroidectomy, including nearly 15,000 patients in Italy, 
the wound infection rate was 0.3% [12]. A well- designed prospective study of post-
operative complications after thyroidectomy for multinodular goiters also revealed 
an infection rate of 0.3% (1/300) [13].

A recent review of the American College of Surgeons’ National Surgical Quality 
Improvement Program (ACS-NSQIP) user files between 2005 and 2011 again revealed 
a surgical site infection (SSI) rate of 0.36% (N = 179) among nearly 50,000 patients who 
underwent thyroidectomy. In that study, ¾ of the infections were classified as SSIs, and 
the rest were organ space infections or deep incisional infections. While preoperative 
factors such as obesity, alcohol use, and non-independent status were predictive of post-
operative wound infection, these were not nearly as important as intraoperative variables 
that cannot always be predicted preoperatively. A wound classification of clean—con-
taminated (the result of intraoperative tracheal or esophageal injury) was by far the most 
predictive factor for wound infection (Odds ratio = 6.1), followed by prolonged opera-
tive time. No information is available regarding the use of antibiotic prophylaxis in the 
patients who were included in that study [14] (Table 23.2).

Table 23.2 Summary of non comparative studies

Author Type Major finding
Elfenbein [14] # OR time and wound classification were most predictive of postop 

SSI. Preop factors less predictive, included obesity, alcohol use, and 
non-independent status

Moalem [10] @ Use of preoperative antibiotics varies widely and appears dogmatic 
(88% of endocrine surgeons use abx almost always (62%) or almost 
never (26%))

Hardy [6] @ 40% of surgeons had at least one patient with severe 
postthyroidectomy wound infection; 9% had at least one patient with 
necrotizing wound infection

# = NSQIP review. @ = Survey study

23 Should Antibiotic Prophylaxis Be Given Prior to Thyroidectomy



286

 Reasons (and Supportive Data) to Consider Administering 
Preoperative Antibiotics Routinely Prior to Thyroid or 
Parathyroid Surgery

Although thyroid and parathyroid operations are nearly always classified as clean 
cases, infections still occur. A recent survey of members of the British Association 
of Endocrine Surgeons revealed that 40 of 100 respondents to a survey had at least 
one patient with a severe wound infection that required intravenous antibiotics or 
surgical drainage. In addition, nine surgeons had patients with fulminant wound 
infections, of whom six died [6]. A study from France, where severe infections are 
reported to government authorities, described three cases of fulminant streptococ-
cal infections, which were rapidly lethal in two patients (death occurred on post-
operative days 4 and 12 despite intensive care and debridement), and resulted in a 
prolonged ICU stay in the third. Those three cases occurred in geographically 
distinct areas in France, and no causative factor was discovered [5]. In contrast, a 
report from the Center for Disease Control in the United States described an out-
break of severe necrotizing group-A strep among three patients who underwent 
thyroid and parathyroid surgery in late 1996 [4]. Two of those patients died from 
the infection, and the third was discharged after a prolonged ICU stay. All three 
cases were attributed to subclinical infection among health care workers who 
were in contact with the patients.

A few other case reports of severe streptococcal infections following thyroid 
surgery exist [7, 8]. Curiously, such devastating infections tend to affect young, 
fit adults who appear to have intact immunity and no known risk factors for 
infection [15].

Superficial wound infections are far more common than the necrotizing wound 
infections reported above. Among large series of outcome—related studies of thy-
roidectomy, wound infection is commonly not reported [16]. Nevertheless, some 
studies have revealed wound infection rates as high as 5.3% among patients who 
underwent conventional thyroidectomy [17]. In other series of patients who 
underwent clean surgery, infection rates as high as 16% have been reported among 
high—risk patients [18].

The cosmetically sensitive location of the scar (and therefore, of a potential 
wound infection) greatly increases the impact of an otherwise simple SSI, and 
also limits therapeutic options. Whereas, most superficial wound infections are 
readily treated with suture removal or incision and drainage, the proximity of 
the cervical incision to critical structures precludes open packing and regular 
dressing changes. Moreover, such treatment and healing by secondary intent can 
be associated with a suboptimal long-term cosmetic result in a highly visible 
and sensitive area.

Finally, in an era of protocol-driven care pathways, where substantial efforts to 
standardize care and reduce variability are made, some surgeons may be dis-
incentivized to personalize care and simply order antibiotic prophylaxis routinely, 
per hospital perioperative policy.

J. Moalem
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 Reasons (and Supportive Data) to Consider NOT Administering 
Preoperative Antibiotics Routinely Prior to Thyroid or 
Parathyroid Surgery

To date, no study has demonstrated benefit with the routine administration of prophy-
lactic antibiotics. Three comparative studies have been done to address this question. 
A retrospective review recently compared 1132 patients who underwent thyroid sur-
gery and received antibiotic prophylaxis to 1794 patients who did not. That study 
found an overall wound infection rate of 1%, but no difference between the two groups 
[3]. A recent prospective randomized study compared 1082 patients who underwent 
thyroid or parathyroid surgery and received antibiotic prophylaxis (evenly split 
between cefazolin and piperacillin) to 1082 patients who did not receive antibiotics. 
That study did not demonstrate a difference in SSI, with one SSI (0.09%) in the anti-
biotic group, and three (0.28%) in the no antibiotic group (p = 0.371). Interestingly, 
preoperative antibiotics were associated with a lower urinary tract infection (UTI) rate 
(3 vs. 17, p = 0.002) in this large cohort of patients. Notably, 84% of the UTI’s in that 
series were in patients who had an indwelling urinary catheter [2].

Finally, a multicenter prospective randomized double blind study was con-
ducted on 500 patients who underwent thyroidectomy. Half received ampicillin/
sulbactam as prophylaxis, and half received none. No difference in SSI rate was 
found, with two infections in the antibiotic group, and only one in the no antibi-
otic group [1]. In addition, a large retrospective case series of patients who under-
went thyroid operations without antibiotic prophylaxis reported a single infection 
among more than 1000 patients [19, 20]. These findings demonstrate that with 
meticulous technique, scrupulous maintenance of sterile conditions, and attention 
to hemostasis very low infection rates can be readily achieved even without anti-
biotic prophylaxis.

Recently, the overuse of antibiotic prophylaxis has been cited as a possible contrib-
uting factor to the development of antibiotic resistance [21, 22]. Additionally, adverse 
reactions such as renal or hepatic toxicity, allergic reactions, and the development of 
opportunistic infections are all possible even after a single dose of antibiotics. Taken 
together, one could easily argue that the societal and individual harm that is caused by 
routine, unnecessary antibiotic prophylaxis prior to these common and clean opera-
tions may be greater than the benefit that they are intended to confer.

Conclusions

Infections following thyroid or parathyroid operations are very uncommon, partly 
because of the clean nature of these operations, but also because of the very rich 
blood supply in the neck. To date, only two randomized studies have been done in 
an effort to determine the necessity of antibiotic prophylaxis prior to these opera-
tions. Both studies failed to show a benefit to antibiotic prophylaxis. On the other 
hand, there are a few case reports describing serious and even lethal wound 
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infections following thyroid and parathyroid operations. It is unclear whether 
 antibiotic prophylaxis would prevent such infections, and in most of the reports is it 
not mentioned whether the patients received antibiotic prophylaxis [4–7].

 Recommendations

There are no data to support the routine administration of preoperative antibiotic 
prophylaxis prior to thyroid or parathyroid operations. However, because of the 
paucity of level one data, and the wide range of wound infections reported in the 
literature, it is recommended that surgeons carefully scrutinize their own outcomes 
as it relates to wound infections and individualize this decision. Selective use of 
antibiotic prophylaxis may be appropriate, but to date, no preoperative patient factor 
(diabetes, obesity, immunocompromised patient) or operative factor (reoperation) 
has been proven to increase the risk of infection, or to be associated with increased 
benefit from preoperative antibiotic prophylaxis (grade B recommendation).
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Abstract
Minimally invasive parathyroidectomy has become a preferred approach for 
 primary hyperparathyroidism in patients with a single parathyroid adenoma. 
Preoperative localization studies and intraoperative parathyroid hormone 
(ioPTH) are important adjuncts, with surgeons often relying on ioPTH to 
 confirm cure. The utility of ioPTH in patients with two concordant preoperative 
localization studies that accurately predict single parathyroid adenomas, 
remains controversial. This chapter explores the evidence for the use of ioPTH 
is this setting.
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 Study Design

We performed a comprehensive PubMed database search of the use of intraopera-
tive parathyroid hormone monitoring in minimally invasive parathyroidectomy. Our 
search returned 148 articles. The pertinent articles are summarized in this chapter.

 Discussion

Our literature search reveals that there is minimal supporting evidence to provide 
definitive recommendations. Change in surgical management guided by ioPTH use 
occurs 0.03–10% of the time and there is modest evidence to suggest that the use of 
ioPTH does not statistically increase the success of biochemical cure with a mini-
mal difference in cure rates (normal calcium and PTH levels at 6 months, 90–99% 
without ioPTH, 97–99% with ioPTH). There is insufficient evidence to discern a 
difference in recurrence, length of operation, or length of hospitalization. The mar-
ginal added benefit of ioPTH in patients with concordant preoperative imaging stud-
ies needs to be weighed against the added cost and increased operating time. As 
surgeons become more familiar with interpreting preoperative imaging studies and 
performing their own ultrasounds, they may move towards utilizing intraoperative 
parathyroid hormone measurement on a more selective basis (Table 24.1).

 Introduction

Primary hyperparathyroidism is a common endocrine disorder that is becoming more 
prevalent in the United States, with 100,000 new cases diagnosed each year [1, 2]. It 
is classically characterized and diagnosed by high levels of both serum calcium and 
intact parathyroid hormone (ioPTH), in the setting of a normal vitamin D 25-OH 
level. Both sporadic and familial forms of the disease exist, with the vast majority of 
patients having sporadic disease. Most patients with sporadic disease have a single 
parathyroid adenoma, but involvement of more than one gland, either in the form of 
multiple adenomas or four-gland hyperplasia, occurs 15–20% of the time.

Table 24.1 PICO table

Population Patients with sporadic primary hyperparathyroidism with two concordant 
preoperative localizing studies

Intervention No intraoperative parathyroid hormone monitoring
Comparator Intraoperative parathyroid hormone monitoring
Outcome • Recurrence

• Length of operation
• Cost

J. H. Kuo and W. T. Shen
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The only curative treatment for primary hyperparathyroidism is surgery and 
removal of abnormal, overactive parathyroid gland(s). For patients with symptom-
atic disease and asymptomatic patients who meet criteria for surgery [3], parathy-
roidectomy is an effective therapy that cures the disease, decreases the risk of kidney 
stones, improves bone mineral density, and may decrease fracture risk and modestly 
improve some quality of life measurements.

The goal of parathyroidectomy in primary hyperparathyroidism is biochemical 
cure of the disease with normalization of both serum calcium and iPTH 6 months 
after surgery. Traditionally, the standard surgical approach was a bilateral neck 
exploration, usually under general anesthesia [4]. Bilateral exploration relies on 
visual and weight-based estimations of gland size to distinguish single adenoma 
from multiglandular disease. Over the last two decades, the preferred surgical 
approach for primary hyperparathyroidism has become minimally invasive parathy-
roidectomy, which targets a single hyperfunctioning gland with a smaller incision. 
This approach has been shown to be as successful as traditional bilateral exploration 
[5, 6], and is associated with decreased operative time and less morbidity [7]. The 
success of minimally invasive parathyroidectomy was made possible by advance-
ments in preoperative localization studies and the introduction of intraoperative 
parathyroid hormone monitoring.

 Concordant Preoperative Imaging

Preoperative localization studies permit the surgeon to limit the operative field to the 
region where a single radiologic focus is identified. Surgeons often use agreement 
(or concordance) of two preoperative imaging studies to guide focused exploration 
in minimally invasive parathyroidectomy. Concordance or agreement of ultraso-
nography (Fig. 24.1) and one other imaging study, most commonly nuclear medi-
cine technetium-99m-sestamibi scans (MIBI, Fig. 24.2), used for the preoperative 

Fig. 24.1 Ultrasound imaging of a left lower parathyroid adenoma
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localization of hyperfunctioning parathyroid glands, successfully predicts the loca-
tion of a single hyperfunctioning parathyroid gland in 93–97% of patients with 
single-gland disease [6, 8, 9].

 Intraoperative Parathyroid Hormone Monitoring

Intraoperative parathyroid hormone monitoring (ioPTH) takes advantage of the 
short half-life (3–5 min) of PTH and utilizes a rapid immunochemiluminescence 
assay technique that allows measurements while the patient is still in the operating 
room [10–12]. The assay can be completed with a turnaround time of 8–20 min. 
Accuracy of ioPTH is dependent upon the surgeon’s knowledge and familiarity with 
PTH dynamics. Two general protocols for ioPTH are widely accepted and produce 
reliable results. The first is widely known as the “Miami Criterion” requiring a 
>50% drop in PTH value. This method requires four intraoperative PTH samples: at 
the time of incision, before excision of the gland, and 5 and 10 min after excision of 
the gland. A drop in PTH values of >50% from the highest level is used as criterion 
to conclude surgery. If the PTH value does not drop appropriately by 10 min after 
gland excision, a repeat PTH level can be drawn at 20 min. In most patients, the 
Miami criterion is met with this additional measurement [13, 14]. If the criterion is 
not met, further exploration of the other glands is mandated and additional glands 
are removed (with repeat measurements of PTH) until the criterion is fulfilled. Use 
of the Miami criterion further increases the success rate of minimally invasive para-
thyroidectomy by 1–3% [6, 15] and can also predict normal postoperative calcium 
levels for at least 6 months [16]. Other surgeons use a modified Miami criterion that 
requires a >50% percent drop from the highest level and a return of PTH values to 

Fig. 24.2 Sestamibi scan 
of a left upper parathyroid 
adenoma in the  
tracheoesophageal groove
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the normal range as the criteria to conclude surgery. The use of both of these criteria 
can predict postoperative normal or low calcium levels with an excellent accuracy 
of 97% [17].

Although the merits of ioPTH are clear, false-positive and false-negative results 
can occur. Although rare [18, 19], false-positive results where there is a drop in PTH 
followed by persistent postoperative hyperparathyroidism, suggests the possibil-
ity for a multiple endocrine neoplasia (MEN) syndrome, parathyroid carcinoma, 
or other familial causes of hyperparathyroidism. More commonly, false-negative 
PTH results can occur at a rate of 1.2–9.8% [15] and have been associated with 
(1) PTH levels drawn from an ipsilateral internal jugular vein to a single adenoma 
where it can take longer for the PTH level to drop, (2) PTH levels that continue to 
rise after the pre-excision level is drawn or (3) or slower PTH kinetics that require 
a longer time to drop to normal range when using the modified Miami criterion. 
False-negative rates can lead to an increase in anesthesia time and continuation of 
unnecessary surgical exploration, potentially increasing surgical complications and 
costs [15]. Therefore, the use of IOPTH as a guide to determine the necessary extent 
of parathyroid exploration remains controversial, especially in the cohort of patients 
with concordant preoperative imaging that accurately predicts single gland disease 
in 93–97% of patients.

 Search Strategy

We performed a comprehensive review of the literature related to the use of intraop-
erative parathyroid hormone monitoring in minimally invasive parathyroidectomy. 
A literature search was conducted in the PubMed database using the key words: 
primary hyperparathyroidism, parathyroidectomy, parathyroid surgery, preopera-
tive imaging, and intraoperative parathyroid hormone monitoring. Searches were 
limited to the English language, human subjects, and literature published in the last 
10 years. Our search returned 148 articles. Studies evaluating secondary, tertiary, 
familial, malignant, or non-classical primary hyperparathyroidism, reoperative sur-
gery, bilateral neck exploration, single preoperative localization study, and/or dis-
cordant or missing concordant preoperative localization studies were excluded. 
Table 24.2 provides a summary of studies pertinent to our discussion.

 Discussion

Although it is generally agreed that surgery is the fastest, most durable, and most 
cost-effective treatment for primary hyperparathyroidism, and that minimally inva-
sive parathyroidectomy provides equivalent rates of cure as the more traditional 
bilateral neck exploration in the setting of appropriate adjunct studies, there is still 
little consensus as to what those adjunct studies should be. Few would dispute the 
utility of intraoperative parathyroid hormone monitoring in patients with multiglan-
dular disease, reoperative cases, or in cases with discordant preoperative localiza-
tion. However, regarding the utility of intraoperative parathyroid hormone in cases 

24 The Value of Intraoperative Parathyroid Hormone Monitoring
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of primary hyperparathyroidism and two concordant preoperative imaging studies, 
there remains controversy as to whether or not the marginal benefit of ioPTH moni-
toring is enough to warrant its use.

Our literature search conducted to specifically address this question reveals that 
there is minimal supporting evidence to provide definitive recommendations. 
Although there are no randomized controlled trials directly comparing the use of 
ioPTH in 1HPT patients with concordant studies, change in surgical management 
guided by ioPTH use occurred 0.03–10% [20–23] of the time and the difference in 
cure rates (normal calcium and PTH levels at 6 months) is minimal (90–99% with-
out ioPTH, 97–99% with ioPTH). This incremental difference in cure rates is not 
statistically significant. Only two studies were able to provide information on recur-
rence [20, 23]. In addition, very little information could be found regarding the 
actual difference in length of operation [24] and length of hospitalization [20]. 
Thus, there is modest evidence to suggest that the use of ioPTH does not statistically 
increase the success of biochemical cure for minimally invasive parathyroidectomy 
in patients with primary hyperparathyroidism and two concordant preoperative 
localization studies. In addition, there is insufficient evidence to determine whether 
the use of ioPTH has any discernible effect on other clinical outcomes such as 
length of operation time, length of hospital stay, and recurrence rates.

 Surgeon-Performed Ultrasound

Concordance of preoperative localization studies most often refers to an ultrasound 
and a MIBI scan. Little distinction has been made between a radiology-performed 
ultrasound (most often performed by radiological technicians and then read by a 
radiologist) and a surgeon-performed ultrasound (SUS). It has been postulated that 
an ultrasound performed by a dedicated parathyroid sonographer with a better 
understanding of the embryological origins of ectopic glands, has greater accuracy 
in detecting parathyroid adenomas. As a single test, SUS has been shown to be as 
accurate as MIBI with a sensitivity of 77–87% [25, 26]. When used in conjunction 
with MIBI, concordance of the two studies can be found 82.5% of the time [27] and 
provides additional information about localization 14% of the time [28]. SUS has 
proven most helpful in localization of parathyroid glands when MIBI scans have 
been negative [26, 28]. In addition, surgeon-performed ultrasound has the added 
benefit of evaluating concomitant thyroid pathology that can occur in 33–51% of 
patients [29, 30]. In our own series, we found that concordance of a MIBI scan with 
a surgeon-performed ultrasound (SUS) was more accurate than concordance with a 
radiology-performed ultrasound at predicting single glandular disease (93.7% vs. 
89.1%), but concordance of MIBI with both a radiology-performed ultrasound and 
SUS was most accurate, at 94.8%. The addition of ioPTH was beneficial in patients 
with MIBI concordance with a radiology-performed ultrasound (+8.0%, p < 0.0001), 
but did not make a significant difference in patients with concordance of a SUS and 
MIBI, or concordance of a radiology performed ultrasound, SUS, and MIBI (unpub-
lished results).

24 The Value of Intraoperative Parathyroid Hormone Monitoring
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 Cost-Effectiveness of Iopth Use in Primary 
Hyperparathyroidism

The argument against the use of intraoperative parathyroid hormone monitoring 
fundamentally hinges on the cost-effectiveness of the test; that is, does the added 
cost of ioPTH monitoring justify its incremental effectiveness? Morris et al. evalu-
ated [15] the cost of ioPTH using a base-case of a 60 year-old woman with a bio-
chemical diagnosis of primary hyperparathyroidism who met the NIH 2002 
consensus guidelines for parathyroidectomy. They found that ioPTH improved the 
success rate of their base-case scenario from 96.3 to 98.8%, and the IOPTH strategy 
increases cost by 3.8%. IoPTH was the most cost-saving strategy when assay costs 
were less than $110 or the cost of the operation was greater than $12,000. Although 
this study did not explicitly address the cost of ioPTH in patients with two concor-
dant preoperative imaging studies, it is still pertinent to the patient population with 
two concordant studies as the success rate of parathyroidectomy without ioPTH was 
set at 96.3%, similar to the overall success rates of parathyroidectomies in our 
cohort. The results of this study suggest that there is definitely an incremental cost 
accrued with the use of ioPTH, even though the study did not directly address the 
effectiveness of the adjunct test.

 Recommendation

Our review of the literature on parathyroid surgery over the last decade demon-
strates that intraoperative parathyroid hormone monitoring may not be required 
in patients with sporadic primary hyperparathyroidism and concordant preopera-
tive localization studies. ioPTH appears to provide modest incremental value to 
surgical outcomes, and comes at added cost and increased operating time. As sur-
geons become more familiar with interpreting preoperative imaging studies and 
performing their own ultrasound in the clinic and operating room, they may move 
towards utilizing intraoperative parathyroid hormone measurement on a more 
selective basis. Nonetheless, many surgeons (including the authors) will likely 
continue to use ioPTH as a “fail-safe” measure intended to maximize operative 
success (and also provide reassurance to both surgeon and patient that the opera-
tion is indeed over).
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Abstract
Over the last two decades, laparoscopic adrenalectomy (LA) has become the 
gold standard for the removal of benign adrenal tumors. There are two approaches 
that are popular. Gagner et  al. demonstrated the laparoscopic transperitoneal 
approach in 1992. A year later, Mercan described the posterior retroperitoneal 
approach. Laparoscopic transperitoneal adrenalectomy (LTA) was the approach 
initially adopted by surgeons because of a familiar anatomy, but recently the 
posterior retroperitoneal adrenalectomy (PRA) has gained widespread accep-
tance because of avoidance of intra-abdominal organs during resection. Although 
proponents of each approach claim superiority of one method over other, there is 
no conclusive data available in the literature that demonstrates the superiority of 
one over the other. In this article, we will compare the outcomes from published 
data on the retroperitoneal and transperitoneal approach for adrenalectomy with 
evidence using the GRADE approach.
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 Introduction

Laparoscopic adrenalectomy (LA) is the current “gold standard” for removal of 
benign adrenal tumors. Gagner et al. performed the first transperitoneal adrenalec-
tomy in 1992 [1]. A year later, Mercan described the posterior retroperitoneal 
approach [2]. Laparoscopic transperitoneal adrenalectomy (LTA) was the approach 
initially adopted by surgeons because of a familiar anatomy, but recently the poste-
rior retroperitoneal adrenalectomy (PRA) has gained widespread acceptance 
because of avoidance of intra-abdominal organs during resection. Although propo-
nents of each approach claim superiority of one method over other, there is no con-
clusive data available in the literature that demonstrates the superiority of one over 
the other [3]. Two of the three published meta-analyses comparing the two 
approaches (PRA vs. LTA) concluded equivalent outcomes [3, 4], while the third 
one [5] claimed that the posterior approach had a superior short-term outcome. In 
this article, we will compare the outcomes from published data on the retroperito-
neal and transperitoneal approach for adrenalectomy with evidence using the 
GRADE approach (http://www.gradeworkinggroup.org).

 Search Strategy

We conducted a PubMed search for the following key words: “Laparoscopic”, 
“Adrenalectomy”, “Posterior approach” and “Transperitoneal”. The search strategy 
is based on PICO elements as shown in Table 25.1.

The search was limited to English language and human studies. All the articles 
were reviewed; the best studies for this review were selected based their relevance 
with review of their significant references. Outcomes assessed include: complica-
tion rate, conversion rate, and length of hospital stay, operative time and tumor size.

 Posterior Retroperitoneal Adrenalectomy

Mercan et al. published his initial series of 11 patients who underwent posterior 
adrenalectomy with no complications and no conversions to open procedure. 
Encouraged by this several surgeons adopted this approach and studies have been 
published that show benefit of this approach (Table 25.2). Although transperitoneal 
approach is the widely preferred approach for adrenalectomy, the posterior approach 
has its own advantages. The posterior approach gives a direct access to the adrenal 

Table 25.1 PICO table

Population Patients undergoing adrenalectomy
Intervention Retroperitoneal
Comparator Transperitoneal
Outcomes Complications, length of operation, postoperative morbidity

A. Pugalenthi and E. Berber
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gland thus minimizing the need for additional dissection as in the transabdominal 
approach. On the right side, it avoids the mobilization of the liver and on the left 
side it avoids mobilizing the spleen and splenic flexure of the colon that may be 
required in a transperitoneal approach. This is especially beneficial in patients with 
prior abdominal surgeries and adhesions. For bilateral tumors there is no need for 
repositioning. The disadvantage though is the limited space that can be created in 
the retroperitoneum. The upper limit of lesion size is 6–7 cm in various publica-
tions. The median tumor size ranges from 2.9 to 3.6 cm in the studies shown in 
Table 25.2. Conversion rate is less than 2%. Walz et al. [6] popularized this tech-
nique by reporting a large patient series with low morbidity. The mortality was zero, 
the major complication rate was 1.3%, and minor complication rate was 14.4%. The 
mean operating time of 560 procedures was (67 ± 40 min). This and other studies 
have demonstrated that in appropriately selected patients the posterior approach is 
safe and effective (Table 25.2).

 Lateral Transperitoneal Adrenalectomy

After Gagner demonstrated the lateral transperitoneal approach for LA in 1991 [1], 
adrenalectomy has evolved from an open procedure performed by a chevron or 
thoracoabdominal incision to one that the can be performed via a minimally inva-
sive approach. Many surgeons prefer the LTA because of the familiar operative field 
with the largest working space. Several studies have been published since then 
prove LTA to be safe and effective. The surgery can be performed at optimal insuf-
flation pressures (12–15 mm of Hg) with adequate visualization. The reported rates 
of complication vary from 0.3 to 12%, but majority of them being minor complica-
tions. The length of stay is less than 5 days, with most studies reporting 1–2 days 

Table 25.2 Selected studies of Posterior Retroperitoneal Adrenalectomy (PRA)

Author, Year 
Country n

Tumor 
sizea 
(cm)

OR 
time 
(min)

LOSa 
(days)

Complications 
(%)

Conversion 
(%)

Quality  
of evidence

Mercan, 1995 
[2] Turkey

11 3.6 150 3 0 0 High

Siperstein, 2000 
[20] USA

33 3.2 176 1.4 0 0 High

Salomon, 2001 
[21] France

115 3.1 118 4 12 0.8 High

Walz, 2006 [6] 
Germany

560 2.9 67 NA 16 1.7 High

Perrier, 2008 
[22] USA

68 3.4 121 3 16 9 High

Cabalag, 2013 
[23] Australia

50 3.4 70 1 8 0 Moderate

n number of adrenalectomies, OR operative, LOS length of stay, NA not available
aMedian
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(Tables 25.3 and 25.4). The disadvantage of the lateral approach however is that it 
requires repositioning for bilateral tumor. It is relatively difficult in patients who had 
previous abdominal surgeries due to intraoperative adhesions.

 Posterior Approach vs. Lateral Approach–The Evidence

There is no general consensus regarding the optimal approach in the resection of 
benign adrenal tumors: RPA vs. LTA. Surgeons therefore base their practice upon 
local expertise and preference. The majority of studies comparing these two 
approaches are retrospective studies. Till date four prospective randomized studies 
[7–10] and three metaanalyses [3–5] have compared the two approaches. Although 
the indications for LA are well established, but for a given patient which approach 
is better has not been resolved. We will analyze the outcomes from selected studies 
comparing the two approaches.

 Complications

The overall complication rate for PRA ranges from 0 to 18%. Barczynski et  al. 
reported in their randomized study, a rate of 18%. All of them were either grade 1 or 
grade 2. In the LTA group the complications ranged from 2.6 to 31% (Table 25.4). 
Our group reported no complications in the PRA group but three mortalities as a 
result of cardiac and pulmonary complications in their LTA group. This was related 
to the fact that the patients with smaller tumors were approached by the posterior 
technique, whereas more complex cases were operated by lateral transabdominal 
approach. The patients who underwent PRA group are reported to have lesser 

Table 25.3 Selected studies of Lateral Transperitoneal Adrenalectomy (LTA)

Author, Year 
Country n

Tumor 
sizea 
(cm)

OR 
time 
(min)

LOSa 
(days)

Complications 
(%)

Conversion 
(%)

Quality  
of evidence

Gagner, 1997 
[1] USA

100 <5 123 2.4 12 3 High

Pillinger, 2002 
[24] Australia

59 7–11 175 4 8 5 High

Kalady, 2004 
[25] USA

74 5.2 171 3.4 11 11 Moderate

Nguyen, 2011 
[26] USA

154 3.6 156 3.4 0.2 0.2 High

Hirano, 2014 
[27] Japan

76 2.7 205 NA 0.3 7 Low

Paganini, 2014 
[17] Italy

64 4.5 92 4.8 6 3 Low

n number of adrenalectomies, OR operative, LOS length of stay, NA not available
aMedian
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overall complication rate than those undergoing LTA in most of the studies 
(Table 25.4). Among the four randomized studies, one study reported a similar [9], 
and three studies reported lower complication rate for PRA group compared to LTA 
[7, 8, 10]. In a recent metaanalyses by Constantinides et al. no difference was found 
in the complication rate between the two approaches. In the largest series of 560 
adrenalectomies by the posterior approach Walz et al. reported 7 (1.2%) major and 
83 (12%) minor complications.

 Operative Time

Majority of the studies listed in Table 25.4 do not show much difference in terms of 
operative time between the two approaches (PRA vs. LTA). The median operative 
times for PRA ranged from 50 to 221 min and for LTA from 77 to 201 min. Although 
it is likely that preoperative factors may have resulted in selection bias for a particu-
lar approach, three out of the four randomized studies did not show a significant 
difference in operative time between the two approaches [8–10]. In a recent ran-
domized control trial (RCT), Barczynski et al. reported that on multivariable analy-
sis, body mass index >30 and lateral approach predicted prolonged operative time 
of >90 min [10]. It has also been shown that there is a relative continuation of learn-
ing curve even after 500 cases [6].

 Conversion

Conversion rate from LA to open procedure ranges from 0 to 8% for the posterior 
approach and 0–4% for lateral approach (Table 25.4). Only one study by Naya et al. 
reported high conversion rates of 14% for both approaches. Among the four RCTs 
three reported zero conversions in the LTA group and two reported zero conversions 
in the PRA group. At our institution, our conversion rate for PRA is 2% and for LTA 
is 3% [11]. Most common reasons for conversion from the posterior approach to 
open are bleeding, failure to make progress, difficulty to create or maintain pneumo-
peritoneum. Most common reasons for conversion to open from LTA are bleeding, 
failure to make progress, injury to pancreas or spleen [3]. Walz et al. reported 11 
conversions out of the total 560 posterior adrenalectomies. Of these, two were con-
verted to a lateral laparoscopic approach and nine were converted to an open proce-
dure. In the same report no conversions to open occurred after the 33rd PRA [12]. 
Based on conversion rates, it is believed that the learning curve for the operative 
techniques for both LTA and PRA is between 30 and 40 cases [13, 14].

 Tumor Size

Three of the four randomized studies did not find any statistically significant differ-
ence in tumor size between the PRA and the LTA group [8–10], the fourth study by 
Fernandez-Cruz however did not report a tumor size [7]. In the literature, the median 

A. Pugalenthi and E. Berber
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tumor size for PRA ranges from 2.6 to 3.9 cm and for LTA between 2.7 and 4.4 cm 
(Table 25.4). Walz et al. reported that they routinely selected tumors up to 7 cm 
without suspicion of malignancy for the posterior approach [6]. In our experience, 
benign tumors <6 cm are considered for the posterior approach if the body habitus 
of the patient is appropriate [11]. Nigri et al. and Chen et al. reported no significant 
difference in tumor size between the two approaches in their meta-analyses [4, 5]. 
Although the studies did not show a difference in tumor size for the two surgical 
approaches, in our experience, those patients with smaller tumors are preferentially 
channeled to PRA.

 Length of Stay

Patients who undergo PRA were shown to have shorter length of stay (LOS) com-
pared to patients who had LTA in most studies [7, 9, 10, 15–17]. However the LOS 
was similar in two studies [8, 11]. In all the four randomized studies the median 
length of stay in the PRA group was ≤3  days and after LTA was <4.5  days 
(Table  25.4). It has been speculated that the shorter length after PRA might be 
related to lesser postoperative pain in the posterior approach allowing earlier dis-
charge of the patients from hospital [18]. Walz et al. reported that half their patients 
(n = 142) did not require any postoperative analgesia, and only five required analge-
sia for more than 24 h [12]. Chen et al. and Constantinides et al. reported in their 
metaanalyses, shorter LOS in patients who underwent PRA than LTA [3, 5]. On the 
other hand Nigri et al. metaanalyses showed there was no significant difference in 
the LOS stay between LTA and PRA [4].

Conclusion

For the past two decades numerous authors have reported their experience from dif-
ferent parts of the world regarding laparoscopic adrenalectomy. Overall, the litera-
ture shows a low morbidity for both PRA and LTA in experienced hands. Although 
the patient selection criteria for a given approach have not been strictly defined, 
except for tumor size, there is a suggestion in most studies that the postoperative 
pain, morbidity and length of stay may be less after PRA compared to LTA. There 
are definite advantages of PRA in patients with bilateral tumors, and abdominal 
adhesions. Nevertheless, it should be borne in mind that the posterior technique 
requires special training to operate in a smaller and less familiar space.

 A Personal View of Laparoscopic Adrenalectomy

The authors believe that a comprehensive adrenal tumor program should offer both 
options to the patients. Due to the ease of access and avoidance of intra-peritoneal 
manipulation, we preferentially consider the PR approach in any patient presenting 
with tumors less than 6 cm. Nevertheless, for a patient to qualify a patient for the 
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posterior approach, we look at additional topographical parameters, such as the 
thickness of the soft tissues below the 12th rib (where the first trocar is inserted), 
and the relationship between the 12th rib and the renal hilum (the best candidates 
are those in whom the 12th rib is -rostral to the renal hilum) (Fig. 25.1). Those 
tumors that are superior to the upper pole of the kidney are also better candidates for 
the posterior approach (Fig. 25.2). By adhering to these principles and selecting a 
technique tailored to the tumor and topographic features in a given patient, we were 
able to achieve a low morbidity and conversion rate in our series [19]. Laparoscopic 
ultrasound was crucial in our experience to maintain the safety of both approaches 
by recognizing the critical structures early during the dissection. We feel that LTA 
and PRA are complementary and not competitive to each other and also that they 
enhance the training of the future endocrine surgeons.
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Management for Cushing’s Syndrome 
with Bilateral Adrenal Hyperplasia
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Abstract
Cushing’s syndrome due to bilateral adrenal hyperplasia is a rare disease with a 
high morbidity and mortality rate. The hypercortisolism found in Cushing’s syn-
drome leads to obesity and its associated diseases, higher risk of infections, and 
conditions associated with collagen breakdown. Surgical resection of the source 
of cortisol is curative but results in a patient with permanent adrenal insuffi-
ciency and the need for life-long medications. Bilateral adrenalectomy has been 
the standard treatment, but a unilateral adrenalectomy has provided good out-
comes and reduces the chance of life-long hypoadrenalism. Laparscopic and 
synchronous removal of the adrenal glands has offered a cure with less complica-
tions and morbidity. Medical therapies decrease cortisol production by inhibiting 
ACTH, inhibiting cortisol, or blocking the action of cortisol at the level of the 
glucocorticoid receptor. Combination medical therapy can offer faster improve-
ment in cortisol levels. The following chapter reviews the benefits and risks of 
surgical versus medical therapy in patients with Cushing’s syndrome due to 
bilateral adrenal hyperplasia.
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 Introduction

Cushing’s syndrome is a rare yet serious medical condition that is both challenging 
to diagnose and treat. Cushing’s syndrome refers to adrenocortical hyperfunction 
leading to elevated levels of cortisol. The elevated cortisol level leads to atrophy of 
both the pituitary corticotrophs and the normal adrenal cells of the zona fasciculata 
and reticularis. Primary adrenocortical dysfunction is due to an adrenocortical 
tumor, micronodular dysplasia, or ACTH-independent macronodular hyperplasia. 
The most common cause of ACTH-independent Cushing’s syndrome is a unilateral 
adrenal adenoma. Adrenal adenomas or carcinomas account for 18–20% of all 
causes of ACTH-independent Cushing’s syndrome. Primary pigmented nodular 
adrenocortical disease (PPNAD) accounts for less than 1% of all cases of Cushing’s 
syndrome. The familial form of PPNAD is referred to as Carney syndrome or 
Carney complex, which is an autosomal dominant syndrome. Patients with Carney 
complex have skin findings of pigmented lentigines and blue nevi, and they also 
have multiple endocrine and nonendocrine neoplasms [1]. Bilateral macronodular 
adrenal hyperplasia (BMAH) also accounts for less than 1% of cases of Cushing’s 
syndrome [2]. In BMAH the adrenal glands contain multiple nonpigmented nodules 
greater than 5 mm in diameter. The adrenal nodules in BMAH appear to involve 
receptors that respond to gastric inhibitory polypeptide, vasopressin, beta- adrenergic 
agents, serotonin, luteinizing hormone and chorionic gonadotropin [3]. There is evi-
dence of a genetic basis of BMAH as mutations in ARMC5, a putative suppressor 
gene, has been found in many familial cases [4].

Cortisol is produced efficiently in adenomas that cause Cushing’s syndrome [5]. 
In adrenal carcinomas, however the cortisol production and steroidogenesis is inef-
ficient, resulting in higher levels of cortisol precursors such as 17-ketosteroid and 
DHEA-S [6] (Fig. 26.1). There is also evidence of production of aldosterone and 
androgen precursors in patients with adrenal carcinomas [6].
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The clinical effects of hypercortisolism include obesity, hypertension, diabetes 
mellitus, depression, muscle weakness, oligomenorrhea, and increased risk of infec-
tion [7]. It is essential to treat patients with Cushing’s syndrome given the increase 
in morbidity and mortality associated with this condition. Surgery, which involves 
removing the cortisol-producing tumor can be curative, but is still associated with 
risks. Medical therapies to lower cortisol levels or decrease its effects are available 
and newer agents are being developed and studied. There are risks with both the 
medical and surgical management of Cushing’s syndrome due to bilateral adrenal 
hyperplasia.

