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Abbreviations:
AACE = American Association of Clinical 
Endocrinologists; BEL = “best evidence” level; BMD 
= bone mineral density; CPAP = continuous positive 
airway pressure; CPG = clinical practice guidelines; 
CSF = cerebrospinal fluid; EL = evidence level; GH 
= growth hormone; GHRH = growth hormone-releas-
ing hormone; IGF-I = insulinlike growth factor-I; IS 
= international standard; LAR = long-acting release; 
LFTs = liver function tests; MEN 1 = multiple endo-
crine neoplasia type 1; MRI = magnetic resonance 
imaging; OGTT = oral glucose tolerance test; R = rec-
ommendation; RT = radiation therapy; SSAs = soma-
tostatin analogues

1. INTRODUCTION

	 Acromegaly is a disorder characterized by growth hor-
mone (GH) hypersecretion, multisystem-associated mor-
bidities, and increased mortality. In 2004, the American 
Association of Clinical Endocrinologists (AACE) pub-
lished medical guidelines for the clinical management of 
acromegaly (1 [“evidence level” or EL 4]). Those guide-
lines summarized the then-current literature on the man-
agement of acromegaly and have been used for the clinical 
approach to patients with that disorder. Since publication 
of those guidelines, a number of studies have addressed 
further the biochemical diagnostic criteria for acromegaly 
and the appropriate biochemical assessment for therapeu-
tic monitoring. In addition, the literature regarding medi-
cal therapy, in particular the use of combination medical 
therapy for acromegaly, has expanded. The goals of these 
guidelines are to update clinicians regarding all aspects in 
the current management of acromegaly and to use methods 
of current clinical practice guidelines (CPG) to support the 
recommendations.

2. GUIDELINES FOR CPG

	 Current guidelines in clinical medicine emphasize an 
evidence-based approach rather than simply expert opinion 
(2 [EL 4], 3 [EL 4]). Even though a purely evidence-based 
approach lacks applicability to all actual clinical scenarios, 
its incorporation in these CPG provides objectivity.

3. TRANSPARENCY: LEVELS OF SCIENTIFIC 
    SUBSTANTIATION AND RECOMMENDATION 
    GRADES

	 All clinical data that are incorporated in these CPG 
have been evaluated in terms of levels of scientific sub-
stantiation (evidence levels [EL]; Table 1). This evidence 
rating system has one minor modification in comparison 

with the original AACE protocol (3 [EL 4]) in that level 
2 (EL 2) prospective studies now may be randomized or 
nonrandomized to allow for well-designed cohort studies. 
This modification was incorporated because it is difficult 
to perform well-controlled, randomized clinical trials in 
surgery, unlike what physicians have been accustomed to 
in pharmaceutical trials. Another point worth mentioning 
is that when consensus statements are cited, even if based 
on a synthesis of evidence as in a published “evidence-
based report,” then an evidence level 4 [EL 4] is assigned. 
Clinical references have been assigned an evidence rating, 
which is provided in brackets at the end of the citation in 
both the Appendix and Reference sections. The “best evi-
dence” level (BEL) corresponds to the best conclusive evi-
dence found. The BEL accompanies the recommendation 
Grade in the Executive Summary and maps to the text in 
the Appendix section, where transparency is paramount. 
	 Final recommendation grades incorporate EL ratings 
(Table 2), and in situations in which there is no clinical evi-
dence, various subjective factors are considered: physician 
preferences, costs, risks, and regional availability of spe-
cific technologies and expertise. Hence, recommendation 
grades are generally based on strong BEL (Grade A; BEL 
1), intermediate BEL (Grade B; BEL 2), weak BEL (Grade 
C; BEL 3), or subjective factors when there is no clinical 
evidence, inconclusive clinical evidence, or contradictory 
clinical evidence (Grade D; BEL 4). All recommendations 
result from a consensus among the AACE primary writers 
and influenced by input from reviewers. If subjective fac-
tors take priority over the BEL based on the expert opinion 
of the task force members, then this is described explic-
itly. Thus, some recommendations may be “upgraded” or 
“downgraded” according to explicitly stated subjective 
factors. Furthermore, the correctness of the recommenda-
tion Grades and EL is subject to review at several levels. 
In addition, recommendation Grades are assigned only if a 
specific action is recommended. The action may be order-
ing a particular diagnostic test, using a particular drug, per-
forming a particular procedure, or adhering to a particular 
algorithm.
	 Shortcomings of this evidence-based method in this 
CPG are as follows: (1) relative paucity of strong (EL 1 
and 2) scientific data, leaving the majority of recommenda-
tions based on weaker, extant EL 3 data and EL 4 consen-
sus opinion; (2) potential subjectivity of the primary writ-
ers when weighing positive and negative, or epidemiologic 
versus experimental, data to arrive at an evidence-based 
recommendation grade or consensus opinion; (3) potential 
subjectivity of the primary writers when weighing subjec-
tive attributes, such as cost-effectiveness and risk-benefit 
ratios, to arrive at an evidence-based recommendation 
grade or consensus opinion; (4) potentially incomplete 
review of the literature by the primary writers despite 
extensive diligence; and (5) bias in the available publica-
tions, which originate predominantly from experienced 
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pituitary endocrinologists and neurosurgeons and therefore 
may not reflect the experience at large. These shortcom-
ings have been addressed by the primary writers through 
an a priori method and multiple levels of review by a large 
number of experts.

4. EXECUTIVE SUMMARY OF 
    RECOMMENDATIONS

Each recommendation is labeled “R” in this summary.
	 The following recommendations are evidence-based 
(Grades A, B, and C) or based on expert opinion because 

of a lack of conclusive clinical evidence (Grade D) (see 
Tables 1 and 2). Details regarding the mapping of clinical 
evidence ratings to these recommendation grades are pro-
vided in the Appendix (Discussion) section.

4.1. Presenting Features and Assessment of 
       Comorbidities
•	 R1. Patients should be queried regarding and examined 

for typical signs and symptoms of acromegaly, includ-
ing somatic enlargement, excessive sweating, jaw 
overgrowth, joint pains, cardiomyopathy, carpal tun-
nel syndrome, sleep apnea syndrome, osteoarthropathy, 

Table 1
Levels of Scientific Substantiation in Evidence-Based Medicinea

	 Level	 Description	 Comments

	 1	 Prospective, randomized,	 Data are derived from a substantial number of trials, with adequate
	 controlled trials—large	 power involving a substantial number of outcome data subjects
	 Large meta-analyses using raw or pooled data or incorporating
	 quality ratings
	 Well-controlled trial at one or more centers
	 Consistent pattern of findings in the population for which the
	 recommendation is made (generalizable data)
	 Compelling nonexperimental, clinically obvious evidence (for
	 example, use of insulin in diabetic ketoacidosis); “all-or-none”
	 indication

	 2	 Prospective with or without	 Few number of trials, small population sizes in trials
	 randomization—limited	 Well-conducted single-arm prospective cohort study
	 body of outcome data	 Meta-analyses are limited but are well conducted
	 Inconsistent findings or results not representative for the target
	 population
	 Well-conducted case-controlled study

	 3	 Other experimental outcome	 Nonrandomized, controlled trials
	 data and nonexperimental	 Uncontrolled or poorly controlled trials
	 data	 Any randomized clinical trial with 1 or more major or 3 or more
	 minor methodologic flaws
	 Retrospective or observational data
	 Case reports or case series
	 Conflicting data with weight of evidence unable to support a
	 final recommendation

	 4	 Expert opinion	 Inadequate data for inclusion in above necessitate an expert
	 panel’s synthesis of the literature and a consensus
	 Experience-based
	 Theory-driven
	 a	 Levels 1-3 represent a given level of scientific substantiation or proof. Level 4 represents unproven claims. It is the
	 “best evidence” based on individual ratings of clinical reports that contributes to a final grade recommendation.
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diabetes mellitus, menstrual irregularities in women and 
sexual dysfunction in men, headache, and visual field 
loss (attributable to optic chiasmal compression) and 
diplopia (due to cranial nerve palsy) (Grade C; “best 
evidence” level or BEL 3).

•	 R2. Headaches and painful osteoarthritis are common 
in patients with acromegaly, and appropriate analgesic 
management should be considered. Definitive therapy 
for acromegaly is the most helpful intervention to 
diminish or prevent worsening of such comorbidities 
(Grade C; BEL 3).

•	 R3. The finding of hypercalcemia should prompt an 
evaluation for primary hyperparathyroidism and, if 
present, consideration of multiple endocrine neoplasia 

type 1 (MEN 1). Likewise, the presence of multiple 
family members with pituitary tumors should prompt 
investigation into a genetic predisposition to pituitary 
tumors, including MEN 1, familial acromegaly, or 
familial isolated pituitary adenomas (Grade C; BEL 
3).

•	 R4. Corrective orthopedic or plastic surgical proce-
dures should be postponed until serum concentrations 
of GH and insulinlike growth factor-I (IGF-I) normalize 
(Grade C; BEL 4).

•	 R5. Performance of a sleep study for evaluation of 
sleep apnea syndrome, which is frequently associated 
with acromegaly, should be considered (Grade C; 
BEL 3).

Table 2
Grade-Recommendation Protocol

Adopted by the American Association of Clinical Endocrinologistsa

	 Grade	 Description	 Recommendation

	 A	 ≥1 conclusive level 1 publications	 Action recommended for indications reflected by the published
	 demonstrating benefit >> risk	 reports
	 Action based on strong evidence
	 Action can be used with other conventional therapy or as “first-
	 line” therapy

	 B	 No conclusive level 1 publication	 Action recommended for indications reflected by the published
	 reports
	 ≥1 conclusive level 2 publications	 If the patient refuses or fails to respond to conventional therapy;
	 demonstrating benefit >> risk	 must monitor for adverse effects, if any
	 Action based on intermediate evidence
	 Can be recommended as “second-line” therapy

	 C	 No conclusive level 1 or 2	 Action recommended for indications reflected by the published
	 publication	 reports
	 ≥1 conclusive level 3 publications	 If the patient refuses or fails to respond to conventional therapy,
	 demonstrating benefit >> risk	 provided there are no significant adverse effects; “no
	 objection” to recommending their use
	 or	 or
	 No risk at all and no benefit at all	 “No objection” to continuing their use
	 Action based on weak evidence

	 D	 No conclusive level 1, 2, or 3	 Not recommended
	 publication demonstrating benefit	 Patient is advised to discontinue use
	 >> risk
	 Conclusive level 1, 2, or 3	 Action not based on any evidence
	 publications demonstrating risk
 	 >> benefit
	 a	 The final recommendation grades are determined by the primary writers by consensus based on (1) “best evidence” ratings
	 and (2) subjective factors (see text section 3 on Transparency).
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•	 R6. Measurements should be performed for assessment 
of diabetes mellitus, and appropriate therapy should be 
administered if diabetes is diagnosed (Grade A; BEL 
3).

•	 R7. Blood pressure should be measured, and appropri-
ate therapy should be administered if hypertension is 
present (Grade A; BEL 3).

•	 R8. Cardiovascular risk status, including measurement 
of a lipid profile (high-density lipoprotein cholesterol, 
low-density lipoprotein cholesterol, and triglycerides), 
should be assessed (Grade C; BEL 3).

•	 R9. Cardiac evaluation including an electrocardiogram 
and an echocardiogram may be considered, particularly 
if the patient has signs or symptoms suggestive of car-
diac involvement, such as arrhythmias and shortness of 
breath (Grade C; BEL 4).

•	 R10. Patients with known cardiac disease should be 
considered for a formal cardiology consultation before 
a surgical procedure is performed (Grade C; BEL 4).

•	 R11. Although there is insufficient evidence to state that 
patients with acromegaly have an increased risk of colon 
cancer, there is evidence of an increased prevalence of 
colon polyps. Therefore, colonoscopy is recommended 
(Grade C; BEL 4).

4.2. How Is the Diagnosis Made?
•	 R12. Acromegaly is a clinical syndrome that, depend-

ing on its stage of progression, may not manifest with 
clear diagnostic features. Clinicians should think of this 
diagnosis in patients with 2 or more of the following 
comorbidities: new-onset diabetes, diffuse arthralgias, 
new-onset or difficult-to-control hypertension, cardiac 
disease including biventricular hypertrophy and dia-
stolic or systolic dysfunction, fatigue, headaches, carpal 
tunnel syndrome, sleep apnea syndrome, diaphoresis, 
loss of vision, colon polyps, and progressive jaw maloc-
clusion (Grade A; BEL 1).

•	 R13. A serum IGF-I level, if accompanied by a large 
number of results from age- and sex-matched normal 
subjects, is a good tool to assess integrated GH secre-
tion and is excellent for diagnosis, monitoring, and 
especially screening. A random IGF-I value (a marker 
of integrated GH secretion) should be measured for 
diagnosis and for monitoring after a therapeutic inter-
vention (Grade B; BEL 2).

•	 R14. Serum GH assays are not standardized and should 
not be used interchangeably. Multiple samples, random 
GH, and GH after glucose administration have consid-
erable variability and are useful, but they must be used 
in the clinical context (Grade C; BEL 3).

•	 R15. A GH value <1 ng/mL after an oral glucose toler-
ance test (OGTT) (75 g of glucose orally followed by 
GH measurements every 30 minutes for 120 minutes) is 
considered normal (Grade C; BEL 3).

•	 R16. This panel suggests that the serum GH nadir after 
glucose administration be lowered to 0.4 ng/mL to 
increase the sensitivity of testing (Grade D;

     BEL 4).
•	 R17. Currently, there are insufficient data to recommend 

additional testing with insulinlike growth factor-binding 
protein-3 measurement or use of a thyrotropin-releasing 
hormone test (which can lead to a paradoxical increase 
in GH levels in patients with acromegaly) (Grade A; 
BEL 1).

4.3. Further Evaluation After Diagnosis of Acromegaly
•	 R18. Once a biochemical diagnosis of acromegaly has 

been made, a magnetic resonance imaging (MRI) scan 
of the pituitary gland (the physician should order a 
dedicated pituitary MRI with and without use of con-
trast medium) should be performed because a pituitary 
GH-secreting adenoma is the cause in most cases. A 
computed tomographic scan of the pituitary offers less 
anatomic detail and is not suggested, but it may be nec-
essary if the patient has a contraindication for MRI, 
such as the presence of a cardiac pacemaker (Grade B; 
BEL 1).

•	 R19. Visual field testing should be performed if there 
is optic chiasmal compression noted on the MRI or if 
the patient has complaints of reduced peripheral vision 
(Grade A; BEL 1).

•	 R20. Further biochemical testing should include a 
serum prolactin level (to evaluate for hyperprolac-
tinemia) and assessment of anterior and posterior pitu-
itary function (for potential hypopituitarism) (Grade 
A; BEL 1).

•	 R21. All patients should undergo a comprehensive 
medical history, physical examination, and appropriate 
laboratory testing (Grade C; BEL 4).

4.4. What Are the Therapeutic Options?
•	 R22. There should be a thorough discussion with the 

patient regarding the risks and benefits of surgical, med-
ical, and radiotherapeutic options (Grade C; BEL 4).

•	 R23. The pros and cons of pituitary surgery should be 
discussed, with emphasis on the value of surgical inter-
vention as the primary therapy in most patients because 
it is the most effective option for inducing rapid and 
complete biochemical cure of acromegaly in patients 
who meet surgical criteria (Grade C; BEL 3).

•	 R24. The pros and cons of primary medical therapy 
should be discussed, particularly in those patients who 
have a tumor that cannot be completely removed surgi-
cally, who have no compressive tumor effects, who are 
poor surgical candidates, or who have a preference for 
medical management (Grade C; BEL 3).

•	 R25. The pros and cons of radiation therapy (RT) should 
be discussed, with an emphasis on its use as adjuvant 
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treatment, the potential efficacy, and the long-term side 
effects (Grade C; BEL 3).

•	 R26. Financial counseling should be provided regard-
ing the various therapeutic options (Grade C; BEL 4).

4.5. What Are the Goals of Therapy?
•	 R27. There should be a thorough discussion with the 

patient regarding the goals of therapy, which include 
normalization of biochemical variables, reversal of 
mass effects of the tumor, improvement in signs, symp-
toms, and comorbidities of the disease, and minimiza-
tion of long-term mortality risk (Grade B; BEL 3).

•	 R28. Treatment goals include assessment and manage-
ment of the comorbidities, such as aggressive control 
of lipid abnormalities, type 2 diabetes mellitus, obstruc-
tive sleep apnea, arthritic complications, and cardiac 
dysfunction as well as surveillance for colon polyps 
(Grade C; BEL 2).

4.6. Therapeutic Options
•	 R29. There is sufficient evidence for recommending 

pituitary surgery as the primary treatment in patients 
with microadenomas and in patients with macroadeno-
mas that are associated with local mass effects or are 
enclosed and potentially curable surgically because sur-
gery can lead to durable control of the tumor mass and 
associated biochemical effects (Grade B; BEL 2).

•	 R30. In most patients, medical therapy is used as adju-
vant treatment in the setting of persistent disease despite 
surgical intervention (Grade B; BEL 2).

•	 R31. A role of primary medical therapy, especially with 
somatostatin analogues (SSAs), has been suggested in 
patients with macroadenomas who have no local mass 
effects and have a minimal chance of surgical cure 
(because of extrasellar extension of the tumor, espe-
cially into the cavernous sinus) or in patients who are 
poor surgical candidates or who prefer medical treat-
ment (Grade B; BEL 3).

•	 R32. RT is recommended as adjuvant treatment in 
patients with active disease despite surgery and medical 
therapy or in patients who prefer RT in light of the cost 
of long-term medical treatment (Grade C; BEL 3).

4.7. Surgery
•	 R33. There is sufficient evidence linking surgical expe-

rience (number of pituitary surgical procedures per-
formed) with surgical cure rate as well as morbidity and 
mortality (Grade A; BEL 2).

•	 R34. There is sufficient evidence to recommend surgery 
as the primary therapy for all patients with microadeno-
mas (Grade A; BEL 2).

•	 R35. Surgery is indicated for all patients with a mac-
roadenoma and mass effects, including visual loss 
(Grade A; BEL 1).

•	 R36. There is sufficient evidence to recommend surgery 
as the primary therapy for all patients who have mac-
roadenomas with a high predicted chance for cure (that 
is, no invasion of local structures such as the cavernous 
sinus) (Grade A; BEL 2).

•	 R37. In the patients with macroadenomas that are not 
likely to be cured with surgery, and without compres-
sive effects on local structures, surgery may be rec-
ommended for debulking to improve the response to 
subsequent medical therapy or RT. There should be a 
thorough discussion with the patient regarding the use 
of primary medical therapy as an alternative in this set-
ting (Grade B; BEL 3).

	
4.7.1. How Should Patients Be Prepared for Surgery?
•	 R38. The preoperative evaluation must include a 

comprehensive medical history, physical examina-
tion, and appropriate laboratory testing (Grade C; 
BEL 4).

•	 R39. Laboratory testing should include an evaluation 
for hypopituitarism, and the hormone axes, particularly 
adrenal and thyroid, should be replaced as indicated 
(Grade C; BEL 4).

•	 R40. A role for medical therapy with SSAs preop-
eratively has been suggested to reduce surgical risk, 
although further studies are necessary to support gen-
eral use (Grade C; BEL 4).

•	 R41. A role for presurgical medical therapy with SSAs 
to improve biochemical outcomes with surgery has 
been suggested, although further studies are needed to 
support general use (Grade B; BEL 2).

•	 R42. Consideration should be given to careful periop-
erative airway management because patients with acro-
megaly often have a compromised airway (Grade C; 
BEL 3).

•	 R43. Cardiovascular risk assessment should be per-
formed preoperatively in accordance with standard pro-
tocol. Routine echocardiography is not recommended 
preoperatively, although a role for echocardiography 
may be suggested, depending on attributable signs and 
symptoms (Grade C; BEL 4).

4.7.2. Management After Surgery
•	 R44. Postoperative management should include moni-

toring for electrolyte abnormalities, including diabe-
tes insipidus and syndrome of inappropriate secretion 
of antidiuretic hormone, for up to 2 weeks (Grade C; 
BEL 3).

•	 R45. In the postoperative setting, the presence of 
diuresis may reflect obligate natriuresis after a rapid 
reduction in GH and IGF-I values (Grade C; BEL 

     3).
•	 R46. Adrenal function should be monitored and replaced 

as appropriate (Grade C; BEL 3).
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•	 R47. It is recommended that a fasting GH level be mea-
sured early postoperatively; a postoperative day 1 GH 
level less than 2 ng/mL correlates with long-term remis-
sion. An OGTT can be performed 1 to 2 weeks after 
surgery for further diagnostic confirmation, although 
this procedure is not generally performed at this point 
(Grade C; BEL 2).

•	 R48. A serum IGF-I level should be remeasured at 12 
weeks; a normal IGF-I value is consistent with surgical 
remission (Grade C; BEL 2).

•	 R49. A repeated OGTT may be performed at 12 weeks; 
a GH value <1 ng/mL is consistent with surgical remis-
sion (Grade C; BEL 2).

•	 R50. This panel suggests that the serum GH nadir after 
glucose administration be lowered to 0.4 ng/mL to 
increase the sensitivity of testing (Grade D; BEL 4).

•	 R51. Repeated imaging with an MRI scan should be 
performed at 12 weeks after surgery to assess for resid-
ual tumor and establish a postoperative baseline (Grade 
C; BEL 3).

•	 R52. Repeated pituitary hormone testing, including the 
thyroid and gonadal axes, should be performed at 6 to 
12 weeks postoperatively in order to assess pituitary 
function and the need for hormone replacement therapy 
(Grade C; BEL 3).

•	 R53. If the repeated serum IGF-I value is reduced from 
baseline but still elevated at 12 weeks, repeated test-
ing in another 9 to 12 weeks should be considered to 
determine whether there may be delayed biochemical 
normalization, before proceeding with potential surgi-
cal reexploration, medical therapy, or RT (Grade C; 
BEL 3).

•	 R54. For patients who use a nasal continuous positive 
airway pressure (CPAP) device for management of 
sleep apnea syndrome, the CPAP device is generally 
withheld postoperatively for a temporary period, as 
recommended by the neurosurgeon and sleep specialist 
(Grade C; BEL 4).

4.8. Medical Therapy
•	 R55. Medical therapy is appropriate as adjuvant treat-

ment in patients with residual disease after surgery 
(Grade A; BEL 2).

•	 R56. There are 3 classes of medical therapy: dopamine 
agonists, SSAs, and a GH receptor antagonist (Grade 
A; BEL 1).

•	 R57. There should be a thorough discussion with the 
patient regarding the risks and benefits of each medica-
tion. This discussion should include financial counsel-
ing, and the physician should be able to provide clinical 
material for information on the medications as well as 
their costs (Grade A; BEL 2).

4.8.1. Dopamine Agonists
•	 R58. There are 2 dopamine agonists, cabergoline and 

bromocriptine, available for patients in the United 
States (Grade A; BEL 1).

•	 R59. Cabergoline may be more effective and better tol-
erated than bromocriptine (Grade C; BEL 3).

•	 R60. Dopamine agonists may be considered as first-line 
medical therapy because these agents are orally admin-
istered and relatively inexpensive in comparison with 
the other medical therapy options (Grade C; BEL 3).

•	 R61. Dopamine agonists may be considered particu-
larly in patients with mild biochemical activity, such as 
in the setting of modestly elevated serum IGF-I levels 
in the absence or concomitant presence of SSA therapy 
(Grade B; BEL 3).

•	 R62. The response of GH to cabergoline is not clearly 
demonstrated to be related to the presence or absence of 
hyperprolactinemia (Grade C; BEL 3).

•	 R63. Patients should be counseled about the potential 
side effects of dopamine agonists, including gastroin-
testinal upset, orthostatic hypotension, headache, and 
nasal congestion (Grade A; BEL 1).

•	 R64. Patients should be counseled that cabergoline, 
when administered in high doses to patients with 
Parkinson disease, has been associated with echocar-
diographically evident valve abnormalities. The clini-
cal effect of this finding in patients with acromegaly is 
unclear (Grade C; BEL 3).

•	 R65. Repeated GH, prolactin, and IGF-I levels should 
be determined 4 to 6 weeks after each dose change for a 
dopamine agonist (Grade B; BEL 3).

4.8.2. Somatostatin Analogues
•	 R66. There are 2 long-acting, depot SSAs available: 

octreotide LAR (long-acting release, administered as an 
intramuscular injection) and lanreotide Autogel (admin-
istered as a deep subcutaneous depot injection) (Grade 
A; BEL 1).

•	 R67. A 2-week trial of octreotide is recommended 
before institution of octreotide LAR therapy (based on 
the US package insert), although this panel feels that a 
single test dose to rule out a severe reaction is sufficient 
(Grade D; BEL 3).

•	 R68. SSAs are effective in normalizing IGF-I and GH 
levels in approximately 55% of patients. The clini-
cal and biochemical responses to SSAs are inversely 
related to tumor size and degree of GH hypersecretion. 
Octreotide LAR and lanreotide Autogel have similar 
efficacy profiles (Grade B; BEL 2).

•	 R69. SSAs reduce pituitary tumor size modestly in 
approximately 25% to 70% of patients, depending on 
whether they are used as adjuvant or de novo therapy, 
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respectively. Patients should be counseled that, although 
tumor shrinkage can occur, SSAs should not be relied 
on for decompression of local structures in the presence 
of mass effects (Grade B; BEL 3).

•	 R70. Patients should be counseled about the potential 
side effects of SSAs, including gastrointestinal upset, 
malabsorption, constipation, gallbladder disease, hair 
loss, and bradycardia. It is not recommended that 
patients have close radiologic imaging surveillance for 
symptomatic gallbladder disease, but patients should 
be queried about potential symptoms during follow-up 
appointments. Octreotide LAR and lanreotide Autogel 
have similar side effect profiles (Grade B; BEL 2).