 Surgical Management

For most surgeries to treat Cushing’s syndrome, imaging is an important tool that 
helps guide surgical management. Computed tomography (CT) is an excellent imag-
ing technique to view the adrenal glands and to view pathology within the adrenal 
glands. Magnetic resonance imaging (MRI) is another modality that can be used to 
clearly image the adrenal glands [8]. CT and MRI are accurate in identifying features 
that are consistent with an adrenal adenoma, carcinoma, and hyperplasia. Rockall 
et al. compared the CT and MRI findings of patients with Cushing’s syndrome to the 
pathology of the surgically removed adrenal glands [9]. They found that benign func-
tioning adrenal nodules could not be distinguished from benign non-functioning adre-
nal nodules based on CT and MRI imaging findings [9]. Further studies have 
corroborated the inability of traditional imaging such as MRI or CT in determining 
functionality of adrenal masses or adrenal hyperplasia [10, 11].

Imaging studies using NP-59 ([6-β131I]iodomethyl-19-norcholesterol) have been 
limited by its availability [10, 11]. NP-59 was introduced in the 1970s to assess 
adrenal cortical function [12]. However, it has not been commonly used in the 
United States because it was never approved by the US Food and Drug Administration 
and only a few centers in the US had approved protocols for the use of NP-59 [12]. 
This substance is currently unavailable in the US. Thus, further studies are often 
required to confirm functionality of adrenal pathology, particularly when bilateral 
pathology is seen.

If imaging demonstrates bilateral adrenal pathology in Cushing’s syndrome adre-
nal vein sampling (AVS) has been demonstrated to help lateralize the source of corti-
sol hypersecretion. Traditionally the use of adrenal vein sampling has been used 
successfully to determine laterality of aldosterone-producing adenomas. Adrenal vein 
sampling in patients with primary hyperaldosteronism has shown repeatedly that the 
left adrenal vein is difficult to accurately catheterize [13]. In 85% of patients, the con-
centration of cortisol is higher in the right adrenal vein compared to the left adrenal 
vein, and a cortisol-corrected aldosterone level is used to determine laterality [13]. 
Thus, cortisol is the baseline hormone used to verify successful catheterization of the 
adrenal veins. Also, cortisol is the reference hormone used during AVS in a patient 
with primary hyperaldosteronism. Since cortisol is the hormone of interest in 
Cushing’s syndrome, it cannot be used as the baseline or reference hormone.
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Young et al. has used adrenal vein sampling to help lateralize the source of elevated 
cortisol production [14]. They evaluated ten patients with bilateral adrenal masses and 
ACTH-independent Cushing’s syndrome or subclinical Cushing’s syndrome. After 
2 days of dexamethasone, every subject underwent adrenal vein sampling with mea-
surement of adrenal vein and peripheral vein cortisol and epinephrine. Oral dexa-
methasone was used prior to the procedure to reduce endogenous ACTH secretion 
from interfering with the interpretation of adrenal gland cortisol secretion [14]. The 
catheterization of the adrenal veins was considered successful if the concentration of 
epinephrine in the adrenal vein exceeded the peripheral vein concentration by more 
than 100 pg/mL. They found an adrenal vein to peripheral vein cortisol gradient of 
greater than 6.5 was consistent with a cortisol-secreting adenoma. All patients under-
went a unilateral or bilateral adrenalectomy based on these results. Eight of the ten 
patients had a bilateral source of elevated cortisol, five patients with bilateral adrenal 
hyperplasia and three patients with bilateral cortisol- secreting adenomas. The other 
two patients had ACTH-independent macronodular adrenal hyperplasia (AIMAH). 
An adrenal vein to peripheral vein cortisol gradient of less than 3.3 was deemed not 
clinically important based on long-term postoperative follow-up. The cortisol gradient 
of one adrenal gland compared to the opposite adrenal gland also revealed predictive 
power in this study. The authors found a cortisol lateralization ratio of 2.3 or greater 
was consistent with cortisol hypersecretion from one adrenal gland, whereas a ratio of 
less than two in patients with bilateral cortisol hypersecretion. The surgical approach 
was laparoscopic in all but two patients. The patients were followed for 36 months and 
hypercortisolism did not recur [14].

Another study has used aldosterone as the reference hormone in helping to later-
alize a source of elevated cortisol [15]. However, this may not be as accurate because 
aldosterone secretion during the AVS cannot be stimulated by cosyntropin infusion 
as can be done with cortisol [13].

Once it is determined to go forward with a bilateral adrenalectomy, there are differ-
ent surgical approaches that have been studied when removing both adrenal glands. 
Raffaelli et al. compared three different surgical techniques for a synchronous endo-
scopic bilateral adrenalectomy: transabdominal laparoscopic, simultaneous posterior 
retroperitoneoscopic, and robot-assisted [16]. Of the 29 patients included in the study, 
5 underwent the transabdominal laparoscopic, 11 underwent the simultaneous poste-
rior retroperitoneoscopic, and 11 patients underwent the robot-assisted technique. The 
operating time was significantly shorter for the simultaneous posterior retroperitoneo-
scopic compared to the other two approaches. There were no significant differences in 
the complications among the three different approaches [16].

Aggarwal et  al. reviewed 19 cases of patients with Cushing’s syndrome that 
underwent a laparoscopic bilateral transperitoneal adrenalectomy. The operation 
was synchronous in 15 patients and staged in the other 4 patients. All of the surger-
ies were completed laparoscopically with no conversions to an open procedure and 
there were no major intraoperative complications [17].

Another center analyzed all laparoscopic lateral transabdominal adrenalectomies 
done for all adrenal lesions performed over a 10 year period from April 2000 to 
March 2010. Seventy-two of the 215 surgeries were done for patients with Cushing’s 
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syndrome. The other procedures were for Conn’s syndrome (n = 90), pheochromo-
cytoma (n  =  30), metastatic disease (n  =  8), incidentalomas (n  =  10), and other 
adrenal pathology (n = 5). Patients with Cushing’s disease that underwent a bilateral 
adrenalectomy had the highest complication rate. The authors concluded that the 
higher complication rate in this group was related to the comorbidities often seen in 
patients with hypercortisolism, such as obesity with large amounts of retroperito-
neal fat leading to difficulty localizing the adrenal gland and coagulopathies leading 
to higher bleeding rates [18].

A series of 50 patients with Cushing’s syndrome that underwent bilateral adre-
nalectomy at two German centers was reported by Osswald, et al. Of the 50 patients 
followed, 34 had pituitary Cushing’s disease, 9 had ectopic Cushing’s syndrome, 
and 9 had ACTH-independent bilateral adrenal hyperplasia. The patients were fol-
lowed for a median of 11 years and all patients were in remission after surgery. Most 
of the Cushing’s related comorbidities such as hypertension, diabetes mellitus, mus-
cle weakness and physical stigmata improved significantly after surgery. Psychiatric 
illness attributed to hypercortisolism did not change. Sixty-three percent of the 
patients had at least one episode of adrenal crisis requiring IV glucocorticoids. After 
25 years, 95% of the patients with Cushing’s disease were still living [19].

A meta-analysis of 37 studies that investigated the outcome of patients with 
Cushing’s syndrome that were treated with bilateral adrenalectomy concluded this 
procedure as a relatively safe and effective treatment option. Of the 1320 patients 
included in the meta-analysis, 82% had Cushing’s disease, 13% had ectopic 
Cushing’s syndrome, and 5% had primary adrenal hyperplasia. Surgical mortality 
after bilateral adrenalectomy was 3% and surgical morbidity was 18%. Less than 
2% of all patients had a recurrence of hypercortisolism. However, 46% of the 
patients died within the first year after surgery. The symptoms of hypertension, 
obesity and depression improved in the majority of patients. There were 9.3 adrenal 
crises per 100 patient years [20].

Some surgeons have attempted to remove one adrenal gland even in cases of 
likely bilateral cortisol hypersecretion. Xu et al. evaluated the role of a unilateral 
adrenalectomy in Cushing’s syndrome [21]. They followed 27 patients with ACTH- 
independent Cushing’s syndrome caused by bilateral adrenocortical hyperplasia 
that were treated with a unilateral adrenalectomy, 14 patients with AIMAH and 13 
patients with PPNAD. Twenty-five patients were cured by unilateral adrenalectomy 
after a median followup of 69 months (AIMAH) and 47 months (PPNAD). One 
patient with AIMAH and one patient with PPNAD went on to have removal of the 
contralateral adrenal gland [21].

Another series retrospectively evaluated 16 patients with bilateral macronodular 
adrenal hyperplasia (BMAH) [22]. Twelve of the 16 patients underwent unilateral 
adrenalectomy and were followed over time to assess for recurrence. Three of the 
12 patients had long-term remission over an average of 106 months of follow up. 
Recurrence occurred in the other eight patients after a range of 12–180 months [22]. 
An additional center reported on 23 patients with ACTH-independent macronodular 
adrenocortical hyperplasia. Fifteen of the 23 patients underwent a unilateral adre-
nalectomy. Of these 15 patients, 3 went on to have the contralateral adrenal gland 
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removed due to recurrence after 2–8 years of followup [23]. Given the morbidity 
and mortality related to surgery and post-operative complications in a patient with 
hypercortisolism, consideration for unilateral adrenalectomy should be made.

The most common concern after a unilateral or bilateral adrenalectomy is the 
need for adrenal hormone replacement. Even in patients with a unilateral source of 
cortisol hypersecretion, the suppressed pituitary corticotrophs need time to recover 
their ability to secrete ACTH and patients need to be treated with cortisol replace-
ment for a period of time. The recovery of patients with adrenal Cushing’s syn-
drome is typically slower than in the patient with pituitary Cushing’s disease or the 
patient with ectopic Cushing’s syndrome [24]. Ninety-one patients with either 
Cushing’s disease, unilateral adrenal Cushing’s syndrome, or ectopic Cushing’s 
syndrome were followed for 5 years after curative therapy. The probability of recov-
ering adrenal function was 82% in ectopic Cushing’s syndrome, 58% in pituitary 
Cushing’s disease, and 38% in unilateral adrenal Cushing’s syndrome [24]. This 
slow recovery and possibility of no recovery even in a patient with a unilateral adre-
nalectomy should be considered when deciding whether to treat patients medically 
or surgically. It is imperative to educate patients on the importance of taking cortisol 
and aldosterone replacement medications life-long after a bilateral adrenalectomy. 
Patients must be instructed on how to manage the dose of cortisol replacement dur-
ing times of illness or stress. All patients with a history of a bilateral adrenalectomy 
should have immediate access to intramuscular hydrocortisone or dexamethasone in 
case of emergency.

The patient’s improvement in quality of life after a bilateral adrenalectomy is 
also important to assess. A group of 28 patients that underwent laparoscopic bilat-
eral adrenalectomy for Cushing’s syndrome were given a disease-specific question-
naire covering all clinically relevant symptoms associated with Cushing’s syndrome. 
This group of 28 patients was compared to a group of 60 patients that underwent a 
thyroidectomy, and findings were matched for age, gender, and time of surgery. 
Ninety-two percent of the patients that underwent a laparascopic bilateral adrenal-
ectomy reported a significant improvement in their Cushingoid features and 84% 
reported a significant improvement in their emotional-behavioral symptoms. All of 
the patients reported an improvement in their overall quality of life [25].

 Medical Management

Hypercortisolism due to bilateral adrenal hyperplasia is primarily treated surgically. 
However, surgery may not lead to a complete cure, and given the risks of surgery and 
potential comorbidities of the patient, surgery may not be the best option. Medical treat-
ment of Cushing’s syndrome includes medications directed against the different compo-
nents of the hypothalamic-pituitary-adrenal axis. Medications such as dopamine 
agonists and somatostatin analogs are directed against the pituitary gland to decrease 
ACTH secretion. Other therapies act at the level of the adrenal gland and inhibit enzyme 
pathways leading to cortisol synthesis. Finally there are drugs that act to block the 
actions of cortisol at the level of the glucocorticoid receptor (Fig. 26.2).
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The first medical treatment used for hypercortisolism was cyproheptadine which 
is an anti-serotonin agent [26]. More effective treatments have emerged and this 
agent is no longer used to treat Cushing’s syndrome.

Mitotane acts at the level of the adrenal gland by inhibiting 11β hydroxylase and 
cholesterol side chain cleavage. This agent has been used for the treatment of adre-
nal cancer, and at lower doses of 2–4 g per day it has been used in Cushing’s syn-
drome. Baudry et al. reviewed 76 patients with Cushing’s disease at one center that 
were treated with mitotane [27]. The levels of 24 h urinary free cortisol were mea-
sured and remission was defined as normalization of the urine cortisol. Seventy-two 
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percent of the patients achieved remission after a median of 6.7 months, and 71% of 
those that went into remission subsequently developed a recurrence after a median 
of 13.2 months [27]. The drug was discontinued in 29% of patients due to intoler-
ance [27]. Mitotane is a potent inducer of CYP3A4, contributing to its many drug 
interactions and limitations in use [28].

Metyrapone also acts at the level of the adrenal gland blocking the conversion of 
11-deoxycortisol to cortisol. It blocks the 11-hydoxylase enzyme, leading to a 
decrease in cortisol production. In a recent series by Valassi et al., 23 patients were 
treated with metyrapone preoperatively for an average of 4 months [29]. Cortisol 
levels normalized in 6 of the 23 patients, and cortisol levels improved in 7 other 
patients. Common side effects of metyrapone include hirsutism and hypertension. A 
prior series by Verhelst et al. described an increase in ACTH levels due to the lack 
of negative feedback from cortisol [30]. The increase in ACTH levels eventually 
overcame the effects of metyrapone, leading to elevated cortisol levels. The increase 
in ACTH levels also led to elevated levels of androgens and 11-deoxycortisol, the 
clinical effects of which were hirsutism and hypertension [30]. The elevated levels 
of 11-deoxycortisol that occur with use of metyrapone can falsely elevate the corti-
sol levels if they are measured using a standard immunoassay. Given this finding, it 
is recommended that cortisol be measured using liquid chromatography with tan-
dem mass spectrometry [31].

Ketoconazole, the imidazole antifungal, is another agent that acts at the level of 
the adrenal gland to reduce cortisol production. It can decrease cortisol production 
at doses of 400–1200 mg per day [32]. Ketoconazole was shown in the 1980s to 
significantly reduce cortisol levels by inhibition of cytochrome P450 enzymes [33]. 
It has further been demonstrated to inhibit side chain cleavage, 17-hydroxylase, 
17,20 lyase, 11β-hydroxylase, and aldosterone synthase [34]. The side effects of 
ketoconazole include hepatotoxicity, gastrointestinal complaints, and hypogonad-
ism in men. Castinetti, et  al. compiled retrospective data from 200 patients with 
Cushing’s disease treated with ketoconazole followed for 9–65 months. When treat-
ment with ketoconazole was stopped due to cure or intolerance of the drug, 50% of 
patients had normal urinary free cortisol (UFC), 25% of patients had at least a 50% 
decrease in UFC, and 25% had no change in UFC [32]. Mild increases in liver 
enzymes (less than 5 times the upper limit of normal) were observed in 13.5% of 
patients, and severe increases in liver enzymes (more than 5 times the upper limit of 
normal) were observed in 2.5% of patients. The increase in liver enzymes occurred 
within 4 weeks of starting ketoconazole or a dose increase. All increases in liver 
enzymes returned to normal when the drug was stopped. Forty-one percent of 
patients stopped the treatment due to inability to tolerate the drug [32]. Ketoconazole 
is an inhibitor of CYP3A4 and thus can affect the metabolism and dosing of other 
drugs that use this system, such as amiodarone, carbamazepine, amitriptyline, 
SSRIs, benzodiazepines, calcium channel blockers, statins, and cochicine [35]. 
Despite the frequent use of ketoconazole for hypercortisolism, it is not available for 
use in many countries. The US FDA has never approved the use of ketoconazole for 
treatment of Cushing’s syndrome. In 2013, the US FDA issued a “black box warn-
ing” regarding liver toxicity with use of ketoconazole.
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Another imidazole antifungal that has been used to decrease cortisol levels is etomi-
date. This drug also inhibits 11β-hydroxylase, aldosterone synthase, and side chain 
cleavage [36]. Etomidate was found to cause adrenal insufficiency during use as an 
anesthetic. It can be given intravenously to rapidly decrease cortisol levels. It has primar-
ily been used short-term to lower cortisol levels before surgery. Due to its rapid action it 
has been used along with hydrocortisone to help normalize cortisol levels [36].

There are case reports using trilostane for the treatment of AIMAH. Trilostane inhib-
its the synthesis of cortisol by competitive and reversible blocking of 3β-hydroxysteroid 
dehydrogenase. Obata et al. reports on a case of a patient with Cushing’s syndrome due 
to AIMAH treated with trilostane successfully for 7 years [37].

LCI699 is a new agent that is currently being investigated for use in Cushing’s 
disease. It is a potent inhibitor of aldosterone synthase and 11β-hydroxylase [38]. 
Twelve patients with Cushing’s disease were treated with LCI699. By day 70 of 
treatment, all 12 patients achieved a 50% or greater reduction in levels of urinary 
free cortisol compared to baseline [38]. The mean levels of 11-deoxycortisol, 
11-deoxycorticosterone, and ACTH levels increased during treatment with LCI699, 
but these levels declined after treatment discontinuation [38]. Mean systolic blood 
pressure decreased by 10 mmHg and mean diastolic blood pressure decreased by 
6 mmHg from baseline [38]. The most common adverse effects were fatigue, nau-
sea, and headache. No serious adverse events were reported [38].

Mifepristone is a glucocorticoid receptor antagonist and it has a tenfold higher 
affinity for the glucocorticoid receptor than cortisol [38]. In the SEISMIC trial, 43 
patients with Cushing’s disease, 4 with ectopic ACTH syndrome and 3 with adrenal 
cancer were treated with mifepristone. The cortisol levels were not used as an end-
point due to the rise in ACTH and cortisol levels during treatment with this glucocor-
ticoid receptor blocker. There were significant improvements in weight and quality of 
life. Sixty percent of these subjects had more than a 25% reduction in glucose area 
under the curve (AUC) during oral glucose tolerance test [39]. There was not a con-
sistent improvement in blood pressure due to the high cortisol levels overwhelming 
the enzyme type 2 11-β-hydroxysteroid dehydrogenase, which converts cortisol to 
cortisone. At high levels cortisol can activate the mineralocorticoid receptor resulting 
in the clinical effects of salt retention and hypertension. Coadministration with a min-
eralocorticoid receptor block such as spironolactone and eplerenone can ameloriate 
the hypertensive effects of mifepristone [40]. The most common adverse events 
reported were fatigue, nausea, headache, low potassium, arthraligia, vomiting, edema, 
and endometrial thickening in women [39]. The endometrial thickening is related to 
progesterone receptor blocking actions of mifepristone. Before beginning treatment, 
it is recommended to check potassium and consider starting spironolactone or eplere-
none if needed [39]. Start at a dose of 300 mg daily and increase to a maximum dose 
of 1200 mg daily [41]. Monitoring of the success of treatment can be challenging with 
mifepristone given the expected rise in ACTH and cortisol levels, leaving no bio-
chemical parameters to monitor, and contributing to the risk of overdose. If an over-
dose leading to adrenal insufficiency is expected, treatment with high doses of 
dexamethasone is recommended to overcome the glucocorticoid receptor blockade 
[40]. Post hoc analysis of the SEISMIC trial confirmed that mifepristone had a 
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progressive clinical benefit with a higher proportion of responders at the study end 
[42]. Mifepristone is approved by the US FDA for use in the treatment of hyperglyce-
mia associated with Cushing’s syndrome [39].

The dopamine agonist cabergoline has been used to treat Cushing’s syndrome at 
the level of the pituitary gland. D2 dopamine receptors have been found in cortico-
troph adenomas [43]. Pivonello found 80% of corticotroph adenomas expressed dopa-
mine receptors. All of the adenomas with dopamine expression respond to the use of 
cabergoline with a 50% or more reduction in ACTH levels [43]. Use of cabergoline is 
a more appropriate therapy in pituitary Cushing’s disease and does not have a known 
role in the treatment of hypercortisolism due to bilateral adrenal hyperplasia.

Another agent that can improve hypercortisolism at the level of the pituitary 
gland is pasireotide. Corticotroph adenomas express somatostatin receptors, 
particularly subtypes 1, 2, 3 and 5 [44]. Pasireotide is particularly potent agonist 
of the somatostatin receptor subtype 5 [44]. Colao et al. randomly assigned 162 
patients with Cushing’s disease to pasireotide 600 mcg or pasireotide 900 mcg 
twice daily for 12 months [45]. Fifteen percent of the 600 mcg group and 26% 
of the 900 mcg group had a normalization of 24 h urine free cortisol levels [45]. 
Interestingly, despite the improvement in cortisol levels, there was an increase 
in hyperglycemia- related adverse events in 118 of the 162 patients [45]. The 
hyperglycemia seen with pasiretotide appears to be related to a decrease in insu-
lin secretion and a decrease in incretin hormone response [46]. Given this side 
effect of hyperglycemia, another study investigated the use of the glucagon-like 
peptide 1 analog (GLP-1) liraglutide and the DPP-IV inhibitor vildagliptin in 
patients treated with pasireotide [47]. Ninety healthy male volunteers were ran-
domized to pasireotide alone or in combination with metformin, nateglinide, 
vildagliptin, or liraglutide. The pasireotide- induced hyperglycemia was reduced 
by all agents, but viladagliptin and liraglutide were associated with the biggest 
improvement in hyperglycemia [47].

Combination medical therapies for Cushing’s syndrome have been studied as well, 
but not extensively given the rarity of the condition. The combination of three adrenal 
steroidogenesis inhibitors mitotane, metyrapone, and ketoconazole was investigated 
by Kamenicky et al. [48]. Given mitotane’s slower onset of action, the authors inves-
tigated the combination of mitotane with metyrapone and ketoconazole in 11 patients 
with severe Cushing’s disease. All of the patients had a significant reduction in levels 
of 24 h urinary free cortisol within 24–48 h of the start of treatment [48]. In 7 of the 
11 patients, metyrapone and ketoconazole were discontinued after 3.5 months and the 
24 h urinary free cortisol remained controlled. The most common adverse effects of 
the combination therapy were gastrointestinal discomfort, a rise in total cholesterol 
levels, and a rise in gamma-glutamyl transferase [48].

 Discussion

Most patients with Cushing’s syndrome have ACTH-dependent disease [49–51]. In 
this chapter, we review the management of patients with ACTH-independent Cushing’s 
syndrome with bilateral adrenal hyperplasia. The majority of patients with 
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ACTH-independent hypercortisolism have an obvious unilateral source on imaging 
[52]. The small subset of patients with ACTH-independent Cushing’s syndrome with 
bilateral adrenal sources found on imaging are a challenge to manage. A functioning 
versus non-functioning adrenal mass cannot be determined based on imaging. 
However, the use of adrenal vein sampling as described by Young, et al. can provide 
guidance for surgical management [14]. Most patients are cured with bilateral adre-
nalectomy. However, given the need for long-term adrenal replacement and risk of 
adrenal crisis, some surgeons have performed unilateral adrenalectomy with success-
ful results. For those patients that are not good surgical candidates or have a recur-
rence after surgery, there are several medical therapies that are available. The therapies 
that have demonstrated some success in Cushing’s syndrome due to bilateral adrenal 
hyperplasia act by inhibiting cortisol synthesis or blocking the glucocorticoid recep-
tor. Combination therapy should be considered in order to quickly reduce levels of 
cortisol. Overall, patients with Cushing’s syndrome due to bilateral adrenal hyperpla-
sia have a high morbidity and mortality rate without treatment. Both surgical and 
medical therapies should be considered for this patient population.
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Abstract
Primary hyperaldosteronism is the most common cause of secondary hypertension 
and endocrine-related hypertension and is characterized by autonomous, inappropri-
ately elevated serum aldosterone, arising from either an aldosterone producing ade-
noma or bilateral adrenal hyperplasia. In comparison to matched patients with 
primary (essential) hypertension, patients with both subtypes of primary hyperaldo-
steronism have increased odds of stroke, non-fatal heart attack and atrial fibrillation. 
Moreover, patients with primary hyperaldosteronism have worse psychosocial and 
quality of life scores when compared to patients with primary hypertension. Although 
treatment guidelines for primary hyperaldosteronism vary, diagnosis is usually 
focused on identifying serum hyperaldosteronism and subsequently by differentiat-
ing between unilateral and bilateral disease with imaging (CT or MRI) and/or adre-
nal-venous sampling. Most patients with aldosterone producing adenoma can be 
managed successfully with laparoscopic adrenalectomy, not only by curing their 
hypertension, but also by reversing cardiovascular and renal complications. Moreover, 
primary hyperaldosteronism patients diagnosed with bilateral-adrenal hyperplasia 
can likewise have improvement in hypertension and downstream cardiovascular out-
comes with appropriate mineralocorticoid-receptor antagonist treatment.
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 What Is the Public Health Impact of Hypertension?

Hypertension (HTN; see table 1 for most commonly used abbreviations) is the lead-
ing cause of heart disease, stroke and death and costs the U.S. over 46 billion annu-
ally [1]. Seventy-six million Americans and one billion people worldwide suffer 
from the disease [2]. The primary goals of treatment of HTN, as these are listed by 
the Joint National Committee on prevention, evaluation, and treatment of high 
blood pressure are: (1) Targeting modifiable lifestyle risk factors, (2) Treating end-
organ damage, and (3) Identifying the cause of the disease.

Resistant hypertension (RH), defined as failure to meet goal BP with a three-drug 
antihypertensive regimen, including a diuretic, in a compliant patient, is estimated 
between 12 and 30% of the hypertensive population [3–5]. Morbidity and death are 
even greater with RH. As outlined by expert and commonly practices, a work-up for 
secondary causes of hypertension is postponed until standard treatment for primary 
hypertension has failed [3, 6–8]. The clinical approach to these patients is a matter 
of debate and on-going research. We argue that earlier approaches to subtype dif-
ferentiation and treatment of potentially curable causes of hypertension are of para-
mount public health concern.

 Why Should We Screen for Primary Hyperaldosteronism?

Primary hyperaldosteronism (PA) is the most common cause of secondary HTN and 
is characterized by autonomous, inappropriately elevated serum aldosterone, arising 
from either an aldosterone-producing adenoma (APA) or bilateral adrenal hyperpla-
sia (BAH) [9–14]. Recent reports indicate a higher prevalence of PA than previously 
thought. This may be attributable to improvements in our diagnostic armamentar-
ium (e.g. increased use of screening with aldosterone-renin ratio) and increased use 
and quality of abdominal imaging. Best estimates of the prevalence of PA in hyper-
tensive population are approximately 10% [15]; the prevalence of PA in the resistant 
hypertensive population is more than two times higher, almost 23% [3, 16–18]. 
Most patients with aldosterone producing adenoma (APA) can be managed success-
fully with laparoscopic adrenalectomy. Depending on the definition of “cure”, 
33–77% are cured or benefited by surgery [19–23]. It has been shown that treatment 
of aldosterone excess results in vascular remodeling, reversal of ventricular hyper-
trophy and reverses cardiovascular and renal complications [21, 24].

Given 1/8 of the hypertensive population has resistant hypertension, approxi-
mately 1/5 of patients with resistant hypertension have PA, and half of patients with 
PA have unilateral disease, we estimate over a million hypertensive patients in the 
U.S. could be potentially cured with surgery [13, 25, 26]. Not only could we poten-
tially cure those patients with unilateral disease with screening, we can also identify 
those patients with bilateral adrenal hyperplasia likely to benefit from disease-tar-
geted mineralocorticoid-receptor antagonists. Disease-specific therapy—either 
medical or surgical is more effective [26–33]. In comparison to primary hyperten-
sive patients matched for blood pressure, patients with PA have four times increased 
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odds of stroke, seven times increased odds of non-fatal myocardial infarction, and 
12 times increased odds of atrial fibrillation [14]. Moreover, it has been consistently 
shown length of time with hypertension is correlated with failure of cure following 
surgery for APA [22, 23].

 Are Clinical Signs and Symptoms of Primary 
Hyperaldosteronism Helpful?

Patients with PA are difficult to distinguish from patients with primary hyperten-
sion. Frequently, HTN is the only clinical sign of PA, making its diagnosis extremely 
challenging. Because of this, PA is frequently over-looked and under-diagnosed. PA 
is characterized by inappropriately elevated plasma aldosterone, non-suppressible 
with sodium, which causes serum hypernatremia, hypokalemia, metabolic alkalo-
sis, and suppression of renin [10]. Given that many patients with all forms of hyper-
tension are on a number of anti-hypertensive medications that can affect the 
renin-angiotensin system, minor electrolyte abnormalities often go unnoticed. In 
rare instances, patients can present with muscle weakness, muscle cramping, myal-
gia and tremor which are the signs and symptoms of hypokalemia. While hypokale-
mia is commonly referenced as a distinguishing feature of patients with PA, it is 
present in <40% of patients with the disease [34]. Even more rarely, patients may be 
diagnosed during biochemical and/or hormonal evaluation of an adrenal inciden-
taloma with early-onset HTN or stroke [35]. Age nor gender is helpful in distin-
guishing PA within the hypertensive population with a mean age of diagnosis of PA 
of 52 years old and close to equivalent rate between men and women [36]. Moreover, 
there is no increased race or ethnicity-specific incidence of PA [36]. In sum, a high 
index of suspicion and systematic screening for patients with PA are the only clear 
way to identify potentially curable disease.

 Who Should We Screen for Primary Hyperaldosteronism 
and How?

There is no consensus among experts on who should be screened for PA and cur-
rently there are no guidelines recommending the screening of all primary hyperten-
sive patients for PA [11, 12, 36, 37]. However, it is agreed in the field that patients 
who fail to have their blood pressure corrected following concurrent administration 
of three antihypertensive medications with one diuretic (i.e. resistant hypertension), 
should be screened for secondary causes of hypertension [3, 7, 8]. Other possible 
entities causing secondary hypertension and their biochemical profiles should be 
considered while screening these patients (Table 27.1).

Serum potassium levels were historically used to be the only screening tool for 
the diagnosis of PA.  However, hypokalemia is currently known to occur in less 
than  38% of the PA population, rendering it an inappropriate screening test for 
PA  [15]. While hypokalemia is not a sensitive screening test, in a patient with 
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difficult-to-control hypertension, hypokalemia is predictive of PA and other second-
ary etiologies of hypertension. Patients with hypertension and hypokalemia should 
be screened for iatrogenic causes (e.g. loop-diuretic therapy, exogenous steroids), 
anatomic abnormalities (e.g. renal artery stenosis), as well as other congenital and 
acquired pathologies (APA, BAH, congenital adrenal hyperplasia, familial hyperal-
dosteronism, ectopic ACTH production and Cushing’s disease). Patients with an 
incidentaloma found on abdominal imaging should undergo a hormonal and bio-
chemical diagnostic work-up.

Aldosterone-to-renin ratio (ARR) has been proposed as the gold standard initial 
diagnostic tool for PA in hypertensive patients by most endocrine and cardiovascu-
lar societies. However, published guidelines on threshold ratios (conventional 
threshold ARR  ≥  20) and subsequent steps in management substantially differ 
among different societies (Table 27.2) [3, 7, 8, 38]. Given the obscure clinical pic-
ture of PA and the disagreement in the optimal diagnostic method, some experts 
recommend use of a combination of tests. The American Heart Association and 
American Association of Clinical Endocrinologists (AACE)/American Association 
of Endocrine Surgeons (AAES) guidelines use an absolute serum aldosterone 
level ≥ 15 ng/dL in addition to an ARR ≥ 20 for diagnosis of PA. An ARR > 30 and 
a serum aldosterone >20 ng/dL was shown to have both sensitivity and specificity 
>90% in diagnosing APA [39]. Rossi et al. developed a model with superior diag-
nostic accuracy using a combination of plasma renin activity, potassium, and either 
serum aldosterone or captopril-suppressed aldosterone [40]. The threshold value 
utilized by a clinician may also vary depending on the lateralization strategy at that 
institution. Knowledge and application of testing characteristics (i.e. using a higher 
threshold increased false-negatives) is essential to guide clinical decision making.

Although ARR is the best screening test we have for the diagnosis and differen-
tiation of PA, its accuracy depends on many factors, such as age, posture, time of 
day, medications, serum electrolyte levels and cause of hypertension [8]. It is essen-
tial that the clinician is aware of how the aforementioned factors affect the ARR 
results (Table 27.3). Confirmatory testing is recommended with either administra-
tion of oral or intravenous saline, captopril, or fludrocortisone as the specificity of 

Table 27.1 Biochemical profiles of different causes of secondary hypertension

Disease Potassium Aldosterone Renin
Aldosterone-producing adenoma 50%↓↓ ↑↑ ↓
Bilateral adrenal hyperplasia 17%↓ ↑↑ ↓
Loop-diuretic therapy ↓ ↓ ↑
Renal artery stenosis ↓ ↑ ↑
Congenital adrenal hyperplasia ↓ ↓ ↓
Cushing’s syndrome ↓ ↓ ↓
Familial hyperaldosteronism
  Type I or GRA Normal ↑↑ ↓
  Type II ↓ ↑ ↓
  Type III ↓ ↑ ↓
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screening tests are low. Oral load of 5 g sodium diet for 3 days is followed by a 24 h 
urinary aldosterone level; when urinary aldosterone is greater than 12 μg the diag-
nosis of PA is confirmed. Also, intravenous load of 2 L saline infused over 4 h is 
followed by quantification of serum aldosterone; serum aldosterone >10 ng/dL con-
firms PA. However, confirmatory suppression testing could be potentially danger-
ous, especially for patients with exacerbation of congestive heart failure [37, 41]. 
For the most accurate measurements of confirmatory testing: (1) hypokalemia 
should be corrected, (2) hypertension should be controlled and (3) patients should 
not be under treatment with a mineralocorticoid receptor antagonist, such as spi-
ronolactone or eplerenone, for 6 weeks prior to testing. On the contrary, screening 
with ARR has been shown to still be useful without withdrawing anti-hypertensive 
medications and should be utilized in cases where discontinuation of medications 
may be harmful [8, 17, 36].

 How Do We Identify Appropriate Patients for Adrenalectomy?

The next step after confirming a serological diagnosis of PA is to identify if this is 
due to unilateral (APA or unilateral hyperplasia) or bilateral adrenal disease (BAH). 
The great majority of patients with unilateral disease treated with adrenalectomy 
have improvement if not cure from their hypertension [42]. Given that most aldoste-
ronomas are benign and fewer than two centimeters, nearly all tumors can be 
removed laparoscopically. Although it has been noted that APA patients have higher 
systolic blood pressure, lower serum potassium and higher aldosterone levels com-
pared to BAH patients on average, there is no single diagnostic test to successfully 
differentiate the two pathologic entities [43–45]. This is mainly because APA, BAH 
and primary hypertension could all present with systolic blood pressure and sponta-
neous hypokalemia while on numerous antihypertensive medications and varying 
clinical settings in which the blood pressure is assessed [18]. Prior to pursuing 

Table 27.3 Factors that 
affect the aldosterone-renin 
ratio (ARR)

Factor Effect on ARR
Increased age FP
Hypokalemia FN
Hypernatremia FP
Pregnancy FN
Renal failure FP
Resistant hypertension FN
Drugs
  Diuretics FN
  ACE inhibitors FN
  ARBs FN

  β-blockers FP

  CCB FN

FP false-positive (FP), decreased specificity, FN false-negative, 
decreased sensitivity
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lateralization, a thorough discussion with the patient about the risks and benefits of 
surgery as well as the benefits and potential side effects of medical therapy (i.e. 
mineralocorticoid receptor antagonists) is needed.

Identifying the right candidates for adrenalectomy remains challenging. 
Frequently, the first step in assessing unilateral versus bilateral aldosterone-excess 
is by non-invasive imaging techniques (traditionally with CT scan). The major 
drawback of CT scan is that it does not provide us with any information regarding 
the functionality of the adrenal tumors. Also, aldosteronomas are frequently small 
tumors, thus increasing the false-negative rates and decreasing the sensitivity of 
CT scan. Rossi et al. reported on 1125 PA patients and found that 17% of them had 
tumors <1  cm, while 45% had tumors <2  cm [18]. In addition, non-functional 
adenomas increase with age, leading to high-false positive rates and decreased 
specificity of CT scan in the elderly. Magill et al. reported an accuracy rate of CT 
of 37% when is directly compared to adrenal venous sampling (AVS) [45]. Young 
et al. performed a direct comparison of AVS and CT scan lateralization results on 
194 PA patients. In their study, 41% of patients who had negative CT scans had 
positive AVS results, CT identified the wrong adrenal gland in 21% of the patients 
and AVS falsely diagnosed four patients with bilateral adrenal hyperplasia [46]. 
However, CT scan is particularly helpful in assessing for large adrenal tumors, 
with tumors larger than 4 cm raising the suspicion for aldosterone-secreting adre-
nocortical carcinoma. Due to the aforementioned weaknesses of CT, we believe 
that AVS should be performed in all patients willing to undergo surgery (Fig. 27.1). 
Because incidental non-functional adrenal nodules in patients younger than 
40 years old are rare, the AACE/AAES experts recommend proceeding with adre-
nalectomy without AVS when CT scan shows a unilateral microadenoma (with 
clear ARR elevation) [35].

Adrenal venous sampling is a costly and difficult procedure that is not available 
in all hospitals and clinics, but it remains one of the best diagnostic tools for 

1. Resistant HTN
2. Incidentaloma w/HTN or ↓K+

Screen with ARR

Confirmatory testing

Adrenal protocol CT

Adrenal venous sampling

Treat with MRA Laparoscopic adrenalectomy

BAH

Negative or
surgery not

desired

APA

Age < 40*

+

+-

*With unilateral nodule > 1cm identified on CT

Fig. 27.1 Algorithm for 
diagnosis and treatment of 
surgically-correctable 
primary aldosteronism
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lateralization of PA patients to date. It requires cannulation of both adrenal veins 
and inferior vena cava (IVC) and comparison of aldosterone and cortisol levels in 
these specific regions of venous circulation. ACTH stimulation is used to amplify 
potential laterality by reducing stress-induced fluctuations during cannulation and 
sampling, assisting in differentiating IVC versus right adrenal vein cannulation 
(adrenal to IVC cortisol ratio greater than 5 indicates proper placement in the right 
adrenal vein) and maximizing aldosterone secretion [46, 47]. Cortisol measure-
ments are used to normalize aldosterone levels and cortisol-adjusted aldosterone 
lateralization ratio greater than 4 is indicative for adrenalectomy with a sensitivity 
ranging from 78 to 98% [45, 46, 48].