•	 R71. In patients with an inadequate response to SSAs, 
the addition of cabergoline or pegvisomant may be 
effective for further lowering of GH or IGF-I levels (or 
both) (Grade B; BEL 3).

•	 R72. The short-acting subcutaneously administered 
SSA octreotide is effective and may be used, especially 
in the setting of financial constraints or the need for 
rapid onset of action (Grade C; BEL 3).

4.8.3. GH Receptor Antagonist
•	 R73. Pegvisomant is a GH receptor antagonist that 

competes with endogenous GH for its receptor and pre-
vents functional dimerization and signal transduction by 
the GH receptor (Grade A; BEL 2).

•	 R74. Pegvisomant is highly effective in normalizing 
IGF-I values (>90%), including patients who are par-
tially or completely resistant to other medical therapies 
(Grade A; BEL 2).

•	 R75. Pegvisomant is effective at improving glucose 
homeostasis in patients with associated diabetes melli-
tus (Grade C; BEL 2).

•	 R76. Pegvisomant is often used as a medical therapy in 
patients with inadequate response to or tolerability of 
SSAs (Grade A; BEL 2).

•	 R77. Patients should be counseled that pegvisomant is 
administered as a subcutaneous injection daily, although 
alternative protocols, including twice-a-week or once-
a-week administration, have been suggested in specific 
patients (Grade B; BEL 3).

•	 R78. Patients should be counseled about the side effects 
of pegvisomant, including flulike illness, allergic reac-
tions, and increase in liver enzymes. Therefore, serial 
monitoring of results of liver function tests (LFTs) is 
suggested at monthly intervals for the first 6 months, 
quarterly for the next 6 months, and then biannually. 
Patients with elevated baseline results of LFTs need 
more frequent monitoring (Grade B; BEL 3).

•	 R79. Patients should be counseled that tumor enlarge-
ment has been infrequently associated with use of pegvi-
somant. Therefore, serial monitoring with pituitary MRI 
scans is suggested (Grade C; BEL 3).

•	 R80. Pegvisomant therapy may be effective regardless 
of baseline tumor size or degree of GH hypersecretion 
(Grade B; BEL 2).

•	 R81. Because endogenous GH levels increase with 
pegvisomant administration and pegvisomant may be 
cross-measured in GH assays, serum GH levels are not 
specific and should not be monitored in patients receiv-
ing pegvisomant (Grade A; BEL 2).

4.8.4. Combination Therapy
•	 R82. In patients with a partial response to SSA therapy, 

the addition of cabergoline may be useful for further 
lowering of GH or IGF-I levels (Grade C; BEL 3).

•	 R83. In patients with a partial response to SSA therapy, 
the addition of daily, weekly, or twice weekly pegviso-
mant may be beneficial (Grade C; BEL 3).

4.9. Radiation Therapy
•	 R84. Pituitary RT in acromegaly should be considered 

an adjunctive treatment in patients not fully responding 
to surgical or medical treatments (or both) (Grade C; 
BEL 4).

•	 R85. Because RT may lead to normalization of bio-
chemical indices of acromegaly, this modality may be 
used in an effort to limit lifelong use of GH and IGF-I 
suppressive medical therapy (Grade C; BEL 4).

•	 R86. Patients may be counseled about the options of 
RT, including conventional fractionated RT versus ste-
reotactic radiosurgery, which can be administered by 
means of Gamma Knife, proton beam, CyberKnife, or a 
linear accelerator (Grade C; BEL 4).

•	 R87. Because of the technical advances and conve-
nience, stereotactic radiosurgery may be considered the 
preferred mode of RT over conventional RT in patients 
with acromegaly, unless the technique is not available, 
there is substantial residual tumor burden, or the tumor 
is too close (<5 mm) to the optic chiasm (Grade C; 
BEL 4).

•	 R88. Patients should be counseled that the benefits of 
RT on GH hypersecretion may be delayed, up to years, 
and medical therapy will be needed until the radiation 
effect is sustained. Intermittent withdrawal of medical 
therapy will be necessary in order to assess GH secre-
tion (Grade C; BEL 4).

•	 R89. Patients should be counseled that serial pituitary 
function follow-up is necessary to evaluate for hypopi-
tuitarism. This follow-up includes assessment of adre-
nal, thyroid, and gonadal function, testing that should be 
performed at least annually (Grade B; BEL 2).

4.10. Acromegaly and Pregnancy
•	 R90. In a pregnant patient with acromegaly, biochemi-

cal monitoring with measurement of GH or IGF-I levels 
is of limited use (Grade B; BEL 3).
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•	 R91. Serial visual field monitoring should be performed 
during pregnancy, at intervals dictated by the tumor size 
and location before pregnancy (Grade C; BEL 3).

•	 R92. MRI scans should not be routinely performed dur-
ing pregnancy unless there is evidence of new or wors-
ening visual field compromise. If performed, the MRI 
scan should be done without administration of a con-
trast agent (Grade A; BEL 1).

•	 R93. In pregnant patients who have tumor growth with 
chiasmal compression and visual field compromise, 
transsphenoidal surgery should be considered (Grade 
A; BEL 1).

•	 R94. Medical therapy with a long-acting SSA should be 
discontinued 2 to 3 months before a planned pregnancy, 
depending on the clinical status of the patient (Grade 
D; BEL 3).

•	 R95. If the patient conceives while receiving SSA ther-
apy, she should have a discussion with her physician 
about discontinuing the SSA, with further monitoring 
as described in R89 (Grade D; BEL 3).

•	 R96. Institution of medical therapy should be consid-
ered during pregnancy if there is suggestive evidence of 
worsening disease (Grade D; BEL 3).

4.11. Approach to Gigantism in Children 
        and Adolescents
•	 R97. Gigantism is a rare clinical syndrome that is asso-

ciated with dramatic linear growth acceleration (Grade 
A; BEL 1).

•	 R98. A random serum IGF-I value, normalized for age 
and sex, should be measured for diagnosis; an elevated 
IGF-I value is consistent with the diagnosis (Grade B; 
BEL 2).

•	 R99. Once a biochemical diagnosis of gigantism has 
been made, an MRI scan of the pituitary gland (the phy-
sician should order a dedicated pituitary MRI with and 
without use of contrast medium) should be performed 
because a pituitary GH-secreting adenoma is the cause 
in most cases (Grade B; BEL 1).

•	 R100. Visual field testing should be performed if there 
is optic chiasmal compression noted on the MRI or the 
patient has complaints of reduced peripheral vision 
(Grade A; BEL 1).

•	 R101. The goals of therapy are to control the biochemi-
cal variables and reduce tumor volume, as in acromeg-
aly. Another goal of therapy is to control the accelerated 
linear growth (Grade A; BEL 1).

•	 R102. Transsphenoidal surgery is the primary treat-
ment, where possible (Grade C; BEL 3).

•	 R103. Use of medical therapy as an adjunctive treat-
ment after incomplete surgery is similar to that with 
adults (Grade C; BEL 4).

•	 R104. In patients with gigantism, RT is often not used 
(Grade C; BEL 3).

4.12. How Should Medical Comorbidities 
         Be Monitored?
•	 R105. Any corrective surgical procedure, such as max-

illofacial correction of dental malocclusion, should be 
postponed until GH and IGF-I levels normalize for at 
least 6 months (Grade D; BEL 4).

•	 R106. Patients should be monitored for signs and 
symptoms of carpal tunnel syndrome, and directed care, 
including a release procedure, should be considered for 
persistent or progressive symptoms (Grade C; BEL 3).

•	 R107. Arthropathy should be managed aggressively 
with physical therapy, systemic or intra-articular anti-
inflammatory medications, and consideration of joint 
replacement, when appropriate (Grade C; BEL 3).

•	 R108. The presence of hypercalcemia should prompt 
an evaluation for primary hyperparathyroidism and, if 
present, consideration of MEN 1 (Grade B; BEL 3).

•	 R109. Bone densitometry should be performed in 
patients with a history of hypogonadism or fracture. If 
osteoporosis is present and does not improve with cor-
rection of hypogonadism, hypercalcemia, GH and IGF-I 
excess, or any combination of these factors, antiresorp-
tive therapy should be considered (Grade C; BEL 3).

•	 R110. Formal overnight polysomnography or home 
overnight oximetry (as a screening test for sleep apnea) 
followed by formal overnight polysomnography should 
be performed if symptoms are suggestive in patients 
with either active or biochemically controlled acromeg-
aly (Grade C; BEL 3).

•	 R111. Standard therapy should be used for patients with 
left ventricular hypertrophy, impaired cardiac systolic 
and diastolic function, arrhythmias, conduction abnor-
malities, valvular heart disease, or ischemic heart dis-
ease (Grade C; BEL 4).

•	 R112. Routine echocardiography should be considered 
in patients who have evidence of left ventricular hyper-
trophy by electrocardiography or who are symptomatic 
with shortness of breath (Grade C; BEL 3).

•	 R113. Blood pressure should be monitored because 
hypertension may persist despite biochemical control of 
acromegaly (Grade C; BEL 3).

•	 R114. All patients should be monitored for evidence 
of glucose intolerance or overt type 2 diabetes melli-
tus, and corrective measures should be taken as needed 
(Grade C; BEL 3).

•	 R115. In patients in whom SSA therapy worsens glu-
cose control, reduction of the SSA dose, addition of or 
substitution with a GH receptor antagonist, or diabetes 
management with glucose-lowering agents should be 
considered (Grade C; BEL 3).

•	 R116. Goals for high-risk cardiac patients should be 
adopted, including blood pressure less than 130/80 mm 
Hg and hemoglobin A1c less than 6.5% (Grade C; BEL 
2).
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•	 R117. Colonoscopy should be performed after diagno-
sis of acromegaly. Patients with polyps at screening or 
with persistently elevated IGF-I levels should undergo 
follow-up colonoscopy. Other patients should undergo 
follow-up colonoscopy, with a schedule based on cur-
rent general recommendations (Grade C; BEL 4).

•	 R118. Standard screening guidelines for other cancers 
should be rigorously followed (Grade B; BEL 4).

•	 R119. In patients with active acromegaly and those in 
remission, attention to quality-of-life issues is recom-
mended (Grade C; BEL 4).

APPENDIX: DISCUSSION OF THE 
CLINICAL EVIDENCE 

5. CLINICAL SIGNS AND SYMPTOMS: 
    WHY TREAT?

5.1. Epidemiology
	 Acromegaly is an uncommon disorder, with an esti-
mated prevalence of 40 to 125 per million and an incidence 
of 3 to 4 new cases per million (4 [EL 3]), although a more 
recent study in Belgium suggested a higher incidence of 
approximately 13 cases per 100,000 (5 [EL 3]). In a recent 
study that involved measurement of serum IGF-I levels in 
a primary care population, a higher incidence of 1,034 per 
million patients was demonstrated (6 [EL 2]). This study 
suggests that acromegaly may often be underdiagnosed 
(Grade C).

5.2. Initial Clinical Presentation
	 Acromegaly is diagnosed in approximately equal 
numbers of men and women, and the mean age at diagnosis 
for both sexes is in the early to mid-40s (7 [EL 3], 8 [EL 4], 
9 [EL 3], 10 [EL 3]). Only a fraction of patients with acro-
megaly are actually diagnosed after presentation with a 
chief complaint attributable to acral overgrowth (Table 3). 
For example, amenorrhea may be the most common pre-
senting complaint in women (9 [EL 3]). In a review of 164 
patients with acromegaly, only 58 (35%) presented because 
of a change in features (4 [EL 3]). In that study, 56 patients 
(34%) presented because of disturbances associated with 
acromegaly, including visual field defects, carpal tunnel 
syndrome, and headaches. The remaining 50 patients had 
no complaints related directly to the acromegaly and were 
diagnosed when seeking medical attention for an unre-
lated complaint. Therefore, it is relatively uncommon that 
patients present with complaints attributable to the more 
classic signs of acromegaly, including bony or soft tissue 
overgrowth.
	 Because the features of acromegaly progress insidi-
ously, the diagnosis is often delayed for approximately 
7 to 10 years after the estimated onset of symptoms (11 
[EL 3]). These findings emphasize the need to educate pri-
mary care physicians and other medical groups, including 

orthopedists, otorhinolaryngologists, rheumatologists, car-
diologists, and dentists, about the constellation of signs 
and symptoms of acromegaly in order to facilitate earlier 
detection of the disease, with the hope of minimizing the 
long-term consequences of this debilitating disorder.

5.3. Clinical Consequences Related to Tumor Mass
	 The majority of pituitary somatotroph tumors are 
macroadenomas (>10 mm) at the time of diagnosis, pre-
sumably reflecting the usual delay in diagnosis. In a recent 
report from a Spanish Acromegaly Registry, macroadeno-
mas were detected in 77% of the 1,196 subjects (12 [EL 
3]). These data highlight the concern that somatotroph 
adenomas, because of their size and extension at the time 
of diagnosis, may cause major signs and symptoms due to 
local mass effect.
	 Headache is a common presenting feature and is 
reported in approximately 55% of patients. Headaches are 
generally thought to be due to tumor growth with suprasel-
lar extension and stretching of the dura mater, cavernous 
sinus invasion with trigeminal nerve irritation, or factors 
associated with GH hypersecretion as well (7 [EL 3], 8 
[EL 4], 13 [EL 4], 14 [EL 4]). Although recent studies have 
suggested that headache may be unrelated to tumor size or 
local invasion, tumor size has an important role in head-
aches in these patients (13 [EL 4], 15 [EL 3]). Pituitary 
tumor apoplexy should be considered in patients with acute 
onset of headache, should be visible on the precontrast 
MRI scan, and has been described in approximately 3.5% 
of patients with acromegaly (9 [EL 3]).

 Table 3
Presenting Clinical Features

of Acromegaly

	 Feature	 Percent

	 Acral enlargement	 86
	 Maxillofacial changes	 74
	 Excessive sweating	 48
	 Arthralgias	 46
	 Headache	 40
	 Hypogonadal symptoms	 38
	 Visual deficit	 26
	 Fatigue	 26
	 Weight gain	 18
	 Galactorrhea	 9
	 Adapted from Drange MR, Fram NR, Herman-Bonert V,
	 Melmed S. Pituitary tumor registry: a novel clinical
	 resource. J Clin Endocrinol Metab. 2000;85:168-174.
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	 Visual field defects due to mass effects on the optic 
chiasm are a particular concern in the setting of suprasellar 
extension by the tumor (16 [EL 3], 17 [EL 3]). In a series 
of 256 patients who underwent assessment with Goldmann 
perimetry, a visual field defect that could be attributed to 
the pituitary adenoma was observed in 18% at the time of 
diagnosis and was bilateral in 61.3% (18 [EL 3]). In light 
of these data, visual field testing should be performed in all 
patients with a macroadenoma and suprasellar extension 
and compression of the optic chiasm.

5.4. Endocrinopathy
	 Hypopituitarism attributable to compression of the 
normal pituitary gland, particularly in the setting of a 
macroadenoma, is prevalent as well in patients with acro-
megaly. Adrenal insufficiency and central hypothyroid-
ism have been described in up to 20% and 9% of cases, 
respectively (8 [EL 4], 19-22 [EL 3]). Hypogonadism can 
be detected in up to 70% of women of childbearing age 
and may be accompanied by hyperprolactinemia in up to 
45% of patients (16 [EL 3], 23 [EL 3]). The source of the 
hyperprolactinemia is often the tumor itself, and up to 50% 
of somatotroph tumors cosecrete prolactin, versus hyper-
prolactinemia from the normal lactotroph cells due to stalk 
compression from the tumor itself (24 [EL 4], 25 [EL 4]). 
Menstrual irregularities, often associated with hirsutism, 
are common in acromegaly and are due to a combination 
of hyperprolactinemia, androgen excess, and, less often, 
compressive hypogonadotropic hypogonadism from the 
tumor itself (26 [EL 3]). Testosterone deficiency may be 
present in up 50% of men, attributable to both hyperpro-
lactinemia and hypogonadotropic hypogonadism (16 [EL 
3]). Symptoms of sexual dysfunction are common and 
should be assessed in men with acromegaly (Grade B).
	 Thyroid gland enlargement frequently occurs in 
patients with acromegaly, particularly due to multinodular 
goiter. Thyroid nodules were detected in 73% of patients 
by ultrasonography in one study and in 87% of patients by 
palpation in another study (27 [EL 3], 28 [EL 3]). Despite 
the high prevalence of thyroid nodules, no convincing data 
indicate an increased risk of thyroid cancer in patients with 
acromegaly above that expected in the general popula-
tion with thyroid nodules (29 [EL 4]). Therefore, thyroid 
nodules in patients with acromegaly should be monitored 
according to standard guidelines. Most patients have nor-
mal thyroid function, although the presence of hyperthy-
roidism ranges from 4% to 14% (30 [EL 3]). In a patient 
with elevated serum thyroxine levels, the presence of an 
inappropriately normal or elevated serum thyrotropin level 
may signify cosecretion of thyrotropin by the pituitary ade-
noma (31 [EL 3], 32 [EL 3]).

5.5. Clinical Consequences of GH Hypersecretion
	 Chronic hypersecretion of GH and IGF-I can lead to 
a myriad of soft tissue and bone overgrowth manifesta-
tions, medical comorbidities, and accompanying clinical 
features.

5.5.1. Somatic Overgrowth
	 Soft tissue overgrowth is a universal manifestation 
of acromegaly. Hand volume and heel pad thickness are 
often increased, and patients frequently describe increased 
ring and glove sizes as well as shoe width. Thickening of 
the skin, due to edema and deposition in the papillary and 
upper reticular dermis of hydrophilic glycosaminogly-
cans, hyaluronic acid, and chondroitin 4, is common in 
acromegaly (8 [EL 4], 33 [EL 3]). Excessive perspiration 
and seborrhea occur in 60% to 80% of patients (34 [EL 
3]). Somatic enlargement, particularly of the hands, feet, 
and skull (including frontal bossing), is a classic finding, 
and these changes can be disfiguring. The dental changes, 
including maxillary and mandibular widening with separa-
tion of the teeth, mandibular overgrowth, jaw malocclu-
sion, and overbite, may be disabling for patients (35 [EL 
3]). Arthropathy develops early in the course of acromeg-
aly and, with progression, resembles active osteoarthritis 
and often results in substantial disability (36 [EL 3], 37 
[EL 4], 38 [EL 3]). Joint pains may be present in up to 
three-quarters of the patients (39 [EL 3]).
	 Bony overgrowth can lead to an increase in both corti-
cal and trabecular bone mineral density (BMD), although 
trabecular BMD is more consistently influenced by 
gonadal status because patients with acromegaly who have 
hypogonadism may have a reduction in trabecular BMD 
(40-43 [EL 3]). The effect of bony changes on vertebral 
fractures is unclear, but a recent study of 40 male patients 
with acromegaly, including 15 with active disease, showed 
that the prevalence of radiographic vertebral fractures was 
significantly higher in patients with acromegaly than in 
control subjects (58% versus 23%, respectively), although 
it is possible that hypogonadism influenced these findings 
(40 [EL 3], 44 [EL 3]). Hypercalcemia, hypercalciuria, 
and hyperphosphatemia can uncommonly occur with GH 
excess and are due to altered vitamin D metabolism (45 
[EL 3]). In addition, the presence of hypercalcemia should 
trigger consideration of measurement of the parathyroid 
hormone concentration because the presence of primary 
hyperparathyroidism suggests that an evaluation for MEN 
1 is indicated (Grade C).

5.5.2. Neurologic Disorders
	 An increased incidence of cerebral aneurysms 
in patients with pituitary adenomas, particularly in 
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acromegaly, has been described largely in the form of case 
reports (46 [EL 3]). These aneurysms are often diagnosed 
incidentally during the initial evaluation of pituitary adeno-
mas, but they may manifest with hemorrhage as a result of 
rupture (47 [EL 3]).
	 Symptomatic carpal tunnel syndrome, due to an 
increase in median nerve edema within the carpal tunnel, 
may be described in up to 64% of patients and is a frequent 
source of disability and discomfort (48 [EL 3], 49 [EL 3]).

5.5.3. Respiratory Conditions
	 Sleep apnea syndrome is present in approximately 
70% of patients with acromegaly and is present in more 
than 90% of patients with acromegaly who snore (50 
[EL 3]). The cause of sleep apnea syndrome is primarily 
obstruction due to pharyngeal thickening and macroglos-
sia, but a central component has been described as well. 
Sleep apnea is a common cause of daytime somnolence 
in patients and must be managed aggressively (Grade C). 
Patients with acromegaly and sleep apnea may have sinus 
arrhythmias and sometimes life-threatening arrhythmias 
(51 [EL 3]).
	 Upper airway obstruction due to jaw deformity, mac-
roglossia, hypertrophy of the epiglottis, and narrowing of 
the opening between the vocal cords can lead to difficul-
ties with airway management during surgical procedures. 
Airway obstruction after induction of general anesthesia 
may interfere with visualization of the vocal cords during 
laryngoscopy and intubation (52 [EL 3]). Therefore, air-
way management should be carefully considered preopera-
tively (Grade C).

5.5.4. Cardiovascular Disease
	 Insulin resistance is a frequent consequence of acro-
megaly. The prevalence of impaired glucose tolerance is 
up to 46%, and type 2 diabetes mellitus is detected in up 
to 56% of patients with acromegaly (12 [EL 3], 53 [EL 
3], 54 [EL 2]). Hypertension is detected in up to 40% of 
patients, presumably attributable to an increase in plasma 
volume along with an increase in sodium retention (55 [EL 
3]). Suppressed plasma renin activity and aldosterone con-
centrations in acromegaly are consistent with a primary 
increase in total body sodium (56 [EL 3]). Of interest, 
acromegaly may be associated with an increase in carotid 
artery intima-media thickness, although the prevalence of 
atherosclerosis may be similar to that in the general popu-
lation (57 [EL 3], 58 [EL 3]). This finding suggests that 
GH, IGF-I, or both may limit the progression of atheroscle-
rosis, despite the coexistence of hypertension and glucose 
intolerance.
	 An acromegalic cardiomyopathy, characterized by 
biventricular cardiac hypertrophy, is a hallmark finding in 
patients with acromegaly (59 [EL 4]). Both age and dura-
tion of disease correlate with the presence and the degree 
of the hypertrophy (60 [EL 2], 61 [EL 4], 62 [EL 3]). Early 

in acromegaly, the cardiomyopathy may include diastolic 
dysfunction or insufficient systolic performance with 
effort. With progression of acromegaly, the cardiomyopa-
thy may progress to systolic dysfunction at rest and, rarely 
with advanced disease, to a dilated congestive cardiomy-
opathy (63 [EL 4], 64 [EL 4]). Cardiac valve abnormali-
ties, particularly in association with left ventricular hyper-
trophy, may occur (65 [EL 3]). Arrhythmias, including 
atrial fibrillation, supraventricular tachycardia, and bundle 
branch blocks, may be detected in approximately 40% of 
patients (66 [EL 3]). The presence of a cardiomyopathy 
may lead to fatigue and dyspnea, particularly during exer-
cise. Use of an echocardiogram in the routine assessment 
of a patient with acromegaly is controversial, although it 
may be warranted in patients with fatigue and dyspnea, 
especially in those patients who are older (Grade D).

5.5.5. Psychologic Alterations
	 Acromegaly appears to be associated with psycho-
logic changes and alterations in personality, attributable to 
impairment in self-esteem, distortion of body image, disrup-
tion in interpersonal relationships, social withdrawal, and 
anxiety (67 [EL 3]). Patients often have depression, which 
may inhibit recovery (68 [EL 4]). Furthermore, patients 
with acromegaly may describe loss of initiative and spon-
taneity in conjunction with considerable lability of mood 
(69 [EL 4], 70 [EL 3]). These published studies have not 
demonstrated a clear correlation of psychologic symptoms 
with biochemical activity. In addition, a recent study in 17 
patients with newly diagnosed acromegaly showed that, in 
comparison with 16 control subjects, there was a reduction 
in memory functions, including working memory, learn-
ing, and recall processes (71 [EL 3]). Although this study 
suggests that acromegaly may be associated with impaired 
cognitive processes, further investigations of neurocogni-
tive function and the influence of other hormone dysfunc-
tions on such function need to be performed.

5.5.6. Constitutional Symptoms
	 Fatigue and weakness are commonly described by 
patients with acromegaly and may be prominent symp-
toms. These symptoms may reflect the associated medical 
consequences of acromegaly, including sleep apnea syn-
drome, cardiomyopathy with reduced function, hypopitu-
itarism, hyperthyroidism, depressed mood, and diabetes 
mellitus.

5.5.7. Neoplasms
	 An increased risk of cancer, particularly of the colon, 
in patients with acromegaly has been suggested largely by 
retrospective studies, although this finding is controversial 
(14 [EL 4], 29 [EL 4]). Moreover, when colon cancer is 
present in a patient with acromegaly, the colon cancer mor-
tality rate (standardized mortality ratio, 2.47) is higher than 
expected for the general population (72 [EL 2]). In addition, 
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many, but not all, studies have reported that colonic pol-
yps are more prevalent in patients with acromegaly than in 
control subjects (73 [EL 2], 74 [EL 2], 75 [EL 3]). These 
findings are highly suggestive of a connection between GH 
hypersecretion and growth of neoplasms, particularly those 
of the colon. Screening colonoscopy should be performed 
in patients with active acromegaly, and follow-up should 
be scheduled in accordance with standard guidelines (14 
[EL 4]) (Grade C).