Successful catheterization of both adrenal veins ranges from 95% to 97% in 
experienced centers [43, 46]. However, in low volume centers with minimal experi-
ence with the procedure this rate could drop as low as 10% [49]. Complications due 
to AVS and adrenal vein rupture are seen in less than 3% and 1%, respectively, in 
high-volume centers [43, 46].

The main limitation of AVS is the variation in indication, technique and diagnos-
tic cut-off values proposed by different research groups [43, 45, 46, 50]. Limited 
access to the procedure, technical difficulty, high cost and potential complications 
(such as hematoma, adrenal infarction and aortic dissection) are cited as arguments 
against using AVS regularly [51]. Successful categorization of PA patients in APA 
and BAH subtypes ranges from 63% to 97% in the literature [45, 52, 53].

Given the inaccuracies of CT and relatively low morbidity of AVS, we recom-
mend AVS when available. Whether or not utilizing AVS in every case is a cost-
effective approach has not been evaluated to date.

 Routine Screening for Primary Hyperaldosteronism 
in Hypertensive Patients?

Yes. PA is a prevalent and under-diagnosed disease. While the screening tests for PA 
and lateralization strategies are imperfect, the benefits of definitive treatment are 
clear. Prevalence estimates have recently increased, mainly due to successful screen-
ing. The more we are looking, the more we are finding. Hypertension is epidemic 
and PA is the main etiology in at least 10% of this population. Given that approxi-
mately half of those patients (i.e. 5% of the hypertensive population) have unilateral 
disease, we have the potential to help a large group of patients by screening and 
targeted treatment of patients with PA, especially in the subgroup of patients with 
high-risk RH. Furthermore, AVS and laparoscopic adrenalectomy are safe proce-
dures and length of stay following surgery and loss of productivity are minimal.

The financial impact of a screening strategy has been less well studied and is 
forthcoming. Reimel et al. found surgical treatment to be cost-effective compared to 
medical therapy alone in PA patients [54]. Our group presented our finding that 
screening all patients with resistant hypertension for PA is cost-effective at accepted 
willingness to pay thresholds (American Association of Endocrine Surgeons, Boston 
MA, 2013). It is less clear if screening the primary hypertensive population at large 
to identify and treat PA patients is cost-effective and is a key focus of on-going work.

K. P. Economopoulos and C. C. Lubitz



333

In summary, we believe that the health benefits of targeted intervention for the 
significant portion of PA patients within the primary hypertensive population war-
rant early screening, especially in those patients with poorly controlled hyperten-
sion, those with concomitant hypokalemia, or known adrenal nodules.
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28Routine Glucose Monitoring 
in Postoperative Pheochromocytoma 
Patients: Yes or No?

Neha Goel and James A. Lee

Abstract
Pheochromocytomas are rare neuroendocrine tumors characterized by the release 
of catecholamines. In the preoperative setting, the release of these catechol-
amines can lead to hyperglycemia by promoting liver glycogenolysis and gluco-
neogenesis, inhibiting pancreatic insulin secretion, and enhancing peripheral 
insulin resistance. Postoperatively, there is often a period of rebound hypoglyce-
mia that can be dangerously prolonged given the preoperative depletion of gly-
cogen stores secondary to high catecholamine levels. This complication of 
postoperative hypoglycemia can be extremely detrimental given that it often 
goes unrecognized secondary to the masking effects of anesthesia. The change in 
mental status associated with hypoglycemia may be incorrectly attributed to 
residual anesthesia. Alpha and beta-blockade further blunt the body’s natural 
response to hypoglycemia which is usually tachycardia, palpitations, and sweat-
ing. Prolonged, unrecognized hypoglycemia can lead to severe neurologic con-
sequences such as seizures, unconsciousness, or even irreversible brain damage. 
This complication must therefore be preemptively anticipated and acutely man-
aged. A thorough literature search over the years provides data in favor of routine 
postoperative glucose monitoring after pheochromocytoma resection. Given the 
high stakes involved with missing this relatively common diagnosis seen in 
4–15% of pheochromocytoma patients undergoing resection, a GRADE 1C 
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 recommendation for routine monitoring in all postoperative pheochromocytoma 
patients for the first 5 h has been deemed appropriate.

Keywords
Pheochromocytoma resection · Postoperative hypoglycemia · Unrecognized 
hypoglycemia · Routine postoperative glucose monitoring in all patients · 
Elevated preoperative urine metanephrine levels · Alpha and beta blockade · 
Neurologic complications

 Background

Pheochromocytomas are rare neuroendocrine tumors characterized by the release of 
catecholamines. These neoplasms arise from chromaffin cells of the adrenal medulla 
and present with signs and symptoms consistent with catecholamine excess. 
Classical symptoms include palpitations, paroxysmal hypertension, tachycardia, 
headaches, and diaphoresis [1]. Patients may also have acute attacks of pallor, nau-
sea, and panic attacks lasting several minutes [2]. More elusive symptoms of weight 
loss and fatigue have also been seen with pheochromoctyomas [3]. In extreme cases 
patients may have florid heart failure, or takotsubo cardiomyopathy, secondary to a 
catecholamine surge [3]. More subtle signs may include new onset diabetes as a 
result of glycogenolysis and insulin inhibition due to catecholamine release [4]. 
Given the complex nature of this tumor, meticulous perioperative management is 
extremely important. Table  28.1 summarizes the studies using the Population, 
Intervention, Comparator, and Outcomes (PICO) format.

 Preoperative Hemodynamic Changes and Management

Preoperative management of the patient consists of catecholamine blockade, spe-
cifically using alpha-adrenergic blockers for hypertension and beta-blockers for 
tachycardia. The most commonly used alpha-blocker is phenoxybenzamine second-
ary to its irreversible and non-selective nature. The drug is titrated as needed and 
patients usually achieve their goal dose within 10–14 days. Clinical signs of the 
optimal dose are a stuffy nose and slight dizziness due to postural hypotension [5]. 
Another alternative to phenoxybenzamine is doxazosin, a selective and reversible 
alpha-blocker. However, unlike phenoxybenzamine, strong catecholamine bursts 
can displace doxazosin from its receptor binding site and reduce its efficacy [6]. On 

Table 28.1 PICO table Population Postoperative pheochromocytoma patients
Intervention Routine glucose monitoring
Comparator Selective glucose monitoring
Outcomes Complications, ICU admission
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the other hand, some believe that reduced postoperative hypotension may be a ben-
efit of doxazosin [7–9]. During alpha blockade, it is imperative to also replete the 
intravascular volume as the alpha-mediated vasoconstriction is released. Calcium 
channel blockers are also occasionally used to control refractory hypertension [10].

Patients with preoperative tachycardia can be managed with a cardioselective 
beta1-blocker such as metoprolol, bisoprolol, or atenolol [9]. Intraoperative tachy-
cardia is usually controlled using a short acting beta1- blocker such as esmolol [11]. 
Unlike the other selective beta1-blockers, labetolol, a combined alpha1 and beta-
blocker has mixed reviews in terms of its use [12]. Reports of orthostatic hypoten-
sion and hypertensive crisis have been observed [13–15].

 Preoperative Hyperglycemia

In addition to the aforementioned hemodynamic changes caused by pheochromocy-
tomas, endocrine changes are also well documented. La Batide-Alanore et  al. 
reports the rate of diabetes of 68 of 191 (35.6%) patients with pheochromocytoma. 
Pheochromocytoma patients with or without diabetes did not differ in body mass 
index, plasma noradrenaline concentration, metanephrine excretion, or tumor char-
acteristics. Age, duration of hypertension, and plasma epinephrine concentration 
were significantly and independently associated with diabetes in patients with pheo-
chromocytoma. Specifically, pheochromocytoma patients with diabetes were 
younger, more likely female, and had a lower body mass index than those with 
essential hypertension (P < 0.01). After adjustment for these three variables, the 
odds ratio for pheochromocytoma in hypertensive patients with diabetes was 5.5 
(95% confidence interval, 3.5–8.7). For patients younger than 51 years old with a 
body mass index <25  kg/m2, the odds ratio was 18.9 (95% confidence interval, 
5.9–58.8) [4]. The use of preoperative alpha or beta blockade has not proven very 
effective in controlling preoperative glucose levels [16]. In fact, alpha and beta 
blockade may inhibit the symptoms of hypoglycemia such as palpitations, diapho-
resis, and tremors, leading to a precarious situation.

Overall, diabetes is present in one of three patients with pheochromocytoma. In 
young patients with hypertension and normal body weight, the presence of diabetes 
should be used to further investigate the presence of a pheochromocytoma. In severe 
cases, patients may initially present with diabetic ketoacidosis [4].

The hyperglycemia seen with pheochromocytomas can be attributed to an imbal-
ance in glucose homeostasis. Normal glucose levels are maintained by a system of 
checks and balances involving the liver, the pancreas, and the adrenal gland, all of 
which are under control of the autonomic nervous system [17]. Over the years, 
much research has been conducted on the effect of catecholamines and glucose 
control.

Both the liver and pancreas are innervated by the autonomic nervous system. 
Catecholamine release secondary to the pheochromocytoma promotes liver glycoge-
nolysis and gluconeogenesis. Epinephrine is the predominant driver of this phenom-
enon in the liver through beta-adrenergic stimulation [17, 18]. Additionally, hepatic 
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glucoreceptors have been hypothesized to be coupled with capsaicin-sensitive affer-
ent nerves to convey blood glucose levels to the central nervous system [17].

The autonomic nervous system controls pancreatic islet cell insulin secretion, 
and in turn has a major effect in glucose homeostasis. Catecholamines inhibit pan-
creatic insulin secretion through agonist effects on alpha2-adrenergic receptors 
[19]. This has been replicated in human study patients where the administration of 
norepinephrine inhibits insulin release from pancreatic beta cells [20]. Furthermore, 
the administration of phentolamine, an alpha-receptor blocker, counteracts the 
inhibitive effect of catecholamines on insulin secretion [19]. Ostenson et al. also 
reported that alpha2-receptor agonists inhibit insulin release. Besides the well docu-
mented adrenergic and cholinergic effects on pancreatic islet cells, the role of neu-
ropeptides is also being researched [21]. Vasoactive intestinal polypeptide, pituitary 
adenlyate cyclase activating polypeptide, and gastrin releasing peptide are neuro-
peptides regulated by the parasympathetic nervous system, whereas galanin and 
neuropeptide Y are part of the sympathetic nervous system [22]. Insulin secretion is 
stimulated by neuropeptides that are part of the parasympathetic nerves and is inhib-
ited by those which are part of the sympathetic nervous system.

Unlike the liver and the pancreatic islet cells, the adrenal medulla receives its 
main nerve supply from the greater and lesser splanchnic nerves. Catecholamine 
secretion by the adrenal medulla is regulated by adrenoceptors, dihydropyridine-
sensitive Ca2+ channels, and capsaicin-sensitive sensory nerves. In response to 
stress, the sympathoadrenal system is activated and releases adrenal catecholamines 
and pancreatic glucagon, both leading to hyperglycemia [17].

Catecholamines also play an important role in enhancing peripheral insulin resis-
tance. Administration of epinephrine increases peripheral insulin resistance through 
beta-adrenergic receptors [23]. This has been demonstrated in the pheochromocy-
toma population by Wiesner et al. who were able to show a reversal of insulin resis-
tance after tumor resection [24]. In extreme situations, this reversal may actually 
contribute to acute postoperative hypoglycemia.

 Postoperative Hypoglycemia

Hypoglycemia following pheochromocytoma resection is an insidious complication 
that contradicts the hyperglycemia usually seen in postoperative patients secondary 
to the body’s normal response to the stress of surgery. The hypoglycemia following 
tumor resection can be attributed to the preoperative suppression of endogenous 
insulin secretion and a reactive postoperative rebound hyperinsulinemia. This reac-
tive rise in insulin results from the sudden decrease in catecholamines and reduction 
of alpha-receptor stimulation, which preoperatively had inhibitive effects on the 
pancreatic insulin secreting islet cells [16]. Additionally, once the tumor is resected, 
the beta cells of the pancreas become rapidly sensitive to the preoperative hypergly-
cemia and respond with a reactive hyperinsulinemia. Improved peripheral insulin 
sensitivity with increased glucose use by skeletal muscle further contributes to 
hypoglycemia [24].
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The body’s normal compensatory response to hypoglycemia is the release of 
glucagon, epinephrine, and cortisol to stimulate the sympathetic nervous system to 
increase blood glucose levels via gluconeogenesis, glycogenolysis, and inhibition 
of insulin secretion. However, hypoglycemia usually persists in the acute postopera-
tive period since liver glycogen stores are depleted preoperatively by the pheochro-
mocytoma. The use of beta blockers also diminishes sympathetic tone secondary to 
the stress of surgery and impairs gluconeogenesis and glycogenolysis, further inhib-
iting recovery from postoperative hypoglycemia [25]. The effect of beta blockers 
combined with alpha blockers, which increase insulin secretion, exacerbates post-
operative hypoglycemia.

Postoperative hypoglycemia can be extremely detrimental given that it often 
goes unrecognized secondary to the masking effects of anesthesia. The change in 
mental status associated with hypoglycemia may be attributed to residual anesthesia 
[26]. Alpha and beta-blockade further blunt the body’s natural response to hypogly-
cemia which is usually tachycardia, palpitations, and sweating. Prolonged, unrecog-
nized hypoglycemia can lead to severe neurologic consequences such as seizures, 
unconsciousness, or even irreversible brain damage.

Meeke et al. describe a case of a 45 year old female whose symptoms of postopera-
tive drowsiness and mild hypotension were initially thought to be due to the effects of 
3.5 h of general anesthesia using enflurane, nitrous oxide, droperidol, and fentanyl. It 
turned out that hypoglycemia was the cause of this patient’s drowsiness. This case 
report urges physicians to consider hypoglycemia when confronted with a postopera-
tive pheochromocytoma resection patient who fails to fully awaken from anesthesia or 
in severe cases develops a postoperative coma up to 2 h after surgery [26].

Another case report by Kato et al. describes a 39 year old male with severe hypogly-
cemia following resection of a right 7.5 × 5 × 7 cm pheochromocytoma. This patient 
received doxazosin and propranolol for 43 days prior to the adrenalectomy. After 2 h in 
the intensive care unit, the patient became drowsy and diaphoretic. The patient was 
found to be hypoglycemic (38  mg/dl) and hyperinsulinemic (63.67 μU/ml, normal 
being 8.4–8.8 μU/ml). The study concluded with a recommendation for close monitor-
ing of blood glucose for at least 6 h after pheochromocytoma resection [27].

 Preoperative Factors Associated with or Predictive 
of Postoperative Hypoglycemia

Given that hypoglycemia after pheochromocytoma resection can have serious con-
sequences, it behooves one to identify preoperative risk factors that are associated 
or predictive of postoperative hypoglycemia. A literature review reveals multiple 
possible factors associated with an increased risk of postoperative hypoglycemia 
such as greater preoperative urine catecholamine excretion, larger tumor size, lon-
ger operative time, and pre-existing diabetes mellitus [16, 28, 29]. Plouin et  al. 
reported a postoperative hypoglycemia rate requiring hypertonic glucose at 15%. 
This number is supported by Akiba et al. who reported a rate of 13.3% (6 of 45) for 
severe postoperative hypoglycemia defined as less blood glucose levels less than 
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50 mg/dL [16]. This group looked at an 8-year-period from 1981 to 1989 where 6 
out of 45 pheochromocytoma patients developed severe hypoglycemia (12–50 mg/
dl) 2–4.5 h after tumor resection, with an average of 3 h. In order to study the patho-
physiology behind postoperative hypoglycemia, levels of plasma immunoreactive 
insulin (IRI) and glucose were measured at surgery in ten patients with pheochro-
mocytoma, from the beginning of the operation to 5 h after tumor resection. Two of 
these ten patients developed postoperative hypoglycemia. The highest plasma IRI 
levels were observed in the two patients with post-resection hypoglycemia and the 
levels were 174 and 2081 μU/ml. IRI levels in the eight patients without hypoglyce-
mia ranged from 13–222 μU/ml (mean, 77) and were only 14–33 μU/ml (mean, 22) 
in the five control patients made up of patients with primary aldosteronism and 
Cushing’s syndrome [16].

Akiba et al. also concluded that patients with higher levels of preoperative urine 
epinephrine and those with either diabetes mellitus or impaired glucose tolerance, 
identified preoperatively by the World Health Organization criteria, were at a higher 
risk for postoperative hypoglycemia. These observations suggest that excessive 
rebound secretion of insulin after removal of a pheochromocytoma occurs because 
preoperative endogenous insulin secretion is suppressed by the elevated plasma cat-
echolamine level. They also found that intraoperative infusion of glucose and/or 
postoperative infusion of epinephrine and norepinephrine did not necessarily prevent 
hypoglycemia. They conclude by recommending glucose monitoring for at least 5 h 
after tumor resection, however they do not comment on the frequency of glucose 
checks. They also concluded that patients with high preoperative urine catechola-
mime levels or impaired glucose intolerance are at high risk. Additionally, based on 
the findings of a single patient with elevated intraoperative plasma catecholamine 
levels, they suggest that patients with an extreme increase in intraoperative plasma 
catecholamines can also be at high risk of postoperative hypoglycemia [16].

Chen et al. conducted a retrospective chart review of patients who underwent 
pheochromocytoma resection between 1993 and 2013 at two large academic medi-
cal centers to elucidate the incidence of postoperative hypoglycemia and to identify 
predisposing risk factors. The primary endpoint was postoperative hypoglycemia 
defined as blood glucose less than 55 mg/dl. A total of 213 patients were identified. 
Nine patients (4.2%) experienced postoperative hypoglycemia, and eight of these 
patients presented within the first 24 h. The average lowest postoperative glucose in 
these patients was 41 mg/dl (range 20–53), which occurred between 0.4 and 142 h 
postoperatively. In the majority of patients (5 of 9), the first episode of hypoglyce-
mia occurred in the first four postoperative hours. In three patients, the first episode 
was within 24 h. Two of these patients also experienced a second episode of hypo-
glycemia up to 42  h postoperatively. One patient even had hypoglycemia after 
162 h. This patient, however, had undergone a bilateral adrenalectomy complicated 
by critical illness and the need for total parenteral nutrition [29].

In comparing the patients with and without postoperative hypoglycemia, Chen 
et  al. found no difference in patient demographics, history of diabetes mellitus, 
preoperative baseline glucose levels, type of preoperative adrenergic receptor block-
ade received, or operative approach. However, patients with postoperative 
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hypoglycemia had higher preoperative 24-h urinary metanephrine levels (4726 vs. 
2461 μg/24 h, P = 0.05), longer operative times (270 vs. 142 min, P < 0.01), and 
larger tumors (7.6 vs. 4.6 cm, P = 0.02). These patients required frequent intensive 
care level monitoring (88.9% vs. 34.5%, P < 0.01) but there was no statistically 
significant difference in length of hospital stay (5 vs. 3 days, P = 0.10) [29].

Multivariate analysis revealed that the only independent predictors of postopera-
tive hypoglycemia are increased preoperative 24-h urine epinephrine levels (P = 0.03) 
and longer operating time (P < 0.01) [29]. This finding of a longer operative time 
associated with postoperative hypoglycemia is supported by Chernow et al. who con-
cluded that the magnitude of the stress response is proportional to the extent of oper-
ation and that postoperatively there may be a component of relative hypoadrenalism 
contributing to hypoglycemia [30]. Chen et al., much like other studies, does not 
comment on a recommended frequency or duration for glucose monitoring.

Along with elevated preoperative urine metanephrines and longer operative 
times, epinephrine-predominant pheochromocytomas may also predispose patients 
to developing postoperative hypoglycemia. In animal studies prolonged stimulation 
of adrenergic receptors by epinephrine results in tachyphylaxis and desensitization 
of these receptors. Additionally, chronic epinephrine exposure and stimulation 
decreases hepatic glycogen storage levels thereby limiting the body’s ability to 
respond to hypoglycemic episodes [30–32].

The role of diabetes in the development of postoperative hypoglycemia remains 
unclear. It has been hypothesized that patients with pre-existing type 2 diabetes or 
glucose intolerance may be at decreased risk because the persistent hyperinsu-
linemia depletes pancreatic stores and prevents the rebound hyperinsulinemia seen 
after pheochromocytoma resection [33]. Akiba et al. showed that preoperative dia-
betes or glucose intolerance was a risk factor, however, Chen et al. and Plouin et al. 
showed differing results [16, 28, 29].

Plouin et al. looked at a total 165 patients, 25 of which had episodes of postop-
erative hypoglycemia requiring intravenous hypertonic glucose fluids. In their 
study, there was no significant difference in the proportion of patients with preop-
erative hyperglycemia [8 of 25 (32.0%) vs. 43 of 131 (32.8%)], malignant pheo-
chromocytoma [3 of 25 (12.0%) vs. 31 of 131 (23.7%)], or in preoperative plasma 
catecholamine concentrations between cases with and without hypoglycemia [28].

It is also important to keep in mind that if both hypotension and hypoglycemia 
occur in a patient after bilateral partial or complete adrenalectomy, suspicions about 
hypocortisolism and Addisonian crisis should be raised [34]. In these situations, 
plasma and urinary cortisol and plasma adrenocorticotropic hormone (ACTH) lev-
els should be measured [34]. If the diagnosis of hypocortisolism or Addisonian cri-
sis is made, steroids should be administered immediately [35].

Overall, the only factor associated with postoperative hypoglycemia that has 
been supported by more than one study is elevated preoperative urine metanephrine 
levels [16, 29]. Chen et al. also found an association with increased operative times 
and larger tumors. Some studies have found preoperative diabetes or glucose intol-
erance to lead to postoperative hypoglycemia, however this has been refuted by 
more contemporary studies [16, 28, 29].
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 Recommendations

In conclusion, postoperative hypoglycemia is seen in 4–15% of patients undergoing 
pheochromocytoma resection [16, 28, 29]. If this complication is not anticipated, it 
can be missed with detrimental neurologic consequences [16, 28, 29]. A thorough 
literature search over the years provides data in favor of routine postoperative moni-
toring of glucose levels after pheochromocytoma resection, however the exact dura-
tion and frequency of glucose checks remains up for debate. Studies have 
recommended close postoperative glucose monitoring anywhere from 2 to 24 h [29, 
36]. Based on the studies reviewed, most postoperative hypoglycemic events 
occurred within the first five postoperative hours, thus routine monitoring equiva-
lent to what an intensive care unit would provide at a given institution for hypergly-
cemia monitoring, usually at 1  h intervals, should be conducted during the 
postoperative period [16, 29, 37]. Ongoing routine monitoring should continue if 
any episodes of hypoglycemia are found and should be continued until glucose 
levels normalize. It is important to remember that the effects of anesthesia can mask 
postoperative symptoms of hypoglycemia, thus patients who are still emerging from 
anesthesia should have routine monitoring outside the recommended 5 h period. 
Similarly, those patients who remain in critical condition postoperatively and 
require intubation or are unable to manifest signs and symptoms of hypoglycemia 
due to alpha or beta-blockade should have routine monitoring of their blood glucose 
levels. Hemodynamically unstable patients should also have prolonged routine glu-
cose monitoring.

It is also important to note that Chen et al. showed postoperative hypoglycemia 
to be associated with higher preoperative urine metanephrine levels and those who 
had undergone longer operations for larger tumors [29]. Thus it may be wise to 
place these patients with known risk factors for postoperative hypoglycemia in the 
intensive care unit. Chen et al. also showed that patients with complicated postop-
erative courses or those requiring bilateral adrenalectomy presented with postopera-
tive hypoglycemia up to 162 h after surgery [29]. These patients should also undergo 
routine monitoring until they are deemed stable to come out of the intensive care 
unit on an individual to individual basis.

Patients found to be hypoglycemic should be administered intravenous dextrose 
solutions immediately. Some studies even recommend routine administration of 
dextrose containing intravenous fluids with the assumption that by the time hypo-
glycemia is detected it may be severe and refractory to large amounts of glucose 
administration. For example, Yanaru et al. describes a case of a 54 year old female 
who presented with a glucose level of 30 mg/dl 4 h after tumor resection. Despite 
intravenous administration of glucose at a rate of 15 g/h. with intermittent boluses 
of 5 g of glucose, it took about 2 h to obtain glucose levels above 100 mg/dl. They 
recommend that all patients who undergo pheochromocytoma resection have regu-
lar postoperative glucose monitoring and receive dextrose-containing fluids rou-
tinely. They also had a low threshold for checking serum glucose levels in patients 
who had excessive drowsiness or hyperadrenergic symptoms postoperatively, and 
often sent these patients to the intensive care unit [37].
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Additional challenges of the immediate postoperative period are blood pressure 
instability and heart rate control, necessitating close patient monitoring for at least 
24–48 h [36]. Since patients are being closely monitored for hemodynamic instabil-
ity for prolonged periods of time, it only makes sense to routinely monitor patients 
for hypoglycemia, at least for the first five critical postoperative hours where studies 
have shown most patients present with this complication.

Despite the well-documented complication of postoperative hypoglycemia 
after pheochromocytoma resection, all of these studies have limitations associated 
with either being case studies, case reports, retrospective reviews, or prospective 
studies with small patient samples. As a result, all of the current available research 
on postoperative hypoglycemia falls under the GRADE format study design cat-
egory of observational studies, which places the initial quality of evidence rating 
as low. Further review of the quality of evidence reveals that it should not be 
downgraded since there are no serious doubts about the indirectness of evidence, 
no serious imprecisions, and an unlikely probability of publication bias. The rec-
ommendation however can be upgraded because it is likely that there are plausible 
biases from the observational studies. In particular, the relatively rare nature of 
this complication often inherently leads to biased results which may actually 
underestimate the benefit of routine monitoring of hypoglycemia. Thus, the actual 
treatment effect is likely to be larger than what the data suggests. An overall 
GRADE of 1C is therefore recommended in favor of routine postoperative glu-
cose monitoring after pheochromocytoma resection. This grade corresponds to a 
strong recommendation from low quality evidence and clinically fits the GRADE 
1C risk/benefit category since the benefits of identifying and treating early hypo-
glycemia appear to outweigh the risks of severe neurologic consequences if epi-
sodes of hypoglycemia are missed. Additionally, this benefit appears to override 
the burden of routine monitoring [38, 39].

Overall, since no current consensus guidelines exist on routine postoperative glu-
cose monitoring after pheochromocytoma resection, we propose the following 
guidelines with a GRADE 1C recommendation:

• All postoperative pheochromocytoma patients should have routine glucose mon-
itoring for at least 5 h.

• Patients with preoperative risk factors for hypoglycemia such as elevated urine 
metanephrine levels or large tumors with an anticipated prolonged operative time 
should be considered for monitoring in the intensive care unit or monitored set-
ting with a similar level of acuity [29].

• Patients who remain intubated, are hemodynamically unstable, or have delayed 
emergence from anesthesia should go to the intensive care unit for prolonged 
routine glucose monitoring on a case by case basis or until institution-dependent 
discharge criteria from the intensive care unit are met.

To increase the strength of the recommendation, a large multisite prospective 
randomized control study would prove useful to identify additional factors predic-
tive of this complication and how to preemptively avoid this complication. 
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Intraoperative or postoperative real-time monitoring of serum insulin, glucagon, 
and glucose levels may help to anticipate and treat postoperative hypoglycemia 
before complications arise [29].
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Abstract
Malignant pheochromocytomas and paragangliomas are rare. Resection of the 
primary tumor and metastatic lesions, when feasible, is recommended. Goals of 
resection include improvement of clinical symptoms, reduction of catecholamine 
excess, local disease control, improved efficacy of subsequent non-operative 
therapies, and the possibility of improved survival. A R0 or R1 resection clearly 
provides more robust biochemical improvement when compared to a R2 resec-
tion or ‘surgical debulking.’ Additional non-surgical therapies can be used in 
conjunction with surgery or as the primary treatment modality in some cases. 
Non-surgical local therapies include external beam radiation, percutaneous 
tumor ablation, and directed transarterial chemoembolization. In addition, sys-
temic therapies include radioactive iodine meta-iodobenzylguanidine 
(131I-MIBG), cytotoxic chemotherapy, and molecular targeted therapy. Care 
should be taken to provide patients with the appropriate pharmacologic adrener-
gic blockade prior to the initiation of most therapies. Patients benefit from a 
multidisciplinary approach at a center familiar with managing malignant pheo-
chromocytoma patients.
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tumor ablation · Transarterial chemoembolization · Cytotoxic chemotherapy · 
Targeted molecular therapy

 Introduction

Translated from the Greek as “dark colored tumor cells,” pheochromocytomas were 
first described in 1886 by Frankel and are functional neuroendocrine tumors that 
arise from chromaffin cells of the adrenal medulla which secrete catecholamines 
[1]. While quite rare in the general population, with an incidence of approximately 
0.005%, there is evidence to suggest an incidence as high as 0.2% in hypertensive 
patients [2]. Though a majority of pheochromocytomas occur sporadically in the 
population, 25% can be familial in nature. Genetic mutations associated with the 
development of these tumors include mutations in VHL, RET, NF1, SDHB or 
SDHD genes and can be part of von-Hippel-Lindau disease, neurofibromatosis, 
familial paraganglioma, or the multiple endocrine neoplasia type 2 syndromes. 
Though mostly located within the adrenal medulla, extra-adrenal pheochromocyto-
mas are well described and referred to as paragangliomas (Fig. 29.1).

The distinction between pheochromocytomas and paragangliomas is important 
to make as paragangliomas have different implications with regard to risk of malig-
nancy, need for genetic testing, and other associated malignancies. Unlike pheo-
chromocytomas, paragangliomas originate from paraganglia in chromaffin-negative 
glomus cells derived from the embryonic neural crest. While all paragangliomas 
contain neurosecretory granules, only a small percentage (1–3%) of cases secrete 
enough hormones (such as catecholamines) to be clinically significant. Most para-
gangliomas are benign in nature and 85% will develop in the abdomen, 12% in the 
chest, and 3% in the head and neck region (often as carotid body tumors, glomus 

a b

Fig. 29.1 (a) CT scan of the abdomen showing a malignant paraganglioma at the aortic bifurca-
tion in a 59 year old male. (b) CT scan of liver in the same patient 3 years later showing evidence 
of metastatic disease

M. S. Cohen and T. M. Cotton



351

jugulare or globus tympaticum tumors in the middle ear). Given the variable loca-
tions of paragangliomas, care must be taken to properly identify and localize these 
tumors preoperatively.

The ‘rule of 10s’ has been a popular teaching pearl through the years and holds as 
a general way to characterize pheochromocytomas. The rule describes that: 10% are 
bilateral, 10% are extra-adrenal, 10% are familial, and 10% are malignant. With most 
pheochromocytomas being benign, cure can be achieved by surgical resection; how-
ever, malignant pheochromocytmas clearly exist. The diagnosis of malignancy with 
regard to pheochromocytomas can often be difficult to make. Even when equipped 
with preoperative imaging, intraoperative findings, and final histopathology, there 
can be uncertainty. The formal diagnosis of malignant pheochromocytoma requires 
evidence of metastases to non-chromaffin containing sites at a distant location from 
the primary tumor. Though local invasion certainly increases the likelihood of malig-
nancy, invasiveness and malignancy are not necessarily associated in this disease. 
While evidence of metastatic disease is the most commonly accepted definition for a 
pheochromocytoma being malignant, case numbers are limited. As a result, some 
authors have included locally invasive tumors in their definition of malignancy.

Metastatic pheochromocytomas may be identified early at the time of initial diag-
noses or later, often months to years, during surveillance following initial resection. 
Given the difficulty with histological confirmation of malignant disease, care must 
be taken to appropriately provide adequate long-term follow-up. Post-resection 
occurrences are typically found in the first 5 years but can surface 15 or more years 
postoperatively as noted by some reports [3]. Unfortunately, there is no effective cure 
for malignant pheochromocytoma; however, therapeutic interventions play an impor-
tant role in its management. Treatment can provide the following benefits: decrease 
of disease burden, minimization of compression on nearby anatomic structures, 
improvement of symptoms, reduction of catecholamine excess, and potentially 
improved survival. Therapeutic options should be discussed in a multidisciplinary 
fashion involving surgeons, endocrinologists, radiologists, nuclear medicine special-
ists, pathologists, and oncologists. Though there is an array of treatment modalities, 
therapeutic strategies fall into two basic categories: surgical and non-surgical.

 Surgical Therapy

Surgical resection offers the opportunity for remission, decreased biochemical 
activity, diminished local invasion, and the potential of improved survival. The pri-
mary goal of surgical treatment is resection of the primary tumor and, when possi-
ble, resection of local and distant metastasis. Data for the surgical management of 
malignant pheochromocytoma is limited; however, there are studies that can help 
guide surgeons through the decision-making process.

With regard to biochemical activity, Ellis et al. examined 42 patients following 
operative intervention for metastatic pheochromocytoma. Patients were stratified in 
terms of disease extent and degree of operative resection. They found that patients 
with only intra-abdominal disease (local invasion and metastatic disease confined 
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within the abdominal cavity) were significantly more likely to achieve biochemical 
response than patients with extra-abdominal disease (74.1% vs 20%, p = 0.0009). In 
addition, patients with only intra-abdominal disease had a substantially more dura-
ble response with approximately 40% maintaining a biochemical improvement 
5 years postoperatively.

Degree of surgical resection was also found to be an important variable. In 
patients with a R0/R1 resection, the mean reduction in biochemical value was 
70.1% compared to a R2 resection at 12.9%. Additionally, approximately 60% of 
patients with a R0/R1 resection achieved a biochemical response at 3 years com-
pared to less than 5% of the R2 patient group [4]. Khorram-Manesh et al. provided 
a series of four patients with metastatic pheochromocytoma who underwent resec-
tion. Two patients had locally metastatic disease and both were alive 11 years post-
resection—one with disease and one disease-free. The other two patients with 
distant disease died five and 23 years post-resection [5]. Wan et al. compiled a series 
of three patients who underwent resection of malignant pheochromocytoma. The 
first patient had widely metastatic disease to the liver, lung and bone. Due to pain of 
the liver, a right hepatectomy and adrenalectomy was performed. The patient died 
of disease progression 1 year later. A second patient had disease invading the retro-
hepatic venacava as well as distant metastasis to the lung. Radical resection of the 
retrocaval disease resulted in a postoperative death 4 days following surgery. A third 
patient presented with metastatic disease to the pleura and paratracheal nodes in the 
right chest. A right adrenalectomy and thoracic resection of all visual disease was 
performed successfully in the form of a R1 resection. Two years postoperatively, the 
patient had small stable disease in the right lung but was symptom free and required 
no medical therapy for symptom control [6]. Noda et al. reported a case of a R0 
hepatic resection of metastatic pheochromocytoma with good results. The patient 
was disease free and asymptomatic 3 years postoperatively [7]. Mishra et al. reported 
a case of locally metastatic bilateral pheochromocytoma. Following a R0 resection, 
the patient had no biochemical or radiographic evidence of recurrence. Interestingly, 
the patient had evidence of catecholamine induced cardiomyopathy preoperatively. 
Following resection and biochemical normalization, the patient’s ejection improved 
from 26% preoperatively to 68% at 3 years postop [8].

Although such data is limited to very small case-series, there remains supportive 
evidence to offer patients metastatic resection to improve symptoms and potentially 
survival if a R0 or R1 resection is achieved. Resection may offer biochemical 
improvement, symptom improvement, prevent local invasion of surrounding struc-
tures, and possibly contribute to the efficacy of future non-operative therapies. The 
goal should be for a R0 or R1 resection if possible, as general debulking is unlikely 
to provide durable biochemical improvement. Additionally, there is some data to 
support that improvement in symptoms and survival can be achieved if a R0/R1 
resection is performed and the metastatic disease is confined to the abdomen. 
Surgery for malignant pheochromocytomas can be difficult at times and often 
requires en-bloc resection resulting in significant morbidity and mortality. As such, 
advanced operative resources and surgical expertise is necessary and should be pro-
vided by centers with experience in taking care of patients with 
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pheochromocytomas. Though not outlined in this chapter, preoperative pharmaco-
logic management should be in place to minimize the risk of complications during 
surgery such as hypertensive crisis. Most centers use alpha blockade (i.e phenoxy-
benzamine) titrated to the point of orthostasis, followed by beta-blockade to avoid 
tachyarrythmias resulting from unopposed alpha blockade.

To our knowledge, no clinical trials exist which specifically evaluate survival in 
patients with malignant pheochromocytoma. In general, overall 5-year survival is 
thought to range between 30 and 50%. The course, however, can be highly variable 
with extra-abdominal metastatic disease carrying a worse prognosis [9–13]. Huang 
et al. showed a possible survival benefit to resection while following ten patients for 
a median of 5.5 years. One patient continues to survive 10 years following resection 
of metastatic disease in the bone and lung [14]. While a laparoscopic approach is 
typically preferred in patients with a suspected benign pheochromocytoma, this 
should not be the approach when a malignant pheochromocytoma is known or sus-
pected. Rather, an open approach should be considered to provide the best chance 
of a R0 or R1 resection along with appropriate regional lympadenectomy. Violation 
of the capsule likely increases the incidence of recurrence and should be avoided 
when possible. In contrast to benign disease, malignant pheochromocytomas are 
often difficult to fully remove and require a skilled and experience surgeon [15–17]. 
In summary, complete resection of the primary tumor, as well as metastatic disease, 
should be performed when possible.

 Non-operative Therapy

Aside from surgical resection, potential ‘non-operative’ therapies can be catego-
rized as local therapy or systemic therapy for the treatment of malignant pheochro-
mocytoma. Local therapies include external beam radiation, percutaneous tumor 
ablation, and directed transarterial chemoembolization. Systemic therapies include 
cytotoxic chemotherapy, radionucleotide (131I-MIBG), and molecular targeted ther-
apy. Many non-operative treatment modalities are used synchronously to various 
degrees with other treatment modalities and are difficult to isolate in such a small 
patient population as being solely beneficial. While often not curative, these thera-
pies can assist with palliation of symptoms. Though non-operative, care should be 
taken in providing appropriate pre-therapy pharmacologic treatment to avoid com-
plications such as hypertensive crisis and stroke.

One of the more commonly utilized systemic treatment modalities is 131I-MIBG. 
131I-MIBG is an analogue of norepinephrine which is found sequestered in chromaffin 
cells’ neurosecretory granules. Thus, 131I-MIBG’s efficacy is contingent upon its 
uptake by malignant pheochromocytoma cells. This uptake can typically be proven on 
123I-MIBG scintigraphy. Unfortunately, only approximately 60% of malignant pheo-
chromocytoma tumors display MIBG-uptake [18, 19]. This number falls with previ-
ously radiated tumor sites, bone metastasis, or previous treatment with chemotherapy. 
As such, MIBG is a much less effective therapy in the setting of bone metastases. 
Gredik et al. found that 47% of patients treated with 131I-MIBG therapy displayed 
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objective radiographic tumor response with survival time between objective respond-
ers and non-responders being different, but not statistically significant at 72 months vs 
26 months respectively (p = 0.537). Eight of 12 patients (67%) that were evaluated for 
biochemical improvement showed response to therapy. In addition, subjective symp-
tom improvement was seen in 16 of 18 patients (89%) [20]. Safford et al. studied 
131I-MIBG therapy in 22 patients and showed an objective radiographic tumor response 
in 38%; however, response in of itself did not predict survival improvement. Sixty 
percent of the patients had a significant reduction in catecholamine levels and 86% 
had symptomatic improvement. Though radiographic tumor response did not corre-
late with survival benefit, a decrease in catecholamine levels along with a decrease in 
symptoms was associated with an increase in median survival [21]. Gonias et al. stud-
ied 49 patients treated with 131I-MIBG and found an overall radiographic response rate 
of 63%. Contradictory to Safford et al. Gonias found radiographic response to be an 
indicator of improved survival and did not find biochemical functionality or patient 
symptoms to correlate [22]. Though certainly not effective in treating all tumor pre-
sentations, those that respond to 131I-MIBG targeted therapy demonstrate a reasonable 
radiographic decrease in tumor burden, decrease in tumor functionality, and improve-
ment of symptoms. As such, 131I-MIBG therapy remains an important palliative tool 
in the treatment of malignant pheochromocytoma. Potential safety issues and side 
effects associated with MIBG include vomiting, nausea, pulmonary toxicity, hyper-
tensive crisis, as well as hematologic and thyroid dysfunction. Patients with a high 
tumor burden of malignant pheochromocytoma that is unresectable, progressive in 

Malignant Pheochromocytoma
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nature, lacks substantial bony metastases, and displays MIBG uptake are optimal can-
didates for 131I-MIBG therapy [23] (Fig. 29.2).

Directed therapies have also been utilized in the treatment of malignant 
pheochromocytoma. Radiation therapy, ablative therapy, and transarterial chemoem-
bolization are modes of treatment used to assist with both local and distant control. 
External beam radiation therapy (EBRT) was originally thought to be relatively inef-
fective for the treatment of malignant pheochromocytoma; however, more recent data 
suggests that it can have beneficial results giving it resurgence. Fishbein et al. evaluated 
17 patients who received a median total dose of 40 Gy in 17 fractions. This study, con-
trasted with smaller radiation dose studies of the past, employed a higher radiation dose 
which was felt to contribute to its success. Five of the 17 patients (29%) were also 
treated with 131I-MIBG therapy. In this subgroup, the areas that were irradiated showed 
a durable objective response despite experiencing out of field progression of disease. 
Thus, EBRT can possibly be useful in controlling bulky disease when high doses of 
radiation are employed (>40 Gy) [24]. The predominant toxicity was due to irradiation 
of normal tissues adjacent to the field most commonly resulting in nausea and diarrhea. 
There were no significant episodes of hematologic toxicity in those treated.

Ablative therapy is also being used in the treatment of malignant pheochromocy-
toma. These techniques, which include radiofrequency ablation (RFA), cryo-abla-
tion, and percutaneous ethanol injection, are best applied to patients with relatively 
few isolated metastatic lesions. McBride et al. studied ten patients with metastatic 
pheochromocytoma who received percutaneous ablation. In this group, 47 lesions 
with an approximate mean tumor size of 2.5 cm were treated within the liver, bone, 
and retroperitoneum. Liver lesions were treated with RFA or ethanol injection 
whereas bone and retroperitoneal lesions were treated with either RFA or cryo-abla-
tion. Twenty-seven of the ablated lesions received follow-up imaging that was avail-
able for review at a mean interval of 3.7 months. Fifteen of the 27 lesions (56%) in 
this subgroup were successfully ablated with no evidence of radiographic recurrence 
[25]. While clearly not a cure, ablative therapy can help control relatively small and 
discrete local disease. Complications were minimal though one death was recorded 
as the result of an iatrogenic bowel perforation. For those liver lesions not amendable 
to local minimally invasive ablation or surgical resection, transarterial chemoembo-
lization (TACE) can be considered and has been shown to be beneficial in several 
case reports [25–28]. Side effects of this therapy include bleeding, liver injury or 
infarction, liver failure, systemic absorption of chemotherapy, and vascular injury.

When surgical resection, MIBG, or local treatments are not appropriate options, 
systemic chemotherapy can be utilized in the treatment of malignant pheochromo-
cytoma. Combination chemotherapy with variations of cyclophosphamide, vincris-
tine, and dacarbazine (CVD) are the most commonly used and well-described 
regimens. Tanabe et al. evaluated 17 patients with malignant pheochromocytoma 
receiving chemotherapy. Eight patients (47%) had a partial radiographic response to 
therapy with five patients (29%) progressing despite treatment. Eight patients (47%) 
had a complete or partial biochemical response as well. Significant predictors of 
responsiveness to chemotherapy were found to include younger age and increased 
time between the diagnosis of pheochromocytoma and the detection of malignant 
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disease. Kaplan-Meier analysis showed that 50% survival was approximately 
6 years in patients showing a biochemical and/or radiographic tumor response to 
treatment, approximately 4 years in patients with no significant change in tumor 
response, and approximately 3 years in those with continued deterioration of bio-
chemical and tumor responses [29]. Ayala-Ramirez et al. evaluated 52 patients with 
malignant pheochromocytoma receiving chemotherapy. Thirteen patients (25%) 
had radiographic response to therapy with eight patients (15%) showing evidence of 
symptom improvement with normalization of blood pressure [30]. Huang et  al. 
evaluated 18 patients with malignant pheochromocytoma receiving CVD therapy. 
Ten patients (55%) had a complete or partial objective radiographic response to 
therapy. All of the patients who responded reported improvement in their symptoms 
and had objective improvements in blood pressure control. Kaplan-Meier analysis 
showed that 50% survival was approximately 4 years in responders and approxi-
mately 3 years in non-responders [31]. Given the potential for radiographic response, 
biochemical improvement, and improved survival, chemotherapy should be consid-
ered for patients with progressive unresectable disease. It is particularly favorable 
(when compared to MIBG) in patients with substantial metastatic bone disease. 
Though chemotherapy can improve patients’ biochemistry and symptoms, it can 
occasionally cause catecholamine excess complication during therapy. It is advised 
to control symptoms by pharmacologic means prior to initiation of therapy.

Lastly, the newest treatment opportunities have come from the development of 
targeted therapeutics. In malignant pheochromocytomas, few investigative studies 
using molecular targeted therapies exist and the ones that have been performed 
show mixed results. Case series comprising 11 patients treated with everolimus 
exhibited no significant response to targeted therapy. In one series, five of seven 
patients did display evidence of disease stabilization; unfortunately, there was no 
evidence of regression [32, 33]. The largest study examining molecular targeted 
therapies was performed by Ayala-Ramirez et al. Their group of 14 patients with 
rapidly progressive malignant pheochromocytoma was treated with sunitinib. Three 
of the 14 patients (21%) had a partial response and five (36%) had no disease pro-
gression. In addition, 43% of the patients had their blood pressure under control and 
some patients were able to discontinue their antihypertensive medications all 
together. The median overall survival in the group was 27 months [34]. Additional 
trials are currently under way to further understand the potential benefits of suni-
tinib and other molecular targeted therapies.

 Recommendations

In summary, malignant pheochromocytoma is a rare condition that carries a poor 
prognosis. Complete resection of the primary tumor as well as any metastatic lesions 
should be performed, if possible, to improve symptoms, decrease catecholamine 
excess, and possibly improve survival. There is a clear difference in outcome 
between a R0/R1 resection and a R2 resection as ‘debulking’ operations have not 
been proven to be effective in isolation of additional therapy. Preoperative 
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decision-making should ideally involve a multidisciplinary team and surgery should 
be performed by an experience surgeon at a center familiar with managing pheo-
chromocytomas. Such centers should have appropriate OR equipment and anesthe-
sia staff to handle these complex cases. If resection cannot be achieved, additional 
treatment options include local therapies (external beam radiation, percutaneous 
ablation, and chemoembolization) as well as systemic therapies (131I-MIBG, che-
motherapy, and sunitinib). Systemic therapies can be used as a primary treatment 
modality in some patients or as adjuvant therapy following surgical resection in 
others. Regardless of the therapy employed, care should be taken to prepare patients 
appropriately with pre-treatment pharmacologic therapy to avoid hypertensive crisis 
or other complications.
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Abstract
The perioperative management of patients undergoing surgical resection of 
pheochromocytoma is essential to good outcomes. Historically high mortality 
rates associated with surgery have been mitigated by perioperative management 
of hemodynamics. Several options exist for the preoperative medical blockade of 
patients with catecholamine-producing tumors, including non-selective alpha-
receptor blockers, selective alpha1-receptor blockers, and calcium channel block-
ers. In this chapter, we summarize the available data and provide recommendations 
for the optimal preoperative medical management of patients undergoing surgi-
cal resection of pheochromocytoma.
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 Introduction

Patients undergoing surgical resection of pheochromocytoma require careful preop-
erative preparation in order to prevent the potentially life-threatening cardiovascular 
catastrophes that can occur as a result of excess catecholamine secretion during 
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surgery, including hypertensive crisis, cardiac arrhythmia, myocardial infarction, 
stroke, pulmonary edema, and death. The first successful operations for pheochro-
mocytoma were performed in 1926, by César Roux in Lausanne, Switzerland, and 
by Charles Mayo in Rochester, Minnesota [1]. By 1951, 125 operations for pheo-
chromocytoma had been performed, with a mortality rate of 26% [2]. In 1956, 
James Priestley and colleagues at the Mayo Clinic reported a dramatic decrease in 
intraoperative mortality that accompanied their use of preoperative and intraopera-
tive vasoactive medications for blood pressure control: 61 pheochromocytomas 
were removed from 51 patients without operative mortality [3]. Today, surgical 
resection of pheochromocytoma is associated with perioperative mortality of less 
than 3% and intraoperative mortality of less than 1% [4, 5].

Preoperative medical blockade is one of the fundamental principles of the peri-
operative management of patients undergoing surgical resection of pheochromocy-
toma. Patients must undergo some form of preoperative medical blockade to prevent 
massive catecholamine release on induction of anesthesia or upon manipulation of 
the tumor, prior to ligation of the adrenal vein. Historically, the non-selective alpha-
adrenergic blocker phenoxybenzamine has been used for preoperative preparation of 
patients with pheochromocytoma. Phenoxybenzamine allows intravascular volume 
expansion and blocks alpha-adrenergic receptors noncompetitively, which means 
that catecholamines released by the tumor cannot overcome the blocking effect, 
at least in theory [6]. However, phenoxybenzamine produces substantial reflex 
tachycardia and orthostatic hypotension. Dose adjustments must be made slowly, 
and because the half-life is 24 h, a prolonged hypotensive state can occur follow-
ing resection of the catecholamine-producing tumor [7]. Selective alpha1-receptor 
antagonists, such as the oral agents doxazosin, prazosin and terazosin, and the intra-
venous agent urapidil, have been utilized with greater frequency in recent years in 
order to circumvent some of the disadvantages of phenoxybenzamine. Although 
they are competitive blockers of alpha-adrenergic receptors, they do not affect pre-
synaptic alpha2-receptors, and thus they do not enhance norepinephrine release and 
produce reflex tachycardia. In addition, the half-lives of prazosin, terazosin and 
urapidil are substantially shorter than that of phenoxybenzamine (2–3, 12 and 2–5 h 
respectively; the half-life of doxazosin is 22 h), which allows more rapid dose adjust-
ment and decreases the duration of postoperative hypotension [7]. Calcium channel 
blockers, such as nifedipine and nicardipine, have also been utilized with increasing 
frequency in the preoperative management of pheochromocytoma. These agents 
lower blood pressure by inhibiting norepinephrine-mediated release of intracellu-
lar calcium and transmembrane calcium influx in vascular smooth muscle, thereby 
relaxing arteriolar smooth muscle and decreasing peripheral vascular resistance 
[8]. The half-lives of nifedipine and nicardipine are 0.2–1 and 6–8 h, respectively 
[9]. The theoretical advantages of calcium channel blockers include less orthostatic 
hypotension, and prevention of catecholamine-induced coronary vasospasm [7].

Although several options exist for preoperative medical blockade of patients 
undergoing resection of pheochromocytoma, there are no clear guidelines as to 
which regimen is optimal. There exists no level one evidence (i.e. data from a ran-
domized, controlled trial) to support the use of any specific agent over another, or 
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even to support the practice of preoperative medical blockade as opposed to no 
preoperative medical blockade. To date, three sets of clinical practice guidelines for 
the management of pheochromocytoma have been published: guidelines from the 
First International Symposium on Pheochromocytoma in 2007, the North American 
Neuroendocrine Tumor Society (NANETS) in 2010, and the Endocrine Society in 
2014 [10–12]. All three sets of guidelines state that preoperative medical blockade 
is recommended prior to resection of pheochromocytoma and that non-selective 
alpha-adrenergic blockers, selective alpha1-receptor blockers, and calcium channel 
blockers are all acceptable options. The purpose of this chapter is to summarize the 
available data and provide recommendations for the optimal preoperative medical 
management of patients undergoing surgical resection of pheochromocytoma.

 Search Strategy

Current guidelines related to the preoperative management of patients with pheo-
chromocytoma were reviewed. A comprehensive review of the literature was per-
formed in the PubMed database using the following keywords and medical subject 
headings (MeSH): pheochromocytoma, paraganglioma, hemodynamic stabil-
ity, blood pressure control, alpha blocker, beta blocker, calcium channel blocker, 
phenoxybenzamine, dibenzyline, doxazosin, prazosin, cardura, phentolamine, 
regitine, oraverse, minipress, tolazoline, isoprenaline, isuprel, dexmedetomidine, 
propanalol, and nifedipine. The initial PubMed search returned 541 articles. The 
search was then limited to articles in the English language that involved human 
subjects, were published in the past 30 years, were not case reports, and for which 
a review of the abstract suggested that they would be applicable to the current ques-
tion. Of specific interest were articles that directly compared outcomes following 
different preoperative medical blockade regimens. The quality of each study was 
determined using the Grades of Recommendation, Assessment, Development, and 
Evaluation (GRADE) criteria [13]. A total of 73 articles were reviewed critically 
and 18 articles met inclusion criteria for the analysis performed for this chapter.

 No Preoperative Medical Blockade Versus Preoperative 
Medical Blockade

A total of five articles were identified that addressed the question of whether or not 
preoperative medical blockade is necessary prior to surgical resection of pheochro-
mocytoma [14–18]. Four are retrospective reviews and one is a prospective case-
control study. See Table 30.1.

Stenström et al. [14] reported a retrospective review of a series of 62 patients: 
51 patients received phenoxybenzamine (eight of these also received a beta blocker 
for reflex tachycardia), and 11 patients received no preoperative medical blockade. 
The different regimens were prescribed based on provider choice. There was a sta-
tistically significant reduction in the incidence of intraoperative excessive blood 
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pressure variation in the group treated with phenoxybenzamine, although 69% of 
the patients treated with phenoxybenzamine still experienced intraoperative sys-
tolic blood pressure measurements above 175 mmHg. The authors recommended 
that all patients with pheochromocytoma be treated preoperatively with an alpha-
adrenergic receptor blocker.

Boutros et al. [15] reported a retrospective review of a series of 60 patients who 
underwent 63 resections of pheochromocytoma: 6 patients received phenoxyben-
zamine, 28 patients received prazosin (thus, a total of 34 patients received alpha-
adrenergic blockade), and 29 patients received no preoperative medical treatment. 
The different regimens were prescribed based on provider choice. There was no 
difference between groups in the percent of patients that required intravenous 
sodium nitroprusside or nitroglycerin intraoperatively to reduce blood pressure, and 
no patient experienced stroke or myocardial infarction. The authors concluded that 
patients can safely undergo surgical resection of pheochromocytoma without pre-
operative alpha blockade.

Steinsapir et al. [16] reported a retrospective review of a series of 34 patients: 6 
patients received phenoxybenzamine, 14 patients received phenoxybenzamine and 
the catecholamine synthesis blocker metyrosine, 6 patients received prazosin and 
metyrosine, 1 patient received nifedipine and metyrosine, and 7 patients received 
no preoperative medical blockade. The different regimens were prescribed based on 
provider choice. Among the patients who received metyrosine as part of their preop-
erative medical blockade, 95% did not require intraoperative pressors, compared to 
only 50% in the group that received phenoxybenzamine alone. Among the patients 
that received metyrosine, 81% did not require intraoperative phentolamine to reduce 
blood pressure, whereas phentolamine was not required in only 33% and 29% of 
patients who received phenoxybenzamine alone and no preoperative medical block-
ade, respectively. Two patients in the group that received no preoperative medical 
blockade died from hypertensive crisis. The authors concluded that a preoperative 

Table 30.1 Summary of the studies evaluating preoperative medical blockade versus no 
 preoperative medical blockade in patients undergoing surgical resection of pheochromocytoma

Study/Year

Number of patients in each arm

Results favor
Quality  
of evidence

Preoperative 
medical blockade

No preoperative 
medical blockade

Stenström et al. 
(1985) [14]

51 11 Preoperative medical 
blockade

Low

Boutros et al. 
(1990) [15]

34 29 No difference Low

Steinsapir et al. 
(1997) [16]

27 7 Preoperative medical 
blockade

Low

Ulchaker et al. 
(1999) [17]

70% of 113 
patients

30% of 113 
patients

No difference Low

Shao et al. 
(2011) [18]

38 21 No difference 
(normotensive pheo)

Low
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treatment regimen including an alpha blocker and metyrosine is necessary in order 
to reduce surgical morbidity in patients with pheochromocytoma.

Ulchaker et al. [17] reported a retrospective review of a series of 113 patients: 
70% of patients received preoperative medical blockade with a combination of 
alpha blockade (phenoxybenzamine or a selective alpha1-receptor blocker), and/
or a calcium channel blocker, and a beta blocker when necessary (exact regimens 
not specified) and 30% of patients received no preoperative medical blockade (no 
preoperative blockade was routine if patients were normotensive preoperatively). 
Different regimens were prescribed based on provider choice and were observed 
to change over time with respect to method of preoperative fluid expansion and 
medication choice. There was no statistically significant difference in the intraop-
erative mean blood pressure between groups. The group of patients that received 
no preoperative medical blockade required less fluid in the perioperative period. 
Major cardiovascular complications occurred in 6 patients (pulmonary edema in 3, 
congestive heart failure in 2, and stroke in 1), all of whom were in the group that 
received preoperative medical blockade. The authors concluded that preoperative 
alpha blockade is not necessary prior to surgical resection of pheochromocytoma.

Shao et al. [18] reported a prospective case-control study of 66 patients under-
going resection of adrenal incidentaloma highly suspected to be normotensive 
pheochromocytoma. Patients were consented and given the option of undergoing 
preoperative medical blockade with doxazosin versus no preoperative medical 
blockade. Final pathology revealed pheochromocytoma in 59 patients; of these, 38 
received preoperative doxazosin and 21 patients received no preoperative medical 
blockade. There were no differences found between groups in intraoperative blood 
pressure and heart rate, and the group that received preoperative doxazosin required 
more intraoperative nitroglycerin, norepinephrine, phentolamine and colloid fluid. 
The authors concluded that there is no benefit to preoperative alpha blockade in 
patients undergoing resection of normotensive pheochromocytoma.

 Recommendation

Some evidence exists that preoperative medical blockade may not be necessary 
prior to resection of pheochromocytoma. These data are strongest for patients who 
are normotensive preoperatively. However, existing studies have small sample 
sizes and likely lack sufficient power to detect a difference between preoperative 
medical blockade and no preoperative medical blockade even if a true difference 
exists. Therefore, we recommend that all hypertensive patients receive preoperative 
medical blockade in order to avoid the unpredictable but potentially catastrophic 
consequences of massive catecholamine release. We recommend that preoperative 
medical blockade be considered in patients who are normotensive preoperatively, 
although it may be safe in this patient population to proceed to surgery without 
preoperative medical blockade.
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 Preoperative Non-selective Alpha Blockade Versus 
Preoperative Selective Alpha1 Blockade

A total of 11 articles were identified that compared non-selective  alpha-adrenergic 
blockade to selective alpha1-receptor blockade [19–29]. All are retrospective 
reviews. See Table 30.2.

Havlik et al. [19] reported a retrospective review of a series of 18 patients who 
underwent 19 operations: 9 patients received phenoxybenzamine and 6 patients 
received prazosin (4 patients received no preoperative medical blockade and were 
excluded from analysis). The different regimens were prescribed based on provider 
preference. There was no difference between groups in perioperative fluid require-
ments or intraoperative hemodynamic stability. The authors concluded that either 
non-selective or selective alpha1-adrenergic blockade is adequate prior to resection 
of pheochromocytoma.

Russell et al. [20] reported a retrospective review of a series of 14 patients: 12 
patients received phenoxybenzamine, and 2 patients received prazosin and labet-
alol. The different regimens were prescribed based on provider choice. Although 
the sample size was very small, the authors reported that the intraoperative hemo-
dynamic stability of the patients who received phenoxybenzamine was superior to 
that of the patients who received prazosin and labetalol.

Kocak et  al. [21] reported a retrospective review of a series of 49 patients: 
21 patients received phenoxybenzamine, 11 patients received prazosin, and 17 
patients received doxazosin. The different regimens were prescribed based on 
institutional protocol (phenoxybenzamine was routinely used prior to 1994; pra-
zosin between 1994 and 1997; doxazosin after 1997). There was no difference 
between groups in terms of intraoperative hypertension, postoperative blood pres-
sure, and perioperative fluid requirements. The authors concluded that surgical 

Table 30.2 Summary of the studies evaluating preoperative non-selective alpha  blockade 
versus preoperative selective alpha1 blockade in patients undergoing surgical resection of 
pheochromocytoma

Study/Year

Number of patients in each arm

Results favor
Quality  
of evidence

Non-selective 
alpha blockade

Selective alpha1 
blockade

Havlik et al. (1988) [19] 9 6 No difference Low
Russell et al. (1998) [20] 12 2 Non-selective Low
Kocak et al. (2002) [21] 21 28 No difference Low
Prys-Roberts et al. (2002) [22] 8 27 Selective Low
Bruynzeel et al. (2010) [23] 31 42 No difference Low
Weingarten et al. (2010) [24] 50 37 No difference Low
Zhu et al. (2010) [25] 31 36 No difference Low
Habbe et al. (2013) [26] 19 11 No difference Low
Agrawal et al. (2014) [27] 14 13 Non-selective Low
Kiernan et al. (2014) [28] 71 16 No difference Low
Li et al. (2014) [29] 70 85 Selective Low

E. Holt et al.



367

resection of pheochromocytoma is safe after any of the three regimens used for 
preoperative medical blockade.

Prys-Roberts et al. [22] reported a retrospective review of a series of 35 patients: 
8 patients received phenoxybenzamine and 27 patients received doxazosin. The 
different regimens were prescribed based on institutional protocol (phenoxybenza-
mine was routinely used until 1992; doxazosin after 1992). All eight patients treated 
with phenoxybenzamine experienced orthostatic hypotension during the preopera-
tive period compared with only 2/27 patients treated with doxazosin. There were no 
differences in intraoperative systolic blood pressure between groups, but in the early 
postoperative period, the blood pressure was lower in the phenoxybenzamine group 
than in the doxazosin group. The authors concluded that both regimens provided 
safe intraoperative blood pressure control, but that doxazosin was associated with 
fewer adverse side effects and permitted a more rapid postoperative recovery.

Bruynzeel et al. [23] reported a retrospective review of a series of 73 patients: 
31 patients received phenoxybenzamine and 42 patients received doxazosin. The 
different regimens were prescribed based on institutional protocol (phenoxyben-
zamine was routinely used until 2003; doxazosin after 2003). There were no sta-
tistically significant differences between groups in terms of intraoperative blood 
pressure fluctuations (hypertensive or hypotensive episodes) or fluid administra-
tion. However, postoperative mean arterial pressure was statistically significantly 
higher in the phenoxybenzamine group compared with the doxazosin group. The 
authors concluded that either non-selective or selective alpha1–adrenergic blockade 
is adequate prior to resection of pheochromocytoma.

Weingarten et al. [24] reported a retrospective review of a series of 87 patients 
who underwent surgical resection of pheochromocytoma at two different institu-
tions: 50 patients received the Mayo Clinic protocol with phenoxybenzamine in 
98%, a beta blocker in 78%, and a calcium channel blocker in 22% (only one patient 
received a selective alpha1-receptor blocker); 37 patients received the Cleveland 
Clinic protocol, with selective alpha1-receptor blockade (doxazosin, prazosin or ter-
azosin) in 65%, beta blockers in 46% and a calcium channel blocker in 30% (only 
16% of patients received phenoxybenzamine). Intraoperatively, the maximal and 
mean blood pressure readings were lower with the Mayo Clinic protocol. Although 
the lowest intraoperative blood pressure readings did not differ between groups, 
the Mayo Clinic patients spent relatively more time hypotensive than the Cleveland 
Clinic patients (as defined by blood pressure episodes ≤30% of baseline); how-
ever, the Cleveland Clinic patients received more intraoperative fluids. There was 
no postoperative myocardial infarction, stroke or death at either institution. The 
authors concluded that the different regimens for preoperative medical blockade 
did not result in clinically significant differences in outcome, but did result in dif-
ferences in intraoperative hemodynamics, with phenoxybenzamine producing bet-
ter attenuation of intraoperative hypertensive episodes at the cost of longer-lasting 
hypotension with greater use of vasopressors.

Zhu et al. [25] reported a retrospective review of a series of 67 patients: 31 patients 
received phenoxybenzamine and 36 patients received doxazosin. The different 
regimens were prescribed based on institutional protocol (phenoxybenzamine was 
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routinely used until 2005; controlled release doxazosin after 2005). The mean intra-
operative systolic arterial blood pressure was higher in the doxazosin group, and 
the lowest systolic blood pressure after tumor resection was lower in the phenoxy-
benzamine group. The fluctuation of systolic arterial blood pressure, defined as the 
change in systolic blood pressure divided by the change in diastolic blood pres-
sure, was greater in the phenoxybenzamine group. There was no difference between 
groups in volume of intraoperative fluid administered. The authors concluded that 
both regimens were equally effective, and that phenoxybenzamine provided better 
arterial pressure control, but doxazosin led to a more stable perioperative hemody-
namic course.

Habbe et al. [26] reported a retrospective review of a series of 30 patients: 19 
patients received oral phenoxybenzamine for the usual time course and 11 patients 
received intravenous urapidil for 3 days prior to surgery. The different regimens 
were prescribed based on institutional protocol (phenoxybenzamine was routinely 
used until 2007; urapidil after 2007). There were no differences between groups in 
number of episodes of intraoperative hypertension or hypotension, maximal and 
minimal intraoperative systolic and diastolic blood pressures, and the use of intra-
operative pressors. There was a statistically significant difference in total length of 
stay (17 days in the phenoxybenzamine group versus 11 days in the urapidil group), 
which was associated with reduced costs for the urapidil group; however, a critique 
of these findings is that these lengths of stay from a German study are dramatically 
longer than the lengths of stay typically seen in patients undergoing resection of 
pheochromocytoma in the United States. The authors concluded that both regimens 
prepared patients adequately for surgical resection of pheochromocytoma.

Agrawal et al. [27] reported a retrospective review of a series of 27 patients: 14 
patients received phenoxybenzamine and 13 patients received prazosin. The dif-
ferent regimens were prescribed based on provider preference. Patients in the pra-
zosin group had a statistically significantly higher median intraoperative systolic 
blood pressure as well as more episodes of systolic blood pressure ≥ 160 mmHg, 
≥180 mmHg, and ≥ 220 mmHg. The median lowest intraoperative systolic blood 
pressure was also lowest in the prazosin group. There were no significant differ-
ences between groups in heart rate, postoperative blood pressure alterations, or 
arrhythmias. The authors concluded that phenoxybenzamine was superior to prazo-
sin because it better controlled intraoperative hemodynamic fluctuations.

Kiernan et  al. [28] reported a retrospective review of a series of 91 patients: 
71 patients received phenoxybenzamine and 16 patients received selective alpha1 
blockade with prazosin, doxazosin, or terazosin (4 patients who underwent no pre-
operative medical blockade were not included in the analysis). The different regi-
mens were prescribed based on provider preference. The use of selective alpha1 
blockade was associated with increased incidence of episodes of systolic blood pres-
sure > 200, but there were no other differences between groups in other measures of 
hemodynamic instability. The authors concluded that selective alpha1 blockade was 
associated with significantly more episodes of intraoperative hypertension, but no 
perioperative adverse outcomes.
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Li et  al. [29] reported a retrospective review of a series of 155 patients: 70 
patients received phenoxybenzamine and 85 patients received doxazosin. Although 
it is not clearly stated in the manuscript, the different regimens appear to have been 
prescribed based on provider preference, as both medications were utilized in the 
authors’ institution during the study time period. The patients in the phenoxybenza-
mine group experienced a statistically significantly greater incidence of blood pres-
sure fluctuations (14% versus 2%; defined as systolic blood pressure ≥ 200 mmHg 
or ≤  110  mmHg), but there was no difference between groups in postoperative 
hemodynamic stability or postoperative adverse outcomes. The authors concluded 
that doxazosin was preferred to phenoxybenzamine for preoperative alpha blockade.

 Recommendation

The majority of the studies reviewed concluded that non-selective alpha blockade 
and selective alpha1 blockade are equivalent in terms of preparing patients for sur-
gical resection of pheochromocytoma. General recurring themes included better 
control of maximal intraoperative blood pressures but lower postoperative blood 
pressure with phenoxybenzamine compared to the selective agents. Both types of 
preoperative medical blockade are associated with rare adverse postoperative out-
comes. Studies are again generally plagued with the limitation of small sample size, 
and because serious perioperative complications are rare in the modern era, it is 
certainly possible that a difference between groups was not detected even if a true 
difference exists. Overall, we recommend that either a non-selective alpha blocker 
or a selective alpha1 blocker can be used to provide safe preoperative medical block-
ade prior to surgical resection of pheochromocytoma.

 Preoperative Alpha Blockade Versus Preoperative Calcium 
Channel Blockade

Two retrospective reviews that included 10 patients and 105 patients who received 
only a calcium channel blocker and no form of alpha blocker have reported that 
surgical resection of pheochromocytoma is safe after preoperative medical block-
ade with calcium channel blocker only [30, 31]. However, only three articles were 
identified that compared preoperative medical blockade with an alpha-adrenergic 
blocker versus a calcium channel blocker [17, 32, 33]. All are retrospective reviews. 
See Table 30.3.

Ulchaker et al. [17] reported a retrospective review of a series of 113 patients, 
described in the previous section that addressed the need for preoperative medical 
blockade versus no preoperative medical blockade, but included in this section as 
well because both alpha blockers and calcium channel blockers were included in 
this study. To summarize the findings specifically as they pertain to the question of 
alpha blockers versus calcium channel blockers, exact regimens are not specified in 
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the manuscript, but 70% of patients received preoperative medical blockade with a 
combination of alpha blockade (phenoxybenzamine or a selective alpha1 blocker), 
and/or a calcium channel blocker, and a beta blocker when necessary. Institutional 
protocol was to utilize a calcium channel blocker as the treatment of choice, with the 
addition of a selective alpha blocker (or rarely phenoxybenzamine) if hypertension 
was not adequately controlled with the calcium channel blocker alone. Beta block-
ers were utilized only when a cardiac dysrhythmia was noted. Overall, in the 24 h 
prior to surgery, 26% of patients received calcium channel blockers, 30% received 
selective alpha1 blockers, 10% received phenoxybenzamine, and 20% received a 
beta blocker (some patients received multiple medications). In addition, 30% of 
patients received no preoperative medical blockade, as this was routine protocol 
if patients were normotensive preoperatively. There was no statistically significant 
difference in the intraoperative mean blood pressure between groups. The group of 
patients that received no preoperative medical blockade required less fluid in the 
perioperative period. Major cardiovascular complications occurred in six patients 
(pulmonary edema in three, congestive heart failure in two, and stroke in one), all of 
whom were in the group that received preoperative medical blockade; the authors 
do not specify which of these patients were receiving calcium channel blockers 
versus alpha blockers. The authors concluded that preoperative alpha blockade is 
not necessary prior to surgical resection of pheochromocytoma. The authors also 
concluded that calcium channel blockers are equally effective but safer than alpha 
blockers when used as the primary mode of antihypertensive therapy, although they 
published no data that specifically support this conclusion.

Siddiqi et al. [32] reported a retrospective review of a series of 64 patients: 57 
patients received phenoxybenzamine and 7 patients received oral nicardipine. The 
different regimens were prescribed based on provider preference. There were no 
differences between groups in intraoperative hemodynamic stability, defined as the 
fraction of patients with, or number of episodes of, sustained or transient hyperten-
sion or hypotension, or sustained tachycardia. The percent of patients in each group 
requiring intraoperative medications for blood pressure control was not different 
between groups. Postoperative outcomes were similar between groups: there were no 
differences in rates of hemodynamic instability, length of hospital stay, stroke, myo-
cardial infarction, pulmonary edema, or death. In spite of the recognized limitation 

Table 30.3 Summary of the studies evaluating preoperative alpha blockade versus preoperative 
calcium channel blockade in patients undergoing surgical resection of pheochromocytoma

Study/Year

Number of patients in each arm

Results favor
Quality of 
evidenceAlpha blockade

Calcium channel 
blockade

Ulchaker et al. 
(1999) [17]

40% of 113 
patients

26% of 113 patients No 
difference

Low

Siddiqi et al. (2012) 
[32]

57 7 No 
difference

Low

Brunaud et al. 
(2014) [33]

41 110 No 
difference

Low
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of the very small sample size in the nicardipine group, the authors concluded that 
nicardipine is an equivalent alternative to phenoxybenzamine for preoperative medi-
cal blockade in patients undergoing surgical resection of pheochromocytoma.

Brunaud et al. [33] reported a retrospective review of a series of 155 patients 
across three institutions: 41 patients from a center in the United States received 
phenoxybenzamine, 110 patients from two different centers in France received 
oral nicardipine, and 4 patients received no preoperative medical blockade. This 
article was not included in the previous section that addressed the need for preop-
erative medical blockade versus no preoperative medical blockade, as the number 
of patients who received no preoperative medical blockade was so small. The dif-
ferent regimens were prescribed based on provider preference. Overall, there was 
no difference between groups in terms of the percent of patients that experienced 
intraoperative hemodynamic instability, defined as the occurrence of both hyperten-
sive and hypotensive episodes during the same procedure. However, the phenoxy-
benzamine group experienced statistically significantly higher mean maximal 
systolic blood pressures, greater number and duration of episodes of systolic blood 
pressure > 200 mmHg, more frequent and longer episodes of severe hypotension 
(mean arterial pressure < 60 mmHg), more use of intraoperative vasoactive agents, 
and greater mean volumes of intraoperative fluid. The authors concluded that there 
was no difference between groups on intraoperative hemodynamic instability and 
postoperative morbidity, and that calcium channel blockers are a safe alternative to 
phenoxybenzamine for the preoperative preparation of patients undergoing surgical 
resection of pheochromocytoma.

 Recommendation

The very few studies that have examined this question concluded that alpha block-
ade and calcium channel blockade are equivalent in terms of preparing patients for 
surgical resection of pheochromocytoma. Again, because of the small sample sizes, 
and because serious perioperative complications are rare in the modern era, it is 
certainly possible that a difference between groups was not detected even if a true 
difference exists. Overall, we recommend that either an alpha blocker or a calcium 
channel blocker can be used to provide safe preoperative medical blockade prior to 
surgical resection of pheochromocytoma.

 Summary of Recommendations

 No Preoperative Medical Blockade Versus Preoperative  
Medical Blockade

Preoperative medical blockade is recommended over no preoperative medical 
blockade for hypertensive patients undergoing surgical resection of pheochromocy-
toma (evidence quality low; strong recommendation). Consideration of preoperative 
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medical blockade is recommended in patients with pheochromocytoma who are 
normotensive preoperatively, although it may not be necessary in this patient popu-
lation (evidence quality low; weak recommendation).

 Preoperative Non-selective Alpha Blockade Versus Preoperative 
Selective Alpha1 Blockade

Non-selective alpha blockade and selective alpha1 blockade are recommended 
equally for the preoperative medical preparation of patients undergoing surgical 
resection of pheochromocytoma (evidence quality low; weak recommendation).

 Preoperative Alpha Blockade Versus Preoperative Calcium 
Channel Blockade

Alpha blockade and calcium channel blockade are recommended equally for the 
preoperative medical preparation of patients undergoing surgical resection of pheo-
chromocytoma (evidence quality low; weak recommendation).

Conclusion
The perioperative management of patients undergoing surgical resection of pheo-
chromocytoma is essential to good outcomes. Several options exist for the preop-
erative medical blockade of patients with catecholamine-producing tumors, 
including non-selective alpha-receptor blockers, selective alpha1-receptor block-
ers, and calcium channel blockers. In this chapter, we have summarized the avail-
able data and have provided recommendations for the optimal preoperative 
medical management of patients undergoing surgical resection of pheochromocy-
toma. In brief, it appears that preoperative medical blockade of some type offers 
an advantage over no preoperative blockade, at least for hypertensive patients; 
however, there is insufficient data to recommend one specific agent over another. 
No data exist from randomized controlled trials. The studies that have been 
reported in the literature are virtually all retrospective case series, with small sam-
ple sizes and frequent serious design flaws predisposing to bias. The authors of the 
majority of the studies report that either no clinically significant difference or no 
statistically significant difference exists between groups, and therefore conclude 
that indeed no true difference exists, yet not a single study reports a power calcu-
lation, and therefore, no certainty exists that a Type II error is not being made. We 
know that patients with pheochromocytoma undergo medical and surgical proce-
dures prior to their diagnosis on a regular basis, even biopsy of the tumor itself, 
and often experience no consequence; however, the rare instances of catastrophic 
cardiovascular collapse are so undesirable that it makes intuitive sense to employ 
preoperative medical blockade in order to avoid these, even though the data are 
limited. The agent for which the greatest body of literature exists is phenoxyben-
zamine, but there are no clear, consistent data that phenoxybenzamine is superior 
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to selective alpha1-receptor blockers or calcium channel blockers. No agent 
appears to eliminate hemodynamic instability completely. The possibility exists 
that the intravenous agents used to treat intraoperative and postoperative hyper-
tension and hypotension on a minute-by-minute basis are so effective that the type 
of preoperative medical blockade is of no consequence, but a larger, better-
designed study than what currently exists in the literature would be needed in 
order to draw such a conclusion, ideally a randomized, controlled trial. In sum-
mary, when dealing with an entity such as pheochromocytoma, for which compli-
cations are rare but devastating, the most conservative approach is likely the 
optimal approach in the absence of better data.
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31Surgery Versus Nonsurgical Therapy 
for Recurrent Adrenocortical Carcinoma
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Abstract
Adrenocortical carcinoma is a rare endocrine neoplasm associated with poor 
prognosis. Complete surgical resection is the only potential cure for the disease. 
Unfortunately, a significant number of patients develop disease relapse and pres-
ent with local or systemic recurrence. Close follow-up with regular clinical 
examination aided by radiological imaging and blood investigations is crucial for 
the early detection of recurrent disease. The best treatment options for recurrent 
disease remain unclear and these include surgery, chemotherapy, and radiother-
apy, in addition to new and upcoming treatments. This chapter will focus on the 
treatment of recurrent ACC including a discussion of surgical and non-surgical 
therapy options.