5.5.8. Mortality
	 Acromegaly is associated with a 2 to 2.5 times 
increased mortality risk, and normalization of GH or IGF-I 
levels (or both) has been shown to abrogate the mortal-
ity risk (10 [EL 3], 76 [EL 2]). The exact GH cutoff level 
required for normalization of risk, however, remains 
unclear. A recent meta-analysis suggested that a random 
GH measurement of <2.5 ng/mL on radioimmunoassay, 
which is roughly equivalent to <1 ng/mL as measured by 
modern more sensitive immunoassays, results in mortal-
ity rates similar to expected levels (76 [EL 2]). Of note, 
epidemiologic studies in acromegaly regarding correla-
tion of GH levels with mortality rates have largely been 
based on either fasting or random serum GH levels. No 
epidemiologic studies have predicted mortality rates based 
on GH suppression after glucose administration. For this 
reason, random or fasting GH values or multiple samples 
have merit in the diagnosis and monitoring of acromegaly, 
although because of the variability in GH levels, random 
GH values are considered less reliable (11 [EL 3], 76 [EL 
2], 77 [EL 3], 78 [EL 4]) (Grade C). Overall, GH and 
IGF-I biochemical control must be an important focus of 
therapy for acromegaly, in particular for management of 
the mortality risk (Grade C).

5.5.9. Summary
	 Acromegaly is associated with a spectrum of comor-
bidities, which result in significant and debilitating clinical 
manifestations. Therefore, the frequent delay in diagnosis 
can magnify the consequences of this disease. Education 
about the clinical spectrum of acromegaly is imperative in 
order to promote earlier detection.

6. DIAGNOSIS OF ACROMEGALY

	 The diagnosis of acromegaly begins with a clinical 
suspicion by the physician that the patient has this disease. 
On many occasions, the suspicion originates from a physi-
cian who is working in a field other than endocrinology. 
For example, a dentist may recognize a bite malocclusion 
typical of a patient with acromegaly whose lower jaw is 
protruding further than the upper jaw, or an ophthalmolo-
gist may find a visual field defect consistent with chiasmal 
compression caused by a pituitary tumor. Currently, many 
rheumatologists are testing for disorders that potentially 

can cause osteoarthritis and thus measure serum IGF-I lev-
els as part of their overall assessment of the patient (14 [EL 
4], 59 [EL 4]). Biochemical confirmation is rarely difficult 
once the diagnosis has been considered; the major chal-
lenge, however, is to consider acromegaly as part of the 
differential diagnosis for the numerous manifestations with 
which it can present (Grade D).
	 The presenting symptoms of acromegaly are of insidi-
ous onset and lack specificity—such as lethargy, headache, 
and increased sweating, which are often mistaken as signs 
associated with aging. Because there are no pathognomonic 
early features of this disease, the most reliable history and 
physical findings suggesting acromegaly relate to abnor-
mal growth, such as hand and foot enlargement, facial bone 
enlargement, and acral or soft tissue changes (79 [EL 4]). 
Therefore, clinicians must actively look for this disorder in 
patients with multiple features or components of the syn-
drome rather than just one presenting feature (Grade A). A 
review of the features (9 [EL 3], 80 [EL 3]) present at diag-
nosis provides clues about the medical specialists likely to 
be encountered by patients with undiagnosed acromegaly 
(Table 3). Patients should be encouraged to bring old pho-
tographs to an appointment in an attempt to determine the 
chronicity of the disease (Grade D).
	 For the biochemical confirmation of acromegaly, mea-
surement of serum IGF-I and glucose-suppressed GH lev-
els is recommended (Grade B). GH is produced by the 
somatotroph cells of the pituitary gland in a pulsatile fash-
ion. Circulating GH stimulates hepatic secretion of IGF-I. 
Total serum IGF-I serves as an integrated marker of GH 
secretory status, which is important in the assessment of 
GH hypersecretion (81 [EL 2]) (Grade B). In general, 
there is a linear relationship between serum GH and IGF-I 
levels, especially with serum GH levels less than 20 ng/mL. 
IGF-I levels plateau at serum GH concentrations above 40 
ng/mL (82 [EL 3]). Both assays should have adequate sen-
sitivity (for GH, at least 0.05 ng/mL), established validity, 
specificity, reliability, and uniform reproducibility.

6.1. IGF-I Measurement
	 Although serum IGF-I levels are subject to circadian 
changes to a much lesser degree than GH levels, IGF-I 
has the advantage over GH when determined as a single 
sample because it provides a measure of integrated GH 
secretion. Furthermore, IGF-I levels can be determined at 
any time of the day without the patient having to fast and 
therefore are more convenient for the patient and the physi-
cian. False-positive elevations of serum IGF-I levels may 
be seen in pregnancy, during which the placenta makes 
large quantities of a smaller (83 [EL 2]) yet biologically 
active GH molecule. IGF-I levels should be compared 
with age-dependent normative data generated across all 
age-groups in both sexes (84 [EL 1], 85 [EL 2]) (Grade 
B). Systemic illness, including catabolic states (86 [EL 
1], 87-90 [EL 2]), hepatic (91 [EL 2], 92 [EL 2]) or renal 
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failure (93 [EL 2], 94 [EL 2]), malnutrition (95 [EL 2], 96 
[EL 2]), and diabetes mellitus (97 [EL 2], 98 [EL 2]), may 
lower the IGF-I level and result in false-negative values. In 
those patients with poorly controlled diabetes attributable 
to acromegaly, serum IGF-I levels should be remeasured at 
a later time when the glycemic control has improved (97 
[EL 2]) (Grade C). Orally administered estrogen antag-
onizes GH actions and can lower IGF-I into the normal 
range in patients with acromegaly who have mildly ele-
vated IGF-I levels (99 [EL 2]). Obtaining serum IGF-I val-
ues by using a CLIA (Clinician Laboratory Improvement 
Amendments)-approved laboratory method is highly rec-
ommended (31 [EL 3], 100 [EL 2]). Major concerns about 
IGF-I measurement are the lack of agreement between 
assays and the lack of validated normal ranges (101 [EL 
4], 102 [EL 2]). Therefore, it is advisable to use the same 
assay in the same patient for serial measurements (103 [EL 
3]) (Grade C). Additional components of the IGF-I circu-
lating complex, such as insulinlike growth factor-binding 
protein-3 and acid-labile subunit, have been used as other 
diagnostic markers to reflect GH secretion. Their sensi-
tivity and specificity, however, are not nearly as good as 
those of IGF-I; thus, they have been used predominantly 
as research tools and not as markers for clinical manage-
ment of acromegaly (104 [EL 3], 105 [EL 3]) (Grade C). 
Because IGF-I levels may be more predictive of clinical 
symptom scores (106 [EL 3]), greater emphasis for diag-
nosis and disease control is placed on monitoring random 
IGF-I levels for clinical care (Grade C). Measurement of 
free IGF-I and IGF-binding proteins is not considered use-
ful for the diagnosis of acromegaly (107 [EL 3]) (Grade 
C).
	 The serum IGF-I is considered an excellent screening 
tool for the diagnosis of acromegaly. If the IGF-I level is 
elevated and clinical features of the disease are present, 
GH measurement after an OGTT may be omitted (Grade 
D).

6.2. GH Measurement
	 GH secretion in normal persons is pulsatile and diurnal 
and can also be stimulated by exercise and sleep. Because 
the half-life of GH is short (approximately 20 minutes), 
the clearance of GH from plasma is rapid (108 [EL 4]). 
Therefore, GH concentrations fluctuate throughout the 
day, such as after meals. GH levels may be elevated in the 
presence of liver disease, malnutrition, and uncontrolled 
diabetes mellitus. The interpretation of serum GH levels 
must take these variables into account (Grade B). Rather 
than the OGTT, frequent sampling of GH levels every 30 
minutes for 3 hours has been used (109 [EL 2]), and the 
criterion for normal GH levels during this period is any 
serum GH value less than 1 ng/mL. This testing, however, 
may be cumbersome and time-consuming for patients, and 
it is unclear whether this adds further information to the 
aforementioned testing for either diagnosis or therapeutic 

monitoring (110 [EL 3]) (Grade D). Because of the lack 
of a well-defined normal or safe range, a random GH level 
is not thought to add appreciably to the evaluation (Grade 
C).

6.2.1. Oral Glucose Tolerance Testing
	 The nadir GH suppression after administration of glu-
cose is considered the “gold standard” test for acromegaly 
(Grade B). The panel recommends that GH measurements 
be performed at baseline, then every 30 minutes for a total 
of 120 minutes after administration of glucose (Grade C). 
Currently, there are no data contrasting the sensitivity and 
specificity of the 75-g and 100-g dose of glucose for the 
OGTT; it is proposed that 75 g should be used to achieve a 
level of standardization (111 [EL 3]) (Grade C). In addi-
tion, although GH levels are influenced by age, sex, and 
weight, these variables are not taken into account in the 
biochemical interpretation of disease activity (112 [EL 2], 
113 [EL 4]). In a recent comparison of commercial GH 
assays, the investigation found that the various assays 
may not have the same result even though the same split 
samples were used (112 [EL 2]). False-positive responses 
to the OGTT may be seen in puberty and in patients with 
diabetes mellitus, liver disease, renal disease, or anorexia 
nervosa (114 [EL 3], 115 [EL 4], 116 [EL 4]). These issues 
need to be considered in interpretation of serum GH values 
(Grade C).
	 The inability to suppress serum GH to less than 1 ng/
mL after glucose administration is considered the diag-
nostic criterion for acromegaly (106 [EL 3], 110 [EL 3], 
117 [EL 3], 118 [EL 2]) (Grade B). This cutoff nadir GH 
value, however, is controversial, particularly because of 
the development of more sensitive GH assays that result 
in lower serum GH levels (119 [EL 4]). The development 
of such GH assays has led to consideration for use of a 
lower nadir GH cutoff for the diagnosis of acromegaly. In a 
consensus guideline in 2000, the diagnosis of acromegaly 
was excluded if the patient had a random GH measurement 
less than 0.4 ng/mL and a normal IGF-I value (120 [EL 
3]). This issue was especially relevant because of studies 
that suggested that a nadir GH cutoff level of 1 ng/mL was 
insufficient for diagnosis in a proportion of patients with 
acromegaly (110 [EL 3], 121 [EL 2], 122 [EL 1]). This is 
particularly the case in patients with mild GH hypersecre-
tion, as shown by Dimaraki et al (123 [EL 3]) who reported 
random GH levels of less than 1 ng/mL in 8 of 16 patients 
with acromegaly who had elevations in serum IGF-I levels. 
This finding was substantiated in another study in which 
50% of patients with acromegaly and mildly elevated fast-
ing GH levels demonstrated nadir GH suppression below 1 
ng/mL (124 [EL 2]). These data suggest that the 1 ng/mL 
nadir GH cutoff value may be inadequate. Another consen-
sus statement in 2005 suggested that the nadir GH level 
be lowered to 0.4 ng/mL for diagnosis of acromegaly (125 
[EL 4]). Although a nadir GH concentration of less than 1 
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ng/mL after administration of glucose is the standard rec-
ommendation for a normal response, this panel suggests 
consideration of a lower nadir GH cut point at 0.4 ng/mL 
after glucose administration because of the enhanced assay 
sensitivity and more frequent finding of modest GH hyper-
secretion (110 [EL 3], 112 [EL 2], 121 [EL 2], 122 [EL 1]) 
(Grade D).

6.2.2. Additional GH Assay Considerations
	 The differences in the assay performance of GH may 
also pose some problems for the application of interna-
tional consensus criteria to local practice. The factors 
that influence assay performance include heterogeneity of 
human isoforms in circulating serum, epitope specificity 
of polyclonal antibodies used, and susceptibility to inter-
ference by endogenous GH-binding protein. Additionally, 
the use of different units (mU/L versus µg/L) to report 
GH levels further compounds the problems of standard-
izing GH results because various conversion factors are 
used. Therefore, results from one laboratory cannot be 
compared with results from another laboratory (112 [EL 
2]) (Grade C). Various standards have been used in com-
mercial assays. For example, the Immulite 2000 uses the 
World Health Organization second international standard 
(IS) of 87/518, the Nichols Advantage uses the National 
Institute for Biological Standards and Control second IS 
of 98/574, and the Diagnostic Systems Laboratories assay 
uses the World Health Organization reference preparation 
of human growth hormone of 88/624. In a comparison 
of these assays (112 [EL 2]), the Immulite 2000 results 
were 2.3 times those obtained with the Nichols Advantage 
and 6-fold higher than those obtained by the Diagnostic 
Systems Laboratories. Even though most assays are now 
calibrated against international reference preparations of 
the hormone (126 [EL 1], 127 [EL 2]), the comparative 
measurements of serum samples by different immunoas-
says still produce heterogeneous results (128 [EL 3]). Use 
of the first and second IS for recombinant GH (IS 88/624 
and 98/574), which consist of 24-kDa GH of more than 
95% purity, instead of pituitary-derived IS 80/505, which 
contains a mixture of isoforms, has been suggested (126 
[EL 1]) (Grade C). It has also been suggested that GH be 
expressed in mass units instead of international units (127 
[EL 2]) (Grade C).

6.2.3. Interpretation of Discordant Laboratory 
         Test Results
	 In general, GH and IGF-I levels correlate closely with 
each other in patients with acromegaly (129 [EL 3], 130 
[EL 3]). Divergent GH and IGF-I values, however, may be 
seen in up to 30% of patients (131-133 [EL 3]). The most 
common discrepancy involves an elevated IGF-I level with 
normal GH values, and this is thought most frequently to 
reflect earlier disease (123 [EL 3]). Less commonly, an ele-
vated GH value (such as an abnormal OGTT result) with 

an associated normal IGF-I concentration may be seen. 
Such discrepancies may reflect lack of assay standardiza-
tion, the effects of age and gonadal status on GH and IGF-I 
secretion, genetic differences in binding proteins, or stress 
at the time of sampling (132 [EL 3], 134 [EL 2], 135 [EL 
1]). If the discrepancy is substantial, repeated testing may 
be warranted, particularly if the clinical impression is sug-
gestive of a diagnosis of acromegaly (Grade D).

6.3. Further Evaluation
	 Other tests that do not offer additional routine infor-
mation for the diagnosis of acromegaly include growth 
hormone-releasing hormone (GHRH) and gonadotropin-
releasing hormone stimulation (120 [EL 3]) (Grade C). 
Serum prolactin should be measured in all patients diag-
nosed as having acromegaly because prolactin cosecretion 
is common (136 [EL 3]) and conflicting data exist about 
whether prolactin cosecretion predicts response to dopa-
mine agonist therapy (137 [EL 2], 138 [EL 3], 139 [EL 
3]) (Grade C). Similarly, thyroid-stimulating hormone and 
free thyroxine levels are useful to exclude the possibility 
of inappropriate thyroid-stimulating hormone secretion 
from a thyrotropin-cosecreting tumor. After diagnosis of 
acromegaly, an MRI scan of the pituitary gland should be 
obtained to ascertain tumor size, location, and invasiveness 
(140 [EL 3]) (Grade B). If there is no evidence of a pituitary 
tumor by imaging studies, a search for an ectopic source 
should be undertaken with use of imaging studies such as 
a chest CT scan and Octreoscan (141 [EL 3]) (Grade B). 
If the sellar contents are generally enlarged without a clear 
focus of tumor, consistent with somatotroph hyperplasia, 
a serum GHRH level should be measured (141-144 [EL 
3]) (Grade B). Ectopic GH- or GHRH-producing tumors 
are rare but are most commonly bronchial carcinoid tumors 
(141 [EL 3]). Preoperative consideration of a GH-secreting 
pituitary carcinoma would be exceedingly rare (145 [EL 
3]).

6.4. Key Summary of Diagnosis
•	 Acromegaly is a clinical syndrome that does not mani-

fest with clear diagnostic features; clinicians must think 
of the diagnosis in the setting of various clinical presen-
tations (Grade A).

•	 Serum GH assays are not standardized and should not 
be used interchangeably (Grade C). The GH nadir after 
administration of 75 g of glucose orally should be less 
than 1.0 ng/mL to define normal, and this is the “gold 
standard.” This panel, however, recommends consider-
ation of lowering this cutoff to 0.4 ng/mL because of 
the increased sensitivity of current GH assays (Grade 
D). Clinicians should investigate the assay being used 
to know the sensitivity (Grade A).

•	 Serum IGF-I assays, if accompanied by a large number 
of results from age- and sex-matched normal subjects, 
are good tools to assess integrated GH secretion and 
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are excellent for diagnosis, monitoring, and screening 
(Grade B).

	 The diagnosis of acromegaly depends on clinical and 
laboratory features. Assays for GH and IGF-I and a dedi-
cated pituitary MRI complement each other to arrive at a 
diagnosis (Grade B). The important features for diagnosis 
of the patient with acromegaly, as summarized in Table 4, 
include history, physical findings, imaging features, and 
laboratory results (7 [EL 3], 8 [EL 4], 9 [EL 3], 16 [EL 3], 
110 [EL 3], 112 [EL 2], 120 [EL 3], 146 [EL 1], 147 [EL 
1], 148 [EL 3]). Experience with the assay used locally by 
the clinical endocrinologist is important, and clinical cor-
relation is often required.

7. TREATMENT

	 The goals of therapy for acromegaly are to (1) control 
biochemical indices of activity, (2) control tumor size and 
prevent local mass effects, (3) reduce signs and symptoms 

of disease, (4) prevent or improve medical comorbidities, 
and (5) prevent early mortality (Grade B). The primary 
mode of therapy is surgery, which is recommended for all 
patients with microadenomas and for all patients who have 
macroadenomas with associated mass effects (Grade B). 
In patients with macroadenomas without mass effects, and 
with low likelihood of surgical cure, a role for surgical de-
bulking of macroadenomas to improve the response to sub-
sequent medical therapy has been advocated, as well as pri-
mary medical therapy alone (Grade C). Medical therapy is 
generally used in the adjuvant setting, although a role for 
medical treatment as primary therapy in selected patients 
with macroadenomas not likely to be cured by surgery and 
without associated mass effects may be considered (Grade 
C). Irradiation, either conventional fractionated RT or ste-
reotactic radiosurgery, is largely relegated to an adjuvant 
role (Grade C). Availability of specific therapeutic options 
and cost of these interventions are taken into account with 
decisions regarding therapy. A treatment algorithm is pre-
sented in Figure 1.

Table 4
Summary of Diagnostic Features of Acromegaly

	 Category	 Major diagnostic features	 Additional diagnostic features

	 Symptoms	 Headache	 Hypogonadism (amenorrhea, impotence)
	 Heat intolerance	 Visual changes
	 Ring and shoe sizes	 Sleep apnea
	 Facial bony changes

	 Signs	 Prominent forehead	 Large hands and feet
	 Broad nose	 Skin tags
	 Prominent lower jaw	 Bite abnormalities
	 Visual field loss	 Carpal tunnel
	 Oily skin

	 Magnetic resonance	 Dedicated pituitary magnetic	 Microadenoma (rarely)
	 imaging findings	 resonance imaging	 Extension lateral to carotid predicts
	 Commonly, macroadenoma	 incomplete resection

	 Biochemical results	 Elevated level of insulinlike	 Elevated prolactin level
	 growth factor-I	 Random growth hormone <0.4 ng/mL
	 Growth hormone nadir >1.0 ng/mL	 and normal insulinlike growth factor-I
	 after oral glucose dose	 make the diagnosis highly unlikely
	 Panel suggests lower growth
	 hormone nadir (>0.4 ng/mL)
	 after oral glucose dose

	 Pathologic findings	 Growth hormone-staining pituitary	 Somatostatin resection subtype
	 adenoma	 characterization to predict response to
	 somatostatin analogue therapy
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8. SURGERY

8.1. Goals of Surgical Treatment
1.	 To decrease the tumor burden and yield a cure, if pos-

sible, with attempted preservation of normal pituitary 
function. A cytoreduction strategy is also a goal in 

maximizing further adjuvant medical, radiation, or 
radiosurgical attempts at endocrinologic control, by 
diminishing tumor volume and GH hypersecretion.

2.	 To decompress the mass effect of macroadenomas on 
any normal remaining pituitary gland tissues, the optic 
chiasm or nerves, or the surrounding critical structures.

Fig. 1. Algorithm for the approach to therapy in patients with acromegaly. a = Visual field compromise is absolute 
indication for surgery. b = Primary medical therapy can be considered if there is no visual field deficit and there is 
no possibility of surgical cure because of cavernous sinus involvement. c = Reconsider surgery to debulk tumor to 
improve response to medical therapy, to reduce medical comorbidities, or to comply with patient preference. d = 
Consider a dopamine agonist (DA) in the setting of modest disease. e = Consider radiotherapy (RT) in patients with 
residual tumor after surgery. This decision is based on several factors, including age, reproductive status, pituitary 
function, insurance coverage, and patient preference regarding long-term medical therapy. f = Addition of a DA in 
the setting of modest disease. GH = growth hormone; GHAnt = growth hormone antagonist; IGF-1 = insulinlike 
growth factor-I; SSA = somatostatin analogue.
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3.	 To lower rapidly or minimize GH and IGF-I levels, 
slow or arrest the progression of disease, and alleviate 
associated comorbidities.

4.	 To obtain important pathologic tissue for immunohis-
tochemical study, ultrastructural analysis, and molecu-
lar biology to aid in understanding tumor biologic pro-
cesses and serve as a substrate for current and future 
therapeutic strategies.

8.2. Surgical Approach
	 Empirical evidence strongly suggests that a well-
coordinated team approach—anchored by an endocrinolo-
gist and an experienced neurosurgeon and assisted by a 
dedicated neuroradiologist and radiation therapist—will 
offer optimal treatment strategies with better outcomes 
and lower morbidity (149 [EL 4], 150 [EL 4]) (Grade C). 
There is ample experiential evidence suggesting that high-
volume medical centers with dedicated pituitary surgeons 
who perform 50 or more transsphenoidal procedures per 
year yield the best surgical outcomes with low morbidity 
and mortality (151 [EL 3], 152 [EL 3]) (Grade C). The 
strongest preoperative factors predictive of a surgical cure 
are the following: (1) MRI size and appearance of the tumor 
and (2) GH and IGF-I levels. Despite some differences in 
agreement about what represents early surgical cure or 
remission (153 [EL 3], 154 [EL 2]), numerous surgical 
series have demonstrated that surgical efficacy is inversely 
proportional to (1) preoperative GH and IGF-I levels and 
(2) tumor size (especially in those without evidence of 
cavernous sinus involvement) (155-160 [EL 3]) (Grade 
C). Three-tesla magnets yield improved anatomic imag-
ing, an inherent quality of the physics involved (161 [EL 
3]). Under optimal conditions, microadenomas revealing 
no involvement of the cavernous sinus on MRI and lower 
levels of GH and IGF-I excess yield an approximately 80% 
or higher early biochemical cure, which may serve as a sur-
gical benchmark (Grade B). Tumor size and biochemical 
activity affect surgical response, and surgery is curative in 
40% to 50% of macroadenomas larger than 2 cm. In addi-
tion, higher GH and IGF-I preoperative levels (GH >30 ng/
mL) correlate with cavernous sinus invasion and demon-
strably lower surgical cure (20% to 50%). Preoperative GH 
levels >200 ng/mL are surgically incurable, as is obvious 
MRI evidence of cavernous sinus invasion (155-160 [EL 
3]) (Grade B).
	 Surgeons using transsphenoidal approaches are rap-
idly adopting minimally invasive, endonasal strategies. 
There are still reasons for offering craniotomy in selected 
cases, particularly for huge, extrasellar lesions. Transnasal 
endoscopic procedures are rapidly replacing the sublabial 
transseptal approaches because of lower patient morbidity 
and improved optic light sources with smaller endoscopes. 
No randomized controlled trials have compared outcomes 
between the conventional sublabial transseptal approach 
and the transnasal endoscopic approach. There are studies, 

however, that have compared outcomes in matched cohorts 
of patients who underwent a transnasal endoscopic approach 
versus a sublabial transseptal approach. Transnasal endo-
scopic procedures reveal improved patient satisfaction and 
shorter hospital stay over the traditional sublabial proce-
dures without compromising surgical success when per-
formed by experienced surgeons (162 [EL 3], 163 [EL 3]). 
The majority of dedicated pituitary surgeons now perform 
variations of the transnasal endoscopic approaches, which 
are rapidly becoming the surgeon and patient procedure of 
choice (164-166 [EL 3], 167 [EL 4]) (Grade D). Surgical 
removal of fibrous tumors may be deliberately staged by 
resection of the inferior component of the tumor to allow 
the suprasellar component to descend into the excavated 
area, followed by complete removal by a second procedure 
at a later date (168 [EL 3]).
	 Surgical adjuncts to improve outcomes are dependent 
on the surgeon and available resources but include (1) 
intraoperative imaging, (2) neuronavigation, and (3) intra-
operative determination of GH levels.
	 Intraoperative MRI is a very expensive technique but 
offers high-quality imaging by using higher field strength 
magnets. Few medical centers offer this expensive modal-
ity, which is best used for large and geometrically com-
plex tumors (169 [EL 3]) (Grade D). Ultrasonography 
is the only real-time intraoperative imaging procedure. 
Removal of a small portion of the skull and use of the 
newer, higher powered machines offer real-time tumor 
visualization that is quite good. This technique may 
optimize removal of large complex tumors (170 [EL 3]) 
(Grade D).
	 Neuronavigation—the wedding of preoperative imag-
ing to trajectory at surgery—is a good strategy for ana-
tomic variations, such as in the case of patients who have 
undergone previous surgery, the presence of abnormal 
bone, narrow carotid apertures, or the probability of misdi-
rection due to confusing surgical landmarks (171 [EL 3]) 
(Grade C).
	 Intraoperative measurement of GH levels is also an 
expensive technique; the variable half-life of GH can pro-
long a surgical procedure and be misleading (172 [EL 3]). 
Thus far, intraoperative GH levels have not been found to 
be clinically useful (Grade C).
	 Pediatric cases of acromegaly are uncommon, and such 
cases may represent more aggressive and larger tumors. As 
a result, pediatric cases may require more intensive man-
agement (173 [EL 3], 174 [EL 3]). Elderly patients with 
acromegaly may have a generally good surgical outcome 
(175-177 [EL 3]), and reoperation for recurrent or resid-
ual disease in selected cases is appropriate (178 [EL 3]) 
(Grade C). Some evidence suggests that very large cere-
brospinal fluid (CSF) leaks at the time of pituitary surgery 
may benefit by lumbar drainage and CSF diversion (179 
[EL 3]), but this is a surgeon- and experience-dependent 
option.
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8.3. Is There a Role for Preoperative Medical 
      Therapy?