Keywords
Adrenocortical carcinoma · Recurrence · Surgery · Mitotane · Chemotherapy · 
Radiotherapy · Radiofrequency ablation · Treatment

 Introduction

Adrenocortical carcinoma (ACC) is a rare and aggressive endocrine malignancy. 
Approximately 0.7–2.0 per million individuals are diagnosed with ACC each 
year [1, 2]. The prognosis of patients with ACC is poor, with an overall 5-year 
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survival of less than 35% [3–5]. Patients with stage IV ACC have a 5-year sur-
vival rate of less than 15% [6, 7]. A bimodal age distribution is described, with 
a peak frequency at ages younger than 5 years and a second peak most com-
monly in the fourth and fifth decades [1, 3]. Females are slightly more fre-
quently affected than males [1].

This chapter will focus on the treatment of recurrent ACC including a discus-
sion of surgical and non-surgical therapy options (Table 31.1).

Adrenocortical carcinomas present as a functional tumor related to excess 
adrenal hormone production, as a result of mass effect most often in cases of a 
non- functional tumor, or found incidentally on radiological imaging. Up to 60% 
of patients present with the hormonal symptoms of the functional tumor (most 
commonly Cushing’s syndrome) [8]. Unfortunately, when these tumors are non- 
functional, they may not be detected until they develop into a large mass that 
may invade into adjacent structures with possible metastases.

The etiology of ACC is unclear, but smoking and the use of oral contracep-
tives have been described as risk factors [9]. The majority of ACCs are sporadic. 
Familial association has been shown in patients with Li-Fraumeni syndrome 
[10]. Progress is being made in recent years in the understanding of the molecu-
lar mechanisms of ACC tumor development and genetic profiling [11].

Historically, the McFarlane classification as modified by Sullivan was used 
for staging in ACC (Table  31.2) [12, 13]. Subsequent modifications restricted 
stage IV disease to include patients with metastatic disease. Current classifications 
include the World Health Organization and the Union for International Cancer 
Control classification which is based on the McFarlane/Sullivan system and the 
European Network for the Study of Adrenal Tumor (ENSAT) classification 
(Tables 31.3 and 31.4) [14, 15].

The management of patients with ACC requires a multi-disciplinary approach. 
Surgical resection of disease is the main treatment modality in patients with 
limited disease. Adjuvant therapy includes chemotherapy and/or radiation. 
Although complete surgical resection offers the best chance of cure in patients 
who present with localized disease, recurrence following surgery is common. 
Unfortunately, up to 75–85% of patients with ACC develop local and/or distant 
metastases, despite initial pathological evidence of a complete R0 resection [16, 
17]. Disease recurrence is most common within the first 2 years following sur-
gery, with 40% of patients recurring within this time period [18]. Unfortunately, 
tumor recurrence is likely to be followed by further relapses, with a shortened 
disease-free interval (DFI) between these episodes. Literature on the treatment 
of recurrent ACC is scarce, and level I evidence is lacking. Treatment can be 
broadly divided into surgical or non-surgical options. Non-surgical treatment 
encompasses chemotherapy, radiation therapy, radiofrequency ablation and 
cryosurgery. This chapter will focus on the treatment options for the treatment 
of recurrent ACC. The available evidence for these treatment modalities will be 
discussed (Table 31.5).
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Table 31.1 PICO table

Population Patients with recurrent adrenocortical carcinoma
Intervention Surgical resection
Comparator Chemotherapy, radiotherapy, tumor ablation, targeted therapies
Outcomes Surgical resection is recommended for patients with recurrent 

adrenocortical carcinoma who are suitable for further intervention and who 
develop a recurrence after 6–12 months of initial treatment. Treatment with 
chemotherapy and/or radiotherapy may be of benefit following surgery

Table 31.2 The MacFarlane classification modified by Sullivan for staging adrenocortical 
carcinoma

Stage Size Lymph nodes Local invasion Metastases TNM
I <5 cm − − − T1, N0, M0
II >5 cm − − − T2, N0, M0
III Any size + + − T1–2, N1, M0
IV Any size + + + T1–2, N1, M1

Table 31.3 Union for International Cancer Control (UICC)/World Health Organization (WHO) 
2004 staging system for adrenocortical carcinoma, derived from the MacFarlane classification as 
modified by Sullivan

Stage UICC/WHO
I T1, N0, M0
II T2, N0, M0
III T1–2, N1, M0 or T3, N0, M1
IV T4, N0, M0 or T3, N1,M0 or T1–4, N0–1, M1

T1 tumor ≤5 cm, T2 tumor >5 cm, T3 tumor infiltration locally reaching neighboring organs, T4 
tumor invasion of neighboring organs, N0 no positive lymph nodes, N1 positive lymph nodes, M0 
no distant metastases, M1 distant metastasis

Table 31.4 European Network for the Study of Adrenal Tumors (ENSAT) 2008 staging system 
for adrenocortical carcinoma

Stage ENSAT
I T1, N0, M0
II T2, N0, M0
III T1–2, N1, M0 or T3–4, N0–1, M0
IV T1–4, N0–1, M1

T1 tumor ≤5 cm, T2 tumor >5 cm, T3 tumor infiltration into surrounding tissue, T4 tumor invasion 
into adjacent organs or venous tumor thrombus in vena cava or adrenal vein, N0 no positive lymph 
nodes, N1 positive lymph nodes, M0 no distant metastases, M1 distant metastasis

31 Surgery Versus Nonsurgical Therapy for Recurrent Adrenocortical Carcinoma
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 Search Strategy

A focused review of available literature was conducted. Original articles were iden-
tified using a PubMed search strategy. The following search terms were used in 
combinations: recurrent adrenocortical carcinoma, surgery, chemotherapy, radia-
tion, radiofrequency ablation, mitotane and treatment.

 Surgical Management

The management of patients with ACC requires a multi-disciplinary approach. The 
main goal of treatment in patients with limited disease is complete surgical resection 
with negative margins (R0). Surgery should involve an en bloc resection of the tumor 
with involved adjacent structures. It is crucial to take caution in preserving the integrity 
of the tumor capsule to prevent tumor spillage, which may lead to future tumor recur-
rence [4, 5]. Studies have shown a correlation between the ability to achieve clear mar-
gins and prognosis [18, 28, 40]. In addition to careful pathological assessment, evaluation 
of hormone levels post-operatively can be used to assess the completeness of surgical 
resection. In patients who present with metastatic disease or advanced tumors, then 
tumor debulking may be of benefit, specifically when control of excess hormone secre-
tion is required. However, data on this is scare and a survival data is controversial [3, 40].

Despite having an adequate resection, up to 85% of patients with ACC will 
develop a local or distant recurrence (Fig. 31.1) [16, 17, 42]. Traditionally, surgical 
resection was thought to be contraindicated in patients with recurrent and metastatic 
disease. More recently, our understanding of the biology of ACC has improved and 
criteria such as DFI and resectability of the tumor recurrence has evolved as predic-
tors of a possible improved outcome with re-operation.

An earlier study by Jensen et al., compared treatment with chemotherapy and sur-
gical resection followed by chemotherapy in recurrent ACC [21]. Survival following 

Fig. 31.1 PET-CT image showing a retroperitoneal ACC recurrence
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first recurrence was significantly longer in patients treated with chemotherapy plus 
aggressive surgical resection of recurrent disease than in patients treated with chemo-
therapy alone (27 vs 11 months, p < 0.05). Five patients in the study (33%) survived 
greater than 5 years from the time of first recurrence. In addition, the authors noted 
that an initial time to recurrence of greater than 12 months was associated with a sig-
nificantly improved overall survival. More recently, Erdogen et al., published a larger 
series showing similar findings [41]. The study represented the collective experience 
from the German Adrenocortical Carcinoma Registry and found that a time to first 
recurrence greater than 12 months as well as a complete R0 resection of the recurrent 
tumor was associated with improved patient survival and outcome. In addition, a 
recurrence that occurred early within the first 6 months indicated a poor prognosis 
with a progression-free survival (PFS) of 3  months and an overall survival of 
13  months, compared with patients who developed a recurrence after more than 
24 months where the PFS was 17 months and overall survival was 115 months.

When performed, surgical resection for ACC recurrence has been shown to be 
associated with low post-operative mortality. Schulick et al. published a retrospective 
series from Memorial Sloan Kettering Cancer Center which included 47 patients who 
underwent a second resection for locally recurrent of metastatic disease [28]. Of a 
total of 83 repeat resections in this cohort, the authors reported a 30-day mortality of 
3.6%. In this study, stratification of patients by completeness of the repeat resection 
revealed a higher median survival of 74 months in patients undergoing a complete 
resection compared with 16 months when the resection was incomplete. Thus, empha-
sizing the prognostic value of achieving a complete resection in patients with recur-
rent ACC as described by other authors. Similar results were seen in a study by Cricitti 
et al., where a complete resection was associated with a longer- disease free survival 
and overall survival than in those patients who have recurrent disease that is not ame-
nable to surgical resection (DFS 41.5 months versus 15 months and OS at 5 years of 
50% versus 8% respectively) [18].

Our experience at Mayo Clinic was recently published and included 67 patients 
who underwent reoperation for recurrence and 26 patients who had non-operative 
therapy or no intervention [40]. A comparison of survival for these three groups (sur-
gery, non-surgical therapy and no intervention) at 1, 2 and 5 years of patients was 
82%, 67%, and 30% in the surgery group, 26%, 13%, and 0% in the non- surgical 
therapy group, and 30%, 10% and 0% in those patients treated with supportive care 
alone (p < 0.0001). In addition, the study showed that patients who did not achieve an 
R0 resection for recurrent disease had a reduced overall survival compared with those 
achieving a complete resection. Furthermore, debulking surgery was found to be asso-
ciated with an improved medial survival of 3.5 years compared with patients who did 
not undergo surgery (p = 0.002). In contrast to the studies discussed earlier showing 
an improved survival in patients who had an initial DFI of more than 12 months, a 
time period of greater than 6 months was identified in this study to be independently 
associated with improved survival among patients proceeding with surgical resection 
of recurrent tumor [40]. Hence, these results in addition to other reports, support a role 
for surgical intervention in recurrent ACC.

The use of laparoscopic surgery for ACC is a subject of ongoing controversy. 
Open adrenalectomy is generally the preferred procedure for patients with proven 
ACC or where there is a high suspicion for this diagnosis. It also is the procedure of 
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choice in cases where the tumor is larger than 10–12 cm, there is evidence of inva-
sion of adjacent structures, and lymphadenopathy [43, 44]. Studies to date have 
shown an increased local recurrence rate and intra-peritoneal dissemination of dis-
ease in cases of ACC resected by a laparoscopic approach [45]. Therefore, data 
extrapolated from these experiences do not support a laparoscopic approach in the 
recurrent setting.

 Recommendation

A number of case reports and retrospective case series have been published showing 
a benefit for re-operation for recurrent ACC. In these studies, a complete resection 
was associated with an improved overall survival compared with an incomplete 
resection. A complete surgical resection, therefore, is recommended for patients 
who develop a recurrence of ACC more than 6–12 months following their initial 
therapeutic resection (evidence quality low, weak recommendation).

 Non-surgical Management

 Chemotherapy

To date, mitotane (ortho,para’-DDD or 1,1-dichloro-2-[o-chlorophenyl]-2-[p- 
chlorophenyl] ethane) has been shown to be the only adrenal specific agent for the 
treatment of ACC. Mitotane acts through several different mechanisms which include 
decreasing cortico-steroid biosynthesis and by inducing structural damage to the 
mitochondria in the zona reticularis and zona fasciculata, thereby leading to necrosis 
of both normal and tumor tissue [46, 47]. The actions of mitotane appear to be dose 
dependent. A correlation between plasma serum levels and survival have been shown 
with serum levels of more than 14 μg/mL [24]. As a result of improved understanding 
of the variability of response in patients with ACC, as well as the increasing half-life 
with prolonged administration of mitotane, various dosing regimens have been pro-
posed [48, 49]. Side effects of mitotane are also dose dependent and are reversed by 
stopping therapy. The most common of these include gastrointestinal symptoms such 
as nausea, vomiting, diarrhea and anorexia [4, 42, 46]. Others include neuropsychiat-
ric symptoms, hepatotoxicity, hematologic abnormalities, renal abnormalities and 
skin rashes [4, 46]. In addition, glucocorticoid replacement is warranted in patients 
treated with mitotane due to the suppressive effects on health adrenal tissue. The 
reported efficacy of mitotane in the treatment of patients with ACC is variable and 
unclear. It has been shown to be effective in inducing tumor response in 33% of 
patients treated [50]. Terzolo et al., reviewed the outcomes of patients with ACC who 
had undergone radical surgery and treated with mitotane compared with patients who 
were not treated with mitotane [42]. The study revealed that PFS was significantly 
prolonged in the mitotane group compared with the two control groups (42 months vs 
10 and 25 months respectively). Multivariate analysis indicated that mitotane treat-
ment had a significant advantage for PFS.
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In addition to mitotane, chemotherapeutic agents have been shown to be of benefit in 
patients with ACC, especially those patients that do not responds to mitotane, experi-
ence severe side effects or patients advanced disease. Various combinations have been 
used and reported in retrospective series. These include cisplatin-based therapy in com-
bination with etoposide, 5-fluorouracil and doxorubicin or streptozocin. The First 
International Randomized Trial in Locally Advanced and Metastatic Adrenocortical 
Carcinoma Treatment (FIRM-ACT) study is the only phase III randomized controlled 
trial in the treatment of ACC to be reported to date. This study compared two of the most 
successful regimen in the treatment of patients with advanced ACC (etoposide, doxoru-
bicin and cisplatin (EDP) with mitotane and streptozocin with mitotane) and aimed to 
establish a treatment standard for advanced disease [51–53]. An objective tumor 
response was noted in 23.2% of patients in the EDP-mitotane group compared with 
9.2% of patients in the streptozocin-mitotane group. The median DFI was 5.0 months in 
the EDP-mitotane group compared with 2.1 months in the streptozocin group [53]. The 
12-month survival and median overall survival between the EDP-mitotane group and 
streptozocin-mitotane group was 26.1% and 14.8 months vs 7.2% and 12.0 months 
respectively. The study concluded that EDP-mitotane as first-line treatment reduced the 
risk of death by 21% as compared with streptozocin-mitotane [53]. Despite this small 
benefit, this trial is important in setting a standard for current practice (EDP-mitotane as 
first line combination treatment of advanced ACC) as well as providing a platform for 
further research in this area. The European Society of Medical Oncology (ESMO) 
guidelines recommend combination chemotherapy and mitotane for patients with inop-
erable ACC with high tumor volume and rapid disease, whilst mitotane alone can be 
used initially for patients with low tumor volume, slow progression or those patients 
who are unfit for surgery [54].

In the setting of tumor recurrence, the role of mitotane or chemotherapy- mitotane 
combinations, as well as consensus on the best treatment is yet to be fully eluci-
dated. Reports of chemotherapy in recurrent ACC have not been consistent and have 
shown no increase in survival rates, long term disease control, as well as disease 
remission [4, 24, 31, 46, 55]. In addition, studies comparing medical treatment and 
surgery have consistently shown a survival benefit in patients treated with surgery 
(with or without further medical therapy) compared with no surgery [16, 21, 34]. 
Therefore, it is accepted that an evaluation of patients at the time of recurrence is 
important to establish the resectability of recurrent disease and patient fitness for 
surgery. Factors discussed in the previous section including DFS and tumor biology 
should be considered. Following surgical resection, patients may receive mitotane 
with or without chemotherapy and/or radiation.

In patients with excess hormone secretion, additional pharmacologic agents are 
available for use and have a role in controlling the production of steroids. This is 
particularly important in patients who may be unsuitable for further surgery or who 
have disease that in no amenable to a complete R0 resection. Such agents include 
metyrapone and ketoconazole. Metyrapone inhibits cortisol production, while keto-
conazole is an imidazole antifungal agent that has a role in suppressing corticoste-
roid and androgen production and has an important role in benign adrenal disease. 
These agents, unfortunately, do not inhibit tumor growth. Other agents include 
etomidate and mifepristone.
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 Recommendation

The use of chemotherapy and other medical therapy in recurrent ACC is unclear and 
evidence to support its use is limited to retrospective case series and reports. These 
therapies should be considered in the following reoperation for recurrent ACC and 
for the treatment of patients who have disease that is not amenable to surgical resec-
tion (evidence quality low, weak recommendation).

 Radiotherapy

The role of radiation treatment in ACC is yet to be fully elucidated. Radiotherapy 
has been traditionally reserved for the palliative treatment of patients with 
ACC. The main challenges in its utilization include the lack of clear treatment 
benefit as well as radiation effects on adjacent organs such as the kidney, liver 
and small bowel. A recommendation from a review of data from the German 
ACC Registry includes consideration of radiotherapy within 3 months of sur-
gery to the tumor bed in patients at high risk of local resection, such as those 
with an incomplete resection (microscopically involved or indeterminate resec-
tion margins), stage III disease, tumors greater than 8 cm, or a Ki 67% of greater 
than 10%. A total dose of >40 Gy with single fractions of 1.8–2 Gy are sug-
gested (including a boost volume to reach from 50 to 60 Gy) [56]. In addition 
radiotherapy is recommended for use for symptomatic metastases to bone, brain 
or vena cava obstruction [56].

A search of the literature regarding the use of radiotherapy in recurrent adreno-
cortical carcinoma is limited to retrospective case series. A retrospective series of 
patients with primary and recurrent ACC compared treatment with surgery alone, 
surgery plus adjuvant radiotherapy and definitive radiotherapy for unresectable dis-
ease [38]. This study showed that the lack of radiotherapy use was associated with 
4.7 times the risk of local failure compared with treatment regimens that involved 
radiotherapy (95% CI, 1.2–19.0; p = 0.030). In patients receiving radiation to the 
tumor bed, tumors of a maximum dimension greater than 10 cm were 4.3 times 
more likely to fail locally than those with smaller tumors (95% CI, 1.5–13.0; 
p  =  0.004). The heterogenous nature (primary vs recurrent, various treatment 
modalities) of the patients included is a limitation of this study.

 Recommendation

The use of radiotherapy in recurrent ACC is unclear and evidence to support its use 
is limited to retrospective case series and reports. Radiotherapy should be consid-
ered in the following reoperation for recurrent ACC and for the treatment of patients 
who have disease that is not amenable to surgical resection (evidence quality low, 
weak recommendation).
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 Tumor Ablation

Radiofrequency ablation (RFA) delivers minimally invasive local treatment uti-
lizing high frequency alternating current. It works by transforming radiofre-
quency energy into heat, which is deposited into the tumor. It has been shown to 
be safe and effective treatment for a variety of tumors. In patients with ACC, it 
may constitute part of the treatment of patients of patients who are deemed as 
poor candidates for surgical resection and also as part of multimodality treat-
ment. In the primary setting, evidence to date has shown that RFA is well toler-
ated with 53% of patients demonstrating a reduction in the size of their tumor 
(more notable response in tumors <5  cm, 67% complete response) or loss of 
enhancement on imaging [57]. Side effects reported include bleeding, infection, 
and injury to adjacent organs [58, 59]. Datrice et al. reported on the use of RFA 
in a cohort of patients with recurrent and metastatic ACC [39]. The authors 
reported on the safety and feasibility of this procedure when performed at a 
specialized institution and when combined with surgery to treat lesions that 
might otherwise be considered unresectable. It is unclear however from this 
report as to how many patients had RFA specifically for recurrence rather than 
treatment of metastasis.

Cryoablation is another form of ablative treatment (Fig. 31.2). This causes tumor 
necrosis as a result of rapid cell freezing. To our knowledge there is no data avail-
able of the use of cryoablation in the treatment of recurrent ACC. Its use, however, 
has been demonstrated in the treatment of adrenal metastasis from other tumors 
[60]. Xiao et al. reported on the use of cryoablation for benign adrenal tumors and 
adrenal metastasis [61]. This study revealed a complete response of 92.3% and a 
partial response of 7.7% with its use for primary adrenal lesions. In the setting of 
metastasis a complete response was seen in 30% and a partial response in 70%. A 
third method of ablation that can be used for adrenal gland disease is chemical abla-
tion. This is performed using image-guided instillation of a chemical agent, most 
commonly ethanol or acetic acid. Li et al. reported a case of a patient with recurrent 
and metastatic ACC in which survival of 58 months was achieved with aggressive 
multiple trans-arterial embolization [62]. Addressing the role of these treatments in 
patients with ACC recurrence is challenging and further studies and reports are 
needed.

 Recommendation

Evidence on the use of RFA in recurrent ACC is very limited. Further investigation 
is needed to address the long-term efficacy of this technique and its role in improv-
ing disease free and overall survival. As such, radiofrequency ablation may be con-
sidered alone or in combination with surgery in patients with recurrent ACC 
(evidence quality low, weak recommendation). There is no evidence to suggest that 
this treatment is superior to surgery alone or other treatment modalities.
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 Novel Therapies

A number of novel therapies are currently being investigated for the treatment of 
advanced ACC. These include the use of inhibitors of vascular endothelial growth fac-
tor (VEGF), epidermal growth factor receptor (EGFR), insulin-like growth factor 
receptor 1 (IGFR1) and mammalian target of rapamycin (mTOR). Other targets of 
interest include micro RNA therapies, targeting the Wnt/B-catenin pathway, interleu-
kin-13 receptor alpha 2, and dimethylating agents. There is no evidence as yet to sup-
port their use in recurrent adrenocortical carcinoma and further research is needed.

 Recommendation

There is no evidence for the use of novel targeted therapies in the treatment of recur-
rent ACC.

Conclusions

The management of patients with recurrent ACC poses a great challenge for the 
treating physician. Despite achieving a complete resection of the primary tumor and 
receiving adjuvant therapy, up to 85% of patients with ACC experience disease 
relapse. Appropriate patient referral to a specialized unit and a multidisciplinary 
approach to patient treatment are crucial. Surgical resection is recommended for 
patients with recurrent ACC who are suitable for further intervention and who 
develop a recurrence after 6–12 months of initial treatment (Fig. 31.3).

Fig. 31.2 CT-guided cryoprobe for ablation
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 Recommendations Summary

 Surgery

A number of case reports and retrospective case series have been published showing 
a benefit for re-operation for recurrent ACC. In these studies a complete resection 
was associated with an improved overall survival compared with an incomplete 
resection. A complete surgical resection, therefore, is recommended for patients 
who develop a recurrence of ACC more than 6–12 months following their initial 
therapeutic resection (evidence quality low, weak recommendation).

 Chemotherapy

The use of chemotherapy and other medical therapy in recurrent ACC is unclear and 
evidence to support its use is limited to retrospective case series and reports. These 
therapies should be considered in the following reoperation for recurrent ACC and 
for the treatment of patients who have disease that is not amenable to surgical resec-
tion (evidence quality low, weak recommendation).

 Radiotherapy

The use of radiotherapy in recurrent ACC is unclear and evidence to support its use 
is limited to retrospective case series and reports. Radiotherapy should be consid-
ered in the following reoperation for recurrent ACC and for the treatment of patients 
who have disease that is not amenable to surgical resection (evidence quality low, 
weak recommendation).

 Tumor Ablation

Evidence on the use of RFA in recurrent ACC is very limited. Further investigation 
is needed to address the long-term efficacy of this technique and its role in improv-
ing disease free and overall survival. As such, radiofrequency ablation may be con-
sidered alone or in combination with surgery in patients with recurrent ACC 
(evidence quality low, weak recommendation). There is no evidence to suggest that 
this treatment is superior to surgery alone or other treatment modalities.

 Targeted Therapies

There is no evidence for the use of novel targeted therapies in the treatment of recur-
rent ACC.
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Abstract
The adrenal glands are frequently the site of metastasis from several different 
types of cancers, including lung, breast, melanoma, renal cell, and colon. 
Traditionally, the finding of adrenal metastasis was believed to portend end-stage 
disease and consequently surgery was rarely performed. Since the introduction 
of laparoscopic adrenalectomy in 1992, resection for isolated adrenal metastases 
is being reported with increasing frequency, and several authors have even 
reported improved outcomes and survival in selected patients. Presently the evi-
dence for this recommendation is based solely on published anecdotal reports 
and retrospective series. Hence prospective studies are desperately needed so 
that formal guidelines can be established in the decision-making process for 
patients with adrenal metastases.
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 Introduction

In the past, most if not all of the evidence reporting metastasis to the adrenal glands 
have come from autopsy series. A review of the literature in the first half of the 
twentieth century has documented the presence of metastatic lesions to the adrenal 
glands from almost all malignant epithelial tumors. All of these studies showed the 
metastatic potential of these invasive cancers and how they were able to establish a 
tumor “niche” in this small retroperitoneal endocrine gland [1, 2].

However, all of this did not provide any pathophysiologic dynamic that would 
help relate this phenomenon to the natural history of metastases to the adrenal 
glands [3]. The incidence of metastases to the adrenal gland is only second to the 
presence of non-functioning adrenal adenomas found at autopsy. Unraveling this 
problem had to await the imaging revolution in the last quarter of the twentieth 
century. The key was to be found in modern technology—the CT scan, the MRI and 
the PET scan [4].

With the recent emphasis on cancer surveillance, modern imaging methods have 
revealed the surprising fact that there is an increasing incidence of both synchro-
nous and metachronous lesions in the adrenal gland of cancer patients. Modern 
radiological modalities (CT, MRI, PET scans) allow for early detection of isolated 
metastatic lesions to the adrenal glands. In view of the above, the surgeon is now 
confronted with a new clinical conundrum, what to do with the incidental adrenal 
nodule in a patient with a history of prior malignancy [4]?

The decision to operate on patients with disseminated metastatic disease is not 
an easy one. If one limits the discussion to adrenal metastasis only, whether the 
incidental nodule be a synchronous or metachronous lesion, it is becoming appar-
ent that certain options are available for these patients. For patients with dissemi-
nated metastatic disease, surgery is generally not a viable option. In a subset of 
patients that have only a single metastatic lesion to the adrenal gland, then surgery 
is a viable option. Modern imaging has identified a new entity, whereby the pri-
mary cancer is in a state between locoregional extension and disseminated dis-
ease. This phase of the cancer is referred to as the stage of oligometastasis, 
corresponding to 1–5 macroscopic lesions. The surgical oncology literature has 
reported long disease-free survival following resection of isolated metastatic 
lesions to the adrenals [5]. Although there is no evidence that resection of isolated 
metastatic lesions offers any survival benefit compared to observation alone, the 
National Comprehensive Cancer Network (NCCN) already recommends resec-
tion of oligometastases. What data support these recommendations [6]? 
(Table 32.1).

Table 32.1 PICO table Population Patients with metastasis to the adrenal gland
Intervention Surgical resection
Comparator Ablative techniques and medical 

management
Outcomes Survival
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 Methods

 Search Strategy

A systematic literature search was performed for all articles published relating to 
the management of adrenal gland metastases. We searched bibliographic databases 
(MEDLINE, EMBASE, Cochrane Collaboration, PubMed) as well as conference 
proceedings, using electronic search terms and keywords: adrenal gland metastases, 
adrenal neoplasms, catheter ablation, laparoscopy, adrenalectomy (resection, sur-
gery, surgical). Total retrieval within each database was 78 articles in MEDLINE, 
112 articles in EMBASE and 1 in the Cochrane Library. The search was limited to 
papers published in English, involving adult subjects (18+ years of age) and relevant 
articles from a 10-year period up to and including January 2015. Studies were ini-
tially screened for relevance based on title and abstract. All studies deemed relevant 
that met the study inclusion criteria were retained, totaling 53 articles.

 Characterization of Adrenal Gland Metastasis

 Incidence

The incidence of adrenal metastases is difficult to determine because most adrenal 
metastases are discovered at autopsy. In a retrospective series that followed patients 
for 30  years, 94% of adrenal metastases were discovered at autopsy (435/464), 
while only 4.3% (20/464) were symptomatic from their disease. Amongst those 
patients presenting with metastatic disease to the adrenal gland, 49% had bilateral 
metastases. In addition, approximately two-thirds of patients presented with syn-
chronous disease, while one-third presented as metachronous disease, with a median 
time to presentation of 7 months [7].

 Prevalence

The prevalence of adrenal gland metastases is quite variable. The largest study to 
date is from 1950, deriving data from 1000 autopsies performed on patients diag-
nosed with an epithelial carcinoma. The likelihood of finding adrenal metastases 
was 27% in that study. However, the prevalence of adrenal metastases is difficult to 
define as it depends on the population of patients that are studied [1].

 Etiology

Historically, autopsy series found that adrenal metastases arise most commonly from 
the lung, breast, kidney, gastro-intestinal tract and skin (melanoma), with lung cancer 
representing up to 39% of cases and breast cancer up to 35% of cases [1, 2, 7]. One 
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thousand autopsies were performed on patients who died from a variety of epithelial 
malignancies. In those 1000 patients, 270 presented with metastases to the adrenal 
gland (27%), while other autopsy series report lower rates of adrenal gland metasta-
ses (8.6%) [2]. Out of the 270 patients, 90 were from breast cancer, 57 were from 
lung cancer, 25 from gastric cancer and 17 from colon cancer. It is of interest to note 
that adrenal metastases occurred in 57% (90/167) of breast cancer patients, 33% of 
lung cancer patients (57/160), 21% of gastric cancer patients (25/119) and 15% of 
colon cancer patients (17/117) in this autopsy series from the 1950s. The etiology of 
adrenal gland metastases is reflective of the era of cancer therapeutics as the rate of 
adrenal gland metastases from breast cancer is now rare (<3%) [8]. Potential bias 
may exist in studies like these, as autopsies were performed on the first consecutive 
1000 patients from a cancer center, suggesting that the sample may not be represen-
tative from a general population diagnosed with cancer. Given that all of these 
patients died from diffuse metastatic disease, one can ask if these metastatic findings 
are clinically relevant. In addition, the pathological techniques for detecting metasta-
ses (like immunohistochemistry) were not as developed in the 1950s. Finally mela-
noma, known to be a common primary that metastasizes to the adrenal gland, was not 
included in this study [1]. Furthermore, a review of 2833 autopsies reported by 
Bullock et al., showed different results in which the overall rate of adrenal metastases 
was 8.6% (244/2833) compared to 27% in the Abrams study. The most noticeable 
differences in prevalence of metastases were related to breast and gastric cancers. 
Abrams reported 53% and 21%, whereas Bullock showed a prevalence of 12.8% and 
4.7%, respectively. Bullock was the first to report on metastatic adrenal lesions in 
melanoma in 10 of 32 cases. The results of these two historical studies are quite dif-
ferent therefore making it difficult to establish a precise prevalence of adrenal metas-
tases. Still, these reports set the general rule for the average probability of metastases 
to the adrenal glands [2]. Finally, the anatomic site of the primary cancer that leads 
to adrenal metastases differs depending on geographic location. In comparison to the 
above-mentioned North American series, a study from Hong Kong revealed that the 
majority of adrenal metastasis came from the lung (149/421, 35%), followed by the 
stomach (60/421, 14.3%), oesophagus (51/421 12.1%), liver/bile duct cancer 
(45/421, 10.7%) pancreas, colon, kidney and breast. Hence, the pattern of adrenal 
metastatic disease seems to be influenced by geographic location [7].

There are three distinct patient presentations. The first presentation is when 
patients with a prior history of cancer are discovered to have a metachronous lesion 
in the adrenal gland during the postoperative surveillance period. Lenert et al. stud-
ied this population and found that 42 of 81 patients (52%) presented with adrenal 
metastases related to their primary cancer [9]. The prevalence rate appears to be 
high, and the authors do suggest that this may represent an overestimate of the real 
prevalence of adrenal gland metastases due to the fact that they excluded those 
patients discovered to have benign lesions from the analysis. In addition, this study 
was conducted over a 30-year period dating back to the 1970s. This represents 
another confounding variable, as considerable improvements with radiological 
imaging have been able to distinguish a benign from a likely malignant adrenal 
mass. As such, benign lesions would be underrepresented, leading to an 

F. Mercier et al.



399

overestimation of malignant lesions in this patient population. Therefore, the overall 
risk of an adrenal metastasis in a patient with a proven cancer is likely below 50%.

The second presentation is when the patient with a highly suspected cancer (or a 
proven cancer) is found with a synchronous adrenal lesion during cancer staging. 
The management of these patients will depend on the extent of the metastatic burden. 
Resection could be proposed if the adrenal gland is the only site of metastasis [10].

Finally the third presentation can be defined as a patient with an incidentally 
discovered adrenal lesion in the context of an unknown primary cancer. In this pop-
ulation, is it useful to perform a fine needle aspiration of the adrenal mass in order 
to diagnose the unknown primary malignancy? Lee et al. have studied this question 
by analyzing 1715 cases with unknown primary cancers and found only four patients 
(0.2%) whereby the adrenal incidentaloma uncovered the nature of the primary can-
cer. However, these four cases were clinically symptomatic due to the size of the 
adrenal lesion (>6 cm). This suggests that for asymptomatic incidentalomas, screen-
ing for an unknown primary extra-adrenal malignancy is not necessary [11].

 Defining the Extent of the Disease in the Context of Adrenal 
Metastasis

 Solitary Metastases

A solitary metastasis represents a rare occurrence of a single and isolated metastatic 
lesion to the adrenal gland from an occult or known primary malignancy.

 Oligometastases

Hellman and Weichselbaum defined the term oligometastases in reference to an 
intermediary state between locoregional and disseminated metastatic disease, 
defined as the existence of one to five isolated macroscopic metastases [12].

 Diffuse Metastatic Disease

This situation is most commonly seen when the patient presents with metastases in 
multiple organs, including the adrenal gland.

 Adrenal Metastases and the “Seed and Soil” Theory

Paget’s “seed and soil” hypothesis states that the interaction between the primary 
cancer (seed) and its organ microenvironment (soil) influences the pattern of metas-
tases. The microenvironment of the adrenal gland appears to have the necessary 
components to favor metastatic growth. The adrenal gland has an extensive blood 
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supply, exposing this endocrine organ to a significant tumor emboli transit. In addi-
tion, the adrenal gland has a vast lymphatic network throughout the cortex and 
medulla. Given these anatomical features, several studies have shown a predilection 
for metastatic deposits as they correlate with the number of capillary and lymphatic 
networks (3). Currently, there has been an investigation into the use of molecular 
markers to help predict the likelihood that a given cancer would metastasize to the 
adrenal gland [13].

 Radiological Imaging Characterization

 CT Scan
This imaging modality is most commonly used for the identification of adrenal 
masses. Specifically, adrenal metastases and primary adrenal cancer contain no 
fat as compared to benign adrenal lesions. Studies have identified cutoff values 
for density being 10 Hounsfield units (HU). A value below 10 HU allows for the 
diagnosis of an adrenal adenoma with 95% sensitivity and 80% specificity. 
Another useful imaging characteristic is the contrast washout behavior. 
Malignant lesions have an abnormal vasculature pattern, described by a high 
microvascular density and a high endothelial permeability resulting in slow 
blood flow with accumulation of contrast material within the lesion as compared 
to benign adrenal nodules [14]. A 50% washout value at 10 min has a sensitivity 
and specificity of 100% for differentiating between benign adenomas and malig-
nant lesions [15].

 MRI
MRI imaging readily identifies the lipid rich adenoma in comparison to lipid poor 
lesions such as primary and metastatic adrenal lesions. MRI scans achieve 89% 
sensitivity and 100% specificity in differentiating between benign and malignant 
adrenal nodules [16].

 PET-CT Scan
This method is capable of detecting neoplastic lesions of the adrenal gland. When 
adding a low resolution CT scan with the PET scan, sensitivity and specificity are in 
the range of 95% [14]. This test is only useful in tumors that are FDG avid and is 
useful for patients with a history of prior malignancy [17].

 Biopsy of an Adrenal Mass
Biopsy of the adrenal gland is generally not recommended [11, 18]. However, those 
patients with indeterminate adrenal lesions on imaging that prove to be non-func-
tional, biopsy can be useful in the right setting. When an indeterminate adrenal 
lesion is discovered in the context of a known extra-adrenal malignancy, adrenal 
biopsy does have a high sensitivity and specificity (~90–95%) [4]. Therefore adre-
nal biopsy can be resorted to in specific clinical situations (i.e. needing a diagnosis 
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in the setting of diffuse metastases). However, given the current advances in adrenal 
imaging, biopsy is rarely indicated.

 Synchronous vs. Metachronous Metastases
Synchronous metastases are defined as lesions appearing within 6 months of diag-
nosis of the primary malignancy. Metachronous metastases are lesions appearing 
more than 6 months following the initial diagnosis of the malignancy. There are 
some reports indicating that the outcomes are significantly better for patients with 
non-small cell lung cancer who present with resectable metachronous metastases 
as compared to synchronous metastatic lesions within the first 3  years. 
Consequently, there is some clinical relevance in determining the status of the 
patient with adrenal metastasis as far as non-small cell lung cancer is concerned. 
This is in concordance with other types of tumors such as colorectal cancer with 
liver metastasis, renal cell cancer with brain metastasis or non-small cell lung 
cancer with brain metastases. Even though some reports suggest that survival fol-
lowing resection of metachronous lesions is better in the short term (up to 3 years 
from initial diagnosis), a systematic review revealed that long-term results were 
similar with a 25% survival rate at 5 years for both synchronous and metachro-
nous lesions [19, 20]. For patients presenting with bilateral adrenal metastases 
that undergo bilateral adrenalectomy, there is a survival benefit in a select group 
of patients [20]. Therefore, bilateral adrenal metastases are not an absolute con-
traindication to surgical resection.