8.3.1. Does SSA Administration Improve 
         Surgical Outcome?
	 There has been considerable discussion about a role 
of preoperative medical therapy, especially with SSAs, 
to affect the quality of the tumor, with resultant enhanced 
surgical resection and consequently biochemical remis-
sion. A study conducted by Abe and Lüdecke (180 [EL 3]) 
compared GH and IGF-I levels in patients with or without 
preoperative octreotide therapy and found higher rates of 
normalization of GH and IGF-I levels in the group pre-
treated with octreotide. In contrast to that study, a larger 
but retrospective analysis of 286 patients demonstrated that 
surgical remission and complication rates in patients with 
acromegaly who received treatment with either octreotide 
or lanreotide preoperatively were not significantly different 
from those of matched patients who did not receive these 
agents (181 [EL 2]).
	 Subsequently, a multicenter study in Norway revealed 
that 6-month pretreatment with octreotide LAR (20 mg/
mo) resulted in surgical remission (defined as a normal 
level of IGF-I) in 50% of patients with macroadenomas, 
versus 16% of those who underwent surgery without pre-
treatment (P = .02) (182 [EL 2]). In this study, when a nor-
mal level of GH (less than 1 ng/mL) after glucose suppres-
sion was added to the definition of biochemical remission, 
the difference between the 2 groups was no longer signifi-
cant. Therefore, the value of pretreatment with octreotide 
was significant only when IGF-I was used as the marker. 
In a single-center study, 98 patients with macroadenomas 
were randomly assigned to lanreotide therapy for 4 months 
before surgery or directly to surgery, and surgical remis-
sion (defined by IGF-I level) was achieved in 49% versus 
18%, respectively (P = .001) (183 [EL 2]). In this study, 
the difference in remission rates remained significant 
when a glucose-suppressed GH level less than 1 ng/mL
was also used to define remission. These randomized stud-
ies suggest that preoperative treatment with SSAs may 
improve surgical remission rates (Grade C). Further study 
is needed to determine whether routine SSA administration 
should be considered preoperatively and whether selected 
patients will benefit more from this combined approach.

8.3.2. Can Preoperative Medical Therapy Diminish 
          Cardiopulmonary Comorbidities and 
          Anesthesia-Related Risks of Surgical Treatment?
	 As discussed in section 5.5, cardiovascular disease, 
pulmonary dysfunction, and metabolic disorders, including 
hyperglycemia, are prevalent in acromegaly. In addition to 
the morbidity caused by these complications themselves, 
these conditions place patients at increased anesthesia-
related and operative risk. Thus, control of these comorbid 

conditions may reduce surgical risk and improve post-
operative outcomes (Grade D). Indeed, patients with 
acromegaly are at increased risk of anesthesia-related 
complications including hemodynamic changes, with a 
significantly higher incidence of difficulty with intubation 
because of laryngeal and pharyngeal soft tissue swelling 
and vocal cord swelling (184 [EL 3]). Up to 30% of anes-
thesia intubations for surgical procedures in patients with 
acromegaly have been reported to be difficult (185 [EL 
3]). The oropharyngeal swelling and macroglossia result 
in an increased frequency of sleep apnea syndrome, which 
has been reported in 20% to 80% of this population (185 
[EL 3]). Sleep apnea itself is associated with an increased 
risk of coronary artery disease and hypertension and may 
complicate both the preoperative and the postoperative sta-
tus of the patient and delay extubation. SSAs can reduce 
soft tissue swelling within days after onset of treatment, 
with some studies demonstrating resolution of sleep apnea 
after 6 months of treatment with octreotide. As a result, 
preoperative SSA therapy might be expected to result in 
reduction of intubation-related complications (Grade D). 
This issue, however, warrants further direct examination 
for higher quality of evidence.
	 Patients with acromegaly are also at risk of cardiac 
complications, including left ventricular hypertrophy, 
increased stroke volume and cardiac index, biventricu-
lar concentric cardiomyopathy, and, in advanced cases, 
reduced ejection fraction or cardiac failure. Up to 10% of 
patients with newly diagnosed acromegaly present with 
high-output heart failure (186 [EL 3]) and an increased 
prevalence of ventricular dysrhythmias (187 [EL 3]). 
Treatment with SSAs improves cardiac function, reduces 
ventricular mass, reduces the incidence of cardiac dys-
rhythmias, and thus may potentially have beneficial effects 
on surgical outcome, although this result has not been for-
mally proved (187 [EL 3], 188 [EL 3]) (Grade C).

8.4. Postoperative Course

8.4.1. Biochemical Testing
	 Assessment of GH secretion may begin as early as 
postoperative day 1. In a study by Krieger et al (189 [EL 
3]) in 116 patients with acromegaly, 99% with a postopera-
tive day 1 fasting serum GH level less than 2 ng/mL had 
both a normal IGF-I value and clinical evidence of disease 
remission at 5 years. Therefore, there may be a role for 
immediate postoperative GH measurement as a prognostic 
marker in the biochemical assessment of surgical efficacy. 
A postoperative serum GH level, however, may have more 
limited prognostic value because the stress of surgery may 
stimulate the remaining normal pituitary gland to elevate 
GH levels (Grade D). The OGTT can be performed early 
in the postoperative period and can be relied on as early as 
1 week postoperatively (190 [EL 2]) (Grade C). A nadir 
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GH value less than 0.4 ng/mL may be used to define dis-
ease control postoperatively (131 [EL 3], 191 [EL 3], 192 
[EL 4], 193 [EL 2]).
	 Assessment of biochemical activity at 3 to 6 months 
after surgery is considered more valid in determining sur-
gical efficacy (131 [EL 3], 194 [EL 3]) (Grade C). After 
surgery in a patient with acromegaly, the serum IGF-I may 
take months to decline into the normal range despite cure 
(190 [EL 2]). The reasons for this are unclear but are prob-
ably related to increased liver sensitivity to GH, resulting in 
persistent elevation of IGF-I levels and delayed reduction 
in IGF-binding protein levels. Surgical remission is gener-
ally defined as achievement of a normal level of IGF-I and 
a nadir GH less than 1.0 ng/mL during an OGTT by 3 to 6 
months, although use of a lower nadir GH of less than 0.4 
ng/mL is suggested (110 [EL 3], 195 [EL 4]) (Grade C). 
Because divergent GH and IGF-I values may be seen in 
up to 30% of patients (131 [EL 3], 132 [EL 3]) (see sec-
tion 6.2.3), repeated testing may be warranted. The most 
common discrepancy involves an elevated IGF-I level with 
normal GH values; this finding is thought most commonly 
to reflect minimal residual disease (123 [EL 3]). With this 
scenario, repeated testing may be done if there is a high 
clinical suspicion of persistent disease, such as evidence of 
residual tumor on imaging or persistent symptoms (Grade 
D).
	 If early postoperative imaging is required, such as 
to assess remaining tumor or to rule out infection, then a 
T1-weighted MRI with gadolinium is the most useful tech-
nique, although a scan at this time may be difficult to inter-
pret. Studies suggest that Gelfoam packing may require 3 
to 5 months to involute, and fat packing may require even 
longer. Therefore, a postoperative MRI scan to identify 
residual tumor is generally performed at least 12 weeks 
after surgery (196 [EL 3]) (Grade C).
	 At a minimum, IGF-I levels should be measured annu-
ally in all patients after surgery because recurrences have 
been reported as long as 10 to 20 years after apparent cure 
(106 [EL 3]) (Grade C). An OGTT may also be performed 
annually for the assessment of recurrence of acromegaly 
(Grade D).

8.4.2. Pathologic Analysis
	 An important goal of surgery is to obtain tissue intra-
operatively for pathologic studies by the surgical team 
(Grade D). Depicting the invasive or proliferative poten-
tial of the tumor reflected by the Ki-67 index may aid in 
selecting early adjuvant therapy for aggressive or less-
differentiated tumors or suspected failures, such as dural 
invasion, cavernous sinus invasion, or atypical appearance 
of the cells (197 [EL 3], 198 [EL 3]). Pituitary tumors that 
stain for GH without circulating excess of the hormone are 
considered clinically silent, but such adenomas may har-
bor the aggressive growth features of biologically active 
tumors. In addition, GH-staining tumors may respond 

to medical treatments similar to their biologically active 
counterparts (199 [EL 3], 200 [EL 3]). Tumors that stain 
for prolactin may similarly predict potential response to 
dopamine agonist therapy (see section 9.3.1). Sparsely 
granulated GH tumors need to be distinguished from the 
more common densely granulated variety. The latter are 
significantly more likely to respond to SSAs in comparison 
with the other types of GH-producing adenomas (201 [EL 
3], 202 [EL 3]).

8.4.3. Postoperative Management
	 Postoperatively, adrenal function should be moni-
tored and treated appropriately. Posterior pituitary func-
tion must also be monitored during the immediate post-
operative period and for approximately 2 weeks (Grade 
C). Hyponatremia due to the syndrome of inappropriate 
secretion of antidiuretic hormone may manifest 5 to 14 
days postoperatively in 5% to 10% of the patients after 
any transsphenoidal procedure. Mild cases respond to fluid 
restriction, and severe cases may necessitate hospitaliza-
tion and intravenous administration of hypertonic saline 
(203 [EL 2], 204 [EL 2]) (Grade B). Diabetes insipidus is 
a common transient event in perhaps 20% of patients who 
undergo a transsphenoidal procedure, necessitating at least 
one treatment of desmopressin in about 10% and long-term 
treatment in perhaps 2% to 7% of all transsphenoidal proce-
dures. There may be a higher association of diabetes insipi-
dus with intraoperative CSF leaks (205 [EL 2]). Of note, 
patients often have a brisk diuresis postoperatively because 
the reduction in serum GH level results in a natriuresis. The 
clinician needs to consider this in the postoperative man-
agement of polyuria; this diuresis is not associated with 
excessive thirst and will not necessitate desmopressin man-
agement (Grade B). The thyroid and gonadal axes should 
be reevaluated 6 to 12 weeks postoperatively (Grade C). 
In patients with sleep apnea syndrome, the CPAP device is 
generally withheld postoperatively for a period to prevent 
the risk of pneumocephalus and meningitis due to high 
intranasal pressures, particularly in the setting of a CSF 
leak (206-208 [EL 3]) (Grade D).
	 New-onset permanent pituitary dysfunction, given the 
resiliency of the remaining gland, should be less than 5% 
(162 [EL 3], 163 [EL 3], 189 [EL 3], 209 [EL 3]). The 
prevalence of postoperative complications is inversely cor-
related with the experience of the neurosurgeon (210 [EL 
2]) (Grade C).

9.  MEDICAL THERAPY FOR ACROMEGALY

9.1. Role of Medical Therapy: 
       Primary Versus Adjunctive Treatment
	 Surgical resection of the pituitary tumor has tradi-
tionally represented the cornerstone of management for 
most patients with acromegaly. Primary surgical interven-
tion, however, has been challenged because a strict target 
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of age-normalized IGF-I level and a glucose-suppressed 
GH level is difficult to achieve with surgery, particularly 
in patients with macroadenomas and extrasellar exten-
sion (Grade C). Because complete resection is not always 
feasible, adjunctive therapy is frequently necessary. This 
outcome has prompted the view that primary medical ther-
apy, in particular with SSAs, may be a suitable option to 
consider for some patients (211 [EL 4]). Primary medical 
therapy with an SSA may lead to biochemical control (a 
normal IGF-I level) in up to 70% of patients and is well tol-
erated (212 [EL 3]). In a recent study, three-quarters of the 
patients had at least 25% tumor shrinkage after 12 months 
of SSA therapy, and tumor shrinkage correlated with bio-
chemical response (213 [EL 2]). As such, primary medical 
therapy may be considered, particularly for those patients 
who are at high surgical risk, those with tumors that exhibit 
extrasellar involvement (without chiasmal compression) 
and low likelihood of cure with surgery, and those who 
express a preference for medical management (Grade C). 
It should also be recognized that synergy between medical 
and surgical approaches must be considered. Indeed, trans-
sphenoidal pituitary surgery has been shown to enhance 
SSA efficacy in comparison with primary medical therapy 
alone (158 [EL 3]). These latter findings indicate that a 
possible role exists for surgical tumor debulking in a com-
bination treatment approach for patients with advanced 
disease (Grade C).
	 With these caveats in mind, a suggested management 
paradigm is presented in Figure 1. SSAs have a role as pri-
mary medical therapy in patients who have a low likeli-
hood of surgical remission or who are poor surgical candi-
dates and as adjuvant therapy in patients with persistently 
nonsuppressible GH or elevated IGF-I levels (or both) after 
pituitary surgery or during the interim period after RT. The 
use of a GH antagonist alone or in combination with an 
SSA is pharmacologically rational and of proven effective-
ness in patients in whom surgery or SSA therapy (or both) 
is not completely effective.

9.2. Biochemical Monitoring During Medical Therapy
1.	 For SSA and dopamine agonist administration, serum 

GH and IGF-I levels are the appropriate biochemical 
markers for monitoring activity (131 [EL 3]) (Grade 
C). At a minimum, serum IGF-I monitoring is the test 
of choice (Grade C). Of note, IGF-I levels plateau at 
serum GH concentrations above 40 ng/mL (82 [EL 
3]). Therefore, in the setting of very high serum GH 
levels, there may be a delay in the reduction of serum 
IGF-I because the GH levels are progressively low-
ered (Grade C).

	 GH monitoring:
	 a. Glucose-suppressed GH levels to less than 1 ng/

mL have been shown to be useful for monitoring 
the efficacy of medical therapy (133 [EL 3], 214 

[EL 3], 215 [EL 3]), although a recent study has 
questioned the additional benefit of this test for 
monitoring purposes (131 [EL 3]) (Grade C).

	 b. Frequent sampling of GH levels every 30 minutes 
for 3 hours has been used for therapeutic monitor-
ing (109 [EL 2]), and the criterion for controlled 
GH levels during this period is any serum GH 
level of less than 1 ng/mL. This testing, how-
ever, may be cumbersome and time-consuming 
for patients, and it is unclear whether this adds 
further information to the aforementioned testing 
(110 [EL 3]) (Grade D).

2.	 With administration of pegvisomant, serum IGF-I 
should be measured alone to monitor the dose efficacy 
(Grade B). There is no benefit from measurement of 
serum GH in conjunction with pegvisomant therapy. 
GH levels increase when pegvisomant is administered, 
and the GH levels have no effect on pegvisomant dos-
ing (216 [EL 2], 217 [EL 2]) (Grade B).

9.3. Specific Agents

9.3.1. Dopamine Agonists
	 Dopamine agonists have long been used in the treat-
ment of acromegaly because they have some efficacy in 
decreasing GH hypersecretion. Although bromocriptine 
was shown to provide benefit in a minority of patients with 
acromegaly in earlier studies, more recent studies suggest 
that cabergoline, a more selective dopamine-2 receptor 
agonist, may be effective in a larger percentage of patients 
(137 [EL 2], 138 [EL 3], 218 [EL 3]) (Grade B). In a series 
of 64 patients with acromegaly treated with cabergoline for 
3 to 40 months at dosages between 1.0 and 1.75 mg/wk, 
decreases in GH and IGF-I levels were noted in almost 
40% of patients (137 [EL 2]). A recent meta-analysis has 
further supported these findings (219 [EL 3]). In contrast 
to management of prolactinoma, higher doses of cabergo-
line—up to 7 mg weekly—may be needed for normaliza-
tion of GH and IGF-I levels in acromegaly (220 [EL 3]). 
The response to treatment appeared to be more pronounced 
in those cases with minimal elevation of IGF-I levels or 
with cosecretion of prolactin (or both). Other studies, how-
ever, have not indicated that cosecretion of prolactin pre-
dicts a dopamine agonist response (138 [EL 3], 220 [EL 
3]) (Grade C). Repeated GH, prolactin, and IGF-I levels 
should be determined 4 to 6 weeks after each dose change 
for a dopamine agonist (137 [EL 2]) (Grade B). Overall, 
dopamine agonists are less effective than SSAs, and there 
are limited data available on tumor shrinkage (Grade 
C). Because of the lower cost of cabergoline in compari-
son with either SSAs or pegvisomant and the finding that 
cabergoline may be useful in a subset of patients, how-
ever, cabergoline may be considered as first-line medical 
therapy in patients with modest IGF-I elevations or in the 
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setting of combination therapy with SSAs (218 [EL 3], 219 
[EL 3]) (Grade C). Side effects include gastrointestinal 
upset, nasal congestion, fatigue, orthostatic hypotension, 
and headache. Cabergoline may be better tolerated than 
bromocriptine (Grade C). When administered in higher 
doses (for example, more than 3 mg daily) in patients with 
Parkinson disease, cabergoline has been associated with an 
increased risk of echocardiographically evident valvular 
abnormalities (221 [EL 2]) (Grade C). Although there are 
no definitive data that link cabergoline with echocardio-
graphically evident valvular abnormalities in acromegaly 
and there are no systematic reports that have determined 
that these changes translate into hemodynamically signifi-
cant valvulopathies, the extent to which this finding applies 
to patients with acromegaly remains unclear (Grade D).

9.3.2. Somatostatin Analogues
	 The physiologic rationale for the use of SSAs in the 
management of acromegaly is based principally on the 
inhibitory effects of native somatostatin on GH secretion. 
Although the initial formulations for SSAs (octreotide 
and lanreotide) were administered subcutaneously up to 3 
or 4 times a day, the newer formulations are longer act-
ing and necessitate intramuscular or deep subcutaneous 
injections once monthly. The package insert for octreotide 
LAR includes a recommendation that short-acting subcu-
taneously administered octreotide should be given for 2 
weeks at a dosage of 0.1 mg 3 times daily before initiation 
of treatment with the long-acting octreotide LAR depot in 
order to assess the response to and systemic tolerability of 
octreotide. In general practice, however, this recommenda-
tion is not followed; 1 or 2 doses of short-acting octreo-
tide are administered subcutaneously to assess for major 
toxic effects (222 [EL 3]) (Grade C). SSAs successfully 
reduce GH and IGF-I levels in 50% to 70% of patients, 
with an IGF-I normalization rate of approximately 30% in 
patients in whom pituitary surgery has failed (223 [EL 2]). 
In patients whose GH levels return to baseline before the 
end of the dosing interval, the frequency of administration 
can be further increased (Grade C). With use of the short-
acting subcutaneous preparations, an increase in the daily 
dose beyond 300 to 600 µg rarely achieves a greater effect 
(223 [EL 2]) (Grade C). The short-acting agents offer the 
advantages of being self-administered, rapid acting, and 
considerably less expensive than longer-acting prepara-
tions. Nevertheless, with long-term use, most patients 
requiring SSA treatment typically use the longer-acting 
depot preparations that include octreotide LAR and lanreo-
tide Autogel, whose features will be described next.

9.3.2.1. Effect on biochemical control
	 After administration of a new dose of a long-acting 
SSA, the serum IGF-I level should be measured 3 months 
later, and there is evidence that further declines in GH and 
IGF-I values may occur for up to 6 months (Grade B). The 

effectiveness of SSAs in achieving biochemical remission 
was assessed in a meta-analysis of 44 trials (223 [EL 2]). 
The criteria for efficacy of treatment with octreotide LAR 
generally involved normalization of the IGF-I concentra-
tion, a mean GH value less than 2.5 ng/mL, a GH level 
less than 1 ng/mL during an OGTT, or some combination 
of these factors. Among all patients treated with octreo-
tide LAR, 57% had normalization of the GH value, and 
67% reached normal IGF-I levels. It must be emphasized 
that such meta-analyses were based primarily on studies in 
which SSAs were used in the adjunctive setting. Octreotide 
LAR and lanreotide Autogel have similar pharmacologic 
and efficacy profiles (224 [EL 2]) (Grade B). Increasing 
the SSA dosage to 60 mg/mo of octreotide LAR may 
improve results in patients resistant to conventional doses 
(225 [EL 3]). Conversely, in some cases in which IGF-I 
levels decline excessively, SSAs may be administered at 
6-week intervals or longer (Grade B). Although data from 
studies powered for primary medical therapy have demon-
strated benefit in the de novo setting (212 [EL 3]), meta-
analyses comparing short-term and long-term outcomes in 
the primary versus adjunctive setting are required.

9.3.2.2. Predictors of response
	 SSA responsiveness has been correlated in some, but 
not all, studies with somatostatin receptor subtype 2 den-
sity, although somatostatin receptor subtype analysis is not 
routinely performed on the tumors (202 [EL 3]) (Grade 
C). Maximal suppression with the short-acting SSAs is 
reached within 2 hours and typically lasts for approximately 
6 hours. Because the GH decline is rapid after injection of 
a short-acting SSA, an assessment may be conducted at the 
outset to identify potential responsiveness to octreotide. An 
immediate GH decrement after a single subcutaneous dose 
of octreotide, however, has not been shown to be accurate 
in predicting biochemical remission (226 [EL 2]) (Grade 
C). Radiolabeled octreotide imaging has also been used 
for potential prognostic capability, although the long-term 
SSA response does not clearly correlate with radiotracer 
uptake (226 [EL 2]) (Grade C). Important predictors of 
response include smaller, less invasive pituitary tumors 
and lower baseline GH and IGF-I levels (201 [EL 3]) 
(Grade C). Pathologic analysis may have prognostic value 
as well; the GH inhibitory effects of octreotide appear to 
be significantly better in patients who are found to have 
densely granulated somatotroph adenomas in comparison 
with those harboring sparsely granulated GH adenomas 
(201 [EL 3]) (Grade C).

9.3.2.3. Effect on tumor size
	 An important goal in the management of acromegaly 
is tumor size shrinkage, if not complete resolution. Several 
studies have examined the effect of primary therapy with 
SSAs on tumor size. A systematic review of 15 studies was 
conducted to examine the extent of tumor shrinkage with 
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primary SSA therapy (227 [EL 2]) (Grade B). Results 
from 14 of the studies showed that 36.6% of patients had 
a significant (10% to >45%) reduction in tumor size. Of 
note, there did not appear to be a significant difference 
in the groups receiving short-acting versus long-acting 
octreotide. The weighted mean reduction for patients who 
experienced significant tumor shrinkage based on 7 of the 
studies was approximately 50% (227 [EL 2], 228 [EL 3]). 
Moreover, the frequency of tumor shrinkage seems to be 
nearly equal in those with microadenomas and those with 
macroadenomas (222 [EL 3]) (Grade C).

9.3.2.4. Adverse events
	 Early adverse events associated with use of SSAs 
include transient abdominal cramps and malabsorptive 
diarrhea. Long-term use of SSAs is also associated with 
an increased incidence of gallbladder sludge and gallstone 
formation, but these effects are not typically of clinical sig-
nificance (223 [EL 2]) (Grade B). Less frequently, hair 
loss or, even more uncommonly, bradycardia or consti-
pation is experienced. SSAs appear to cause a moderate 
impairment of glucose tolerance, and overt diabetes mel-
litus may be infrequently detected (229 [EL 3]) (Grade C). 
In patients in whom SSA therapy worsens glucose control, 
reduction of the SSA dose, addition of or substitution with 
a GH receptor antagonist, or diabetes management with 
glucose-lowering agents should be considered (230 [EL 3], 
231 [EL 3]) (Grade C). Long-acting SSAs are also expen-
sive, a factor that may limit accessibility (see section 9.6 on 
cost considerations).

9.3.3. Pegvisomant (GH Receptor Antagonist)	
	 Pegvisomant is a recombinantly derived analogue 
of human GH that acts as a highly selective GH receptor 
antagonist (216 [EL 2], 217 [EL 2]) (Grade B).
	 Under normal circumstances, GH binds to a pre-
formed GH receptor dimer at 2 distinct sites to provoke 
cellular signaling and GH effect. Pegvisomant abrogates 
functional receptor dimerization and subsequent intracel-
lular signaling. Treatment with pegvisomant results in a 
dose-dependent reduction of serum IGF-I levels but an 
increase in circulating GH levels. Therefore, serum IGF-I, 
and not GH, is used to monitor the biochemical response to 
therapy (Grade B).