 Surgical and Ablative Therapies in the Treatment of Adrenal 
Gland Metastases

 Surgical Resection

 Who Are the Candidates?
First and foremost, patients must be fit for surgery in order to undergo a major 
abdominal organ resection under general anesthesia. Contraindications to surgery 
include cardiac and pulmonary comorbidities, local invasion of other organs by the 
tumor and disseminated metastases. Optimal control of the primary malignancy is 
also a prerequisite for enrolling patients for an adrenal resection [4, 10].

 Solitary vs. Oligometastases vs. Diffuse Metastatic Disease
As defined earlier, a solitary adrenal metastasis corresponds to the adrenal gland 
being the only site of metastasis. Oligometastases is an intermediate state between 
loco-regional and disseminated metastatic disease, usually defined as the existence 
of 1–5 isolated macroscopic metastases. Diffuse metastases are when the adrenal 
gland is part of multiple metastatic sites. There is no report that differentiates 
between all these subgroups primarily because the diffuse state is always seen as a 
contraindication to surgery except for symptomatic palliation.
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The goal of surgery depends on the differences with respect to the biology of the 
primary lesions as discussed in the review by Sancho et al. An illustration of resecting 
oligometastases can be found in non-small cell lung cancer where there is anecdotal 
evidence of a short-term survival benefit from adrenalectomy following resection of 
brain metastases [21]. On the other hand, no benefit was seen for performing adrenalec-
tomy in the setting of metastatic melanoma if complete surgical control of the primary 
tumor was not possible [22]. Yet, others suggest that resection of oligometastases seem 
to benefit from adrenalectomy if all other metastatic sites are potentially resectable [23].

 Synchronous vs. Metachronous Adrenal Metastases
The 6-month cut-off that distinguishes synchronous from metachronous metastatic 
lesions is important for establishing prognosis as some studies report the metachro-
nous group fares better when compared to the synchronous group. Earlier series 
from MSKCC found that a disease-free interval of greater than 6 months was a 
predictor for improved survival [24]. However, when the MSKCC group analyzed a 
larger cohort of patients with metastatic adrenal lesions, the disease-free interval 
was no longer considered a significant predictor of survival [25]. The authors 
explained this discrepancy due to a short follow-up period in their initial publica-
tion. Despite this finding, many other studies found a significant difference between 
the synchronous and metachronous groups [19, 26]. Although there is controversy 
surrounding the prognostic significance of the disease-free interval, subgroup anal-
ysis of the individual primary malignancies may reveal a more accurate prognosis 
when accounting for tumor biology [26]. Yet a greater disease-free interval may still 
be viewed as a surrogate marker for a primary tumor that is less aggressive [5].

 Outcomes: Morbidity of Surgery, Local Control, Overall Survival
Morbidity is inconsistently reported in the different surgical retrospective studies. 
An exhaustive meta-analysis reviewed 30 surgical cohorts of patients. Only 60% 
(18/30) reported complications in their series. From the 18 studies totaling 491 
patients, there were six reported deaths. The total reported complication rate was 
17% and the major complication rate was 7.5% [5].

To add to the difficulties in interpreting these studies, the local control rate was 
reported even less frequently. The local control rate ranged from 82.6% to 100% for 
a 2-year period, this being reported in only 11 studies out of the 30 cohorts included 
in the Gunjur meta-analysis [5].

Survival rates (overall survival) varied widely between studies and the one-year 
survival rate was reported to range from 55% to 100%. Not surprisingly, the one-year 
survival rate is the lowest for non-small cell lung cancer patients and highest in the 
renal cell cancer patients. The rate at 5 years had similar variability, ranging from 10 
to 45% [5]. Although some series report up to a 60% rate of survival at 5 years, these 
studies included patients who had different primary malignancies at variable stages 
of disease progression [10]. Therefore, it is difficult to obtain a realistic estimate of 
survival at 5 years. Still, it is important to note that there is the possibility of long-
term survivorship. The major issue lies in patient selection. (Table 32.2).
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Table 32.2 Summary data from surgical and ablative studies in the treatment of adrenal 
metastasis

Study Patients Methods Histology
Follow-up 
(months) OS

Branum et al. [29] 8 Surgery 
(OP)

Melanoma NR 50% crude 
median 
59 months

Lo et al. [30] 52 Surgery 
(OP)

RCC, NSCLC, 
CRC, melanoma

NR 73% 1 year
40% 2 years

Wade et al. [31] 47 Surgery 
(OP)

NSLC, RCC, 
melanoma, CRC, 
esophagus, liver

NR 10% 5 years

Haigh et al. [22] 27 Surgery 
(OP)

Melanoma NR 59% 1 year

Heniford et al. [32] 10 Surgery 
(LSC)

RCC, NSCLC, 
colon, melanoma

8.3 100% crude

Harrison et al. [33] 8 Surgery 
(OP)

NSCLC, RCC, 
CRC

Median 42 NR

Bretcha-Boix  
et al. [34]

5 Surgery 
(OP)

NSCLC NR (8–52) NR

Porte et al. [35] 43 Surgery 
(OP)

NSCLC 23.8 (2–94) 29% 2 years
11% 4 years

Momoi et al. [36] 13 Surgery 
(OP)

HCC NR 68% 1 year
34% 5 years

Pfannschmidt  
et al. [37]

11 Surgery 
(OP)

NSCLC 21 (2–72) 55% 1 year

Lucchi et al. [38] 11 Surgery 
(LSC)

NSCLC NR 55% 2 years

Mercier et al. [19] 23 Surgery 
(OP)

NSCLC 26 
(0.3–110)

37% 2 years
23% 5 years

Sebag et al. [39] 16 Surgery 
(LSC)

NSCLC, 
melanoma, RCC

21 (1–68) 33% 5 years

Kita et al. [40] 8 Surgery 
(OP)

Lung, RCC, 
melanoma

NR 33% 2 years

Mittendorf et al. [23] 22 Surgery 
(OP and 
LSC)

Melanoma 12.6 61% crude

Park et al. [41] 5 Surgery HCC NR Median 
21.4 months

Strong et al. [25] 92 Surgery 
(OP and 
LSC)

NSCLC, RCC, 
CRC, melanoma

51.3 80% 1 year

Adler et al. [42] 17 Surgery 
(OP and 
LSC)

RCC, NSCLC, 
melanoma, 
breast, CRC

12.5 47% 2 years

Collinson et al. [43] 23 Surgery 
(OP and 
LSC)

Melanoma NR 61% 1 year
39% 2 years

(continued)
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Table 32.2 (continued)

Study Patients Methods Histology
Follow-up 
(months) OS

Bonnet et al. [44] 11 Surgery 
(OP and 
LSC)

RCC 34 (15–60) 100% 1 year

Mourra et al. [45] 8 Surgery CRC NR NR
Marangos et al. [46] 31 Surgery 

(LSC)
CRC, RCC, lung, 
melanoma HCC

25 (3–70) 22% 3 years

De Haas et al. [47] 10 Surgery 
(OP and 
LSC)

CRC NR Median 
23 months

Muth et al. [48] 30 Surgery 
(OP and 
LSC)

RCC, melanoma, 
NSCLC, CRC

19.5 
(2–120)

23% 5 years

Pascual Piedrola 
et al. [49]

10 Surgery 
(LSC)

Lung, RCC, 
CRC

23 (2–38) NR

Wu et al. [50] 12 Surgery 
(LSC)

RCC, NSCLC, 
melanoma, CRC

17.2 (2–56) NR

Raz et al. [51] 20 Surgery 
(OP and 
LSC)

NSCLC NR 34% 5 years

Crenn et al. [52] 14 Surgery 
(LSC)

RCC, NSCLC, 
melanoma, 
breast, eye

NR Median 
14 months

Zerwek et al. [53] 65 Surgery 
(OP and 
LSC)

RCC, NSCLC, 
melanoma, 
sarcoma, CRC 
pancreas

NR 68% 1 year 
17% 5 years

Katoh et al. [54] 8 SABR NSCLC, SCLC, 
HCC, RCC

16 (3–21) 78% 1 year

Chawla et al. [55] 30 SABR Lung, HCC, 
breast, pancreas 
melanoma

9.8 
(0,8–35)

44% 1 year
25% 2 years

Torok et al. [56] 7 SABR NSCLC, SCLC, 
HCC

14 63% 1 year

Oshiro et al. [57] 11 SABR NSCLC, SCLC 10.1 
(0.7–87.8)

55% 1 year
33% 2 years
22% 5 years

Holy et al. [58] 18 SABR NCSLC 12 (–61) Median 
21 months

Casamassima  
et al. [59]

48 SABR Lung, CRC, 
melanoma, 
breast, kidney

16.2 (3–63) 40% 1 year
14% 2 years

Guiou et al. [60] 9 SABR NSCLC, SCLC 7.3 (0–26) 52% 1 year
13% 2 years

Ahmed et al. [61] 13 SABR NSCLC, SCLC, 
skin, RCC

12.3 
(3.1–18)

63% 1 year

Scorsetti et al. [62] 34 SABR NSCLC, SCLC, 
melanoma

41 (12–75) Median 
22.8 months

(continued)
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 Non Invasive Options: Curative vs Palliative

 Stereotactic Ablative Body Radiotherapy and Percutaneous Catheter 
Ablation
The non-surgical options for treating adrenal gland metastases include ablative 
techniques in the form of stereotactic ablative body radiotherapy and percutaneous 
catheter ablation. In general, ablative techniques in metastatic disease are feasible 
and can be offered to a carefully select group of patients, usually after consultation 
with a local interdisciplinary tumor board.

The principle of stereotactic ablative body radiotherapy (SABR) is to deliver a 
form of external beam radiotherapy with accuracy and precision using a high dose of 
radiation to a given target in one or few treatment fractions [27]. This technique uses 
a multiple number of beams that each deliver a small dose of irradiation, but when 
combined will result in a much larger dose at a given focal area of treatment [5].

The percutaneous ablation techniques include radiofrequency ablation (RFA) 
and microwave ablation (MWA). Through image guidance, these thermal ablative 
techniques to the adrenal gland, can deliver thermal energy of greater than 50 °C 
thereby exerting cytotoxic effects by denaturing intra- and extracellular proteins 
leading to cell dessication and coagulative necrosis.

Nine trials were evaluated in the Gunjur meta-analysis, which totaled 178 patients. 
The majority of patients had lung cancer primaries (68%) [5]. Fractioned doses of 
radiotherapy were quite different ranging from 10 to 60 Gy with body equivalent dos-
ing of 28 to 110 Gy. The local control rate ranged from 55% to 100% at 1 year. Overall 
survival was quite low, with a reported rate of 55% at 1 year to 14% at 2 years. In these 
studies no serious adverse events were reported. Only grade one and two toxicities 
were reported at a rate of 6%. It has been suggested that a total body equivalent dosage 
greater or equal to 100 Gy is necessary to get local control of non-small cell lung 

Table 32.2 (continued)

Study Patients Methods Histology
Follow-up 
(months) OS

Mayo-Smith et al. 
[63]

10 RFA NSCLC, RCC, 
melanoma

11.2 (1–46) Median 
8 months

Carafiello et al. [64] 6 RFA RCC, breast, 
ovarian, NSCLC

24 (6–36) NR

Wang et al. [65] 5 RFA HCC, RCC 19 (8–31) NR
Mouracade et al. [66] 5 RFA RCC NR NR
Yamakado et al. [67] 6 RFA HCC 37.7 

(4–70.9)
NR

Wolf et al. [68] 19 RFA RCC, lung, 
melanoma, HCC

NR NR

OS overall survival, SABR stereotactic ablative body radiotherapy, RFA radiofrequency ablation, 
OP open, LSC laparoscopic, RCC renal cell carcinoma, NSCLC Non small cell lung cancer, SCLC 
small cell lung cancer, CRC colorectal cancer, NR no results
Table adapted from Gunjur et al. [5]; with permission
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cancer [28]. Due to the lower dose of radiation used in these studies, this can explain 
the low complication rate as well as the low overall survival rate. The lower dose of 
radiation given in the majority of these studies reflects a palliative dose, thus provid-
ing an explanation for the poor local control and overall survival rates.

 Outcomes: Local Control Versus Overall Survival from Surgical 
and Ablative Treatments
There is a paucity of data concerning the newer ablative techniques regarding local 
control and overall survival. The majority of outcome data were derived from surgi-
cal series that examined disease control. In a recent review of 30 retrospective stud-
ies, a total of 818 patients were evaluated [5]. The three most common malignancies 
were lung (non-small cell), renal cell carcinoma and melanoma. 75% of these 
patients presented with isolated adrenal metastases. A third of the patients under-
went laparoscopic surgery despite the debate between open and minimally invasive 
techniques. Local control was rarely reported in these studies. The compilation of 
the local control data, representing a total of 93 patients (11% of the total patients), 
gave a local control rate of 84% at 2 years. The overall survival rate, which is the 
more frequently reported value, was 46% at 2 years. Of note, the follow up period 
for the majority of these studies was less than 2 years [5].

The data for stereotactic ablative body radiotherapy (SABR) was not as robust 
when compared to surgery as a treatment for adrenal metastases. A total of 178 
patients from nine different studies were examined. The majority of adrenal metas-
tases treated by SABR were from a lung cancer primary (68%) while 4% were of 
renal origin. Local control was reported in eight out of nine studies, with a local 
control rate of 63% at 2 years. The overall survival at 2 years was 19%. Although 
the overall survival was much lower in the SABR series, the surgery treatment 
group could not really be compared to the SABR group, as the clinical characteris-
tics of these populations were not equivalent [5].

Percutaneous radiofrequency ablation or microwave ablation are other methods 
of local control. Only six studies with a total of 51 patients were identified. Adrenal 
metastasis from renal cell carcinoma was the most common primary malignancy 
treated (45%), while lung cancer was the second most common metastatic lesion 
treated (27%). Local control was only reported in one of six studies, examining only 
five patients. Of this small cohort, a local control rate of 80% was achieved. The 
overall survival rate was not reported in any of these studies [5].

Even if the populations are difficult to compare, the local control and overall 
survival rates seem to be highest in the surgical cohort which could be partially 
explained by the better overall health and performance of the surgically-treated 
patients (Table 32.2).

 Outcomes: Morbidity from Surgery Compared with SABR 
and Percutaneous Ablation
Complications from each of the different modalities are inconsistently reported in 
the literature. The systematic review by Gunjur et al. looked at a total of 30 studies 
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but the complications were not systematically reported. Of the studies reporting 
complications in the surgery cohort, a wide range of major and minor complications 
were recorded. Major complications included: 4 bowel perforations (0.84%) (1 gas-
tric, 1 duodenal and 2 small bowel), 1 vena cava laceration (0.2%), 1 bronchopleural 
fistula (0.2%), 1 evisceration (0.2%) and 1 diaphragmatic tear (0.2%). Minor com-
plications included 1 surgical site infection but the majority of the studies did not 
specify minor complications [5].

For the SABR group, complications were categorized as either acute or late 
toxicity. These complications were reported for all nine studies. Five studies 
reported no acute complications. Combining the remaining four studies, GI tox-
icity (grade 2) was reported in 4.5% of patients. For complications regarding 
late toxicity, there were 1.7% of patients with GI toxicity (grade 2), 0.5% 
reported fatigue (grade 2) and another 0.5% reported adrenal insufficiency 
(grade 2).

Overall complications were minimal when patients underwent percutaneous 
radiofrequency ablation. Amongst the reported complications, there were 8% hyper-
tensive crises, 8% back pain, 4% retroperitoneal hematomas, 2% abscesses, 2% 
pleural effusions and 2% myocardial infarctions.

As expected, the complication rate was higher in the surgery group. The only 
deaths reported were in the surgical cohort representing a 1.25% mortality rate. 
There were more major complications in the surgical group as compared to the 
SABR and percutaneous ablation groups. When comparing non-surgical local con-
trol techniques, the complication rate was higher in the percutaneous ablation group 
as compared to the SABR group [5] (Table 32.2).

 Summary Recommendations

The choice between an invasive or non-invasive approach in the treatment algorithm 
for adrenal gland metastases remains a challenge. This is due primarily to the lack 
of strong evidence in support of either surgical resection, focused ablative tech-
niques or systemic therapies. With the majority of evidence composed of retrospec-
tive reviews and meta-analyses, it appears that surgical resection offers the best 
chance of improved survival when compared to other therapeutic modalities. 
Selection criteria for any type of adrenal-directed therapy for metastasis must ensure 
that the patient is fit to undergo a particular treatment. The literature suggests that 
surgical resection should be considered when faced with the single metachronous 
lesion or isolated adrenal metastasis, and for patients with resectable oligometasta-
ses. If the metastases are synchronous, unresectable or diffuse, palliative treatments 
should be considered, including ablative or systemic therapies, based on the origin 
of the primary malignancy. The best therapeutic strategy for the treatment of adrenal 
gland metastases is yet to be determined. Hopefully this will be based on informa-
tion forthcoming from prospective trials thereby providing evidence-based guide-
lines for the treatment of this problem.
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Abstract
Primary aldosteronism (PA) represents a spectrum of conditions characterized 
by autonomous adrenal aldosterone secretion, and hypertension. Adrenalectomy 
is associated with excellent outcomes in patients with unilateral autonomous pri-
mary aldosteronism, whereas bilateral adrenal aldosteronism does not respond to 
unilateral adrenalectomy and such patients are better managed using medical 
therapy. Given the importance of lateralization on therapeutic decision-making 
and outcomes, the accuracy of lateralization tests is crucial.

Cross-sectional imaging techniques such as CT and MRI suffer from poor 
accuracy, particularly because of the prevalence of non-functional adrenal nod-
ules in many patients. As such, much interest exists regarding adrenal vein sam-
pling (AVS) for lateralization. Routine AVS is associated with excellent surgical 
outcomes, however AVS is invasive, technically demanding and requires exper-
tise. In addition, AVS is not widely available.

In an attempt to better define which population of patients require AVS, we 
reviewed the literature to provide evidence of the use of routine versus selective 
AVS. We find that patients with young patients with very high serum aldosterone 
levels in the context of suppressed plasma renin activity, who have a defined 
unilateral adrenal nodule and a normal contralateral adrenal gland, can undergo 
adrenalectomy without AVS. We recommend AVS for lateralization for all other 
patients with PA.

Keywords
Primary aldosteronism · Conn’s syndrome · Aldosteronoma · Adrenal vein sam-
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 Introduction

Primary aldosteronism, PA (Conn’s syndrome) represents a spectrum of disease 
entities characterized by autonomous adrenal aldosterone production, concomi-
tant hypertension, and hypokalemia [1, 2]. While the exact prevalence of PA varies 
worldwide, most reports support a prevalence rate of 5–20% among hypertensive 
patients, with higher rates within clinical practices that specialize in treating hyper-
tensive patients. High prevalence populations also include subjects with resistant 
hypertension, older age, known adrenal tumor, family-history of PA, or young-onset 
hypertension. Furthermore, the prevalence of PA varies depending on the cutoff 
thresholds used for PA screening.

The spectrum of PA includes two conditions; SRA (surgically remediable aldo-
steronism) and IHA (bilateral idiopathic aldosteronism). While these two clini-
cal scenarios may not always be distinguishable, it is important to determine if 
autonomous adrenal aldosterone production is predominantly unilateral or bilateral. 
The therapeutic implications are important because unilateral adrenal aldosterone 
production is surgically-curable with minimal morbidity, whereas bilateral adrenal 
aldosterone production is better managed with mineralocorticoid receptor antago-
nists [3].

The appropriate management of patients with PA requires biochemical confir-
mation of autonomous adrenal aldosterone production, as well as lateralization 
studies to confirm unilateral PA. Patients with biochemical confirmation and later-
alization benefit from surgical adrenalectomy, whereas those in whom lateralization 
is equivocal or impossible can be treated with a mineralocorticoid receptor (MR) 
antagonist.

Lateralization is commonly performed by a combination of cross-sectional imag-
ing (CT or MRI) and/or adrenal vein sampling (AVS). Imaging is the traditional 
mainstay of lateralization; however the presence of incidental and non-function-
ing adrenal lesions, frequently confounds clinical decision-making. Recently, the 
accuracy of image-guided lateralization has been questioned, and the use of routine 
adrenal vein sampling (AVS) has increased significantly. However, AVS is techni-
cally demanding, procedure methods and threshold values for confirming lateraliza-
tion are variable, and failure to lateralize aldosterone production and complications 
are significant. Therefore, it would seem prudent to identify patients in whom AVS 
is not necessary, and perform AVS selectively only in patients who are likely to 
benefit from AVS.

In this chapter, we review the current literature to determine the role of AVS in 
lateralization of aldosterone production in PA, provide evidence to support selective 
AVS and review the potential pitfalls in procedure performance and interpretation of 
results (Table 33.1). There are no randomized controlled to address the question of 
routine, versus selective AVS. Therefore our conclusions are based on retrospective 
studies and cohort studies.
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 Search Strategy

We performed a focused review of the current literature regarding primary aldo-
steronism utilizing the PubMed database, using the following keywords; adrenal 
vein sampling, primary aldosteronism, primary hyperaldosteronism, adrenal inci-
dentaloma, computed tomography, adrenal adenoma and adrenalectomy. We criti-
cally reviewed 38 articles as well as the guidelines on the management of adrenal 
incidentalomas and primary aldosteronism published by the American Association 
of Clinical Endocrinologists, American Association of Endocrine Surgeons, and the 
Endocrine Society [2, 4].

 Diagnosing Primary Aldosteronism

The clinical presentation of PA is usually associated with the presence of hyperten-
sion, and/or hypokalemia. PA screening is associated with high yields among high-
prevalence populations, therefore we recommend screening in this group. These 
include young (<40 years old) onset hypertensive patients, those with known adrenal 
tumors, family history of PA or resistant hypertension or hypokalemia. Screening is 
generally successful with minimal or no preparation. A generally accepted screening 
algorithm is to calculate the aldosterone-to-renin ratio (ARR). While the ‘accepted’ 
ARR ratio to suspect PA is variable, the most sensitive threshold to maximize case 
detection and minimize false negatives is the presence of suppressed renin activity 
(<0.3 ng/ml/h) associated with a simultaneous serum aldosterone level of at least 
6 ng/dl, resulting in an ARR that is greater than 20 [5]. Higher ARR (>30) and asso-
ciated renin suppression is the most acceptable criteria for a positive screen [1, 4, 
6–8]. It is important to note that, lower ARR thresholds (~20) may increase the false 
positive rate of screening tests [2, 4]. Furthermore, there needs to be a high aldoste-
rone concentration in the ARR calculation. Many endocrinologists and endocrine 
surgeons require PAC concentration to be in the range of greater than 10–15 ng/dl 
in the context of a suppressed PRA [2, 6].

A major benefit of screening in the ambulatory setting is the high accuracy of 
screening despite ongoing use of antihypertensive medication. Specifically, there is 
no need to discontinue MR. However, an important caveat is the need for correc-
tion of hypokalemia prior to screening, because hypokalemia impairs aldosterone 
biosynthesis. In addition, dietary sodium intake can influence PA screening results 

Table 33.1 PICO table Population Patients with primary aldosteronism
Intervention Routine adrenal vein sampling
Comparator Selective adrenal vein sampling
Outcome Recurrence, cure
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particularly in patients with milder disease. Dietary sodium restriction (which is com-
mon among patients with hypertension), can result in false-negative screening [9].

A common question is whether antihypertensive medications need to be dis-
continued prior to PA screening. In general, patients with PA have a positive ARR 
screen regardless of antihypertensive medication. The most common cause of a 
false-negative screen is the use of a medication that raises renin. These include MR, 
sodium channel inhibitors, ACEIs and ARBs. However, if the PRA is suppressed, 
then the ARR is interpretable and the screen is valid. If the renin is low but not 
suppressed, and the PAC and ARR are high, then PA cannot be excluded, and then 
antihypertensive medications can be discontinued for 4–6 weeks. For patients with 
difficult to control hypertension, close monitoring must be provided to ensure this 
withdraw from medication does not provoke a hypertensive crisis. When ongoing 
antihypertensive therapy is necessary, calcium channel blockers (Verapamil, etc.), 
alpha blockers (Prazosin, Doxazosin, etc.) and vasodilators (Hydralazine) can be 
used with minimal effect on serum aldosterone levels.

A positive ARR screen needs to be followed up by confirmatory testing, except 
in situations with excessively high PAC (>20 ng/dl), concomitant renin suppression 
with an ARR > 20 and hypokalemia [2].

 Confirmatory Testing

Confirmation, of PA is usually performed by dynamic testing to confirm autonomous 
aldosterone excess. This can be accomplished by oral or intravenous salt loading, 
fludrocortisone suppression or captopril challenge [5]. Of these tests, salt loading 
is the most common test in clinical practice. Oral salt loading is preferred because 
it can be accomplished in the ambulatory setting and does not require admission to 
a health facility.

Patients undergoing the saline infusion test should suppress their PAC to 
<5–10 ng/dl, unless they have primary aldosteronism which prevents suppression 
[8]. Dietary salt loading for 3–5 days, followed by a 24-h urinary collection for 
measurement of aldosterone levels is the preferred method of oral salt loading [1, 
4]. Failure to suppress 24 h urine aldosterone levels to less than 12 mcg after 24 h of 
salt loading, confirms the diagnosis, of primary aldosteronism.

 Lateralization

Following confirmation of PA, identifying which adrenal gland is the source of 
autonomous aldosterone secretion is crucial to determine appropriate treatment. 
Cross-sectional imaging (particularly CT and MRI), has been the mainstay of lat-
eralization for many years. However, recent reports have questioned the accuracy 
of CT and MRI for localization. Ironically, the improved spatial resolution has 
increased identification of nonfunctional adrenal adenomas that confound surgical 
decision-making.

S. C. Oltmann et al.
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 Cross-Sectional Imaging

After confirming the diagnosis of primary aldosteronism, the first step in subtype 
classification involves a thin cut (2–3 mm slice) adrenal CT to evaluate the adre-
nal glands for underlying masses [1, 2, 10]. The underlying dilemma with cross-
sectional imaging for primary aldosteronism is that an underlying APA is often less 
than 1 cm in size [11]. Even with the thin slice, dedicated adrenal protocols for both 
CT and MRI, APAs 4–8 mm in size may be over looked, or confused with nodular-
ity of the gland [8].

Several studies have found CT and MRI imaging to be less sensitive and specific 
than AVS for the prediction of SRA [5, 11, 12] (Table  33.2). One retrospective 
study found CT alone to be misleading, and AVS altered decision making in more 
than one-third of 34 patients [13]. Similarly, others have observed a false positive 
lateralization rate of 25–28% among large cohorts of patients with PA [14, 15]. 
See Fig. 33.1a for an example of appropriate lateralization of a right APA despite 
a contralateral abnormality. This patient underwent successful right adrenalectomy 
with surgical cure of PA.

Although most guidelines recommend the use of AVS in addition to CT or MRI 
to optimize localization of PA, this recommendation has been recently challenged 
by the first large randomized controlled trial to assess the utility of AVS for predict-
ing SRA [16]. In brief, this study (The SPARTACUS trial) showed that patients who 
had PA treatment decisions made using CT alone, versus CT with AVS together, had 
nearly the same clinical outcome 1 year later [16]. Patients treated with CT had an 
80% rate of biochemical cure when compared to 89% with AVS, and after 1 year of 
follow up, there were no differences in the number of antihypertensive medications 
used or in blood pressure control. Clinical outcomes beyond 1 year were not avail-
able to assess the long-term durability of the results.

Unfortunately, this trial suffered from a few shortcomings namely (1), Only 50% 
of patients met criteria for the CT-guided arm (>7 mm mass in one adrenal gland 
and a normal contralateral gland), and only 80% of those patients were cured with 
surgery, (2) CT and AVS were discordant in 50% of patients with conclusive data 
from both procedures. Given the fact that 50% of patients in the study met criteria 
for CT-guided therapy, it is unknown how many patients in that arm were inappro-
priately denied potentially curative surgery. 

Table 33.2 Criteria to consider screening for primary aldosteronism as recommended by the 
2016 Endocrine Society Clinical Practice Guideline [5]

• Severe hypertension (>150/100 mmHg)
•  Hypertension resistant to three or more anti-hypertensive medications or hypertension 

requiring four or more medications to achieve control
• Hypertension with spontaneous or diuretic-induced hypokalemia
• Hypertension with an incidentally discovered adrenal mass
• Hypertension with sleep apnea
• Hypertension with a family history of early onset hypertension or cerebrovascular disease
• Family history of PA
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The SPARTACUS study highlights the complexity of the decision making pro-
cess in regards to PA localization. For clinicians’ at specialized medical centers 
with expertise with AVS, the use of AVS is common prior to adrenalectomy, since 
a failure rate of 20–30% is generally viewed as unacceptable. Furthermore, most of 

Laboratory
Evaluation of

Adrenal Gland
Lateralization

Patient’s Name

Post-ACTH

Specimen
Source

[Aldosterone],
ηg/dL

4555.0 707.9 6.4

1.2

1.4

1.3

836.0 691.5

25.5

26.5

36.5

33.3

[Cortisol],
µg/dL A/C (x 10-3)

RAV

LAV

IVC

PV

Interpretive Notes:
AVS is considered successful if CRAV ≥ 3CIVC and CLAV ≥
3CIVC.

If (A/C)Dominant/(A/C)Nondominant  ≥ 4 and (A/C)Nondominant  ≤
(A/C)IVC and  dominant (A/C) value is from RAV, then

laterality  is right adrenal gland.

If (A/C)Dominant/(A/C)Nondominant  ≥ 4 and (A/C)Nondominant ≤
(A/C)IVC and  dominant (A/C) value is from LAV, then

laterality  is left adrenal gland.

Medical Record
Number

Physician/Mail Code Date of Surgery

13 Apr 01

Adrenal Vein A/C Ratio

Dominant D/IVC Nondominant ND/IVC

Yes

Yes

Yes

Yes

Diagnosis

APA or PAH

6.4 4.5 1.2 0.8 5.3

Overall AVS successful?

CPV ≥ 20 ug/dL?  

Criteria

Laterality [Right or Left Adrenal Gland (AG)]

Yes

Criteria Met

Right AG

NoBAH

(A/C)Dominant/(A/C)Nondominant ≥ 4 AND

(A/C)Dominant

(A/C)Nondominant

(A/C)RAV > (A/C) IVC AND

(A/C)LAV > (A/C)IVC

(A/C)Nondominant ≤ (A/C)IVC

C RAV and LAV ≥
3CIVC  

Abbreviations: A, aldosterone; C, Cortisol; LAV, left adrenal vein; RAV, right adrenal vein; D, dominant; ND, nondominant; LAPA, left

aldosterone-producing adenoma; RAPA, right aldosterone-producing adenoma; PAH, primary adrenal hyperplasia; BAH, bilateral 

adrenal hyperplasia; n.d., not done.

�
�

a

b

Fig. 33.1 (a) Appropriate lateralization of a right APA despite a contralateral abnormality. This 
patient underwent successful right adrenalectomy with surgical cure of PA. Red arrow points to 
side with highest aldosterone levels. (b) Lateralization of the right APA
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these centers have observed that the sensitivity of AVS exceeds that of CT and that 
the rate of biochemical cure following AVS directed adrenalectomy is >95%.

In summary current guidelines recommend AVS for the most accurate selection 
of patients with SRA [5]. Despite this, cross sectional imaging still plays an impor-
tant role in the assessment of the patient with PA because it provides anatomic infor-
mation about the gland location which may alter operative approach, and can also 
assess adrenal masses concerning for adrenal cortical carcinoma [8, 10, 17]. Also a 
well-defined adrenal adenoma on CT imaging, in a young patient (<40 years old), 
with extremely high aldosterone levels, suppressed renin levels and hypokalemia, 
may be all the localization necessary for appropriate treatment.

 Technique of Adrenal Vein Sampling

Another confounding factor in AVS is the institutional variability in sampling proto-
cols. One study of AVS techniques showed that approximately one-third of centers 
performed bilateral AVS sequentially following Cosyntropin stimulation, one-third 
performed bilateral AVS simultaneously without Cosyntropin stimulation, and about 
one-third performed bilateral AVS simultaneously following Cosyntropin stimula-
tion [3]. The value of Cosyntropin is an increase in adrenal blood flow and constant 
aldosterone and cortisol production resulting in less variability during sequential 
catheterization of the right and left adrenal veins.

The AVS criteria that best predict SRA continue to evolve. Serum aldosterone 
concentrations from each adrenal vein and from the peripheral vein are divided by 
the respective cortisol concentrations to calculate the cortisol-corrected aldosterone 
concentration (A/C). The ratio of dominant A/C to non-dominant A/C is referred 
to as the lateralization index (LI). See Fig. 33.1b for example of lateralization of 
the right APA. Under Cosyntropin stimulation, a LI < 2 demonstrates bilateral dis-
ease, while a LI  >  4 is usually predictive of a good response to adrenalectomy 
[5]. An additional finding of a suppressed non-dominant A/C (below the IVC A/C 
ratio), provides greater confidence of lateralization, and better prediction of surgical 
response [18, 19]. Most patients with SRA meet both criteria. Because aldosterone 
and cortisol values are generally much lower, LI criteria without Cosyntropin are 
generally lower, as low as two for lateralization [3]. Figure 33.2(a–d) show concor-
dant CT and AVS lateralization of a left APA.

Patients with an LI of 2–4 are considered to have indeterminate lateralization. 
However, evaluation of all clinical and biochemical factors can facilitate better 
prediction of surgical response. For instance, if the LI is 3–4 and significant con-
tralateral suppression is observed, adrenalectomy is likely to yield significant clini-
cal benefits. Similarly, several factors are known to predict the clinical response to 
adrenalectomy, including age, duration of hypertension, number of antihypertensive 
medications, and hypokalemia.

Finally, measurement of additional biomarkers in the AVS samples such as 
18-hydroxycorticosterone can provide additional evidence of lateralization [20].
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 Safety of AVS

When performed by experienced interventional radiologists, adrenal vein sampling 
can be successfully performed with minimal morbidity. Potential complications 
include adrenal infarction (venous thrombosis), or hemorrhage from adrenal vein 
rupture. However, a large study from 20 international, high-volume centers which 
performed over 2600 procedures over a 6 year period, noted a rate of adrenal vein 
rupture of only 0.61%, [3]. No deaths were observed in this trial. The author(s) also 
note that patients who undergo AVS may demonstrate peri-venous adhesions during 
surgery. Therefore we recommend an appropriate interval of 2–4 weeks between 
AVS and adrenalectomy, when possible.

Conclusion
Primary aldosteronism is a significant contributor to hypertension in 5–20% of 
hypertensive patients. Given the potential for surgical cure in this group of 
patients, the imperative of accurate diagnosis of PA and lateralization cannot be 
overemphasized. For patients with unilateral excessive aldosterone secretion, 
unilateral adrenalectomy is safe, cost-effective and curative.

As the spatial resolution of cross-sectional imaging has improved, the poten-
tial for poor, image-guided lateralization (due to incidental, non-functioning, 
structural adrenal abnormalities) has increased significantly. This has placed a 

a b c

d

Fig. 33.2 (a–d) Concordant CT and AVS lateralization of a left APA. Arrow demonstrates left 
adrenal aldosteronoma
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greater burden on adrenal vein sampling to appropriately identify autonomous 
unilateral adrenal secretion.

For young patients with high serum aldosterone levers associated with an 
elevated ARR, clear unilateral adrenal nodules and normal contralateral adrenal 
glands on appropriate cross-sectional imaging, and demonstrable hypokalemia, 
we believe that adrenalectomy without AVS is associated with a good response. 
However, we recommend AVS for all other patients with PA because of the 
importance on accurate lateralization. Figure 33.3 outlines our diagnostic algo-
rithm for PA.

When performed in specialized centers by experienced providers, AVS is a 
safe, effective and powerful tool to lateralize aldosterone production in 
PA.  Controversy persists regarding most appropriate protocols (Cosyntropin 
administration),  lateralization thresholds and management of patients with an 
indeterminate lateralization index.
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Abstract
Non-functioning pancreatic neuroendocrine tumors account for 2% of all pan-
creatic malignancies, most of them are benign and sporadic. The most common 
image studies for their characterization are CT, MRI, endoscopic ultrasound, and 
PET. Serum Chromogranine A is the most common tumor marker for PNETs and 
it is used for the diagnosis as well as for surveillance. Surgical resection, either 
open or laparoscopic is the treatment of choice for all symptomatic sporadic 
tumors as well as for malignant tumors in the absence of extra pancreatic exten-
sion, lymph node or hepatic metastases.

Keywords
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 Introduction

Non-functioning pancreatic neuroendocrine tumors account for 2% of all pancreatic 
malignancies, most of them are benign and sporadic. The most common image stud-
ies for their characterization are CT, MRI, endoscopic ultrasound, and PET. Serum 
Chromogranine A is the most common tumor marker for PNETs and it is used for the 
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diagnosis as well as for surveillance. Surgical resection, either open or laparoscopic 
is the treatment of choice for all symptomatic sporadic tumors as well as for malig-
nant tumors in the absence of extra pancreatic extension, lymph node or hepatic 
metastases. With the idea that most asymptomatic, small NF-PNETs may be benign, 
there has been an increasing interest in avoiding unnecessary surgery in selected 
patients. Some studies have found that surgical resections are significantly associated 
to a longer survival whereas others have shown that tumors smaller than 2 cm have 
excellent long term survival despite non-operative treatment. Based on the existing 
literature, we believe that it seems reasonable to propose non surgical treatment for 
NF-PNETs tumors less than 2 cm in size, provided that patients are asymptomatic, 
that tumors do not have radiologic features suggestive of malignancy and that either 
the Ki-67 index or the mitotic count on FNA are <2%. Patients selected for surveil-
lance need a close follow-up both, clinical and radiological, perhaps every 6 months 
for at least 2 years.

Neuroendocrine tumors have been described to originate in many tissues includ-
ing the bronchial epithelium, the thyroid, the parathyroid glands, the thymus, both 
the adrenal cortex and the medulla, and the sympathetic nervous system [1]. 
However, the majority of these tumors develop in the gastrointestinal tract, being 
the stomach and the pancreas the two most frequent locations [1, 2].