9.3.3.1. Long-term results
	 Several studies have assessed the long-term effects of 
pegvisomant therapy in acromegaly. One of the relatively 
large double-blind, randomized, placebo-controlled tri-
als involved 111 patients with acromegaly who received 
treatment for 12 weeks with placebo or 1 of 3 dosages of 
pegvisomant, including 10, 15, or 20 mg administered 
subcutaneously daily (216 [EL 2]). Patients treated with 
the highest dose had a reduction of IGF-I levels of up to 
60% and a normalization of IGF-I in 89% of cases. These 

patients also experienced a reduction in their symptom and 
sign scores in a dose-dependent manner.
	 In an open-label follow-up to this first study, 152 
patients were treated with pegvisomant for up to 18 
months (217 [EL 2]). In the group of patients treated for 12 
months (N = 90), the IGF-I level was normalized in 97% of 
patients, reflecting a success rate higher than other existing 
pharmacotherapies. In addition to the reduced level of IGF-
I, there was a parallel increase in GH values that plateaued 
by 6 months of pegvisomant treatment. On average, GH 
levels increased 12 to 14 ng/mL. This increase in GH con-
centration is likely the result of augmented pituitary GH 
secretion due to interrupted negative feedback resulting 
from diminished IGF-I production and cross-reactivity by 
the assay of the drug.
	 A recent study showed that a mean daily pegvisomant 
dose of 17.4 mg was required for IGF-I normalization, 
although some patients may require much higher doses, 
such as up to 40 mg daily (232 [EL 3]). Paradigms of 
administration of weekly or twice-a-week formulations of 
pegvisomant have been used, and less frequent administra-
tion may prove easier for patient use (233 [EL 3]) (Grade 
C). In recent studies, pegvisomant administration resulted 
in improvement in glucose homeostasis, in contrast to a 
subset of patients receiving SSAs (229 [EL 3]). Therefore, 
pegvisomant may be useful in patients with glucose intol-
erance or overt type 2 diabetes mellitus (Grade C).

9.3.3.2.  Adverse events
	 Unlike SSAs and dopamine agonists, pegvisomant 
does not target the tumor or have tumor antiproliferative 
effects. Although several cases of tumor growth during 
pegvisomant therapy have been reported (217 [EL 2]), 
observational studies have shown this to be an uncom-
mon finding that may reflect the presence of more aggres-
sive tumors or may possibly be a rebound effect due to 
withdrawal of SSAs (234 [EL 2]) (Grade C). Therefore, 
patients receiving this GH receptor antagonist require close 
observation with serial MRI scans, such as at 6-month 
intervals during the first year of management and then at 
annual intervals (Grade C). Pegvisomant should probably 
not be the first-line pharmacologic therapy in patients with 
large macroadenomas or tumors of any size near the optic 
chiasm (Grade C). Pegvisomant therapy is associated with 
abnormal results of LFTs, and in the German Pegvisomant 
Observational Study, transaminase levels greater than 3 
times normal were noted in 5.2% of patients (235 [EL 3]) 
(Grade B). Of note, 58% of these patients had normaliza-
tion of transaminase levels with continued treatment, and 
another 33% had normalization after discontinuation of 
pegvisomant therapy. These transaminase elevations are 
usually asymptomatic, and often transient and self-limit-
ing, despite continued administration of pegvisomant (235 
[EL 3]). Nevertheless, results of LFTs need to be moni-
tored regularly in patients receiving pegvisomant treatment 
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(Grade B). Other more uncommon side effects include a 
flulike illness, local allergic reactions, and local lipohyper-
trophy (236 [EL 3]) (Grade C).

9.4. Estrogens or Selective Estrogen Receptor 
       Modulators as Alternative Considerations
	 Orally administered estrogens have long been rec-
ognized for their ability to attenuate GH-induced IGF-I 
production. Indeed, their use for this application was 
more common decades before the availability of the more 
current agents (237 [EL 3]). In a recent study of female 
patients with persistent active acromegaly, the addition of a 
ethinyl estradiol/levonorgestrel combination to octreotide 
LAR resulted in IGF-I normalization in 6 of 7 patients (238 
[EL 4]). In another report of 8 men with active disease, the 
short-term use of the selective estrogen receptor modulator 
raloxifene normalized IGF-I levels in 2 patients without 
affecting GH levels (239 [EL 2]). More effective therapies 
and concerns regarding the safety of long-term estrogenic 
compounds have diminished interest in this approach. 
Nevertheless, orally administered estrogens and selective 
estrogen receptor modulators are worthy of consideration 
in selected cases.

9.5. Combination Medical Therapy
	 In patients with a partial biochemical response to SSA 
therapy, addition of either cabergoline or pegvisomant 
should be considered (Grade C).

9.5.1. Combination of SSA and Cabergoline
	 Some published studies have indicated that the dopa-
mine agonist cabergoline may be useful as an adjunct to 
SSAs in patients who are resistant to SSAs (218 [EL 3]). 
In one study of 19 patients with a partial response to SSA 
treatment, the addition of cabergoline resulted in normal-
ization of IGF-I levels in 8 (42%) (138 [EL 3]). In this 
study, the presence of positive tumor immunocytochem-
istry for prolactin or hyperprolactinemia did not correlate 
with GH and IGF-I reduction. Therefore, the combination 
of cabergoline and SSA therapy may be effective in a sub-
set of patients, even in the absence of associated hyperpro-
lactinemia (Grade C).

9.5.2. Combination of SSA and Pegvisomant
	 Studies have been conducted to examine the use of a 
combination of SSA and pegvisomant. The combination 
of these 2 medications appeared to be more effective in 
lowering IGF-I levels in comparison with either SSA or 
pegvisomant treatment alone (233 [EL 3], 240 [EL 3]) 
(Grade C). The addition of weekly pegvisomant therapy at 
a mean dosage of 60 mg per week for 42 weeks to patients 
with resistance to SSAs resulted in normalization of IGF-I 
levels in 95% of patients (240 [EL 3]). No enlargement 

of pituitary tumors was seen, but mild increases in liver 
enzymes were noted in 38% of patients (elevated results 
of LFTs are more common in the setting of combination 
therapy versus pegvisomant monotherapy). The improved 
glucose homeostasis versus SSA therapy alone (229 [EL 
3]) and the benefit of tumor volume control over pegvi-
somant monotherapy (235 [EL 3]) may lead to an advan-
tage for this combination therapy (Grade C). Thus, for 
patients exhibiting partial sensitivity to SSAs, the addition 
of pegvisomant therapy should be considered (Grade C). 
In a recent study focused on those patients who were resis-
tant to SSAs, however, the combination of these 2 agents 
was equally as effective as pegvisomant therapy alone 
in reducing IGF-I levels (241 [EL 3]) (Grade C). Those 
patients showing more complete resistance to SSAs should 
be considered for pegvisomant monotherapy (Grade C). 
Such recommendations should harmonize optimal IGF-I 
responses and tumor size restraint with cost-effective, fis-
cally responsible long-term treatment plans.

9.6. Cost Considerations
	 Acromegaly is also a disease with a substantial eco-
nomic burden. Longitudinal assessment of the economic 
costs relative to clinical and biochemical outcomes was 
examined for a 4-year period in 53 Canadian patients (242 
[EL 2]). The mean annual cost per patient in Canadian 
dollars was $8,111 (95% confidence interval, $5,848 to 
$10,374). GH- and IGF-I-reducing medications consti-
tuted the largest component (nearly 38%) of the overall 
cost of management (Grade C). It should be emphasized 
that although surgical costs per patient were high ($2,800 
to $9,200), the 4-year mean annual cost was approximately 
$2,400 less than the cost of medications. Furthermore, 
treatment of patients with macroadenomas costs consid-
erably more annually ($11,425) than treatment of those 
with microadenomas ($4,442); this fact emphasizes the 
importance of earlier diagnosis (Grade C). In addition, a 
recent study indicated that, to be cost-effective, the price 
of pegvisomant should be reduced by a third (243 [EL 2]) 
(Grade C). Although these are considerable costs, they are 
not significantly higher than those associated with other 
chronic diseases. Short-acting SSAs, administered as sub-
cutaneous injections, are appreciably less expensive than 
long-acting depot preparations and may be considered in 
the setting of financial constraints (Grade C). There has 
also been consideration that the combination of the GH 
receptor antagonist, pegvisomant, and an SSA may result 
in lower doses of each medication, eventuating in lower 
annual costs (240 [EL 3]) (Grade D). There is a signifi-
cant cost differential between cabergoline and SSAs. In the 
United States, the annual retail cost of generic cabergoline 
(assuming a dosage of 2 mg weekly) is approximately a 
fifth that of Sandostatin LAR (assuming a dosage of 20 
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mg monthly) (244 [EL 1]). Cost is one of the factors that 
is considered for use of cabergoline as first-line medical 
therapy in patients with moderate disease (Grade D).

10. ROLE OF RADIATION THERAPY

	 Pituitary irradiation in acromegaly is generally consid-
ered an adjunctive therapy in patients not fully responding 
to surgical and medical treatments (14 [EL 4], 194 [EL 3], 
245 [EL 4]) (Grade C). It may be administered to con-
trol excess GH secretion or tumor expansion (or both) (245 
[EL 4]) (Grade C). With the availability of effective medi-
cal therapy, the role of RT for patients with acromegaly 
has diminished. Nevertheless, it has been used to limit 
lifelong medical therapy and with a goal of disease cure 
(194 [EL 3], 246 [EL 4]) (Grade C). Although the effect 
on tumor growth can be quite rapid, the full therapeutic 
effect to control excess GH secretion, if it occurs, can take 
from several years to more than a decade, depending on 
what modality has been used (247-249 [EL 3]). For this 
reason, RT is rarely used as primary treatment in patients 
with acromegaly unless there are contraindications to sur-
gical intervention or a poor response to or tolerability of 
medical therapy (194 [EL 3]) (Grade C). The techniques 
of RT have improved over the years, with better targeting 
of the therapy to the tumor and avoidance of unnecessary 
radiation exposure to surrounding tissues.

10.1. Types of Radiation Treatments
	 There are 2 main types of RT used for patients with 
acromegaly: conventional fractionated RT and stereotac-
tic radiosurgery. Fractionated RT is typically administered 
in dosages of 160 to 180 centigray (cGy) 4 to 5 days per 
week over a 5- to 6-week period up to a total dose of 4,500 
to 5,000 cGy (Grade B). This RT technique concentrates 
the beam on the target mostly from 2 to 3 portals, with the 
patient being immobilized in a tight-fitting mask that has a 
relocation accuracy of 2 to 5 mm (250 [EL 4]). Fractionated 
RT may also include use of proton particles administered 
by means of a cyclotron.
	 Stereotactic radiosurgery includes several modalities, 
such as Gamma Knife, CyberKnife, and a linear accelera-
tor, which delivers high-energy photons. Some centers use 
proton particles for stereotactic radiosurgery (251 [EL 3]). 
In acromegaly, the preponderance of experience with ste-
reotactic radiosurgery involves Gamma Knife radiotherapy, 
which is usually delivered by a cobalt 60 gamma radiation 
source as a single treatment through a hemisphere, which 
is placed around the patient’s head. Greater precision is 
achieved by using a firmer immobilization and delivery 
of RT through a larger number of conformal beams. Only 
limited data are available on the use of linear accelerator, 
CyberKnife, and proton beam radiosurgery in patients with 
acromegaly (252-255 [EL 3]).

10.2. Choice of RT

10.2.1. Conventional RT
	 Conventional RT has been used for years in treatment 
of patients with acromegaly. With the change in sensitiv-
ity of GH assays and definition of acromegaly biochemi-
cal control over the years, the reported remission rate after 
RT has also changed. Moreover, published studies must 
be scrutinized carefully because reported remission rates 
may include patients with biochemical variables controlled 
with or without concomitant medical therapy (Grade B). 
Most studies before 1995 that used a GH cutoff value of 
<5 to 10 ng/mL reported a >80% remission rate (256 [EL 
3], 257 [EL 4]) (Grade C). In patients with more than 10 
to 15 years of follow-up and with use of more restricted 
remission criteria (random GH measurement <2.5 ng/mL 
[or GH level <1 ng/mL during OGTT] and normal age- and 
sex-adjusted IGF-I value), however, most studies indicate 
a 10% to 60% remission rate (247-249 [EL 3], 255 [EL 3], 
258-261 [EL 3]) (Grade C).
	 The mean time to remission after conventional RT is 
about 10 years, which is usually longer in patients with 
higher initial GH and IGF-I levels (247-249 [EL 3], 255 
[EL 3], 262 [EL 3]). Most patients will require medical 
therapy during the long latency period, which is one of the 
drawbacks of RT (Grade B). Periodic withdrawal of medi-
cal therapy is recommended in order to assess the effect of 
RT and the need for continuation of medical therapy (245 
[EL 4]) (Grade B). In patients achieving a normal IGF-I 
level, it is reasonable to schedule an annual “drug holiday” 
with reassessment of GH and IGF-I values (Grade C). The 
medications need to be withheld for 1 to 3 months, depend-
ing on the medical agent (or agents) used for reassessment 
of hormone variables (249 [EL 3], 258 [EL 3]) (Grade C). 
Conventional RT achieves tumor control in more than 90% 
and 85% of patients with acromegaly at 10 and 20 years, 
respectively, and a decrease in tumor volume is expected 
in about 50% of patients (259 [EL 3], 263 [EL 3], 264 [EL 
2], 265 [EL 3]). Tumor progression after fractionated RT is 
rare (257 [EL 4], 263 [EL 3]).

10.2.2. Stereotactic Radiosurgery
	 Because most of the literature regarding use of ste-
reotactic radiosurgery for acromegaly involves use of the 
Gamma Knife, this section will focus on studies involv-
ing this modality. Gamma Knife surgery delivers narrow 
beams with stereotactic precision and accuracy on the tar-
get tumor with the aim of minimizing injury to surround-
ing tissues. Because of the technical advances and conve-
nience of Gamma Knife over fractionated RT, there has 
been a trend toward use of radiosurgery in most patients 
being considered for RT unless the technology is not avail-
able locally, there is a substantial residual tumor burden, or 
the tumor is too close to the optic chiasm (247 [EL 3], 250 
[EL 4]) (Grade C).
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	 Some of the older studies reported a 90% remission 
rate (defined as a GH level <5 ng/mL), but with use of 
more strict remission criteria (random GH measurement 
<2.5 ng/mL [or GH level <1 ng/mL during OGTT] and 
normal age- and sex-adjusted IGF-I value), the reported 
remission rate is 17% to 50% during a follow-up period of 
2 to 5 years without medical therapy (266-271 [EL 3]). A 
more prolonged follow-up is necessary, however, to define 
the actual remission rate. In some studies, the mean time 
to biochemical remission for Gamma Knife radiosurgery 
is about 2 years, which is shorter in comparison with con-
ventional RT (266-269 [EL 3], 271 [EL 3], 272 [EL 4], 273 
[EL 3]). Because patients undergoing Gamma Knife radio-
surgery usually have lower baseline GH levels in compari-
son with those treated with conventional RT, however, the 
rate of decline in GH level may not be different (272 [EL 
4]), and it remains unclear whether Gamma Knife radiosur-
gery leads to more rapid biochemical control (Grade C). 
Periodic withdrawal of medical therapy after radiosurgery 
will be necessary for biochemical assessment, similar to 
the situation with conventional RT (see section 10.2.1).
	 Because of the technical improvement in Gamma 
Knife radiosurgery, currently tumors as close as 5 mm to 
the optic chiasm are considered potentially eligible for 
this mode of treatment (250 [EL 4]) (Grade C). Similar 
to conventional RT, studies show tumor stabilization after 
radiosurgery and a decrease in tumor size in up to 75% of 
the patients (267-270 [EL 3]).
	 There are scattered data in different case series regard-
ing the use of repeated RT in patients with uncontrolled 
acromegaly who had undergone irradiation previously 
within a window of 2 to 17 years (266-269 [EL 3], 274 [EL 
3]). Repeated irradiation of a pituitary adenoma may be 
considered after careful consideration of alternative treat-
ment options, the interval from prior RT, and the details of 
the prior RT (including technique, dose, and site of irra-
diation, as well as the fractionation schedule) (Grade D). 
There is no clear consensus about the time interval for con-
sidering repeated RT (Grade D). There appears to be an 
increased incidence of side effects, including hypopituita-
rism, visual deficit, and radionecrosis, after such combina-
tion RT procedures (266 [EL 3], 269 [EL 3], 274 [EL 3], 
275 [EL 3], 276 [EL 4]). There is a distinct need for further 
studies, however, in order to provide a clearer perspective 
(Grade C).

10.2.3. Complications of RT
	 The main limitations for RT in patients with acromeg-
aly are the development of hypopituitarism and long-term 
safety (Grade A). In most studies, the rate of occurrence of 
hypopituitarism is more than 50% after 5 to 10 years and 
seems to increase further with time (247 [EL 3], 249 [EL 
3], 255 [EL 3], 260-262 [EL 3], 266 [EL 3], 268 [EL 3], 
269 [EL 3], 277 [EL 3], 278 [EL 2]). Therefore, long-term 

follow-up and evaluation of pituitary function at intervals 
are necessary (278 [EL 2]) (Grade B). The incidence 
and severity of hypopituitarism after RT seem to be dose 
dependent (279 [EL 4], 280 [EL 2]). Hypopituitarism has 
been linked to increased mortality, mainly attributable to 
cardiovascular and cerebrovascular events (281-283 [EL 
3]). With the caveat that the mean duration of follow-up 
for most studies involving Gamma Knife radiosurgery has 
been less than 6 years, the prevalence of hypopituitarism 
after stereotactic radiosurgery has been similar to that after 
conventional RT (250 [EL 4], 266-269 [EL 3], 271 [EL 3], 
273 [EL 3], 284-288 [EL 3]). The risk of hypopituitarism 
needs special consideration in young patients, particularly 
with regard to fertility issues (Grade B).
	 Fractionated RT may be associated with an increased 
risk of cerebrovascular disease, depending on the dose 
delivered (12 [EL 3], 217 [EL 2], 281 [EL 3], 283 [EL 3], 
289 [EL 3], 290 [EL 3]). In a recent study by Sherlock et al 
(291 [EL 3]) involving 501 patients with acromegaly, there 
was a significant increase in all-cause mortality in patients 
who received RT (N = 237) in comparison with those who 
did not (N = 264) during 14 years of follow-up. The asso-
ciated increased mortality continued to be significant after 
correcting for GH level, sex, hypopituitarism, attained age, 
period of follow-up, and pretreatment GH level. Among 
those patients exposed to RT, there was an approximate 
4 times increased risk of cerebrovascular death (291 [EL 
3]). Because of the selection bias in those undergoing RT 
(more aggressive disease, poorer acromegaly control), the 
independent role of RT in occurrence of cerebrovascular 
disease needs to be examined further. Long-term data on 
such risks in patients undergoing Gamma Knife radiosur-
gery are not available (194 [EL 3]). There is also a con-
cern regarding the rare but feared loss of vision in patients 
undergoing RT; in the majority of studies, this complica-
tion has been reported in 0% to 3% of the patients (248 [EL 
3], 255 [EL 3], 264 [EL 2], 266 [EL 3], 267 [EL 3], 269 
[EL 3], 270 [EL 3], 275 [EL 3], 292 [EL 3]) (Grade C). 
Optic neuropathy seems to be an unlikely event if there is 
less than 8 to 10 Gy exposure to the optic pathways (245 
[EL 4], 269 [EL 3]). Performance of debulking surgery 
before RT and the use of modern MRI techniques, allowing 
for more precise delivery of RT, are believed to be among 
the reasons for the decreased risk of optic neuropathy after 
RT (245 [EL 4]).
	 The risk of cerebrovascular disease in patients with 
acromegaly undergoing RT appears to be increased in 
comparison with those treated otherwise (12 [EL 3]). 
Radiation-induced secondary tumors and radionecrosis 
have been reported in ≤2% of patients undergoing con-
ventional RT (293-296 [EL 2], 297 [EL 3]). In a review 
among 1,567 patients treated with Gamma Knife radiosur-
gery, 0.8% developed radionecrosis (276 [EL 4]). About 
half of these patients had been treated previously with 
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conventional irradiation. The risk of cognitive deficit after 
RT continues to be controversial (194 [EL 3], 298-300 [EL 
3]) (Grade C).
	 Of note, most data in the literature about complica-
tions of RT in patients with acromegaly have been derived 
from retrospective case series, and underreporting may be 
a confounding factor. On the other hand, most published 
data are based on older radiation techniques with imprecise 
target definition, and newer delivery systems may poten-
tially yield a better side effect profile (194 [EL 3]).

10.2.4. Role of Medical Therapy as Radioprotective or 
           Radiosensitizer Agents
	 The role of SSAs and, to a lesser degree, dopamine 
agonists as radioprotective agents at the time of RT has 
been suggested by some, but not all, studies and continues 
to be a controversial subject (266 [EL 3], 267 [EL 3], 269 
[EL 3], 301 [EL 3]). Although SSAs are often withheld at 
the time of RT, this practice is not based on well-controlled 
studies (Grade C).

11.  ACROMEGALY AND PREGNANCY

	 Pregnancy in a woman with acromegaly presents par-
ticular issues for management. These issues relate to con-
cern about the effects of pregnancy on acromegaly activity, 
questions regarding therapy for acromegaly during preg-
nancy, and concerns about neonatal outcome.

11.1. Effect of Pregnancy on Biochemical and Tumor 
         Variables and Neonatal Outcomes in Acromegaly

11.1.1. Effect of Acromegaly on Serum GH and 
           IGF-I Levels During Pregnancy
	 The physiologic aspects of GH secretion are altered 
during normal pregnancy. Pituitary GH is the primary cir-
culating GH during the first trimester, although placental 
GH variant becomes the major circulating form during the 
remainder of the pregnancy (302 [EL 2]). The increase in 
placental GH causes an increase in the IGF-I levels dur-
ing normal pregnancy (303 [EL 2]). Therefore, the rise in 
serum IGF-I during pregnancy does not appear to be pitu-
itary dependent. In patients with acromegaly, GH hyperse-
cretion by the pituitary adenoma remains autonomous, and 
GH levels remain elevated and largely unchanged during 
the pregnancy (304 [EL 3], 305 [EL 3]). Serum IGF-I lev-
els increase throughout pregnancy in patients with acro-
megaly as well (304 [EL 3], 305 [EL 3]). There is sub-
stantial overlap of serum IGF-I levels, however, in normal 
pregnant patients and pregnant patients with acromegaly, 
and serum IGF-I levels are not as useful for monitoring 
activity during pregnancy (Grade C). Nevertheless, as a 
guide, IGF-I levels typically do not increase by more than 
25% to 50% above prepregnant levels (304-306 [EL 3]).

11.1.2. Effect of Pregnancy in Acromegaly on 
           Somatotroph Tumor Size
	 Because estrogen receptors are found on GH-secreting 
tumors (307 [EL 1]), particularly in tumors that concur-
rently secrete prolactin (308 [EL 1]), there is concern about 
tumor growth during pregnancy. It is reassuring that tumor 
size does not increase in most patients. In a study of 27 
patients in whom MRI scans were performed 6 months 
after delivery, the adenoma volume increased in 3 patients 
with macroadenomas—2 women with visual complica-
tions and another who required surgery when she had been 
pregnant for 3 months (306 [EL 3]). In this same study, the 
tumor was stable in 23 patients (85%). In another series, 1 
of 2 GH-secreting macroadenomas increased in size during 
pregnancy (309 [EL 3]). Because there is a risk of tumor 
growth during pregnancy, particularly in patients with 
macroadenomas, serial visual field monitoring should be 
performed during pregnancy in patients who had detect-
able tumor before pregnancy (Grade C).

11.1.3. Effect of Acromegaly on Maternal and 
           Neonatal Outcomes
	 In many patients, signs and symptoms of acromegaly 
are not exacerbated during pregnancy, and in one series, 
they worsened in only 4 of 24 patients (17%) (310 [EL 
3]). A potential explanation for the relatively infrequent 
worsening of signs and symptoms of acromegaly during 
pregnancy is a relative decrease in IGF-I secretion attrib-
utable to the GH-antagonistic effect of estrogen (237 [EL 
3], 311 [EL 3]). This may result in a state of relative GH 
resistance. With regard to maternal outcomes, gestational 
diabetes mellitus was diagnosed in 7% and gestational 
hypertension in 14% in one French series of 59 pregnant 
patients with acromegaly—both more frequent than found 
in the French general population (306 [EL 3]). These 
pregnancy-related complications, although aggravated by 
the GH hypersecretion, have not had a substantial effect 
on maternal health. Such maternal comorbidities should be 
managed as in a population of pregnant patients without 
acromegaly (Grade 4). Neonatal outcome is largely unaf-
fected by the acromegaly; no major fetal malformation risk 
has been reported (310 [EL 3], 312 [EL 3]).

11.2. Management of Acromegaly During Pregnancy
	 Although most patients with acromegaly are able to 
reach full-term pregnancy without major complications, 
pregnancy can adversely affect tumor size and signs and 
symptoms of acromegaly in a subset of patients. Therefore, 
surgery or medical therapy may be used in the management 
of such patients.

11.2.1. Surgery in the Pregnant Patient With Acromegaly
	 In a situation of pituitary tumor enlargement with 
visual field loss, surgery may be necessary for visual 
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sparing, similar to the situation in the nonpregnant state. 
There are limited available data, mostly as case reports, 
about surgery in the pregnant patient with acromegaly. 
With regard to the safety of surgery in patients with pitu-
itary tumors, one series found no difference in spontane-
ous abortion and prenatal mortality rates. An increased 
incidence of prematurity (37% versus 8%), however, was 
observed in the offspring of patients undergoing intrapar-
tum pituitary surgery in one study (313 [EL 3]). More cur-
rent studies are needed to address this subject.

11.2.2. Medical Management During Pregnancy

11.2.2.1. Dopamine agonist therapy
	 In light of the experience with use in patients with pro-
lactinoma, bromocriptine administration during pregnancy 
has not been associated with an increase in neonatal risk or 
congenital malformations (314 [EL 2]). Bromocriptine has 
been used during pregnancy in patients with acromegaly, 
and has been useful for managing signs and symptoms of 
acromegaly, without neonatal complications (305 [EL 3], 
306 [EL 3]). There is limited experience with the use of 
cabergoline for acromegaly management during pregnancy.