Pancreatic neuroendocrine tumors (PNETs) arise from the endocrine tissues of 
the pancreas. They may secrete a variety of hormones such as Insulin, Gastrin, 
Glucagon or the Vasoactive intestinal peptide resulting in a myriad of clinical syn-
dromes. Some pancreatic neuroendocrine tumors lack of symptoms of hormone 
overproduction and are named Non-functioning pancreatic neuroendocrine tumors 
(NF-PNETs). Despite the absence of symptoms, NF-PNETs may produce a variety 
of non-specific peptides such as Chromogranin A (CgA), Pancreatic polypeptide 
and Calcitonin. The purpose of the present chapter is to review general characteris-
tics of PNETs with emphasis to the surgical versus observational management of 
NF-PNETs (Table 34.1).

NF-PNET account for 2% of all pancreatic malignancies [3], the annual inci-
dence increased from 1.4 to 3.0 per million in the last three decades probably due to 
the more extensive use of advanced imaging studies [3–5]. The malignancy rate of 
NF-PNETs is 40% [6, 7], and half of the patients present with distant metastasis at 
the time of the diagnosis [7]. Despite considerable research, knowledge of tumor 
behavior, treatment efficacy and prognosis are still limited.

Although there is not a uniform terminology for grading or staging PNETs, some 
features such as the mitotic count, the Ki-67 proliferative index and the extent of 
local spread are shared by most classification systems. NF-PNETs can range from 
well to poorly differentiated and according to the World Health Organization 
(WHO) criteria they have been divided into three groups as shown in table 1 [8].

Table 34.1 PICO table Population Patients with non-functioning PNET
Intervention Surgery
Comparator Medical management
Outcomes Survival, complications, QOL
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 Clinical Presentation

Most NF-PNETs are sporadic and tend to affect individuals of advanced age. There 
is a slight increased incidence in men compared to women (55% vs. 45%) [9, 10]. 
Since NF-PNETs do not produce hormones or do not produce the necessary amount 
of hormones to produce clinical signs, they are usually silent and their symptoms 
are mainly related to the local mass effect or the presence of metastatic disease 
(Table  34.2). Tumor related symptoms are dependent of tumor location. When 
tumors arise from the head of the pancreas, patients present back pain or jaundice, 
tumors in the pancreatic tail can be asymptomatic until they grow enough to become 
palpable at the physical exam to produce pain or hemorrhage due to erosion to adja-
cent vessels [10]. However, with the widespread use of abdominal imaging, the 
number of tumors incidentally identified in asymptomatic patients is on the rise. 
Distribution of NF-PNETs throughout the pancreas is shown in Table 34.3.

Most NF-PNETs are sporadic, but close to 10% can be associated to familial 
syndromes including the Multiple Endocrine Neoplasia type 1 (MEN1), the von 
Hippel-Lindau type 1 (VHL), the Von Recklinghausen disease or neurofibromatosis 
type 1 (NF-1) and the tuberous sclerosis complex [11]. These patients are usually 
diagnosed at younger age and the lesions are multiple throughout the pancreas. 
NF-PNETs are more common in MEN1 than in VHL, and they are uncommon in 
NF-1 and the tuberous sclerosis complex [14].

Table 34.2 Classification of PNETs according to the ENETs and WHO 2010

ENETS/WHO2010 Differentiation grade Mitotic count Ki-67 (%)
Neuroendocrine tumor grade 1 Low grade (G1) <2 per 10 HPF <2
Neuroendocrine tumor grade 2 Intermediate grade 

(G2)
2–20 per 10 
HPF

2–20

Neuroendocrine carcinoma grade 3 
(small cell)

High grade (G3) >20 per 10 
HPF

>20

Neuroendocrine carcinoma grade 3 
(large cell)

High grade (G3) >20 per 10 
HPF

>20

HPF High Power Field, WHO World Health Organization, ENETS European Neuronedocrine 
tumour society
References [8, 11]

Table 34.3 Main symptoms of NF-PNET at diagnosis

First author 
(Reference) n

Study 
period

Abdominal 
mass on 
physical 
examination 
(%)

Abdominal 
pain (%) Jaundice

Anorexia 
and 
weight 
loss (%)

No 
symptoms 
(%)

Yang  
et al. [10]

55 2000–
2013

30.3 56.4 14.5 – –

Gullo 
et al. [12]

184 1987–
2001

– 50.5 7.1 7.6 34.8

Phan  
et al. [13]

58 1949–
1996

– 56 35 46 –
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 Diagnosis

The disease spectrum of PNETs extends from poorly differentiated carcinomas, 
which are rapidly progressive and seldom resectable, to small, apparently innocent 
nodules that could remain unchanged for years. Non-functional islet cell malignant 
tumors tend to be larger than ordinary pancreatic adenocarcinomas at the time of 
diagnosis. CT scan is the study of choice for the initial study of NF-PNET. Modern 
equipment like the multidetector CT, (MDCT) minimizes the breathing effect arti-
fact because of the short scanning time [15]. Because of the hipervascular nature, 
PNETs exhibits robust contrast enhancement in the late arterial phase, showing a 
well circumscribed, and hypervascular lesion [16]. Larger NF-PNETs are usually 
not as well vascularized and may comprise areas of necrosis, they frequently present 
calcifications that are best depicted in the non-contrast enhanced examination. The 
differential diagnosis includes: serous cystic adenoma, solid pseudo papillary neo-
plasm and intrapancreatic accessory spleens among others [17].

The sensitivity and specificity of CT to localize a PNET vary between 63–82% 
and 83–100% respectively for tumors larger than 3 cm and decreases for lesions 
smaller than 2 cm, whereas the detection rate of PNETs ranges between 39 and 94% 
[15] (Table 34.4).

MRI has a sensitivity and specificity of PNETs localization between 85–100% 
and 75–100% respectively with a detection rate for PNETs between 50 and 94% [15, 
16]. NET presents a low signal lesion in T1 and a high signal lesion in T2 weighted 
images. The MRI characteristics are very similar to CT, but MRI has greater sensitiv-
ity for the detection of liver metastasis than CT and Scintigraphy [14, 15].

Endoscopic ultrasound (EUS) is able to detect lesions between 2 and 3 mm and 
has the advantage to provide guidance for Fine needle aspiration or trucut biopsies. 
EUS is the most sensitive method for diagnosing PNETs with a 90% rate of detec-
tion [17]. Unfortunately, it is highly operator dependent [15–18].

PNETs express Somatostatin receptors in 50–90% of the tumors. Functional 
imaging can be obtained using radiolabeled SSA.  The most frequently used is 
Ocreotide. Both PET and SPECT have better spatial resolution and faster image 
acquisition than scintigraphy. The radiotracers most commonly used are: 
68Ga-DOTATOC, 68Ga-DOTANOC and 68Ga-DOTATATE.  The sensitivities for 
PNET detection range from 75 to 100% [16, 19].

PET and SPECT have the additional benefit of detecting metastatic disease out-
side the abdomen. On the other hand, they do not provide information on tumor 
size, relationship with the pancreatic duct and resectabillity. Therefore the best 
image studies to assess surgical resection are CT and MRI.

Table 34.4 Location of NF-PNET

First author (Reference) n Head (%) Body (%) Tail (%) Multiple (%)
Gullo et al. [12] 184 33.2 14.1 10.9 0.5
Yan et al. [10] 55 51.5 27.3 21.2 –
Bilimoria et al. [7] 8344 34.6 7.9 21.4 36
Franko et al. [3] 2158 42 11 27 20

C. R. Cordón-Fernández and M. F. Herrera
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Serum CgA is the most common tumor marker for PNETs and it is used for the 
diagnosis as well as for surveillance. In general, high levels of CgA are associated 
with poor prognosis. However, significant decrease of CgA after surgery value is asso-
ciated with favorable outcomes [20]. Elevation of the Pancreatic Polypeptide is found 
in 50–100% of the patients with PNETs. However, it is not a specific marker [2].

 Treatment

Surgical resection either open or laparoscopic is the treatment of choice for all 
symptomatic sporadic tumors as well as for malignant tumors in the absence of 
extra pancreatic extension, lymph node or hepatic metastases. If a solid PNET is not 
functional, the optimal treatment depends on its size. Considering the limited 
aggressiveness of malignant NF-PNETs, surgical treatment is also indicated in 
some patients with metastatic or extra pancreatic disease [21].

The choice of the surgical procedures depends on the size, the type of tumor and 
its anatomical location. Surgical procedures include, tumor enucleation pancreato-
duodenectomy (Whipple procedure), distal pancreatectomy, subtotal pancreatec-
tomy and central pancreatectomy.

Solorzano et al. in a retrospective study found that tumor size was not a predictor 
of survival. By contrast Bettini [22], Gullo et al. [12] and Bilimoria et al. [7] found 
that tumors less than 3 cm are associated with a longer survival. Franco and col-
leagues [3] in a study on 2158 patients with NF-PNETs demonstrated that patients 
with non-metastatic malignant tumors had a longer survival after resection 
(11.3 years) when compared with patients with distant metastases (1.6 years). In 
both groups, patients without distant metastasis and with metastasis who had surgi-
cal resection had a longer median survival.

Little is known about the natural history of small lesions in asymptomatic 
patients. With the idea that most asymptomatic, small NF-PNETs may be benign 
and that pancreatic resections may lead to complications in up to 64% of the patients 
[23], there has been an increasing interest in avoiding unnecessary surgery in 
selected patients. A European study that collected patients from 2000 to 2011 
showed that in a median follow up of 34 months, patients NF-PNETs smaller than 
2 cm selected for non-operative treatment had excellent longterm survival despite 
the presence of nodal metastasis in 10% of the patients [24]. Lee et al. [25] con-
ducted a study in 133 patients with NF-PNETs <2 cm. Patients were divided into 
two groups. The first group consisted of 56 patients who underwent tumor resection. 
The second group was conformed by 77 patients elected for close observation with-
out treatment. Almost half of the patients in the surgical group experienced morbid-
ity. In a mean follow-up of 45 months, there was no recurrence or metastatic disease 
in the treated group and tumor size remained stable without any evidence of local 
invasion or metastases in the untreated group. By contrast, Sharpe and colleagues 
performed a study on 380 patients with PNETs ≤2 cm who were treated either by 
observation (19%) or resection (81%). Neither the functional status nor the radio-
logic characteristics were analyzed. Overall 5-year survival for the patients who 
underwent surgery was 82.2% and it was 34.3% for those observed [26]. In a similar 
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study on 251 patients where 195 were treated surgically and 56 observed, Zhang 
et al. found that surgical resection was significantly associated to a longer survival 
only in the group of patients with tumors ≥1 cm [27].

Based on the low frequency of malignancy in small tumors, the accuracy of radio-
logic characteristics to identify invasion and the high sensitivity of the differentiation 
grade, the Ki-67 index and the mitotic count to distinguish benign from malignant 
lesions, it seems reasonable to propose non surgical treatment for NF-PNETs tumors 
less than 2 cm in size, provided that patients are asymptomatic, that tumors do not 
have radiologic features suggestive of malignancy and either the Ki-67 index or the 
mitotic count on FNA are <2%. Patients selected for surveillance need close follow-
up both, clinical and radiological, perhaps every 6 months for at least 2 years [4].

 Surgery for Hepatic Metastasis

In the absence of extra hepatic disease, the resection of the primary tumor and the 
hepatic metastasis can be considered [28] since the 5-year survival of patients with 
hepatic resection ranges from 47 to 76% compared with the 30–40% in untreated 
patients. To attempt a hepatic resection 90% of the tumor must be removed and suf-
ficient hepatic reserve has to be maintained [28]. Kim et al. [29] in a series of 125 
patients with NF-PNET found that repeated operations for recurrence led patients to 
a prolonged survival.

When surgery is not possible, other therapeutic approaches may also impact 
favorably survival duration [30]. Among the available palliative procedures, hepatic 
artery embolization has a response rate of 50% [14, 31] and can be performed also 
using cytotoxic drugs or radioactive isotopes. For deep intraparenchimal metastases 
radiofrequency ablation is a good option.

 Chemotherapy

There is limited response to conventional therapeutic agents for neuroendocrine 
tumors. In the last two decades, the combination of Doxorubicin and Streptozocine 
has shown good results in long-term survival [32, 33].

Targeted therapy is still under investigation but seems to have also a promising 
effect on survival in patients with metastasic disease especially with the use of 
Everolimus and Sunitinib. Two other drugs, Bevacizumab and Sorafenib alone or in 
combination have also shown benefits on progression and free of disease survival.
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35Routine Lymph Node Dissection  
Versus Duodenal Inspection Alone 
for the Treatment of Multiple  
Endocrine Neoplasia Type 1 Patients 
with Hypergastrinemia

Paxton V. Dickson

Abstract
Gastrinomas represent the most common funtional pancreaticoduodenal neuro-
endocrine tumor in MEN1 patients, however, there is lack of consensus regard-
ing appropriate timing and extent of operation for these patients. An optimal 
strategy has been difficult to define due to the uncommon nature of the disease, 
inconsistency of operative approaches, absence of controlled studies, limited 
follow-up, and incomplete understanding of the natural history of the disease. It 
has been demonstrated that the majority of MEN1-associated gastrinomas are 
located in the duodenum and often occur concomitantly with non-gastrin pro-
ducing pancreatic neoplasms. Therefore, evaluation of the duodenum for removal 
of these tumors is critical to the operative strategy, regardless of the extent of 
pancreatectomy planned. This chapter reviews outcomes of studies focused on 
MEN1 patients with hypergastrinemia with particular attention to the incidence 
of gastrinoma-associated nodal metastases and the rationale for performance of 
a regional lymphadenectomy at the time of operative exploration. Although there 
are relatively few studies examining this issue, available data demonstrate a high 
occurrence of gastrinoma lymph node metastases in MEN1 patients. Furthermore, 
these are often micrometastases and commonly used preoperative imaging 
modalities have a low sensitivity for detecting this disease. Collectively, the 
available evidence suggest that in addition to removal of the primary tumor(s), a 
formal anatomically based regional lymphadenectomy may result in more dura-
ble reduction of gastrin hypersecretion and offer potential long-term oncologic 
benefit (GRADE B).
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 Background

In 1955, Drs. Zollinger and Ellison described two patients, likely with multiple 
endocrine neoplasia type I (MEN1), found to have atypical peptic ulceration, gastric 
acid hypersecretion, and neuroendocrine tumors of the pancreas [1]. Since this ini-
tial description, substantial advances have been made in understanding the biology 
of gastrinomas and gastric physiology, as well as improvements in treating gastric 
acid hypersecretion with potent anti-secretory medications and operative therapy 
[2]. In addition, considerable progress has occurred in the comprehensive manage-
ment of MEN1 patients. Pancreaticoduodenal neuroendocrine tumors (PDNETs) 
occur in 30–75% of patients with MEN1 and metastases from these neoplasms rep-
resent the leading cause of disease-specific mortality [3]. Gastrinomas represent the 
most common functional PDNETs in this population, causing symptoms and com-
plications related to gastric acid hypersecretion. While the use of anti-secretory 
agents in patients with gastrinomas has made complications from ulcer disease a 
rare cause of death, morbidity related to hormone excess does occur [4].

The management of MEN1 patients with hypergastrinemia remains controver-
sial, with ongoing debate regarding the role, timing, and extent of operative therapy 
[5]. An optimal strategy for these patients has been difficult to define due to the 
uncommon nature of the disease, inconsistency of operative approaches, absence of 
controlled studies, limited follow-up, and incomplete understanding of the natural 
history of the disease [6]. Recommendations for management of MEN1 patients 
with hypergastrinemia have varied widely and included: withholding exploration 
until neoplasms reach ≥2–3 cm in size [7]; routine early exploration with perfor-
mance of a distal pancreatectomy, enucleation of neoplasms in the pancreatic head 
or uncinate combined with duodenotomy and excision of any duodenal neoplasms, 
and peri-pancreatic LN dissection [8]; routine performance of pancreaticoduode-
nectomy [9, 10], and non-operative management with proton-pump inhibitors. This 
chapter reviews evidence related to the role and rationale for routine performance of 
regional lymphadenectomy in patients with MEN1 and hypergastrinemia who 
undergo operative intervention (Table 35.1).

Table 35.1 PICO table

Population Multiple endocrine neoplasia type I patients with hypergastrinemia undergoing 
surgery

Intervention Routine lymph node dissection
Comparator Duodenal inspection and selective lymph node resection
Outcome Survival, recurrence, complications

P. V. Dickson



433

 Surgical Series Evaluating Outcomes for MEN-1 Patients 
with Hypergastrinemia

Although several institutional series have studied operative outcomes of MEN1-
associated PDNETs, few have specifically examined outcomes for patients with 
MEN1-related gastrinomas (Table  35.2). These reports have primarily examined 
surgical strategies and rates of achieving eugastrinemia or “biochemical cure” fol-
lowing surgery. A close look at these series, however, demonstrates these neoplasms 
have a propensity for malignant transformation, with 40–80% of patients harboring 
lymph node (LN) metastases [8–13]. Moreover, in their respective manuscripts, the 
authors of these studies address the importance of removing these nodes at the time 
of exploration for MEN1 patients with hypergastrinemia.

Thompson endorsed routine early exploration for MEN1 patients with hypergas-
trinemia [8]. His recommended operative approach for these patients included per-
formance of a distal pancreatectomy, enucleation of neoplasms in the pancreatic 
head or uncinate combined with duodenotomy with excision of any duodenal neo-
plasms, and peripancreatic LN dissection. In his seminal series, 40% of patients 
with duodenal gastrinomas were found to have LN metastases. In performing his 
described operation in 34 patients with MEN1 and ZES over a 20-year period, he 
reported that 68% were eugastrinemic and 33% had negative secretin stimulation 
tests at follow up (longest follow up 19 years).

In 1999, Norton et al. reported on 28 patients with MEN1 and ZES treated at the 
NIH [11]. In this study, patients were operated if a tumor of 3 cm or larger was 
detected by imaging. Operations included enucleation or resection of pancreatic 
neoplasms and evaluation of the duodenum. In this series prior to 1987 duodenal 
evaluation involved kocherizing and externally palpating the duodenum while sub-
sequent procedures included endoscopic transillumination and/or duodenotomy 
with intraluminal digital inspection. In this study, 61% of patients had LN metasta-
ses and 7% had tumor bearing lymph nodes with no identifiable primary gastri-
noma. Furthermore, in the discussion of the manuscript, the authors emphasized the 
importance of removing lymph nodes in the region of the head of the pancreas and 
duodenum even if they appear normal because of the propensity for microscopic 
nodal metastases. Patients underwent rigorous post-operative biochemical evalua-
tion with serum gastrin and secretin stimulation tests performed 3–6 months after 
operation and then yearly. They found that all but one patient demonstrated bio-
chemical recurrence by 3 years and that every patient had recurred by 10 years.

Bartsch et al. detailed their results in using an aggressive surgical approach over 
a 23-year period (1981–2004) for 26 MEN1 patients with duodenopancreatic neo-
plasms [10]. Eleven patients in this series underwent surgery for ZES. Patients treated 
prior to 1997 had an operative approach similar to that described by Thompson [8] 
while pylorus-preserving pancreaticoduodenectomy with regional lymphadenec-
tomy was performed in subsequent years. LN metastases were identified in 7/11 
(64%) of patients with gastrinomas, including 3/4 patients whose primary tumor size 
was <1 cm. Only one patient with ZES was found to have distant metastatic disease 
in this series. At a median follow up of 123 months, 7/11 patients remained without 
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biochemical evidence of recurrence. There were no peri-operative mortalities and 
they reported a 58% surgical complication rate, primarily related to pancreatectomy.

Tonelli et al. reported their operative experience from 13 MEN1 patients with 
hypergastrinemia over an 11-year period (1992–2003) [9]. They performed stan-
dard or pylorus preserving pancreaticoduodenectomy in the majority of patients and 
lymphadenectomy of the peripancreatic region, hepatoduodenal ligament, and 
hepatic and celiac arteries in all patients. Fifty-four percent (7/13) were found to 
have gastrinoma nodal metastases. At the time of publication, 10/13 patients had 
normal basal and stimulated gastrin levels. In two patients with recurrent hypergas-
trinemia, CT demonstrated regional nodal recurrence at 18 months post-operatively. 
In their series, 38/41 identified gastrinomas were duodenal, 2 were documented 
“ectopic” (1  in the gallbladder and 1  in the extrahepatic biliary tree), and 1 was 
considered a nodal primary gastrinoma. Two patients were found to have hepatic 
metastases that did not stain for gastrin and were believed to arise from nonfunc-
tional pancreatic neoplasms. No pancreatic gastrinomas were identified in this 
series. There were no post-operative mortalities and the reported operative morbid-
ity was 37% (all related to pancreatectomy). The authors advocated an aggressive 
surgical approach, recommending pancreaticoduodenectomy with regional lymph-
adenectomy when hypergastrinemia is detected in these patients.

Imamura et al. reported their 18-year experience (1991–2009) of 16 patients with 
MEN1 and ZES who underwent operative intervention [12]. Over the reported time 
period, their operative approach evolved from performance of pancreaticoduode-
nectomy (three patients) to local tumor resection with transduodenal excision or 
partial duodenectomy (six patients) to pancreas-preserving total duodenectomy [14] 
(seven patients) with regional lymphadenectomy performed in all patients. 
Gastrinoma nodal metastases were identified in 10/16 (63%). With a follow up 
range from 2 months to 18 years, 14 of 16 patients were reported as eugastrinemic. 
One patient developed suspected gastrinoma-related liver metastases and in a sec-
ond patient distant lymph node metastases developed. Based on their results, the 
authors recommended early and aggressive surgical intervention with MEN1 
patients with hypergastrinemia.

In a review from MD Anderson Cancer Center 20 patients with MEN1 and 
hypergastrinemia underwent surgical exploration between 1980 and 2010 [13]. This 
study specifically evaluated the impact of duodenal evaluation and formal regional 
lymphadenectomy on achieving eugastrinemia. The limits of an anatomically based 
regional lymph node dissection (RLND) described in this study are shown in 
Fig. 35.1. The authors recommended a generous Kocher maneuver and dissection to 
ensure removal of periduodenal and peripancreatic LNs posterior to the duodenum 
and head, uncinate, and neck of the pancreas and anterior to the vena cava and aorta; 
portal nodes from the right lateral border and posterior aspect of the portal vein; 
hepatic arterial nodes immediately caudal to the proper hepatic artery and cephalad 
to the pancreas; and resection of the cephalad 4–5 cm of the right gonadal vein and 
its associated soft tissue to ensure clearance of lateral peri-duodenal and para-caval 
nodes. In this study the median number of lymph nodes identified for patients 
undergoing a formal RLND was 16 (range 4–41) versus 1 (range 0–19) for those 

35 Routine Lymph Node Dissection Versus Duodenal Inspection Alone



436

who did not. Eighty percent of patients were found to have LN metastases and the 
median number of LN involved was 3 (range 1–15). Eugastrinemia was achieved in 
12 patients (60%), while 8 (40%) had persistent hypergastrinemia. Compared to 
patients with persistent hypergastrinemia, patients rendered eugastrinemic more 
often underwent intra-operative duodenal evaluation (11/12; 92% versus 2/8; 25%, 
p = 0.01) and RLND (11/12; 92% versus 3/8; 38%, p = 0.03). There was no relation-
ship between pancreatic resection and achievement of eugastrinemia (9/12; 75% 
versus 8/8; 100%, p = 0.32). After a median follow up of 44 months, 10/12 (80%) 
patients rendered eugastrinemic remained eugastrinemic; including 3 patients 
(25%) with follow up of ≥5 years (5, 6, and 24 years).

This study also evaluated the utility of pre-operative EUS, CT, and octreoscan 
in these patients. Although EUS (90%) and CT (71%) were reasonably sensitive 
in detecting pancreatic neoplasms, no imaging technique was highly sensitive for 
detecting duodenal tumors (EUS 12.5%, CT 30%, Octreoscan 14%) or regional nodal 
metastases (EUS 40%, CT 46%, Octreoscan 33%). Given these findings as well 
as the high incidence of gastrinoma nodal metastases, and the impact of duodenal 
evaluation and regional lymphadenectomy in achieving eugastrinemia, the authors 
note the necessity of both formal duodenal evaluation as well as anatomic RLND at 
the time of operative exploration for MEN1 patients with hypergastrinemia.

 Rationale for Duodenal Inspection and Routine 
Lymphadenectomy in MEN1 Patients with Hypergastrinemia

Although the above-mentioned series have inherent limitations of any smaller, sin-
gle institution, retrospective (with the exception of the study by Norton et al.) analy-
ses, several conclusions can be the drawn from the collective experience.

Fig. 35.1 Anatomic 
boundaries of recom-
mended formal regional 
lymphadenectomy for 
patients with MEN1-
associated hypergastrinemia 
who undergo operative 
intervention [13, with 
permission]
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The majority of MEN1-associated gastrinomas arise within the duodenum rather 
than the pancreas. They likely arise from proliferation of gastrin cells within the 
normal duodenal mucosa [15]. These neoplasms are generally small (<1 cm) and 
commonly multifocal. In this patient population, duodenal gastrinomas often occur 
concomitantly with non-gastrin producing pancreatic neuroendocrine tumors. 
Furthermore, standard pre-operative imaging modalities have a low sensitivity for 
detecting these small duodenal lesions. Therefore, if the decision is made to explore 
MEN1 patients with hypergastrinemia, thorough evaluation and removal of any 
duodenal gastrinomas is necessary, regardless of the distribution of additional pan-
creatic neoplasms and extent of pancreatectomy planned.

MEN1-associated gastrinomas have a propensity for nodal metastases (40–80% 
in the above mentioned series). In some circumstances, bulky nodal disease may be 
easily detected on pre-operative imaging or at the time of exploration. However, LN 
micrometastases are often present and failure to extirpate these nodes likely results 
in less durable reduction of gastrin hypersecretion and potentially adverse onco-
logic outcomes. Most authors would advocate that adequate clearance of this dis-
ease requires a formal, anatomically based, regional lymphadenectomy. This should 
occur, regardless of the primary pancreaticoduodenal resection being performed. 
The “gastrinoma triangle”, originally described by Passaro et al. is bound superiorly 
by the junction of the cystic and common duct, inferiorly by the junction of the 
second and third portions of the duodenum, and medially by the anatomic neck of 
the pancreas [16]. A lymphadenectomy that considers these boundaries would 
involve thorough clearance of nodes within the hepatoduodenal ligament, along the 
common hepatic artery towards the celiac axis, retroduodenal and retropancreatic 
nodes lying along the pancreaticoduodenal arteries, and clearance of aortocaval 
nodes behind the neck of the pancreas (Fig. 35.1).

In addition to considering the potential for clinically meaningful reduction of 
gastrin hypersecretion, extirpation of regional lymph nodes in MEN 1 patients with 
gastrinoma may offer an oncologic benefit. The most important predictor of survival 
in patients with MEN1 and pancreaticoduodenal neuroendocrine tumors is liver 
metastases. Jensen et al. recently reported on 326 patients with PDNETs from the 
NIH and Stanford University Hospital, the majority of which had gastrinomas [17]. 
They specifically examined the impact of LN metastases on overall and disease-
related survival and development of metachronous hepatic metastases. When evalu-
ating the entire cohort, there was no difference in survival between patients with or 
without LN metastases. However, patients with LN metastases were found to have a 
shorter interval to the development of metachronous liver metastases. In the subset 
of patients from the NIH who had longer follow-up (mean 11 years), disease-spe-
cific survival was significantly decreased among patients with LN metastases versus 
those without. Furthermore, they found that disease-related survival decreased as a 
function of the number of metastatic nodes. In patients with duodenal or pancreatic 
gastrinomas, the incidence of lymph node metastases was 71% and 76%, respec-
tively. Those with pancreatic gastrinomas did have a significantly higher incidence 
of liver metastases and disease-related death. Although only some of these were 
MEN1 patients, the data does suggest that standard performance of a regional 
lymphadenectomy in these patients offers both prognostic and therapeutic value.
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None of the above-mentioned studies specifically examined morbidity associ-
ated with performance of removing regional lymph nodes. However, it is unlikely 
that including a regional lymphadenectomy as part of the operation for MEN1 
patients with hypergastrinemia adds much, if any, morbidity over that related to the 
primary resection being performed.

Conclusion
Although controversy exists regarding appropriate timing and extent of opera-
tion in MEN1 patients with hypergastrinemia, review of the current literature 
clearly demonstrates a propensity for gastrinoma-associated regional LN metas-
tases. Standard preoperative imaging modalities (CT, EUS, Octreoscan) are not 
particularly sensitive in detecting these nodal metastases. Failure to remove 
regional lymph nodes at the time of exploration may result in persistent hyper-
gastrinemia and potentially adverse long-term oncologic outcomes. If a decision 
is made to explore MEN1 patients with hypergastrinemia, in addition to resec-
tion of the primary tumor(s), performance of an anatomically based regional 
lymphadenectomy is recommended (GRADE B).
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Abstract
Pancreatic neuroendocrine tumors (PNET) represent a broad spectrum of disease 
with behavior ranging from benign to highly malignant. Treatment strategies are 
quite variable and frequently lack consensus. This chapter focuses on the debate 
between surgery and chemotherapy for metastatic PNET.  We summarize the 
 evidence for both strategies including which treatment is appropriate in each 
clinical setting.
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 Introduction

Pancreatic neuroendocrine tumors (PNET) account for only 1–4% of all clini-
cally apparent pancreatic tumors [1–3]. The majority are sporadic in inheritance, 
although 10% may be part of inherited disorders such as neurofibromatosis, tuber-
ous sclerosis, multiple endocrine neoplasia (MEN) type 1 or von Hippel-Lindau 
(VHL) syndrome. PNETs arise from islet cells of the pancreas and may or may not 
secrete functionally active hormones (classified as functional versus nonfunctional 
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[majority]). In 2010, the World Health Organization developed another clinically 
relevant classification based on tumor grade (G) and Ki-67 index. A G1 tumor 
was defined as having a mitotic count <2/10 high powered fields (hpf) and a Ki-67 
index <3%. G2 tumors were defined as having a mitotic count of 2–20/10 hpf 
and a Ki-67 of 3–20%. G3 tumors were defined as having a mitotic count of 
>20/10  hpf and/or a Ki-67 index >20%. In general, well differentiated PNETs 
are either low or intermediate grade (G1 or G2), whereas poorly differentiated 
PNETS are high grade (G3) and considered carcinomas [4]. The older literature 
references to high-grade neuroendocrine carcinoma, small cell carcinoma, undif-
ferentiated carcinoma, anaplastic carcinoma and large cell neuroendocrine carci-
noma are all included in the current nomenclature of poorly differentiated PNET 
[5]. This terminology can be confusing since all well differentiated PNETs have 
malignant potential (defined as the ability to metastasize to regional lymph nodes 
and/or distant organs). The exception is small, nonmetastatic insulinomas which 
in general, carry no risk for metachronous distant organ recurrence. Tumor grade 
has significant prognostic value and is particularly important for treatment deci-
sions because well differentiated PNETs are managed very differently relative to 
poorly differentiated tumors [5–10]. All patients with a PNET who have advanced 
disease should undergo a biopsy of their tumor and have proper histologic assess-
ment (Ki-67/mitotic index) in order to classify the tumor as a guide for further 
therapy.

Surgical resection of PNETs remains the only curative therapy for this disease 
and represents the current standard of care [11–16]. A complete resection of all vis-
ible disease controls tumor growth, reduces excess hormone production in patients 
with liver metastases and provides a 5-year overall survival exceeding 60% [17–19]. 
This chapter summarizes the current literature in the debate of surgery versus sys-
temic therapy for the treatment of metastatic PNET (Table 36.1).

 Search Strategy

We conducted a focused review of current guidelines related to the surgical and 
medical management of metastatic PNET. The PubMed database was searched for 
the past 20 years for the following key words: pancreatic neuroendocrine tumor, 
pancreatic neuroendocrine carcinoma, chemotherapy, pancreatectomy, resection, 
enucleation, transplantation, mTOR inhibitors, somatostatin analogues, and tyro-
sine kinase inhibitors. Emphasis was placed on national and international guidelines 
and recommendations.

Table 36.1 PICO table Population Patients with metastatic PNET
Intervention Surgical resection
Comparator Medical management
Outcomes Survival, recurrence, complications, QOL
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 Surgical Resection of PNET

Patients with well-differentiated PNETs or those “tumors” that are G1 or G2 with 
Ki67 < 20% should be treated differently from patients with poorly differentiated 
“neuroendocrine carcinomas” that are grade G3 and have Ki67 indices >20% [5, 
8, 20, 21]. Poorly differentiated PNETs have a high rate of metastatic spread even 
in patients that appear to have localized disease and therefore surgical resection 
is rarely curative [5, 22]. Surgical resection is, however, generally recommended 
if all or >90% of the imageable disease can be removed [11, 13, 16, 19, 23]. In 
general, surgery is not recommended where resection cannot be complete or results 
in removal of >90% of the metastatic tumor as this does not improve survival [11, 
13, 16]. Less than a complete resection (debulking) is considered in patients with 
functional tumors where hormone secretion is causing significant symptoms; we 
rarely consider surgery for nonfunctional PNETs if a complete gross resection of all 
disease cannot be accomplished.

 Minimal Resection for Early Disease

Benign biologic behavior is exhibited in 10–40% of PNETs and is uniformly seen 
in nonmetastatic insulinomas [24]. Solitary PNETs located >2–3 mm from the pan-
creatic duct are frequently enucleated, as opposed to resected with a margin of nor-
mal pancreas [11, 25]. For tumors in the pancreatic neck or proximal body of the 
pancreas, parenchymal preservation in the form of middle segment pancreatectomy 
is an option when enucleation is not feasible due to ductal proximity [26]. The 
disadvantage of any operation which requires transection of the pancreatic duct is 
the risk of a pancreatic fistula [27]. Pancreatic endocrine and exocrine function is 
preserved with any operation that is able to preserve pancreatic parenchyma, which 
is very important in young patients [27]. Minimally invasive approaches are ideal 
for tumors that are small, benign and located in the pancreatic body or tail [28, 29]. 
More recently, robotic-assisted minimally invasive pancreatic resections have been 
advocated as superior to laparoscopic approaches due to decreased rates of conver-
sion to open laparotomy (0% vs 16%) without adding increased morbidity [30].

 Lymph Node Resection

With the exception of sporadic nonmetastatic insulinoma, positive regional lymph 
nodes are found in up to 23% of patients with low risk PNETs and result in a sig-
nificantly shorter disease-free survival than in patients who are node negative (4.5 
vs 14.6 years; P < 0.0001) [31]. Node positivity occurs more frequently in tumors 
with the following characteristics: >15 mm in size, located in the pancreatic head, 
G3 and exhibiting lymphatic invasion [31, 32]. Although Partelli and colleagues 
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attempted to develop predictive models of risk for lymph node involvement, preop-
erative variables did not reliably predict the probability of nodal involvement to the 
extent that surgeons could omit regional lymphadenectomy at the time of pancreatic 
resection for PNET [33, 34]. Clearly, there is a huge selection bias in this literature 
as lymph nodes cannot be assessed for the presence of metastases unless they are 
both surgically excised and pathologically assessed. It is perhaps best to conclude 
that all PNETs, except for small insulinomas, are associated with a significant risk 
of regional lymph node metastases and these nodes should be removed at the time 
of surgery whenever possible. This surgical practice prevents a metachronous recur-
rence in regional nodes which could have been removed at the first operation.

 High Risk/Malignant Disease

In the setting of neuroendocrine carcinoma, surgery is superior to conservative thera-
pies in extending survival and controlling local and metastatic disease [34]. A ret-
rospective study utilizing the Surveillance, Epidemiology and End Results (SEER) 
database demonstrated a survival benefit of 79 months for resected patients com-
pared to those who were recommended to undergo surgery but were not resected 
(114 months vs 35 months; P < 0.0001) [35]. This survival advantage held true for 
the subgroup of patients with distant metastases (60 vs 31 months; P = 0.01) [35]. 
In addition, surgical resection reduced the risk of metachronous liver metastases in 
patients with gastrinoma (5% vs 29%) [36]. In patients with more advanced/larger 
local disease, aggressive resection when possible, in carefully selected patients, offers 
optimal disease control [37]. Interestingly, in some reports, a margin-positive resec-
tion in patients with large, regionally advanced PNETs had a similar overall survival 
benefit compared to a margin negative resection [38]. This finding clearly reflects 
the more indolent biology of this disease compared to pancreatic adenocarcinoma.

 Liver Metastases

Liver metastases are present in up to 60% of patients with PNET at the time of 
initial diagnosis and such synchronous liver metastases are not a contraindication 
to surgical treatment [19, 39, 40]. However, it remains controversial as to whether 
the primary tumor should be removed in the setting of unresectable metastatic 
disease. Some reports conclude that removal of the primary tumor in the setting 
of unresectable distant disease does not improve survival compared to the use of 
nonsurgical therapies [41, 42]. In contrast, if the liver metastases are able to be 
completely resected, a much higher 5 year survival (72 vs 25%) and longer median 
survival (96 vs 20 months) is observed compared to patients treated nonoperatively 
[43]. Extended liver resections for metastatic disease can be performed safely with 
acceptable morbidity (21%) and mortality (5% or less) [44–48]. In sharp contrast 
to most other solid tumors, 5-year survival is both possible and probable after 
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resection of PNET liver metastases; one series reported a 5-year survival of 66% 
[44]. The European Neuroendocrine Tumor Society (ENETs) guidelines take the 
role for surgery even further and extend it to patients with liver metastases who may 
not be eligible for complete resection and can undergo surgical debulking of >90% 
of liver metastases [13, 49, 50]. The authors of this review are not comfortable with 
this recommendation in most situations and largely limit elective liver resections 
to those patients who can receive a complete gross resection of all image positive 
disease. Surgical resection may be complemented by ablation or transarterial che-
moembolization (TACE) [12, 43].

 Extended Resections of the Primary

Major vascular involvement (portal/superior mesenteric vein, superior mesenteric 
artery, inferior vena cava) does not preclude resection and may result in 30% of 
patients with PNETs being disease-free at 5 years [37, 51, 52]. This is particularly 
important for PNETs involving the splenic vein (SV) or portal vein/superior mes-
enteric vein (PV/SMV) resulting in extrahepatic portal hypertension with resultant 
gastroesophageal varices and gastrointestinal bleeding, as the bleeding resolves 
with resection of the PNET and the spleen [37, 53, 54]. Current evidence stems 
from retrospective nonrandomized studies as ethical and feasibility considerations 
preclude realization of a prospectively controlled randomized trial. PNETs with 
a Ki-67 index >5%, positive lymph nodes, and a size >4 cm have a significantly 
higher risk of metachronous disease recurrence [55, 56].