11.2.2.2. SSA therapy
	 Because SSAs can cross the placenta and reach the fetal 
circulation (312 [EL 3]), there has been concern regarding 
the safety of SSA use during pregnancy. Although a subcu-
taneous injection of octreotide can cause an acute decrease 
in uterine artery blood flow, longer use of octreotide does 
not appear to cause adverse effects on the course of preg-
nancy, on delivery, or on fetal development. There have 
been a number of cases in which octreotide was used in 
pregnant patients (305 [EL 3], 306 [EL 3], 315 [EL 3]), 
and most of these pregnancies were uneventful. In a few 
cases of pregnant patients given SSA therapy, the resultant 
infants were small for gestational age, although the causal-
ity was not clear (306 [EL 3]).

11.2.2.3. Pegvisomant therapy
	 Data for pegvisomant use during pregnancy are lim-
ited to a single case in which pegvisomant administration 
was well tolerated, the patient’s condition was well con-
trolled, and the infant was normal in size and health (316 
[EL 3]). At this point, no further recommendations can 
be made relative to the use of pegvisomant in a pregnant 
patient with acromegaly (Grade D).

11.3. Use of Medical and Surgical Therapy in 
         Pregnant Patients With Acromegaly
	 The management of pregnant patients with acromegaly 
depends on the tumor size, the presence of mass effects, and 
the degree of acromegaly activity. For better stratification 
of patient management, an MRI scan should be performed 
and GH and IGF-I hormonal status should be determined 

just before pregnancy. In a patient with a microadenoma, it 
is advised to discontinue medical therapy when pregnancy 
is determined (Grade C). This recommendation is based 
on the aforementioned findings (see sections 11.1.2 and 
11.1.3) that the risks of both fetal malformation and growth 
of a macroadenoma are small in untreated pregnant patients 
with acromegaly. In a patient with acromegaly who has a 
macroadenoma without mass effects, medical therapy may 
be withheld at conception (305 [EL 3]) (Grade C). Close 
follow-up with serial visual field testing during pregnancy, 
particularly in the setting of a macroadenoma, should be 
performed because of the small risk for tumor expansion. 
If the patient develops worsening of symptoms, medical 
therapy can be reinitiated, with a goal to ameliorate the 
specific concerns (310 [EL 3]) and not to normalize the 
level of IGF-I, inasmuch as IGF-I values are not useful as a 
benchmark of acromegaly activity during pregnancy (306 
[EL 3]) (Grade C). Evidence of visual field compromise 
should necessitate performance of an MRI scan (without 
gadolinium—for maternal safety) to assess tumor anatomy, 
and further treatment, such as surgical or medical therapy, 
should be considered in the setting of visual loss (Grade 
C). It has also been advised that medical therapy with a 
long-acting SSA should be discontinued 2 to 3 months 
before a planned pregnancy (305 [EL 3]), depending on 
the clinical status of the patient (Grade D).

12. PITUITARY GIGANTISM

	 Gigantism refers to excess GH secretion that occurs 
during childhood when growth plates are open, leading to 
accelerated vertical growth. This is in contrast to acromeg-
aly, in which GH hypersecretion occurs after epiphyseal 
plate closure and stature is not affected. During adoles-
cence, vertical growth is aggravated by hypogonadotropic 
hypogonadism and the resulting lack of gonadal steroids, 
which delays epiphyseal closure. True gigantism is rare 
and usually caused by a pituitary mammosomatotroph 
adenoma (317 [EL 3], 318 [EL 4]). In one series of 2,367 
children and adolescents with a pituitary adenoma, pitu-
itary gigantism was found in only 0.6% (173 [EL 3]). Boys 
and girls are equally affected.

12.1. Clinical Presentation
	 In children, an evaluation should be considered after 
an unexpected change in growth velocity. This accelerated 
growth beyond pubertal limits may be accompanied by 
mild to moderate obesity. Patients may have progressive 
macrocephaly, especially during infancy. The clinical pre-
sentation is accompanied by oligomenorrhea or amenor-
rhea in girls and by mass effects, such as visual field com-
promise, in boys (317 [EL 3]). Because of the insidious 
onset of acromegaly, the diagnosis can be delayed by 6 to 
8 years, presenting a diagnostic challenge (11 [EL 3]). In 
contrast, the late presentation of a patient with gigantism 
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is dramatic, and the diagnosis becomes more straightfor-
ward (318 [EL 4]). The diagnosis is usually made earlier 
in girls than in boys, presumably because of the menstrual 
dysfunction and the socially unacceptable vertical growth 
(317 [EL 3], 318 [EL 4], 319 [EL 3]).

12.2. Diagnosis of Gigantism
	 Diagnostic measures include growth charts that dem-
onstrate clear shifts from normal in height and weight 
curves. Biochemical tests with use of GH, IGF-I, and the 
OGTT are similar to those used for adults with suspected 
acromegaly. The important distinction is the use of appro-
priate normal age- and sex-based IGF-I concentrations 
(Grade B). GH responses to glucose suppression are simi-
lar to those in adults (317 [EL 3]). It is important to con-
sider, however, that the GH response to glucose suppression 
may be abnormal in the setting of tall adolescents without 
pathologic GH hypersecretion. In one prospective study 
of 126 tall adolescents without progressive GH hyperse-
cretion, 31% had abnormal results of an OGTT (320 [EL 
3]). Therefore, multiple factors, such as IGF-I values and 
physical examination findings including complete growth 
charts, are important in the diagnosis of gigantism (Grade 
B).
	 Concurrent secretion of prolactin is more common in 
gigantism than in acromegaly (317 [EL 3]). Cardiovascular, 
respiratory, neoplastic, and metabolic complications are 
rare (59 [EL 4]) in gigantism, and only one case of keto-
acidosis (321 [EL 3]) has been reported. The lack of severe 
comorbidities may reflect the shorter time to diagnosis in 
such patients (318 [EL 4]). Gigantism is usually associ-
ated with a macroadenoma, and microadenomas are rare. 
In children with gigantism, GH-secreting adenomas may 
be more aggressive and invasive than in adults with acro-
megaly (173 [EL 3], 319 [EL 3]). Genetic conditions such 
as McCune-Albright syndrome should be suspected when 
appropriate and confirmed with genetic testing. Long-term 
mortality rates are presumably similar to those in adults 
with acromegaly when GH and IGF-I levels are controlled, 
but long-term data are lacking. Many of these patients will 
need long-term medical treatment because irradiation is 
seldom used.

12.3. Treatment of Gigantism
	 Treatment goals with gigantism are similar to those 
in adult patients with acromegaly (see section 7), except 
for urgency to achieve biochemical control and arrest the 
potentially irreversible musculoskeletal deformities and 
pathologic tall stature (Grade B). Treatment consists of 
surgery, medical therapy, and RT. RT, however, is used less 
frequently than in acromegaly because of the long-term 
consequences of irradiation during a longer life expec-
tancy, including hypopituitarism and possible cognitive 
dysfunction (Grade D). SSAs, dopamine agonists, and, 
more recently, pegvisomant (322 [EL 3], 323 [EL 3]) have 

all been used successfully, with the same success rates as 
in adults with acromegaly. Use of combination SSAs plus 
dopamine agonist therapy is reasonable in tumors cosecret-
ing GH and prolactin.

13. MONITORING AND TREATING 
      COMORBIDITIES

	 The morbidities associated with GH-secreting pitu-
itary adenomas are due to local mass effects of the tumor, 
sequelae of GH and IGF-I excess, and sequelae of other 
pituitary hormone deficiencies. In an effort to decrease 
the excess mortality attributable to cardiovascular disease, 
respiratory disease, and cancer, aggressive modification 
of risk factors and screening for early diagnosis should be 
implemented (Grade C).

13.1. Skeletal and Dental Manifestations
	 Unlike the soft tissue changes, the bone enlargement 
that occurs with excess secretion of GH is not reversible 
with successful treatment (324 [EL 2], 325 [EL 3], 326 
[EL 3]). Any corrective surgical procedure, such as maxil-
lofacial correction of dental malocclusion, should be post-
poned until GH and IGF-I levels normalize (327 [EL 3]) 
(Grade D). Joint discomfort may, in part, be due to enlarge-
ment of soft tissues and retention of fluid, and symptoms 
of carpal tunnel syndrome may be the result of median 
nerve edema, both of which may improve with reduction 
of excess GH secretion (36 [EL 3], 38 [EL 3], 48 [EL 3], 
49 [EL 3], 324 [EL 2], 325 [EL 3], 326 [EL 3], 328 [EL 
4], 329 [EL 3], 330 [EL 3], 331 [EL 4], 332 [EL 3], 333 
[EL 3]). Persistent carpal tunnel syndrome may necessitate 
further management, including surgical release (Grade C). 
Established degenerative arthritis may be irreversible (325 
[EL 3], 326 [EL 3], 334 [EL 3]). Painful arthropathy often 
persists despite biochemical control, and joint complaints 
are a major contributor to a perceived reduced quality of 
life despite long-term biochemical remission (335 [EL 3], 
336 [EL 3]). Therefore, musculoskeletal complications 
should be managed aggressively with physical therapy, 
antiinflammatory and analgesic medications, and consid-
eration of joint replacement surgery (334 [EL 3], 335 [EL 
3]), as indicated (Grade C). BMD may be reduced in the 
setting of hypogonadism (43 [EL 3], 337 [EL 3], 338 [EL 
4]). Hypercalciuria and, rarely, hypercalcemia can occur 
with GH excess (339 [EL 3]) and are due to altered vitamin 
D metabolism (45 [EL 3]); they reverse with cure of acro-
megaly (340 [EL 3], 341 [EL 3], 342 [EL 3]). In patients 
with persistent hypercalcemia after biochemical control, 
the presence of hyperparathyroidism and MEN 1 should 
be considered (Grade B). Patients should be screened 
with bone densitometry and determination of serum cal-
cium levels for coexisting metabolic bone disease (Grade 
C). If osteoporosis is present and bone densitometry find-
ings do not improve after correction of any associated 
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hypogonadism or hypercalciuria, antiresorptive therapy 
should be considered (Grade C).

13.2. Hypopituitarism
	 In patients with acromegaly, the time frame and the 
probability for developing hypopituitarism depend on the 
treatment used. Pituitary insufficiency that manifests pre-
operatively from tumor compression of the normal gland 
may diminish after successful surgical debulking, as with 
nonfunctioning macroadenomas (343 [EL 3]) (Grade C). 
Alternatively, new hormonal deficits may occur as a result 
of the surgical procedure. Patients who have received RT 
need lifelong monitoring of pituitary function (Grade C) 
because new deficits can occur up to 15 years or more 
after irradiation (259 [EL 3]). GH deficiency may develop 
after definitive therapy for acromegaly with irradiation, 
surgery, or both in 30% to 70% of patients (262 [EL 3], 
344-346 [EL 3]) and is associated with a diminished qual-
ity of life in comparison with patients who have GH suf-
ficiency (347 [EL 2]). It has not been established whether 
such patients will benefit from GH replacement therapy. 
A recent randomized, placebo-controlled 6-month study in 
patients with acromegaly and GH deficiency showed that 
GH replacement improved quality of life and body com-
position, with few side effects (348 [EL 2]). In contrast, 2 
small open-label trials demonstrated little, if any, clinical 
improvement, and in one of these, several patients expe-
rienced serious vascular events early in the trial (349 [EL 
3], 350 [EL 3]). Further studies are needed to determine 
whether GH replacement is effective and safe and should 
be recommended for this patient population (Grade C).

13.3. Respiratory Disorders
	 Successful treatment of acromegaly results in reduc-
tion in the size of soft tissues of the upper airway and 
reversal of the central component of sleep apnea, leading 
to improvement or elimination of sleep apnea (351-356 
[EL 3]). Persistence of sleep apnea after treatment of acro-
megaly, however, is common (357 [EL 3], 358 [EL 3]). In 
patients who undergo GH-lowering therapy, such as surgi-
cal or medical treatment, assessment for sleep apnea should 
be performed once results of these interventions have been 
achieved, to determine whether biochemical control leads 
to resolution of signs and symptoms (Grade B). Formal 
overnight polysomnography or home overnight oximetry 
(as a screening test for sleep apnea), followed by formal 
overnight polysomnography if the screening test shows 
abnormal results, should be performed in patients with 
active acromegaly and in patients with persistent symp-
toms despite biochemical control (352 [EL 3]) (Grade C). 
Appropriate management of sleep apnea should be pro-
vided if sleep apnea is present (Grade C).
	 An increased mortality from respiratory causes in 
patients with acromegaly has been demonstrated in sev-
eral retrospective studies (4 [EL 3], 72 [EL 2], 256 [EL 3], 

359 [EL 3]), although the specific causes of death are not 
entirely clear. Some studies have shown a higher-than-nor-
mal risk for pulmonary infections as one cause of death in 
patients with acromegaly (9 [EL 3], 72 [EL 2]). Therefore, 
vaccinations for influenza and pneumococcal pneumo-
nia should be given, as recommended by the Centers for 
Disease Control and Prevention, for patients with medical 
indications (Grade C). For those patients who use tobacco, 
aggressive intervention for cessation of tobacco use should 
also be initiated (Grade C).

13.4. Cardiovascular Disease and 
         Cardiovascular Risk Factors
	 Standard therapy should be used for patients with left 
ventricular hypertrophy, impaired cardiac systolic and dia-
stolic function, arrhythmias, conduction abnormalities, val-
vular heart disease, or ischemic heart disease (Grade C). 
Limited information is available about the role of screen-
ing cardiac stress tests or echocardiography in patients with 
acromegaly or whether there is a role for serial echocardio-
graphic monitoring. With lowering of GH concentrations, 
left ventricular hypertrophy and function may improve 
(187 [EL 3], 360-366 [EL 3]), dilated cardiomyopathy 
may reverse (367 [EL 3]), and endothelial dysfunction 
may improve (368 [EL 3]). In a 5-year prospective study, a 
significant decrease in resting heart rate and increase in left 
ventricular ejection fraction at peak exercise were observed 
in patients achieving biochemical control of acromegaly, 
whereas worsening was demonstrated in those patients 
with uncontrolled disease (188 [EL 3]). In this study, no 
difference in cardiac function changes was found between 
patients controlled by surgical treatment alone or by surgery 
plus octreotide therapy. Cardiac performance, however, 
normalizes in only about 50% of patients beyond 40 years 
of age (369 [EL 3]). Therefore, routine echocardiography 
should be considered in patients who have evidence of left 
ventricular hypertrophy by electrocardiography or who are 
symptomatic with shortness of breath, particularly in older 
patients (Grade C). Hypertension may or may not improve 
with treatment of acromegaly (363 [EL 3], 365 [EL 3], 370 
[EL 3], 371 [EL 3]) and should be monitored (Grade C). 
Impaired glucose tolerance and type 2 diabetes mellitus are 
common in patients with acromegaly (53 [EL 3], 54 [EL 
2], 372 [EL 3]). Therefore, all patients should be tested 
for glucose intolerance or overt type 2 diabetes mellitus 
and treated as indicated for these conditions (Grade C). 
Diabetes mellitus, if present, may improve with lowering 
of GH and IGF-I levels (373 [EL 3], 374 [EL 3]). In some 
patients, however, SSA therapy can worsen glucose control 
by inhibiting insulin secretion (375 [EL 3], 376 [EL 3]), 
in which case alternative therapies, such as pegvisomant, 
should be considered (Grade C).
	 Aggressive management of cardiovascular risk fac-
tors, including hypertension, diabetes mellitus, and hyper-
lipidemia, when present, is important because patients with 
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acromegaly have an increased prevalence of cardiovascu-
lar risk factors, including dyslipidemia (377-381 [EL 3]), 
and, on average, a higher Framingham risk score than men 
and women of comparable age without acromegaly (377 
[EL 3]). In the absence of definitive interventional stud-
ies in this patient population, it seems prudent to attempt 
to achieve the goals for high-risk cardiac patients, includ-
ing blood pressure less than 130/80 mm Hg (382 [EL 4]) 
and hemoglobin A1c less than 6.5% (383 [EL 3]) (Grade 
C). The effect of medical therapy on cardiovascular hard 
end points including myocardial ischemia and infarction 
remains to be substantiated (Grade C).

13.5. Neoplasms
	 Colon cancer develops from malignant transforma-
tion of benign colon polyps—a process believed to take 
from 5 to 10 years. Early detection and treatment of colon 
cancer improve survival, and the removal of premalig-
nant polyps will prevent the development of colon cancer. 
Although data regarding the risk of benign or malignant 
colon lesions in patients with acromegaly are conflicting, 
the risk of death from colon cancer is increased in patients 
with acromegaly in whom colon cancer develops and pos-
sibly in patients with acromegaly who have other cancers, 
including premenopausal women with breast cancer (72 
[EL 2]). The onset of GH hypersecretion is difficult to 
ascertain; it usually precedes the diagnosis of acromegaly 
by many years. Therefore, it is prudent to screen patients 
for colorectal cancer and polyps with colonoscopy at the 
time of diagnosis of acromegaly, with follow-up appropri-
ate for patients at higher-than-average risk for colon cancer 
as well as consistent with the findings at the time of the 
original screening (384 [EL 3]) (Grade C). In addition, 
follow-up colonoscopy should be performed in patients 
with polyps found at the time of baseline colonoscopy and 
those with persistently elevated IGF-I levels because such 
patients may be at higher risk of recurrent colon neoplasms 
(75 [EL 3], 385 [EL 3]) (Grade C).
	 Rigorous adherence to standard screening guidelines 
for other cancers established by national organizations 
(386 [EL 3]) is important (Grade B). Because patients 
with acromegaly may receive treatments that, in them-
selves, may alter cancer risk (such as hormone replace-
ment therapy and breast cancer, testosterone replacement 
therapy and prostate cancer, and cranial irradiation and 
intracranial neoplasms), the screening guidelines should 
be adjusted accordingly (Grade C).

13.6. Psychosocial Complications
	 Acromegaly is associated with impaired quality of 
life (387 [EL 3]), and biochemical control of the disease 
is accompanied by improvements in many aspects of 
psychosocial function (388 [EL 3]). Recovery to normal, 

however, does not always occur with biochemical remis-
sion (389 [EL 3], 390 [EL 3]). In a recent study of 68 
patients with acromegaly who had biochemical remission 
for a mean of 13 years, there was a higher prevalence of 
psychopathologic conditions and maladaptive personality 

traits in patients with prolonged remission in comparison 
with matched control subjects and patients with clinically 
nonfunctioning pituitary adenomas (391 [EL 3]). These 
data raise the possibility of an irreversible effect of previ-
ous GH hypersecretion on mood and behavior. The extent 
to which residual impairments in psychosocial function 
are attributable to the development of GH deficiency in a 
subset of patients, residual effects of acromegaly, or other 
unrecognized factors is unknown. In patients with active 
acromegaly and those in remission, attention to quality-of-
life issues is recommended (Grade C).

DISCLOSURE

Chair
	 Dr. Laurence Katznelson reports that he has received 
speakers’ bureau honoraria from IPSEN and advisory 
board honoraria and research grant support from Novartis 
AG.

Task Force Members
	 Dr. John L. D. Atkinson reports that he does not have 
any relevant financial relationships with any commercial 
interests.
	 Dr. David M. Cook reports that he has received 
speaker honoraria from Pfizer Inc., research grant support 
from Indevus Pharmaceuticals, and speaker honoraria and 
research grant support from Eli Lilly and Company.
	 Dr. Shereen Z. Ezzat reports that he has received 
speaker honoraria from Novartis AG.
	 Dr. Amir H. Hamrahian reports that he has received 
speaker honoraria from Pfizer Inc. and speaker and consul-
tant honoraria from IPSEN and Novartis AG.
	 Dr. Karen K. Miller reports that she does not have 
any relevant financial relationships with any commercial 
interests.

Reviewers
	 Dr. William H. Ludlam reports that he has received 
speaker honoraria from IPSEN, Novartis AG, Pfizer Inc., 
and Tercica, Inc. and advisory group honoraria from 
Endo Pharmaceuticals, IPSEN, Novartis AG, and Tercica, 
Inc.  
	 Dr. Susan L. Samson reports that she has received 
speaker honoraria from IPSEN and Novartis AG.
	 Dr. Steven G. Waguespack reports that he does not 
have any relevant financial relationships with any commer-
cial interests.



	    33 

REFERENCES

Note: Reference sources are followed by an evidence level 
[EL] rating of 1, 2, 3, or 4. The strongest evidence levels 
(EL 1 and EL 2) appear in red for easier recognition.

	 1.	 Cook DM, Ezzat S, Katznelson L, et al (AACE 
Acromegaly Guidelines Task Force). AACE medi-
cal guidelines for clinical practice for the diagnosis 
and treatment of acromegaly [published corrections 
appear in Endocr Pract. 2005;11:144 and Endocr Pract. 
2008;14:802-803]. Endocr Pract. 2004;10:213-225. [EL 
4]

	 2.	 Johnson N. New approaches to the development and use 
of treatment guidelines. Formulary. 1998;33:665-678. [EL 
4]

	 3.	 Mechanick JI, Bergman DA, Braithwaite SS, Palumbo 
PJ (American Association of Clinical Endocrinologists 
Ad Hoc Task Force for Standardized Production of 
Clinical Practice Guidelines). American Association of 
Clinical Endocrinologists protocol for standardized pro-
duction of clinical practice guidelines [published correc-
tion appears in Endocr Pract. 2008;14:802-803]. Endocr 
Pract. 2004;10:353-361. [EL 4]

	 4.	 Alexander L, Appleton D, Hall R, Ross WM, Wilkinson 
R. Epidemiology of acromegaly in the Newcastle region. 
Clin Endocrinol (Oxf). 1980;12:71-79. [EL 3]

	 5.	 Daly AF, Rixhon M, Adam C, Dempegioti A, 
Tichomirowa MA, Beckers A. High prevalence of pitu-
itary adenomas: a cross-sectional study in the province of 
Liege, Belgium. J Clin Endocrinol Metab. 2006;91:4769-
4775. [EL 3]

	 6.	 Avagnina P, Martini M, Terzolo M, et al. Assessment 
of functional liver mass and plasma flow in acromegaly 
before and after long-term treatment with octreotide. 
Metabolism. 1996;45:109-113. [EL 2]

	 7.	 Ezzat S, Forster MJ, Berchtold P, Redelmeier DA, 
Boerlin V, Harris AG. Acromegaly: clinical and bio-
chemical features in 500 patients. Medicine (Baltimore). 
1994;73:233-240. [EL 3]

	 8.	 Molitch ME. Clinical manifestations of acromegaly. 
Endocrinol Metab Clin North Am. 1992;21:597-614. [EL 
4]

	 9.	 Nabarro JD. Acromegaly. Clin Endocrinol (Oxf). 
1987;26:481-512. [EL 3]

	 10.	 Swearingen B, Barker FG II, Katznelson L, et al. Long-
term mortality after transsphenoidal surgery and adjunc-
tive therapy for acromegaly. J Clin Endocrinol Metab. 
1998;83:3419-3426. [EL 3]

	 11.	 Rajasoorya C, Holdaway IM, Wrightson P, Scott DJ, 
Ibbertson HK. Determinants of clinical outcome and sur-
vival in acromegaly. Clin Endocrinol (Oxf). 1994;41:95-
102. [EL 3]

	 12.	 Mestron A, Webb SM, Astorga R, et al. Epidemiology, 
clinical characteristics, outcome, morbidity and mor-
tality in acromegaly based on the Spanish Acromegaly 
Registry (Registro Espanol de Acromegalia, REA). Eur J 
Endocrinol. 2004;151:439-446. [EL 3]

	 13.	 Levy MJ, Matharu M, Goadsby PJ. Chronic head-
ache and pituitary tumors. Curr Pain Headache Rep. 
2008;12:74-78. [EL 4]

	 14.	 Melmed S. Medical progress: acromegaly [published cor-
rection appears in N Engl J Med. 2007;356:879]. N Engl J 
Med. 2006;355:2558-2573. [EL 4]

	 15.	 Levy MJ, Jäger HR, Powell M, Matharu MS, Meeran 
K, Goadsby PJ. Pituitary volume and headache: size is 
not everything. Arch Neurol. 2004;61:721-725. [EL 3]

	 16.	 Katznelson L, Kleinberg D, Vance ML, et al. 
Hypogonadism in patients with acromegaly: data from 
the multi-centre acromegaly registry pilot study. Clin 
Endocrinol (Oxf). 2001;54:183-188. [EL 3]

	 17.	 Trautmann JC, Laws ER Jr. Visual status after trans-
sphenoidal surgery at the Mayo Clinic, 1971-1982. Am J 
Ophthalmol. 1983;96:200-208. [EL 3]

	 18.	 Rivoal O, Brézin AP, Feldman-Billard S, Luton JP. 
Goldmann perimetry in acromegaly: a survey of 307 cases 
from 1951 through 1996. Ophthalmology. 2000;107:991-
997. [EL 3]

	 19.	 Corrigan DF, Wartofsky L, Dimond RC, et al. 
Parameters of thyroid function in patients with active acro-
megaly. Metabolism. 1978;27:209-216. [EL 3]

	 20.	 Geelhoed-Duijvestijn PH, Bussemaker JK, Roelfsema 
F. Changes in basal and stimulated TSH and other param-
eters of thyroid function in acromegaly after transsphe-
noidal surgery. Acta Endocrinol (Copenh). 1989;121:207-
215. [EL 3]

	 21.	 Gordon DA, Hill FM, Ezrin C. Acromegaly: a review of 
100 cases. Can Med Assoc J. 1962;87:1106-1109. [EL 3]

	 22.	 Kanis JA, Gillingham FJ, Harris P, et al. Clinical and 
laboratory study of acromegaly: assessment before and 
one year after treatment. Q J Med. 1974;43:409-431. [EL 
3]

	 23.	 Grynberg M, Salenave S, Young J, Chanson P. Female 
gonadal function before and after treatment of acromegaly. 
J Clin Endocrinol Metab. 2010;95:4518-4525. [EL 3]

	 24.	 Al-Shraim M, Asa SL. The 2004 World Health 
Organization classification of pituitary tumors: what is 
new? Acta Neuropathol. 2006;111:1-7. [EL 4]

	 25.	 Lopes MB. Growth hormone-secreting adenomas: pathol-
ogy and cell biology. Neurosurg Focus. 2010;29:E2. [EL 
4]

	 26.	 Kaltsas GA, Mukherjee JJ, Jenkins PJ, et al. Menstrual 
irregularity in women with acromegaly. J Clin Endocrinol 
Metab. 1999;84:2731-2735. [EL 3]

	 27.	 Cheung NW, Boyages SC. The thyroid gland in acro-
megaly: an ultrasonographic study. Clin Endocrinol (Oxf). 
1997;46:545-549. [EL 3]

	 28.	 Kasagi K, Shimatsu A, Miyamoto S, Misaki T, Sakahara 
H, Konishi J. Goiter associated with acromegaly: sono-
graphic and scintigraphic findings of the thyroid gland. 
Thyroid. 1999;9:791-796. [EL 3]

	 29.	 Loeper S, Ezzat S. Acromegaly: re-thinking the cancer 
risk. Rev Endocr Metab Disord. 2008;9:41-58. [EL 4]

	 30.	 Gasperi M, Martino E, Manetti L, et al (Acromegaly 
Study Group of the Italian Society of Endocrinology). 
Prevalence of thyroid diseases in patients with acromeg-
aly: results of an Italian multi-center study. J Endocrinol 
Invest. 2002;25:240-245. [EL 3]

	 31.	 Skorić T, Korsić M, Zarković K, et al. Clinical and mor-
phological features of undifferentiated monomorphous 
GH/TSH-secreting pituitary adenoma. Eur J Endocrinol. 
1999;140:528-537. [EL 3]

	 32.	 Wémeau JL, Dewailly D, Leroy R, et al. Long term 
treatment with the somatostatin analog SMS 201-995 in a 
patient with a thyrotropin- and growth hormone-secreting 
pituitary adenoma. J Clin Endocrinol Metab. 1988;66:636-
639. [EL 3]

	 33.	 Matsuoka LY, Wortsman J, Kupchella CE, Eng A, 
Dietrich JE. Histochemical characterization of the cuta-
neous involvement of acromegaly. Arch Intern Med. 1982; 
142:1820-1823. [EL 3]



34  	

	 34.	 Jadresic A, Banks LM, Child DF, et al. The acromegaly 
syndrome: relation between clinical features, growth hor-
mone values and radiological characteristics of the pitu-
itary tumours. Q J Med. 1982;51:189-204. [EL 3]

	 35.	 Künzler A, Farmand M. Typical changes in the viscero-
cranium in acromegaly. J Craniomaxillofac Surg. 1991;19: 
332-340. [EL 3]

	 36.	 Colao A, Marzullo P, Vallone G, et al. Ultrasonographic 
evidence of joint thickening reversibility in acrome-
galic patients treated with lanreotide for 12 months. Clin 
Endocrinol (Oxf). 1999;51:611-618. [EL 3]

	 37.	 Colao A, Pivonello R, Scarpa R, Vallone G, Ruosi C, 
Lombardi G. The acromegalic arthropathy. J Endocrinol 
Invest. 2005;28(8 suppl):24-31. [EL 4]

	 38.	 Lacks S, Jacobs RP. Acromegalic arthropathy: a revers-
ible rheumatic disease. J Rheumatol. 1986;13:634-636. 
[EL 3]

	 39.	 Biermasz NR, Pereira AM, Smit JW, Romijn JA, 
Roelfsema F. Morbidity after long-term remission for acro-
megaly: persisting joint-related complaints cause reduced 
quality of life. J Clin Endocrinol Metab. 2005;90:2731-
2739. [EL 3]

	 40.	 Bolanowski M, Daroszewski J, Medraś M, Zadrozna-
Sliwka B. Bone mineral density and turnover in patients 
with acromegaly in relation to sex, disease activity, and 
gonadal function. J Bone Miner Metab. 2006;24:72-78. 
[EL 3]

	 41.	 Lesse GP, Fraser WD, Farquharson R, Hipkin L, Vora 
JP. Gonadal status is an important determinant of bone 
density in acromegaly. Clin Endocrinol (Oxf). 1998;48:59-
65. [EL 3]

	 42.	 Scillitani A, Battista C, Chiodini I, et al. Bone mineral 
density in acromegaly: the effect of gender, disease activity 
and gonadal status. Clin Endocrinol (Oxf). 2003;58:725-
731. [EL 3]

	 43.	 Scillitani A, Chiodini I, Carnevale V, et al. Skeletal 
involvement in female acromegalic subjects: the effects of 
growth hormone excess in amenorrheal and menstruating 
patients. J Bone Miner Res. 1997;12:1729-1736. [EL 3]

	 44.	 Mazziotti G, Bianchi A, Bonadonna S, et al. Prevalence 
of vertebral fractures in men with acromegaly. J Clin 
Endocrinol Metab. 2008;93:4649-4655. [EL 3]

	 45.	 Lund B, Eskildsen PC, Lund B, Norman AW, Sørensen 
OH. Calcium and vitamin D metabolism in acromegaly. 
Acta Endocrinol (Copenh). 1981;96:444-450. [EL 3]

	 46.	 Sade B, Mohr G, Tampieri D, Rizzo A. Intrasellar aneu-
rysm and a growth hormone-secreting pituitary macroad-
enoma: case report. J Neurosurg. 2004;100:557-559. [EL 
3]

	 47.	 Mangiardi JR, Aleksic SN, Lifshitz M, Pinto R, 
Budzilovic GN, Pearson J. Coincidental pituitary ade-
noma and cerebral aneurysm with pathological findings. 
Surg Neurol. 1983;19:38-41. [EL 3]

	 48.	 Jenkins PJ, Sohaib SA, Akker S, et al. The pathology 
of median neuropathy in acromegaly. Ann Intern Med. 
2000;133:197-201. [EL 3]

	 49.	 Baum H, Lüdecke DK, Herrmann HD. Carpal tun-
nel syndrome and acromegaly. Acta Neurochir (Wien). 
1986;83:54-55. [EL 3]

	 50.	 Attal P, Chanson P. Endocrine aspects of obstructive 
sleep apnea. J Clin Endocrinol Metab. 2010;95:483-495. 
[EL 3]

	 51.	 Guilleminault C, van den Hoed J. Acromegaly and nar-
colepsy. Lancet. 1979;2:750-751. [EL 3]

	 52.	 Dougherty TB, Cronau LH Jr. Anesthetic implications 
for surgical patients with endocrine tumors. Int Anesthesiol 
Clin. 1998;36:31-44. [EL 3]

	 53.	 Biering H, Knappe G, Gerl H, Lochs H. Prevalence 
of diabetes in acromegaly and Cushing syndrome [in 
German]. Acta Med Austriaca. 2000;27:27-31. [EL 3]

	 54.	 Kasayama S, Otsuki M, Takagi M, et al. Impaired beta-
cell function in the presence of reduced insulin sensitiv-
ity determines glucose tolerance status in acromegalic 
patients. Clin Endocrinol (Oxf). 2000;52:549-555. [EL 2]

	 55.	 Lombardi G, Galdiero M, Auriemma RS, Pivonello 
R, Colao A. Acromegaly and the cardiovascular system. 
Neuroendocrinology. 2006;83:211-217. [EL 3]

	 56.	 Kraatz C, Benker G, Weber F, Lüdecke D, Hirche H, 
Reinwein D. Acromegaly and hypertension: prevalence 
and relationship to the renin-angiotensin-aldosterone sys-
tem. Klin Wochenschr. 1990;68:583-587. [EL 3]

	 57.	 Colao A, Spiezia S, Cerbone G, et al. Increased arte-
rial intima-media thickness by B-M mode echodoppler 
ultrasonography in acromegaly. Clin Endocrinol (Oxf). 
2001;54:515-524. [EL 3]

	 58.	 Otsuki M, Kasayama S, Yamamoto H, et al. 
Characterization of premature atherosclerosis of carotid 
arteries in acromegalic patients. Clin Endocrinol (Oxf). 
2001;54:791-796. [EL 3]

	 59.	 Colao A, Ferone D, Marzullo P, Lombardi G. Systemic 
complications of acromegaly: epidemiology, pathogenesis, 
and management. Endocr Rev. 2004;25:102-152. [EL 4]

	 60.	 Vitale G, Galderisi M, Pivonello R, et al. Prevalence and 
determinants of left ventricular hypertrophy in acromeg-
aly: impact of different methods of indexing left ventricu-
lar mass. Clin Endocrinol (Oxf). 2004;60:343-349. [EL 2]

	 61.	 Vitale G, Pivonello R, Galderisi M, et al. Cardiovascular 
complications in acromegaly: methods of assessment. 
Pituitary. 2001;4:251-257. [EL 4]

	 62.	 Colao A, Amato G, Pedroncelli AM, et al. Gender- and 
age-related differences in the endocrine parameters of 
acromegaly. J Endocrinol Invest. 2002;25:532-538. [EL 3]

	 63.	 Clayton RN. Cardiovascular function in acromegaly. 
Endocr Rev. 2003;24:272-277. [EL 4]

	 64.	 Colao A, Auriemma RS, Pivonello R, Galdiero M, 
Lombardi G. Medical consequences of acromegaly: what 
are the effects of biochemical control? Rev Endocr Metab 
Disord. 2008;9:21-31. [EL 4]

	 65.	 Colao A, Spinelli L, Marzullo P, et al. High prevalence 
of cardiac valve disease in acromegaly: an observational, 
analytical, case-control study. J Clin Endocrinol Metab. 
2003;88:3196-3201. [EL 3]

	 66.	 Kahaly G, Olshausen KV, Mohr-Kahaly S, et al. 
Arrhythmia profile in acromegaly. Eur Heart J. 1992;13:51-
56. [EL 3]

	 67.	 Pantanetti P, Sonino N, Arnaldi G, Boscaro M. Self 
image and quality of life in acromegaly. Pituitary. 
2002;5:17-19. [EL 3]

	 68.	 Fava GA, Sonino N, Morphy MA. Psychosomatic 
view of endocrine disorders. Psychother Psychosom. 
1993;59:20-33. [EL 4]

	 69.	 Furman K, Ezzat S. Psychological features of acromeg-
aly. Psychother Psychosom. 1998;67:147-153. [EL 4]

	 70.	 Lenderking WR, Zacker C, Katznelson L, et al. 
The reliability and validity of the Impact on Lifestyle 
Questionnaire in patients with acromegaly. Value Health. 
2000;3:261-269. [EL 3]



	    35 

	 71.	 Leon-Carrion J, Martin-Rodriguez JF, Madrazo-
Atutxa A, et al. Evidence of cognitive and neurophysi-
ological impairment in patients with untreated naive acro-
megaly. J Clin Endocrinol Metab. 2010;95:4367-4379. 
[EL 3]

	 72.	 Orme SM, McNally RJ, Cartwright RA, Belchetz PE 
(United Kingdom Acromegaly Study Group). Mortality 
and cancer incidence in acromegaly: a retrospective cohort 
study. J Clin Endocrinol Metab. 1998;83:2730-2734. [EL 
2]

	 73.	 Delhougne B, Deneux C, Abs R, et al. The prevalence of 
colonic polyps in acromegaly: a colonoscopic and patho-
logical study in 103 patients. J Clin Endocrinol Metab. 
1995;80:3223-3226. [EL 2]

	 74.	 Renehan AG, Bhaskar P, Painter JE, et al. The preva-
lence and characteristics of colorectal neoplasia in acro-
megaly. J Clin Endocrinol Metab. 2000;85:3417-3424. 
[EL 2]

	 75.	 Terzolo M, Reimondo G, Gasperi M, et al. Colonoscopic 
screening and follow-up in patients with acromegaly: a 
multicenter study in Italy. J Clin Endocrinol Metab. 2005; 
90:84-90. [EL 3]

	 76.	 Holdaway IM, Bolland MJ, Gamble GD. A meta-
analysis of the effect of lowering serum levels of GH 
and IGF-I on mortality in acromegaly. Eur J Endocrinol. 
2008;159:89-95. [EL 2]

	 77.	 Kirchengast S, Hartmann B. Significance of the circa-
dian fluctuation of estradiol, somatotropin, IGF I, prolac-
tin, cortisol and DHEA-S for the body-shape of pre- and 
postmenopausal women [in German]. Anthropol Anz. 
1997;55:349-363. [EL 3]

	 78.	 Gharib H, Cook DM, Saenger PH, et al (American 
Association of Clinical Endocrinologists Growth 
Hormone Task Force). American Association of Clinical 
Endocrinologists medical guidelines for clinical practice 
for growth hormone use in adults and children—2003 
update [published correction appears in Endocr Pract. 
2008;14:802-803]. Endocr Pract. 2003;9:64-76. [EL 4]

	 79.	 Clemmons DR, Chihara K, Freda PU, et al. Optimizing 
control of acromegaly: integrating a growth hormone 
receptor antagonist into the treatment algorithm. J Clin 
Endocrinol Metab. 2003;88:4759-4767. [EL 4]

	 80.	 Drange MR, Fram NR, Herman-Bonert V, Melmed S. 
Pituitary tumor registry: a novel clinical resource. J Clin 
Endocrinol Metab. 2000;85:168-174. [EL 3]

	 81.	 Clemmons DR, Van Wyk JJ, Ridgway EC, Kliman B, 
Kjellberg RN, Underwood LE. Evaluation of acromeg-
aly by radioimmunoassay of somatomedin-C. N Engl J 
Med. 1979;301:1138-1142. [EL 2]

	 82.	 Dobrashian RD, O’Halloran DJ, Hunt A, Beardwell 
CG, Shalet SM. Relationships between insulin-like 
growth factor-1 levels and growth hormone concentrations 
during diurnal profiles and following oral glucose in acro-
megaly. Clin Endocrinol (Oxf). 1993;38:589-593. [EL 3]

	 83.	 Juul A. Serum levels of insulin-like growth factor I and its 
binding proteins in health and disease. Growth Horm IGF 
Res. 2003;13:113-170. [EL 2]

	 84.	 Brabant G, von zur Mühlen A, Wüster C, et al (German 
KIMS Board). Serum insulin-like growth factor I refer-
ence values for an automated chemiluminescence immu-
noassay system: results from a multicenter study. Horm 
Res. 2003;60:53-60. [EL 1]

	 85.	 Melmed S. Confusion in clinical laboratory GH and IGF-I 
reports. Pituitary. 1999;2:171-172. [EL 2]

	 86.	 Pascal N, Amouzou EK, Sanni A, et al. Serum concen-
trations of sex hormone binding globulin are elevated in 

kwashiorkor and anorexia nervosa but not in marasmus. 
Am J Clin Nutr. 2002;76:239-244. [EL 1]

	 87.	 Congote LF. Monitoring insulin-like growth factors in 
HIV infection and AIDS. Clin Chim Acta. 2005;361:30-
53. [EL 2]

	 88.	 Sermet-Gaudelus I, Souberbielle JC, Azhar I, et al. 
Insulin-like growth factor I correlates with lean body mass 
in cystic fibrosis patients. Arch Dis Child. 2003;88:956-
961. [EL 2]

	 89.	 Lang CH, Fan J, Frost RA, et al. Regulation of the insu-
lin-like growth factor system by insulin in burn patients. J 
Clin Endocrinol Metab. 1996;81:2474-2480. [EL 2]

	 90.	 Skjaerbaek C, Frystyk J, Orskov H, et al. Differential 
changes in free and total insulin-like growth factor I after 
major, elective abdominal surgery: the possible role of 
insulin-like growth factor-binding protein-3 proteolysis. J 
Clin Endocrinol Metab. 1998;83:2445-2449. [EL 2]

	 91.	 Holt RI, Baker AJ, Jones JS, Miell JP. The insulin-like 
growth factor and binding protein axis in children with 
end-stage liver disease before and after orthotopic liver 
transplantation. Pediatr Transplant. 1998;2:76-84. [EL 2]

	 92.	 Weber MM, Auernhammer CJ, Lee PD, Engelhardt D, 
Zachoval R. Insulin-like growth factors and insulin-like 
growth factor binding proteins in adult patients with severe 
liver disease before and after orthotopic liver transplanta-
tion. Horm Res. 2002;57:105-112. [EL 2]

	 93.	 Lee DY, Park SK, Kim JS. Insulin-like growth factor-I 
(IGF-I) and IGF-binding proteins in children with nephrotic 
syndrome. J Clin Endocrinol Metab. 1996;81:1856-1860. 
[EL 2]

	 94.	 Frystyk J, Ivarsen P, Skjaerbaek C, Flyvbjerg A, 
Pedersen EB, Orskov H. Serum-free insulin-like growth 
factor I correlates with clearance in patients with chronic 
renal failure. Kidney Int. 1999;56:2076-2084. [EL 2]

	 95.	 Ponzer S, Tidermark J, Brismar K, Söderqvist A, 
Cederholm T. Nutritional status, insulin-like growth fac-
tor-1 and quality of life in elderly women with hip frac-
tures. Clin Nutr. 1999;18:241-246. [EL 2]

	 96.	 Caregaro L, Favaro A, Santonastaso P, et al. Insulin-like 
growth factor 1 (IGF-1), a nutritional marker in patients 
with eating disorders. Clin Nutr. 2001;20:251-257. [EL 2]

	 97.	 Clayton KL, Holly JM, Carlsson LM, et al. Loss of the 
normal relationships between growth hormone, growth 
hormone-binding protein and insulin-like growth factor-I 
in adolescents with insulin-dependent diabetes mellitus. 
Clin Endocrinol (Oxf). 1994;41:517-524. [EL 2]

	 98.	 Massa G, Dooms L, Bouillon R, Vanderschueren-
Lodeweyckx M. Serum levels of growth hormone-bind-
ing protein and insulin-like growth factor I in children and 
adolescents with type 1 (insulin-dependent) diabetes mel-
litus. Diabetologia. 1993;36:239-243. [EL 2]

	 99.	 Parkinson C, Ryder WD, Trainer PJ (Sensus 
Acromegaly Study Group). The relationship between 
serum GH and serum IGF-I in acromegaly is gender-spe-
cific. J Clin Endocrinol Metab. 2001;86:5240-5244. [EL 
2]

	100.	 Clemmons DR. Clinical utility of measurements of insu-
lin-like growth factor 1. Nat Clin Pract Endocrinol Metab. 
2006;2:436-446. [EL 2]

	101.	 Frystyk J, Freda P, Clemmons DR. The current status 
of IGF-I assays—a 2009 update. Growth Horm IGF Res. 
2010;20:8-18. [EL 4]

	102.	 Pokrajac A, Wark G, Ellis AR, Wear J, Wieringa GE, 
Trainer PJ. Variation in GH and IGF-I assays limits the 
applicability of international consensus criteria to local 
practice. Clin Endocrinol (Oxf). 2007;67:65-70. [EL 2]



36  	

	103.	 Katznelson L. Approach to the patient with persistent 
acromegaly after pituitary surgery. J Clin Endocrinol 
Metab. 2010;95:4114-4123. [EL 3]

	104.	 Kim HJ, Kwon SH, Kim SW, et al. Diagnostic value of 
serum IGF-I and IGFBP-3 in growth hormone disorders in 
adults. Horm Res. 2001;56:117-123. [EL 3]

	105.	 Fukuda I, Hizuka N, Itoh E, et al. Acid-labile subunit in 
growth hormone excess and deficiency in adults: evalua-
tion of its diagnostic value in comparison with insulin-like 
growth factor (IGF)-I and IGF-binding protein-3. Endocr 
J. 2002;49:379-386. [EL 3]

	106.	 Puder JJ, Nilavar S, Post KD, Freda PU. Relationship 
between disease-related morbidity and biochemical 
markers of activity in patients with acromegaly. J Clin 
Endocrinol Metab. 2005;90:1972-1978. [EL 3]

	107.	 Marzullo P, Di Somma C, Pratt KL, et al. Usefulness 
of different biochemical markers of the insulin-like 
growth factor (IGF) family in diagnosing growth hormone 
excess and deficiency in adults. J Clin Endocrinol Metab. 
2001;86:3001-3008. [EL 3]

	108.	 Biller BM, Vance ML, Kleinberg DL, Cook DM, 
Gordon T. Clinical and reimbursement issues in growth 
hormone use in adults. Am J Manag Care. 2000;6(15 
suppl):S817-S827. [EL 4]

	109.	 Grottoli S, Razzore P, Gaia D, et al. Three-hour sponta-
neous GH secretion profile is as reliable as oral glucose tol-
erance test for the diagnosis of acromegaly. J Endocrinol 
Invest. 2003;26:123-127. [EL 2]

	110.	 Freda PU, Post KD, Powell JS, Wardlaw SL. Evaluation 
of disease status with sensitive measures of growth hor-
mone secretion in 60 postoperative patients with acromeg-
aly. J Clin Endocrinol Metab. 1998;83:3808-3816. [EL 3]

	111.	 Doga M, Bonadonna S, Gola M, Nuzzo M, Giustina A. 
Diagnostic and therapeutic consensus on acromegaly. J 
Endocrinol Invest. 2005;28(5 suppl):56-60. [EL 3]

	112.	 Arafat AM, Möhlig M, Weickert MO, et al. Growth 
hormone response during oral glucose tolerance test: the 
impact of assay method on the estimation of reference val-
ues in patients with acromegaly and in healthy controls, 
and the role of gender, age, and body mass index. J Clin 
Endocrinol Metab. 2008;93:1254-1262. [EL 2]

	113.	 Colao A, Lombardi G. Should we still use glucose-sup-
pressed growth hormone levels for the evaluation of acro-
megaly? J Clin Endocrinol Metab. 2008;93:1181-1182. 
[EL 4]

	114.	 Hoffman RP. Growth hormone (GH) treatment does not 
restore endothelial function in children with GH defi-
ciency. J Pediatr Endocrinol Metab. 2008;21:323-328. 
[EL 3]

	115.	 Giustina A, Barkan A, Chanson P, et al (Pituitary 
Society; European Neuroendocrine Association). 
Guidelines for the treatment of growth hormone excess 
and growth hormone deficiency in adults. J Endocrinol 
Invest. 2008;31:820-838. [EL 4]

	116.	 Novo G, Visconti C, Ciaramitaro GF, et al. Growth 
hormone deficiency and increased coronary risk. Minerva 
Cardioangiol. 2008;56:442-444. [EL 4]

	117.	 Kirchengast S, Hartmann B, Huber J. Serum levels of 
sex hormones, thyroid hormones, growth hormone, IGF I, 
and cortisol and their relations to body fat distribution in 
healthy women dependent on their menopausal status. Z 
Morphol Anthropol. 1996;81:223-234. [EL 3]

	118.	 Baier TG, Jenne EW, Blum W, Schönberg D, Hartmann 
KK. Influence of antibodies against IGF-I, insulin or their 

receptors on proliferation of human acute lymphoblastic 
leukemia cell lines. Leuk Res. 1992;16:807-814. [EL 2]

	119.	 Trainer PJ. Editorial: acromegaly—consensus, what con-
sensus? J Clin Endocrinol Metab. 2002;87:3534-3536. 
[EL 4]

	120.	 Giustina A, Barkan A, Casanueva FF, et al. Criteria 
for cure of acromegaly: a consensus statement. J Clin 
Endocrinol Metab. 2000;85:526-529. [EL 3]

	121.	 Hattori N, Shimatsu A, Kato Y, et al. Growth hormone 
responses to oral glucose loading measured by highly 
sensitive enzyme immunoassay in normal subjects and 
patients with glucose intolerance and acromegaly. J Clin 
Endocrinol Metab. 1990;70:771-776. [EL 2]

	122.	 Chapman IM, Hartman ML, Straume M, Johnson ML, 
Veldhuis JD, Thorner MO. Enhanced sensitivity growth 
hormone (GH) chemiluminescence assay reveals lower 
postglucose nadir GH concentrations in men than women. 
J Clin Endocrinol Metab. 1994;78:1312-1319. [EL 1]

	123.	 Dimaraki EV, Jaffe CA, DeMott-Friberg R, Chandler 
WF, Barkan AL. Acromegaly with apparently normal GH 
secretion: implications for diagnosis and follow-up. J Clin 
Endocrinol Metab. 2002;87:3537-3542. [EL 3]

	124.	 Cook DM, Biller BM, Vance ML, et al. The pharma-
cokinetic and pharmacodynamic characteristics of a 
long-acting growth hormone (GH) preparation (Nutropin 
depot) in GH-deficient adults. J Clin Endocrinol Metab. 
2002;87:4508-4514. [EL 2]

	125.	 Melmed S, Casanueva F, Cavagnini F, et al. Consensus 
statement: medical management of acromegaly. Eur J 
Endocrinol. 2005;153:737-740. [EL 4]

	126.	 Bangham DR, Gaines Das RE, Schulster D. The 
International Standard for Human Growth Hormone for 
Bioassay: calibration and characterization by international 
collaborative study. Mol Cell Endocrinol. 1985;42:269-
282. [EL 1]

	127.	 Trainer PJ, Barth J, Sturgeon C, Wieringaon G. 
Consensus statement on the standardisation of GH assays. 
Eur J Endocrinol. 2006;155:1-2. [EL 2]