 Liver Transplantation

Liver transplantation is an option, but evidence is limited, oncologic outcome is 
uncertain and its use is controversial [12, 57–59]. A recent study of 17 patients who 
underwent liver transplantation for metastatic PNET reported a 1-, 5-, and 10-year 
survival of 89%, 80% and 50% respectively which may not be much better than 
other forms of therapy. However, these patients may have had very large tumor 
burdens and the highly selected nature of these results makes further interpretation 
very difficult [13, 49, 60, 61]. Risk factors for a poor prognosis after transplanta-
tion include: extrahepatic disease at the time of transplant; abdominal exenteration 
or multivisceral transplant at the time of the liver transplant; metastatic PNET (as 
opposed to gastrointestinal carcinoid); age > 50; >50% of the liver involved; Ki 
67 > 10%; and, aberrant E-cadherin staining [12, 14, 58, 59, 62]. ENETs 2012 con-
sensus guidelines therefore, recommend liver transplantation only for patients with 
life-threatening hormonal disturbances refractory to other treatments, or for patients 
with nonfunctional PNET with diffuse liver metastases refractory to all other treat-
ments [12]. PNET liver metastases are not considered a standard exception that 
would yield more points by Eurotransplant or UNOS criteria.
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 High Grade Pancreatic Neuroendocrine Carcinomas

Patients with a high Ki-67 index have increased risk of recurrence and metastatic 
disease with resultant poor survival. In patients with poorly differentiated carci-
nomas with a high Ki-67, surgery should only be undertaken if an R0 resection is 
possible; there is no role for cytoreductive (<R0) surgery in these patients [13, 55]. 
Conventional systemic chemotherapy and less frequently, targeted systemic thera-
pies such as multityrosine kinase inhibitors and mTOR inhibitors are the standard 
in these settings [34].

 Summary of Recommendations

The biology of PNETs is different based on tumor grade and Ki 67 index and there-
fore tumor biopsy at the time of diagnosis is critically important. Surgical resec-
tion is the only curative treatment modality and is the current standard of care for 
patients who appear eligible for a complete gross resection of all local and distant 
disease. Resection of PNETs with low malignant potential should be done with the 
goal of parenchymal preservation (enucleation or limited resection) and with mini-
mally invasive surgery if possible (robotically or laparoscopically). Lymph node 
metastases are present in up to one fourth of PNETs and regional lymphadenectomy 
is recommended for all diagnoses other than sporadic insulinoma. In the setting 
of well to moderately differentiated (G1 or G2) PNETs, surgery when feasible, is 
superior to nonoperative therapies in extending survival and controlling local and 
metastatic disease. In addition, surgery is often the optimal treatment for large G1 
or G2 PNETs with local extension requiring vascular resection and reconstruction; 
in such situations, the role of pre-operative/adjunctive systemic therapies should be 
explored in a multidisciplinary setting. Liver transplantation is reserved for those 
patients with life-threatening hormonal imbalances or nonfunctional PNETs refrac-
tory to all other treatments. High grade, poorly differentiated tumors should not be 
treated with surgical resection unless an R0 status can be achieved.

 Medical Management of Metastatic PNET

 Chemotherapy for PNETs

Cytotoxic chemotherapy continues to play an important role in patients with 
advanced metastatic PNET. The regimens utilized differ based on several factors, 
most notably, the degree of differentiation of the neuroendocrine carcinoma [5, 
12, 14, 63–65]. Chemotherapy is usually reserved for palliative intent treatment 
of patients with inoperable disease. Currently, there is no defined role for systemic 
therapy in the adjuvant setting (post resection of PNETs) outside of clinical trials, 
however, it is increasingly used in a neoadjuvant fashion to (1) assess tumor biology 
in patients that present with synchronous metastatic disease prior to offering them 
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a resection and (2) to induce response in patients with a large tumor burden if they 
require a complex operation for removal of the primary tumor with or without con-
comitant liver resection [12, 14, 64–66]. Because of significant treatment-related 
toxicities, cytotoxic chemotherapy is recommended for PNETs in the following 
situations: (1) metastatic poorly differentiated PNETS (G3, Ki 67 index > 20%), (2) 
unresectable G1 or G2 PNETS (Ki 67 < 20%) after failure of biotherapy and/or tar-
geted systemic therapy, (3) neoadjuvant therapy for G1 or G2 PNETS that present 
with synchronous metastatic disease or bulky primary tumors mandating complex 
surgery/vascular reconstruction to assess tumor biology and/or to induce a response 
prior to offering resection [12, 14, 67–69].

In G1–G2 (Ki67 < 3 or 3–20%) well differentiated metastatic PNETs, the com-
bination of streptozotocin and 5-fluorouracil (FU) with/without doxorubicin has 
an objective response rate of 20–45%. Responses can be relatively short lived 
(6–20 months), and patients may experience side effects including but not limited to 
nausea and emesis (70–100%) and renal toxicity (15–40%) [12, 14, 65, 70]. A rela-
tively new combination of temozolomide and capecitabine has shown efficacy with 
improved response rates and less toxicity based on early non-randomized data. A 
retrospective study of 30 patients with metastatic well differentiated PNETs treated 
with capecitabine and temazolomide demonstrated a partial response rate of 70% 
with a median PFS of 18 months, a 2 year survival of 92%, and only 13% devel-
oped grade three or four adverse events [71–74]. The ongoing randomized, phase 
II, Eastern Cooperative Oncology Group (ECOG) 2211 trial evaluates the efficacy 
of temozolimide with or without capecitabine in patients with G1 or G2 metastatic 
PNETs, with progression free survival (PFS) being the primary endpoint.

Kulke et al. showed that low levels of the DNA repair enzyme 06-methylguanine 
DNA methyltransferase (MGMT) in the tumor were associated with response to 
alkylating agents such as temozolomide [74]. This correlation between low tumoral 
expression of MGMT by immunohistochemistry and response to temozolomide has 
been noted in glioblastoma as well, but MGMT has thus far not been prospectively 
validated as a predictive biomarker for temozolomide therapy.

Both ENETS 2012 and the North American Neuroendocrine Tumor Society 
(NANETS) 2010 guidelines recommend chemotherapy in selected patients with 
advanced, metastatic, inoperable, well-differentiated (G1 or G2) PNETs—especially 
if rapidly growing, symptomatic, or if a large volume of disease is present [12, 16].

 Biotherapy for Advanced/Metastatic PNETs

 Somatostatin Analogues

Somatostatin analogues (SSAs) help control the hormone-excess state in func-
tional PNETs and also have anti-tumor growth effects [12, 14, 16, 75–78]. PNETS 
overexpress one or more of the five subtypes of somatostatin receptors (SSTR 
1–5) in 70–100% of patients [14, 75–78]. The PROMID study, which included 
patients (N = 85, 74% octreoscan positive, 39% with carcinoid syndrome) with well 
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differentiated metastatic midgut NETs tumors (but did not include patients with 
PNETs), demonstrated that octreotide LAR extended time to tumor progression 
(14.3 vs 6 months, p < 0.000072) resulting in 67% of treated patients having stable 
disease at 6 months compared to 37% of controls (p = 0.0079) [79]. Tumor response 
was significant only in patients with low hepatic tumor burden (<10%) and was more 
favorable in the setting of a resected primary tumor. Objective decrease in tumor size 
was uncommon (<10%) but tumor stabilization was frequent (40–80%) [12, 14, 16, 
75, 77, 78]. Another SSA (lanreotide) was investigated in the phase III, CLARINET 
trial that compared lanreotide versus placebo in patients with advanced, well to 
moderately differentiated (Ki-67 < 10%), non-functioning, gastroenteropancreatic 
NETs [80]. Notably, the majority of the patients (96%) had no tumor progression 
in 3–6 months prior to randomization and a third of the patients had hepatic tumor 
burden >25%. Lanreotide when compared to placebo, was associated with a sig-
nificantly prolonged median PFS (median not reached vs. 18.0 months, hazard ratio 
(HR) 0.47, 95% confidence interval (CI) 0.30–0.73, p < 0.01). The estimated rate of 
PFS at 2 years in the lanreotide arm was 65% (95% CI, 54.0–74.1%) compared to 
33% (95% CI, 23.0–43.3%) in the placebo group. While there were some key differ-
ences between the patient populations evaluated in the PROMID and CLARINET 
trials that were reflected in the outcomes noted in the placebo and interventional 
arms, these two trials unequivocally established a therapeutic role for SSAs in treat-
ment of patients with well to moderately differentiated gastroenteropancreatic NETs.

National Comprehensive Cancer Network (NCCN) guidelines state that soma-
tostatin analogues should be considered (level 2A evidence) for local-regional, unre-
sectable, and/or metastatic well-moderately differentiated PNETs [81, 82]. ENETS 
2012 guidelines support somatostatin if tumors are G1 and NANETS 2010 uses 
somatostatin analogues for antiproliferative effects and their low side effect pro-
file [12, 81, 82]. Both octreotide and lanreotide have high affinity for somatostatin 
receptor subtypes two and five, however PNETS frequently possess other subtypes 
[14, 76, 83]. Pasireotide has high affinity for somatostatin receptors one, two, three 
and five and is being evaluated for enhanced anti-growth effects on neuroendocrine 
tumors and for its antisecretory effects [84–86]. However, Pasireotide is currently 
not recommended for treatment of well-moderately differentiated PNETs outside 
of a clinical trial.

 Targeted Therapy

 mTOR Inhibitors (Everolimus)

Everolimus is an oral mTOR inhibitor with efficacy demonstrated in several recent 
trials evaluating patients with metastatic PNETs, including the pivotal phase III 
RADIANT-3 trial [86–89]. In this report, 410 patients with low to intermediate 
grade metastatic PNETs were assigned to everolimus (10 mg, orally, once daily) 
or placebo, both in conjunction with best supportive care. Patients treated with 
everolimus, compared to placebo, showed a significant improvement in PFS (11 vs 
4.6 months, HR 0.35, 95% CI, 0.27–0.45, p < 0.0001) and PFS rate at 18 months 
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(34%, 95% CI 26–43% vs 9%, 95% CI, 4–16%). The significant improvement in 
PFS and low rate of grade 3 or 4 adverse events (stomatitis 7%, anemia 6% and 
hyperglycemia 5%) led to everolimus being approved in Europe and the United 
States for use in patients with low to intermediate grade metastatic PNETs. This 
strategy is endorsed by both ENETS and NCCN.

 Tyrosine Kinase Inhibitors (Sunitinib)

Tyrosine kinase receptors are a family of receptors (20 members) which include 
epidermal growth factor, platelet derived growth factor, hepatocyte growth factor 
(c-MET), stem cell factor (c-KIT) and VEGFRs among others. These receptors 
function as tyrosine kinases when activated and downstream effects include media-
tion of growth-related cascades, angiogenesis, apoptosis and cellular differentiation 
[90, 91]. PNETs frequently possess a number of tyrosine kinase receptors [91–95]. 
Sunitinib is an oral inhibitor of tyrosine kinase activity of PDGFRs, VEGFR-1, 
VEGFR-2, c-KIT and FLT3 [91]. An international, double-blind, multicenter Phase 
III study randomly assigned 171 patients with metastatic well differentiated PNETs 
to Sunitinib (37.5 mg/day, orally) or placebo in conjunction with SSA (at the inves-
tigator’s discretion, in both arms). The primary end point (median PFS) was sig-
nificantly improved in the Sunitinib arm compared to the placebo arm (11.4 vs. 
5.5 months, HR 0.42, 95% CI, 0.26–0.66, p < 0.001). This study was discontinued 
early, after an independent data and safety monitoring committee observed more 
serious adverse events in the placebo group and a favorable PFS in the Sunitinib 
group. The demonstrated efficacy and relative paucity of grade 3 or 4 adverse events 
(neutropenia 12%, hypertension 10%, and palmar-plantar erythro-dysesthesia 6%) 
resulted in approval for the use of Sutent in both Europe and the United States, 
in patients with metastatic well-differentiated PNETS.  This was subsequently 
endorsed by both ENETS and NCCN. In addition to sunitinib, numerous tyrosine 
kinase inhibitors have demonstrated activity in NETS (imatinib, sorafenib, vata-
lanib, pazopanib) [90, 91, 95–97] but none of these agents are recommended for use 
outside of clinical trials.

 Summary of Targeted Therapy

For patients with metastatic low to intermediate grade PNETs, the authors recom-
mend initiation of therapy with either a SSA or combination of SSA and everolimus/
sunitinib based on disease burden and symptomatology. Patients with bulky disease 
and/or symptoms from their low-intermediate grade metastatic PNETs may benefit 
from combining SSA with either a targeted agent or cytotoxic chemotherapy, at 
presentation, based on the rapidity of response desired.

While the addition of these targeted therapies have led to significant improve-
ments in the overall survival of patients with low-intermediate grade PNETs, there 
is a crucial need for newer therapeutic strategies to further the oncologic outcome 
in these patients. Disease progression while on these agents occurs either due to 
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development of resistance to therapy and/or intolerance to the side effects. Strategies 
that attempt to overcome acquired/intrinsic resistance to available therapies and 
explore new therapeutic opportunities based on our evolving understanding of the 
development and progression of PNETs are being evaluated in clinical trials. These 
efforts include both individual and combined strategies aimed at targeting candidate 
genes/proteins involved in alternate tumor survival pathways.

 Peptide Receptor Radionuclide Therapy with Radiolabeled 
Somatostatin (PRRT)

This treatment is based on the over/ectopic expression of somatostatin receptors by 
60–100% of PNETs which in turn, allows for targeting of the tumor by cytotoxic, 
radiolabeled somatostatin analogues [14, 83, 98, 99]. Two different radiolabels are 
commonly used in combination with SSAs (1) 90Y which strongly emit beta par-
ticles or (2) 177Lu which emit B particles and gamma rays. A number of different 
somatostatin analogues and attached chelators (to allow binding of the radioisotope) 
have been used in various studies (DTPA, DOTA and peptide-chelator combinations 
DOTATATE, DOTATOC). Although a number of reports support the role of PRRT 
in the treatment of metastatic low-intermediate grade PNETs (European Studies), it 
is still considered investigational in the United States [99–101].

 Treatment of Metastatic Poorly Differentiated PNETs

Poorly differentiated PNETs account for <1% of all malignant PNETS and 2–3% of 
all PNETS [5]. They have histologic and radiologic/clinical features of aggressive 
growth (G3, Ki 67 > 20% but usually 50–90%, necrosis, nuclear atypia), and carry 
a poor prognosis [5, 7, 20, 102]. Poorly differentiated PNETs have low densities 
of (or absent) somatostatin receptors and thus somatostatin scintigraphy is rarely 
useful and somatostatin analogues are not clinically effective. Most patients have 
regional or distant metastases at the time of presentation and surgery is rarely cura-
tive [5, 7]. Systemic chemotherapy is the treatment of choice and commonly used 
drugs include various combinations of platinum agents (Cisplatin, Carboplatin), 
Etoposide, topoisomerase inhibitors (Irinotecan, Topotecan) and Paclitaxel. Such 
treatments induce response in 14–80% of patients with a mean duration of response 
of <12 months [5, 20, 21, 64, 103]. Major toxicity can occur including myelosup-
pression and nausea/emesis [21, 11, 104].

 Summary of Recommendations for Medical Management

Somatostatin analogues are commonly used at the time of initial diagnosis for 
patients with unresectable and/or metastatic PNETs to control the hormone excess 
state and for their antiproliferative effects. Octreotide and lanreotide have the most 
data in support of their use however, newer agents with higher affinity for other 
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somatostatin receptors are currently being evaluated. NCCN guidelines recommend 
targeted therapy with mTOR inhibitors (Everolimus) or tyrosine kinase inhibitors 
(Sunitinib), either as first-line treatment for unresectable and/or metastatic well-
moderately differentiated PNETs in combination with SSAs or sequentially follow-
ing progression on SSAs.

Cytotoxic chemotherapy is recommended for use in patients with well-moder-
ately differentiated metastatic/unresectable PNETs due to (1) failure of SSAs and/
or targeted therapy and (2) presentation with initial bulky or symptomatic disease 
mandating disease response to facilitate cytoreduction or symptom control. The 
use of Streptozotocin, 5FU, and doxorubicin (FAS) as well as the combination of 
capecitabine and temozolomide are supported by non-randomized data. Peptide 
receptor radionuclide therapy while promising, remains in the experimental realm 
to date. Metastatic high grade/poorly differentiated PNETs are treated with cyto-
toxic chemotherapy alone.

 Personal View of the Data/How We Do It

 Initial Evaluation

Patients with functional PNETs usually present with symptoms caused by hor-
mone hypersecretion. Patients with nonfunctional PNETs may present with vague 
abdominal complaints or have no symptoms whatsoever, having their tumors inci-
dentally discovered on cross-sectional imaging obtained for unrelated conditions. If 
there is no evidence of metastatic disease, workup includes endoscopic ultrasound 
(EUS) with fine needle aspiration (FNA) for tissue diagnosis and assessment of 
Ki-67/mitotic index. If the patient has metastatic disease, a metastatic lesion may 
be targeted for biopsy, if readily accessible. Multiphasic cross-sectional imaging 
(computed tomography or magnetic resonance imaging) with emphasis on an early 
arterial phase is critical to assess the lesion(s) and to rule out metastatic disease. 
Laboratory evaluation should include serum levels of chromogranin A, neuron spe-
cific enolase, gastrin, human pancreatic polypeptide, serotonin, calcium and pos-
sibly others, if a particular symptom complex related to hormonal hypersecretion is 
present (i.e. insulinoma, gastrinoma, VIPoma among others). The Chromogranin A 
suppression test is also frequently performed, especially if metastatic disease is dis-
covered, as a guide to the use of octreotide or lanreotide [105]. Finally, an octreotide 
scan is completed to assess otreotide avidity of the primary and assess metastatic 
disease burden. This is particularly helpful for surveillance after resection.

 Single Small Pancreatic PNET

In the setting of a single tumor confined to the pancreas, we prefer a minimally 
invasive, parenchymal-sparing approach to resection. Our preferred technique is 
laparoscopic or robotic resection either by enucleation (if eccentric, away from 
the pancreatic duct) or a limited parenchyma-sparing resection (margin negative, 
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spleen-preserving). The advantages of 3-D, high magnification vision, wristed 
motion and precision in limited space makes the robotic platform quite attractive 
in this patient population and certainly in those patients with small volume disease. 
As the patients are frequently younger and the disease course is often measured 
in many years, parenchyma preservation is very important to minimize the risk of 
insulin dependence.

 Larger Volume Tumors with Vascular Involvement  
and/or Metastatic Disease

As most of these patients will survive for years (not months), even in the absence 
of surgery, it is critically important that the treatment not worsen survival and/or 
cause undue morbidity; the treatment should not be worse than the disease itself. 
For patients with large tumors and/or metastatic PNETs at diagnosis, the disease has 
either been indolent for years and progressed slowly until mass effect has occurred, 
or is highly aggressive and has spread rapidly. This reality underscores the need for 
biopsy with assessment of tumor differentiation and Ki-67/mitotic index. Patients 
with a resectable primary and somewhat limited metastatic disease, with moder-
ate or well differentiated tumors (GI/G2, Ki-67 < 20%) are frequently taken to the 
operating room for a combined liver/pancreas resection. If both the liver and the 
pancreas require an extensive operation (for example, a formal lobectomy or more 
in the liver, or a Whipple procedure with vascular resection/reconstruction in the 
pancreas) we may two-stage the operation based on the surgical risk and technical 
complexity of the procedure. If a biliary-enteric anastomosis is required/anticipated 
for resection of the primary pancreatic tumor, we may treat the liver first (with liver 
directed therapies, if mandated by multidisciplinary evaluation/discussion) to avoid 
the risk of liver abscess from biliary contamination.

In contrast, patients with moderate to poorly differentiated (Ki-67 > 20%) will be 
assessed for cytotoxic therapy with capecitabine/temozolomide (based on MGMT 
status), or other agents if MGMT is not deficient. In situations where the liver is 
diffusely involved and the patient is unlikely to ever be taken for surgical resection, 
transarterial chemoembolization (TACE) or yttrium90 is attractive early in the treat-
ment course to control hepatic disease progression, especially in those patients with 
hormone secretion as their major symptom.
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Abstract
Insulinoma are rare neuroendocrine tumors that almost always occur in the pan-
creas. They produce symptoms of episodic hypoglycemia secondary to the 
uncontrolled release of insulin. Using contemporary non-invasive and invasive 
investigations, insulinoma can be localized in as many as 97% of cases preopera-
tively. Insulinoma that cannot be localized preoperatively can be identified at the 
time of surgery with the aid of intraoperative ultrasound in more than 90% of 
cases and successfully removed. Surgery for insulinoma is associated with sig-
nificant rates of morbidity (up to 68%), but a low mortality (0–5%). When sur-
gery is not performed, long-term symptom control of hypoglycemia is achieved 
in only 55–78% of cases using medical management alone. Surgery is therefore 
recommended for the small percentage of insulinoma that are non-localized, and 
should be considered preferable to observation. The strength of this recommen-
dation by GRADE criteria is assessed as weak. Given the paucity of evidence in 
the literature, the overall quality of the evidence supporting this recommendation 
is assessed as low by GRADE criteria. The investigation and management of 
patients with insulinoma should be performed at specialized institutions by expe-
rienced clinicians.
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 Introduction

Insulinoma are rare neuroendocrine tumors, occurring with an approximate inci-
dence of four cases per million population annually [1]. They are the most common 
type of functional neuroendocrine tumor of the pancreas. Insulinoma may be associ-
ated with the multiple endocrine neoplasia type 1 (MEN1) syndrome in 3–11% of 
cases [2, 3]. Insulinoma typically present with symptoms of episodic hypoglycemia 
secondary to the uncontrolled release of insulin from these tumors.

For patients with benign insulinoma, surgery to excise the tumor offers the only 
cure for this condition, and is successful in more than 98% of cases [3–6]. Successful 
surgical excision is facilitated by the localization of the primary tumor either by 
preoperative investigations, or at the time of surgical exploration. This chapter deals 
with the question of whether patients with biochemical confirmation of endogenous 
hyperinsulinism (insulinoma) where the tumor is not localized on preoperative 
investigations (occult insulinoma) should be managed by surgical exploration or 
should be managed conservatively with observation and best medical management. 
The evidence in the literature in support of these alternative strategies is reviewed in 
order to arrive at an evidence-based recommendation (Table 37.1).

 Pathophysiology of Insulinoma

Insulinoma are located in the pancreas in 99% of cases, with 1% occurring in ecto-
pic locations [7]. Most insulinoma are benign, with only 3–14% of tumors demon-
strating malignant behavior [5, 8]. In such cases, metastases to regional lymph 
nodes or the liver may occur. Insulinoma are relatively small in size, with a median 
size of 15 mm and 90% of tumors being less than 20 mm [5, 7]. They occur within 
the regions of the head, neck, body and tail of the pancreas in roughly equal fre-
quencies [3, 7]. Insulinoma may be multiple in as many as 12% of cases, particu-
larly in the setting of MEN1 [2].

 Clinical Features of Insulinoma

Insulinoma manifest clinically with episodic symptoms of hypoglycemia secondary 
to the uncontrolled release of insulin by these tumors. Symptoms of neuroglycope-
nia such as fatigue, dizziness, clouded sensorium, confusion, visual changes, behav-
ioral change and tremor commonly occur [4]. Symptoms related to the sympathetic 

Table 37.1 PICO table

Population Patients with non-localized (occult) insulinoma
Intervention Intraoperative pancreatic exploration with intraoperative ultrasound
Comparator No surgery unless positive preoperative localization studies
Outcomes Complications of persistent hypoglycemia and the control of hypoglycemia with 

medical management versus the complications of surgery and likelihood of 
successful operation
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response to hypoglycemia such as palpitations, chest pain, pallor, anxiety, sweating 
and hunger may also be seen. These symptoms are typically episodic in nature and 
associated with fasting and exercise. In severe cases seizures, reduction in the level 
of consciousness, loss of consciousness or death may result.

The diagnosis of insulinoma is confirmed by the measurement of blood glucose, 
insulin, C-peptide and proinsulin concentrations during a supervised period of fast-
ing. Fasting blood glucose level of less than 45 mg/dl associated with an elevated 
insulin concentration of greater than 3  μIU/ml, C-peptide level of greater than 
200 pmol/l and proinsulin level greater than 5 pmol/l is considered diagnostic for 
insulinoma [9]. Anti-insulin antibodies should also be measured to rule out this rare 
cause of hypoglycemia. It is critical that the diagnosis of insulinoma is confirmed 
with certainty on biochemical grounds to rule out other causes of hypoglycemia 
prior to undertaking further extensive investigations to localize an insulinoma or 
considering surgery for this condition.

 Localization of Insulinomas

Insulinoma can be localized within the pancreas by non-invasive and invasive imag-
ing studies (Table 37.2). Cross-sectional imaging with either triple-phase helical 
computed tomography (CT) or magnetic resonance (MR) are the investigations of 
choice in the first instance for the detection of the primary tumor and to evaluate for 
any metastatic disease within the liver or regional lymph nodes. Primary tumors and 
their metastases are best visualized after the administration of intravenous contrast 
in the arterial phase due to their hypervascular nature (Fig. 37.1). CT and MR each 
have sensitivities of 60–80% for the localization of insulinoma, and are primarily 
limited by the small size of these lesions [9, 10]. MR appears to be more sensitive 
for the detection of smaller lesions when compared to CT, yet may not be as widely 
available [11].

Somatostatin receptor scintigraphy has been used to localize insulinoma however 
somatostatin-2 receptors are present in as few as 50% of these tumors and at low 
levels of density, limiting the efficacy of this test [12, 13]. Newer compounds such as 

Table 37.2 Localization investigations for insulinoma

Investigation Sensitivity References
Non-invasive tests
Computed tomography 60–80% [9, 10, 17, 18]
Magnetic resonance 60–80% [9–11, 18]
Somatostatin receptor scintigraphy 24–60% [12, 31]
Invasive tests
Endoscopic ultrasound 83–95% [15, 16]
Transhepatic portal venous sampling 55–100% [3, 18]
Selective arterial calcium stimulation with hepatic venous 
sampling

89–100% [18, 19]

Intraoperative
Intraoperative ultrasound 92–100% [2, 3, 5, 6, 26]
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Gallium-DOTATATE have recently demonstrated promise as a non-invasive means 
of localizing insulinomas, but these compounds are not yet widely utilized [14].

Invasive studies are indicated in those patients where CT and MR fail to localize 
the primary tumor. Endoscopic ultrasound (EUS) is the most commonly employed 
technique and can successfully localize 83–94% of insulinoma [15, 16]. EUS is 
particularly useful in localizing lesions within the head of the pancreas. Tumors in 
the distal body and tail of the pancreas are more difficult to image using this tech-
nique. Combined preoperative imaging using both CT and EUS was able to localize 
100% of insulinoma in a series reported by Gouya and coworkers [17].

In patients where CT, MR and EUS are unable to localize the primary tumor, 
interventional radiology techniques can be used to ‘regionalize’ the insulinoma to 
within the head, body or tail of the pancreas. Although some centers reserve these 
techniques following a failed exploration, others believe the regionalization of the 
lesion preoperatively allows for a more focused exploration and a greater likelihood 
of success [3, 4, 9, 18].

The technique of transhepatic portal venous sampling involves the measurement 
of levels of insulin, proinsulin and C-peptide within tributaries of the portal, supe-
rior mesenteric and splenic veins draining the different regions of the pancreas. This 
technique can successfully identify the region of the pancreas involved with insuli-
noma in 55–100% of cases [3, 18].

Selective arterial calcium stimulation with hepatic venous sampling has largely 
replaced this technique to become the interventional procedure of choice for local-
izing insulinoma at specialized centers [18]. This procedure avoids the morbidity 
associated with transhepatic access to the portal venous system, is easier to perform 
and is associated with higher rates of successful localization. It involves the selec-
tive catheterization of branches of the hepatic, gastroduodenal, superior mesenteric 
and splenic arteries supplying regions of the pancreas. Calcium, a potent stimulator 

Fig. 37.1 Arterial phase 
contrast-enhanced 
computed tomography 
scan showing insulinoma 
in the body of the 
pancreas (arrow) with 
typical hypervascular 
appearance
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of insulin secretion, is injected into each of these branches sequentially, and insulin 
levels are measured from the hepatic veins via a second catheter. A step-up in the 
level of insulin in the hepatic veins will occur after calcium infusion into the region 
where the insulinoma is located. This technique can successfully ‘regionalize’ insu-
linoma in 89–100% of cases, and is the invasive investigation of choice where CT, 
MR and EUS fail to localize the lesion [9, 19, 20]. A number of large series from 
specialized Centers of Excellence have demonstrated that almost all insulinoma can 
be localized preoperatively when CT, MR, EUS and selective arterial calcium stim-
ulation are all utilized [3, 5, 21].

 Intraoperative Localization of Insulinoma

Surgical exploration for insulinoma requires mobilization of the entire pancreas to 
allow the careful palpation of all regions of the gland. Surgeons experienced in these 
procedures can identify the primary tumor by palpation alone in as many as 61% of 
cases [21]. The use of intraoperative ultrasound (IOUS) facilitates the detection of 
small impalpable tumors as well as those located within regions of the pancreas 
where palpation is difficult, namely the head, neck and uncinate process. With the 
aid of IOUS, insulinoma can be successfully located intraoperatively in 92–100% of 
cases [3, 5, 21, 22]. IOUS is also useful in delineating the relationship of the tumor 
to critical structures including the pancreatic duct, common bile duct, and portal 
vein tributaries prior to enucleation of the lesion in order to prevent injury to any of 
these structures [23].

It has been suggested in some studies that extensive preoperative investigations 
to localize insulinoma are not necessary or cost effective given the high rates of suc-
cessful identification of these tumors at the time of operation with the aid of IOUS 
[24, 25]. Although the evidence for the use of invasive localization techniques in all 
cases prior to surgery is confined to observational case series, recent larger studies 
from specialized centers have recommended preoperative localization as an impor-
tant contributor to the high rates of successful surgery for these tumors [3, 5, 26]. In 
these studies it is argued that the preoperative localization of the tumor allows the 
intraoperative search for the lesion to be focused, and facilitates a strategy for resec-
tion of the involved region of the gland if a lesion cannot be found at the time of 
surgical exploration. Preoperative localization also allows for surgical planning, 
assisting in the decision of which operative technique, open versus laparoscopic, 
would be the best approach.

 Surgery for Insulinoma

Surgical exploration and excision for benign insulinoma is associated with success-
ful and long-term cure in between 95% and 100% of cases (Table 37.3). Insulinoma 
can be removed using a number of surgical approaches after they have been local-
ized. Most insulinoma are suitable for enucleation, and this is the preferred approach 
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for lesions in the head and neck of the gland as it spares the morbidity associated 
with formal resection of this region [27]. For larger lesions in the head or neck of 
the pancreas or those associated with nodal metastases, formal resection of this 
region by panceatico-duodenectomy is indicated. Lesions located in the tail and 
distal body of the pancreas may be managed by distal pancreatectomy rather than 
enucleation.

Surgery for insulinoma is associated with significant rates of morbidity (11–
68%) (Table 37.3). This is due mostly to the formation of pancreatic fistula and the 
resulting associated complications, occurring in 11–42% of cases. The complica-
tion rates are not significantly different for cases where laparoscopic techniques are 
utilized. Despite these high levels of complications, mortality in contemporary 
series is rare, occurring in 0–5% of cases performed at specialist centers (Table 37.3).

 Observation and Conservative Management of Insulinoma

Modern series from Centers of Excellence have demonstrated that surgical interven-
tion is successful in curing more than 95% of patients with benign insulinoma [3, 6, 
21]. For this reason, the literature describing the conservative and medical manage-
ment of patients with these tumors is confined to a few small observational case 
series only [28–30]. These consist of patients who had undergone failed surgery for 
insulinoma, were considered unfit for surgery or who had refused operation. Many 
series that describe the conservative and medical management of insulinoma include 
patients with benign tumors being managed for short durations prior to definitive 
surgery, and therefore provide little evidence regarding the efficacy of long-term 
control of symptoms [28]. Many of these series also contain patients with malignant 
insulinoma with unresectable metastatic disease, limiting their relevance to the 
management of benign lesions.

The mainstay of medical management of insulinoma is with diazoxide, a benzo-
thiadizine derivative that reduces the release of insulin from these tumors [30]. 
Diazoxide can control symptoms of hypoglycemia in 55–78% of patients with insu-
linoma [28–30]. Acceptable control of symptoms can be maintained in the long-
term in the majority of patients [28]. Side effects are seen in up to 56% of patients, 
particularly hirsuitism, fluid retention and weight gain, however they are generally 
tolerable and rarely require cessation of this agent [28, 29].

Treatment with somatostatin analogs can also be used to control symptoms from 
insulinoma by acting on somatostatin receptors to inhibit the release of insulin from 
these tumors [31]. Short-acting agents such as octreotide can achieve symptom con-
trol initially in 80% of cases, however tachyphylaxis commonly occurs requiring 
increasing dosage, leading to long-term rates of symptom control in only 57% of 
cases [31]. Longer-acting somatostatin analogs such as octreotide LAR have also 
been used successfully for the long-term control of hypoglycemia in patients with 
benign insulinoma [32, 33]. In 10% of patients paradoxical hypoglycemia may 
occur as a result of the inhibition of glucagon and growth hormone as well as insulin 
by these longer-acting agents. For this reason, a test dose of short-acting octreotide 
should always be given prior to the administration of a long-acting formula.
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More recently, the utilization of mammalian target of rapamycin (mTOR) inhibi-
tors such as everolimus have been shown to provide glycemic control in unresect-
able insulinomas [34]. mTOR inhibition appears to be a promising drug in situations 
where resecting the insulin-secreting tissue and controlling hypoglycaemia by clas-
sic pharmacologic agents is not possible [35]. However this chemotherapeutic drug 
is associated with adverse reactions such as somatitis, rash, diarrhea and edema in 
more than 30% of patients.

 Management of Non-localized Insulinoma

It should be recognized that with contemporary imaging techniques and the use of 
invasive localization procedures, only a small proportion of patients with insulin-
oma will be non-localized. Several large series have shown that as few as 2–3% of 
insulinoma cannot be localized or ‘regionalized’ at specialized centers where 
advanced localization techniques are employed [3, 5].

There are few studies in the literature that have examined the outcomes of sur-
gery for patients with non-localized insulinoma. In a series of 198 patients with 
insulinoma undergoing surgery at the University of Verona, Crippa and co-workers 
reported only six patients (3%) where the tumor could not be localized prior to sur-
gery [5]. In all of these cases the tumor was subsequently identified at surgery with 
the aid of IOUS and successfully removed. In smaller series, Lo and co-workers 
reported that 30% of cases were non-localized and all of these were subsequently 
successfully identified at operation using IOUS and removed [36]. Similarly, Ravi 
et al. reported that 25% of cases were non-localized, and in all but one of these cases 
surgery was successful [37]. In addition, several series from Centers of Excellence 
have reported a high level of success in their cohort of patients referred to them fol-
lowing a failed operation [3, 6].

In summary, although the evidence in the literature is confined to a small number 
of observational case series such as these, it would be reasonable to conclude that 
for patients with non-localized insulinoma, surgical exploration with the aid of 
IOUS at specialist centers can be performed with a very high rate of success (greater 
than 90%) (Fig. 37.2).

 Recommendations

Although the evidence-base is limited to observational case series, surgery is to be 
recommended for the management of non-localized insulinoma and should be con-
sidered preferable to observation in those patients fit for surgery. Intraoperative 
exploration using IOUS can successfully identify more than 90% of insulinoma, 
even where the tumor cannot be localized before surgery. Surgery for both localized 
and non-localized insulinoma is associated with successful cure in more than 95% 
of cases. Although there are significant risks of complications from surgery, mostly 
from pancreatic fistula, these are generally transient and mortality is rare. This 
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compares favorably with the medical management of this condition, where long-
term symptom control can be maintained in only 55–78% of cases. Furthermore, the 
symptoms of hypoglycemia associated with insulinoma are debilitating and may 
even be life-threatening.

In qualifying this recommendation, the supporting evidence in the literature is 
confined to observational case series, many being retrospective in nature, and 
therefore subject to multiple sources of bias. These series are also almost entirely 
from specialized institutions experienced in the management of these rare tumors, 
and therefore the findings should be applied with caution to other clinical settings. 
For this reason, the investigation and management of patients with insulinoma 
should be performed only at specialized Centers of Excellence by experienced 
clinicians.

Biochemical confirmation of Insulinoma

Preoperative Imaging

- Triphasic CT and/or MR
- Endoscopic ultrasound

Localized

- Surgery with IOUS

Identified and
removed

Not identified

-Terminate procedure

-Don’t perform blind distal 

pancreatectomy

-Refer to Center of Excellence

-Bridging medical therapy

Regionalized Non-regionalized

Surgery with IOUS at
Center of Excellence

Identified and removed
Not identified

-Terminate procedure

-Don’t perform blind pancreatectomy

-Re-evaluate and reconfirm diagnosis

-Medical therapy

Non-localized
- Refer to Center of Excellence
- Selective arterial calcium stimulation

Fig. 37.2 Algorithm showing the recommended management of patients with biochemically 
proven insulinoma
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In summary, the overall quality of the evidence supporting the recommendation 
for surgery for non-localized insulinoma is assessed as low using the Grading of 
Recommendations Assessment, Development and Evaluation (GRADE) system 
[38]. Given the limited evidence supporting this recommendation and the fact that 
the recommendation is qualified, the strength of the recommendation using GRADE 
criteria is assessed as weak.

 Summary

• Insulinoma are rare neuroendocrine tumors, almost always occurring in the pan-
creas. They produce episodic symptoms of hypoglycemia secondary to the 
uncontrolled release of insulin.

• Using a combination of contemporary non-invasive and invasive investigations, 
insulinoma can be localized in as many as 97% of cases preoperatively.

• Insulinoma that cannot be localized preoperatively can be identified at the time 
of surgery with the aid of intraoperative ultrasound in more than 90% of cases 
and successfully removed.

• Surgery for insulinoma is associated with significant rates of morbidity (11–
68%), but low mortality (0–5%).

• Long-term control of symptoms is achieved in only 55–78% of cases of insulin-
oma using medical agents.

• Surgery in specialized centers is recommended for non-localized insulinoma, 
and should be considered preferable to observation. The strength of this recom-
mendation by GRADE criteria is assessed as weak.

• The overall quality of the evidence supporting this recommendation is assessed 
as low by GRADE criteria.

• The investigation and management of patients with insulinoma should be per-
formed at specialized Centers of Excellence by experienced clinicians.
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