	128.	 Markkanen H, Pekkarinen T, Välimäki MJ, et al. 
Effect of sex and assay method on serum concentrations 
of growth hormone in patients with acromegaly and in 
healthy controls. Clin Chem. 2006;52:468-473. [EL 3]

	129.	 Reutens AT, Hoffman DM, Leung KC, Ho KK. 
Evaluation and application of a highly sensitive assay for 
serum growth hormone (GH) in the study of adult GH defi-
ciency. J Clin Endocrinol Metab. 1995;80:480-485. [EL 3]

	130.	 Ho KY, Weissberger AJ. Characterization of 24-hour 
growth hormone secretion in acromegaly: implications for 
diagnosis and therapy. Clin Endocrinol (Oxf). 1994;41:75-
83. [EL 3]

	131.	 Carmichael JD, Bonert VS, Mirocha JM, Melmed S. 
The utility of oral glucose tolerance testing for diagnosis 
and assessment of treatment outcomes in 166 patients with 
acromegaly. J Clin Endocrinol Metab. 2009;94:523-527. 
[EL 3]

	132.	 Hoffman DM, Nguyen TV, O’Sullivan AJ, Baxter RC, 
Ho KK. ITT and IGF-I in the diagnosis of growth hor-
mone deficiency in adults. Lancet. 1994;344:613-614. [EL 
3]

	133.	 Machado EO, Taboada GF, Neto LV, et al. Prevalence 
of discordant GH and IGF-I levels in acromegalics at diag-
nosis, after surgical treatment and during treatment with 
octreotide LAR. Growth Horm IGF Res. 2008;18:389-393. 
[EL 3]



	    37 

	134.	 Gray SG, Yakovleva T, Hartmann W, Tally M, Bakalkin 
G, Ekström TJ. IGF-II enhances trichostatin A-induced 
TGFbeta1 and p21(Waf1,Cip1,Sdi1) expression in Hep3B 
cells. Exp Cell Res. 1999;253:618-628. [EL 2]

	135.	 Hiden U, Glitzner E, Hartmann M, Desoye G. Insulin 
and the IGF system in the human placenta of normal and 
diabetic pregnancies. J Anat. 2009;215:60-68. [EL 1]

	136.	 De Marinis L, Zuppi P, Valle D, et al. A retrospective 
hormonal and immunohistochemical evaluation of 47 
acromegalic patients: prognostic value of preoperative 
plasma prolactin. Horm Metab Res. 2002;34:137-143. [EL 
3]

	137.	 Abs R, Verhelst J, Maiter D, et al. Cabergoline in the 
treatment of acromegaly: a study in 64 patients. J Clin 
Endocrinol Metab. 1998;83:374-378. [EL 2]

	138.	 Cozzi R, Attanasio R, Lodrini S, Lasio G. Cabergoline 
addition to depot somatostatin analogues in resistant acro-
megalic patients: efficacy and lack of predictive value of 
prolactin status. Clin Endocrinol (Oxf). 2004;61:209-215. 
[EL 3]

	139.	 Rickels MR, Snyder PJ. Cabergoline decreases somato-
troph adenoma size: a case report. Pituitary. 2004;7:107-
110. [EL 3]

	140.	 Zirkzee EJ, Corssmit EP, Biermasz NR, et al. Pituitary 
magnetic resonance imaging is not required in the postop-
erative follow-up of acromegalic patients with long-term 
biochemical cure after transsphenoidal surgery. J Clin 
Endocrinol Metab. 2004;89:4320-4324. [EL 3]

	141.	 Faglia G, Arosio M, Bazzoni N. Ectopic acromegaly. 
Endocrinol Metab Clin North Am. 1992;21:575-595. [EL 
3]

	142.	 Athanassiadi K, Exarchos D, Tsagarakis S, Bellenis I. 
Acromegaly caused by ectopic growth hormone-releasing 
hormone secretion by a carcinoid bronchial tumor: a rare 
entity. J Thorac Cardiovasc Surg. 2004;128:631-632. [EL 
3]

	143.	 Harris PE, Bouloux PM, Wass JA, Besser GM. 
Successful treatment by chemotherapy for acromegaly 
associated with ectopic growth hormone releasing hor-
mone secretion from a carcinoid tumour. Clin Endocrinol 
(Oxf). 1990;32:315-321. [EL 3]

	144.	 Weiss DE, Vogel H, Lopes MB, Chang SD, Katznelson 
L. Ectopic acromegaly due to a pancreatic neuroendocrine 
tumor producing growth hormone-releasing hormone. 
Endocr Pract. 2011;17:79-84. [EL 3]

	145.	 Scheithauer BW, Kurtkaya-Yapicier O, Kovacs KT, 
Young WF Jr, Lloyd RV. Pituitary carcinoma: a clini-
copathological review [with discussion]. Neurosurgery. 
2005;56:1066-1074. [EL 3]

	146.	 Danila DC, Haidar JN, Zhang X, Katznelson L, Culler 
MD, Klibanski A. Somatostatin receptor-specific analogs: 
effects on cell proliferation and growth hormone secretion 
in human somatotroph tumors. J Clin Endocrinol Metab. 
2001;86:2976-2981. [EL 1]

	147.	 Jaquet P, Saveanu A, Gunz G, et al. Human somatosta-
tin receptor subtypes in acromegaly: distinct patterns of 
messenger ribonucleic acid expression and hormone sup-
pression identify different tumoral phenotypes. J Clin 
Endocrinol Metab. 2000;85:781-792. [EL 1]

	148.	 Ondreyco SM, Lewis HD Jr, Hartman CR. Myxomatous 
degeneration and cystic medial necrosis associated with 
acromegaly. Arch Intern Med. 1980;140:547-549. [EL 3]

	149.	 Jane JA Jr, Thapar K, Laws ER Jr. Acromegaly: his-
torical perspectives and current therapy. J Neurooncol. 
2001;54:129-137. [EL 4]

	150.	 Atkinson JL, Nippoldt TB. Pituitary neurologic sur-
gery: a unique subspecialty in evolution. Endocr Pract. 
2002;8:356-361. [EL 4]

	151.	 Ciric I, Ragin A, Baumgartner C, Pierce D. 
Complications of transsphenoidal surgery: results of a 
national survey, review of the literature, and personal 
experience [with discussion]. Neurosurgery. 1997;40:225-
237. [EL 3]

	152.	 Ahmed S, Elsheikh M, Stratton IM, Page RC, Adams 
CB, Wass JA. Outcome of transsphenoidal surgery for 
acromegaly and its relationship to surgical experience. 
Clin Endocrinol (Oxf). 1999;50:561-567. [EL 3]

	153.	 Kreutzer J, Vance ML, Lopes MB, Laws ER Jr. Surgical 
management of GH-secreting pituitary adenomas: an 
outcome study using modern remission criteria. J Clin 
Endocrinol Metab. 2001;86:4072-4077. [EL 3]

	154.	 Minniti G, Jaffrain-Rea ML, Esposito V, Santoro A, 
Tamburrano G, Cantore G. Evolving criteria for post-
operative biochemical remission of acromegaly: can we 
achieve a definitive cure? An audit of surgical results on 
a large series and a review of the literature. Endocr Relat 
Cancer. 2003;10:611-619. [EL 2]

	155.	 Bourdelot A, Coste J, Hazebroucq V, et al. Clinical, hor-
monal and magnetic resonance imaging (MRI) predictors 
of transsphenoidal surgery outcome in acromegaly. Eur J 
Endocrinol. 2004;150:763-771. [EL 3]

	156.	 Davis DH, Laws ER Jr, Ilstrup DM, et al. Results of 
surgical treatment for growth hormone-secreting pituitary 
adenomas. J Neurosurg. 1993;79:70-75. [EL 3]

	157.	 Nomikos P, Buchfelder M, Fahlbusch R. The outcome 
of surgery in 668 patients with acromegaly using cur-
rent criteria of biochemical “cure.” Eur J Endocrinol. 
2005;152:379-387. [EL 3]

	158.	 Petrossians P, Borges-Martins L, Espinoza C, et al. 
Gross total resection or debulking of pituitary adenomas 
improves hormonal control of acromegaly by somatostatin 
analogs. Eur J Endocrinol. 2005;152:61-66. [EL 3]

	159.	 Shimon I, Cohen ZR, Ram Z, Hadani M. Transsphenoidal 
surgery for acromegaly: endocrinological follow-up of 98 
patients [with discussion]. Neurosurgery. 2001;48:1239-
1245. [EL 3]

	160.	 Saeki N, Iuchi T, Isono S, Eda M, Yamaura A. MRI of 
growth hormone-secreting pituitary adenomas: factors 
determining pretreatment hormone levels. Neuroradiology. 
1999;41:765-771. [EL 3]

	161.	 Wolfsberger S, Ba-Ssalamah A, Pinker K, et al. 
Application of three-tesla magnetic resonance imaging 
for diagnosis and surgery of sellar lesions. J Neurosurg. 
2004;100:278-286. [EL 3]

	162.	 Atkinson JL, Young WF Jr, Meyer FB, et al. Sublabial 
transseptal vs transnasal combined endoscopic microsur-
gery in patients with Cushing disease and MRI-depicted 
microadenomas. Mayo Clin Proc. 2008;83:550-553. [EL 
3]

	163.	 Sheehan MT, Atkinson JL, Kasperbauer JL, Erickson 
BJ, Nippoldt TB. Preliminary comparison of the endo-
scopic transnasal vs the sublabial transseptal approach for 
clinically nonfunctioning pituitary macroadenomas. Mayo 
Clin Proc. 1999;74:661-670. [EL 3]

	164.	 Cappabianca P, Cavallo LM, Colao A, de Divitiis E. 
Surgical complications associated with the endoscopic 
endonasal transsphenoidal approach for pituitary adeno-
mas. J Neurosurg. 2002;97:293-298. [EL 3]

	165.	 Jho HD. Endoscopic transsphenoidal surgery. J 
Neurooncol. 2001;54:187-195. [EL 3]



38  	

	166.	 Nasseri SS, Kasperbauer JL, Strome SE, McCaffrey 
TV, Atkinson JL, Meyer FB. Endoscopic transna-
sal pituitary surgery: report on 180 cases. Am J Rhinol. 
2001;15:281-287. [EL 3]

	167.	 Laws ER. Surgery for acromegaly: evolution of the 
techniques and outcomes. Rev Endocr Metab Disord. 
2008;9:67-70. [EL 4]

	168.	 Saito K, Kuwayama A, Yamamoto N, Sugita K. The 
transsphenoidal removal of nonfunctioning pituitary ade-
nomas with suprasellar extensions: the open sella method 
and intentionally staged operation [with discussion]. 
Neurosurgery. 1995;36:668-676. [EL 3]

	169.	 Nimsky C, von Keller B, Ganslandt O, Fahlbusch R. 
Intraoperative high-field magnetic resonance imaging 
in transsphenoidal surgery of hormonally inactive pitu-
itary macroadenomas [with discussion]. Neurosurgery. 
2006;59:105-114. [EL 3]

	170.	 Atkinson JL, Kasperbauer JL, James EM, Lane JI, 
Nippoldt TB. Transcranial-transdural real-time ultraso-
nography during transsphenoidal resection of a large pitu-
itary tumor: case report. J Neurosurg. 2000;93:129-131. 
[EL 3]

	171.	 Thomale UW, Stover JF, Unterberg AW. The use of neu-
ronavigation in transnasal transsphenoidal pituitary sur-
gery [with discussion]. Zentralbl Neurochir. 2005;66:126-
132. [EL 3]

	172.	 Valdemarsson S, Ljunggren S, Cervin A, et al. 
Evaluation of surgery for acromegaly: role of intraop-
erative growth hormone measurement? Scand J Clin Lab 
Invest. 2001;61:459-470. [EL 3]

	173.	 Abe T, Tara LA, Lüdecke DK. Growth hormone-secret-
ing pituitary adenomas in childhood and adolescence: 
features and results of transnasal surgery. Neurosurgery. 
1999;45:1-10. [EL 3]

	174.	 Dyer EH, Civit T, Visot A, Delalande O, Derome P. 
Transsphenoidal surgery for pituitary adenomas in chil-
dren [with discussion]. Neurosurgery. 1994;34:207-212. 
[EL 3]

	175.	 Minniti G, Jaffrain-Rea ML, Esposito V, et al. Surgical 
treatment and clinical outcome of GH-secreting adenomas 
in elderly patients. Acta Neurochir (Wien). 2001;143:1205-
1211. [EL 3]

	176.	 Puchner MJ, Knappe UJ, Lüdecke DK. Pituitary sur-
gery in elderly patients with acromegaly [with discussion]. 
Neurosurgery. 1995;36:677-684. [EL 3]

	177.	 Sheehan JM, Douds GL, Hill K, Farace E. 
Transsphenoidal surgery for pituitary adenoma in elderly 
patients [with discussion]. Acta Neurochir (Wien). 
2008;150:571-574. [EL 3]

	178.	 Abe T, Lüdecke DK. Recent results of secondary trans-
nasal surgery for residual or recurring acromegaly [with 
discussion]. Neurosurgery. 1998;42:1013-1022. [EL 3]

	179.	 van Aken MO, Feelders RA, de Marie S, et al. 
Cerebrospinal fluid leakage during transsphenoidal sur-
gery: postoperative external lumbar drainage reduces the 
risk for meningitis. Pituitary. 2004;7:89-93. [EL 3]

	180.	 Abe T, Lüdecke DK. Effects of preoperative octreotide 
treatment on different subtypes of 90 GH-secreting pitu-
itary adenomas and outcome in one surgical centre. Eur J 
Endocrinol. 2001;145:137-145. [EL 3]

	181.	 Losa M, Mortini P, Urbaz L, Ribotto P, Castrignanó 
T, Giovanelli M. Presurgical treatment with somatostatin 
analogs in patients with acromegaly: effects on the remis-
sion and complication rates. J Neurosurg. 2006;104:899-
906. [EL 2]

	182.	 Carlsen SM, Lund-Johansen M, Schreiner T, et al 
(Preoperative Octreotide Treatment of Acromegaly 
Study Group). Preoperative octreotide treatment in 
newly diagnosed acromegalic patients with macroad-
enomas increases cure short-term postoperative rates: a 
prospective, randomized trial. J Clin Endocrinol Metab. 
2008;93:2984-2990. [EL 2]

	183.	 Mao ZG, Zhu YH, Tang HL, et al. Preoperative lanreo-
tide treatment in acromegalic patients with macroadenomas 
increases short-term postoperative cure rates: a prospec-
tive, randomised trial. Eur J Endocrinol. 2010;162:661-
666. [EL 2]

	184.	 Seidman PA, Kofke WA, Policare R, Young M. 
Anaesthetic complications of acromegaly. Br J Anaesth. 
2000;84:179-182. [EL 3]

	185.	 Khan ZH, Rasouli MR. Intubation in patients with 
acromegaly: experience in more than 800 patients. Eur J 
Anaesthesiol. 2009;26:354-355. [EL 3]

	186.	 Damjanovic SS, Neskovic AN, Petakov MS, et al. High 
output heart failure in patients with newly diagnosed acro-
megaly. Am J Med. 2002;112:610-616. [EL 3]

	187.	 Lombardi G, Colao A, Marzullo P, Biondi B, Palmieri 
E, Fazio S (Multicenter Italian Study Group on 
Lanreotide). Improvement of left ventricular hypertrophy 
and arrhythmias after lanreotide-induced GH and IGF-I 
decrease in acromegaly: a prospective multi-center study. 
J Endocrinol Invest. 2002;25:971-976. [EL 3]

	188.	 Hradec J, Kral J, Janota T, et al. Regression of acrome-
galic left ventricular hypertrophy after lanreotide (a slow-
release somatostatin analog). Am J Cardiol. 1999;83:1506-
1509, A1508. [EL 3]

	189.	 Krieger MD, Couldwell WT, Weiss MH. Assessment of 
long-term remission of acromegaly following surgery. J 
Neurosurg. 2003;98:719-724. [EL 3]

	190.	 Feelders RA, Bidlingmaier M, Strasburger CJ, et al. 
Postoperative evaluation of patients with acromegaly: clin-
ical significance and timing of oral glucose tolerance test-
ing and measurement of (free) insulin-like growth factor I, 
acid-labile subunit, and growth hormone-binding protein 
levels. J Clin Endocrinol Metab. 2005;90:6480-6489. [EL 
2]

	191.	 Espinosa-de-Los-Monteros AL, Sosa E, Cheng S, et 
al. Biochemical evaluation of disease activity after pitu-
itary surgery in acromegaly: a critical analysis of patients 
who spontaneously change disease status. Clin Endocrinol 
(Oxf). 2006;64:245-249. [EL 3]

	192.	 Freda PU. Monitoring of acromegaly: what should be per-
formed when GH and IGF-1 levels are discrepant? Clin 
Endocrinol (Oxf). 2009;71:166-170. [EL 4]

	193.	 Papa V, Hartmann KK, Rosenthal SM, Maddux BA, 
Siiteri PK, Goldfine ID. Progestins induce down-reg-
ulation of insulin-like growth factor-I (IGF-I) receptors 
in human breast cancer cells: potential autocrine role of 
IGF-II. Mol Endocrinol. 1991;5:709-717. [EL 2]

	194.	 Melmed S, Colao A, Barkan A, et al (Acromegaly 
Consensus Group). Guidelines for acromegaly manage-
ment: an update. J Clin Endocrinol Metab. 2009;94:1509-
1517. [EL 3]

	195.	 Giustina A, Chanson P, Bronstein MD, et al (Acromegaly 
Consensus Group). A consensus on criteria for cure of 
acromegaly. J Clin Endocrinol Metab. 2010;95:3141-
3148. [EL 4]

	196.	 Dina TS, Feaster SH, Laws ER Jr, Davis DO. MR of 
the pituitary gland postsurgery: serial MR studies follow-
ing transsphenoidal resection. AJNR Am J Neuroradiol. 
1993;14:763-769. [EL 3]



	    39 

	197.	 Meij BP, Lopes MB, Ellegala DB, Alden TD, Laws ER 
Jr. The long-term significance of microscopic dural inva-
sion in 354 patients with pituitary adenomas treated with 
transsphenoidal surgery. J Neurosurg. 2002;96:195-208. 
[EL 3]

	198.	 Rieger A, Rainov NG, Ebel H, et al. Factors predicting 
pituitary adenoma invasiveness in acromegalic patients. 
Neurosurg Rev. 1997;20:182-187. [EL 3]

	199.	 Kalavalapalli S, Reid H, Kane J, Buckler H, Trainer 
P, Heald AH. Silent growth hormone secreting pituitary 
adenomas: IGF-1 is not sufficient to exclude growth hor-
mone excess. Ann Clin Biochem. 2007;44:89-93. [EL 3]

	200.	 Sakharova AA, Dimaraki EV, Chandler WF, Barkan 
AL. Clinically silent somatotropinomas may be biochemi-
cally active. J Clin Endocrinol Metab. 2005;90:2117-2121. 
[EL 3]

	201.	 Bhayana S, Booth GL, Asa SL, Kovacs K, Ezzat S. 
The implication of somatotroph adenoma phenotype to 
somatostatin analog responsiveness in acromegaly. J Clin 
Endocrinol Metab. 2005;90:6290-6295. [EL 3]

	202.	 Ezzat S, Kontogeorgos G, Redelmeier DA, Horvath E, 
Harris AG, Kovacs K. In vivo responsiveness of morpho-
logical variants of growth hormone-producing pituitary 
adenomas to octreotide. Eur J Endocrinol. 1995;133:686-
690. [EL 3]

	203.	 Kelly DF, Laws ER Jr, Fossett D. Delayed hyponatremia 
after transsphenoidal surgery for pituitary adenoma: report 
of nine cases. J Neurosurg. 1995;83:363-367. [EL 2]

	204.	 Olson BR, Gumowski J, Rubino D, Oldfield EH. 
Pathophysiology of hyponatremia after transsphenoidal 
pituitary surgery. J Neurosurg. 1997;87:499-507. [EL 2]

	205.	 Nemergut EC, Zuo Z, Jane JA Jr, Laws ER Jr. 
Predictors of diabetes insipidus after transsphenoidal sur-
gery: a review of 881 patients. J Neurosurg. 2005;103:448-
454. [EL 2]

	206.	 Kuzniar TJ, Gruber B, Mutlu GM. Cerebrospinal fluid 
leak and meningitis associated with nasal continuous posi-
tive airway pressure therapy. Chest. 2005;128:1882-1884. 
[EL 3]

	207.	 Sawka AM, Aniszewski JP, Young WF Jr, Nippoldt TB, 
Yanez P, Ebersold MJ. Tension pneumocranium, a rare 
complication of transsphenoidal pituitary surgery: Mayo 
Clinic experience 1976-1998. J Clin Endocrinol Metab. 
1999;84:4731-4734. [EL 3]

	208.	 Venkatraghavan L, Perks A. Postoperative management 
of obstructive sleep apnea after transsphenoidal pituitary 
surgery. J Neurosurg Anesthesiol. 2009;21:179-180. [EL 
3]

	209.	 Freda PU, Wardlaw SL, Post KD. Long-term endocri-
nological follow-up evaluation in 115 patients who under-
went transsphenoidal surgery for acromegaly. J Neurosurg. 
1998;89:353-358. [EL 3]

	210.	 Barker FG II, Klibanski A, Swearingen B. 
Transsphenoidal surgery for pituitary tumors in the United 
States, 1996-2000: mortality, morbidity, and the effects of 
hospital and surgeon volume. J Clin Endocrinol Metab. 
2003;88:4709-4719. [EL 2]

	211.	 Katznelson L. Drug insight: primary medical therapy of 
acromegaly [with quiz]. Nat Clin Pract Endocrinol Metab. 
2006;2:109-117. [EL 4]

	212.	 Cozzi R, Montini M, Attanasio R, et al. Primary treat-
ment of acromegaly with octreotide LAR: a long-term 
(up to nine years) prospective study of its efficacy in the 
control of disease activity and tumor shrinkage. J Clin 
Endocrinol Metab. 2006;91:1397-1403. [EL 3]

	213.	 Colao A, Pivonello R, Auriemma RS, et al. Predictors of 
tumor shrinkage after primary therapy with somatostatin 

analogs in acromegaly: a prospective study in 99 patients. 
J Clin Endocrinol Metab. 2006;91:2112-2118. [EL 2]

	214.	 Salvatori R, Nachtigall LB, Cook DM, et al (SALSA 
Study Group). Effectiveness of self- or partner-adminis-
tration of an extended-release aqueous-gel formulation of 
lanreotide in lanreotide-naïve patients with acromegaly. 
Pituitary. 2010;13:115-122. [EL 3]

	215.	 Yetkin DO, Boysan SN, Tiryakioglu O, Yalin AS, 
Kadioglu P. Forty month follow-up of persistent and dif-
ficultly controlled acromegalic patients treated with depot 
long acting somatostatin analog octreotide. Endocr J. 
2007;54:459-464. [EL 3]

	216.	 Trainer PJ, Drake WM, Katznelson L, et al. Treatment 
of acromegaly with the growth hormone-receptor antago-
nist pegvisomant. N Engl J Med. 2000;342:1171-1177. 
[EL 2]

	217.	 van der Lely AJ, Hutson RK, Trainer PJ, et al. Long-
term treatment of acromegaly with pegvisomant, a growth 
hormone receptor antagonist. Lancet. 2001;358:1754-
1759. [EL 2]

	218.	 Gatta B, Hau DH, Catargi B, Roger P, Tabarin A. 
Re-evaluation of the efficacy of the association of caber-
goline to somatostatin analogues in acromegalic patients. 
Clin Endocrinol (Oxf). 2005;63:477-478. [EL 3]

	219.	 Sandret L, Maison P, Chanson P. Place of cabergoline 
in acromegaly: a meta-analysis. J Clin Endocrinol Metab. 
2011;96:1327-1335. [EL 3]

	220.	 Moyes VJ, Metcalfe KA, Drake WM. Clinical use of 
cabergoline as primary and adjunctive treatment for acro-
megaly. Eur J Endocrinol. 2008;159:541-545. [EL 3]

	221.	 Schade R, Andersohn F, Suissa S, Haverkamp W, 
Garbe E. Dopamine agonists and the risk of cardiac-valve 
regurgitation. N Engl J Med. 2007;356:29-38. [EL 2]

	222.	 Colao A, Pivonello R, Rosato F, et al. First-line octreo-
tide-LAR therapy induces tumour shrinkage and controls 
hormone excess in patients with acromegaly: results from 
an open, prospective, multicentre trial. Clin Endocrinol 
(Oxf). 2006;64:342-351. [EL 3]

	223.	 Freda PU, Katznelson L, van der Lely AJ, Reyes CM, 
Zhao S, Rabinowitz D. Long-acting somatostatin analog 
therapy of acromegaly: a meta-analysis. J Clin Endocrinol 
Metab. 2005;90:4465-4473. [EL 2]

	224.	 Murray RD, Melmed S. A critical analysis of clinically 
available somatostatin analog formulations for therapy 
of acromegaly. J Clin Endocrinol Metab. 2008;93:2957-
2968. [EL 2]

	225.	 Giustina A, Bonadonna S, Bugari G, et al. High-dose 
intramuscular octreotide in patients with acromegaly inad-
equately controlled on conventional somatostatin analogue 
therapy: a randomised controlled trial. Eur J Endocrinol. 
2009;161:331-338. [EL 3] 

	226.	 Colao A, Ferone D, Lastoria S, et al. Prediction of effi-
cacy of octreotide therapy in patients with acromegaly. J 
Clin Endocrinol Metab. 1996;81:2356-2362. [EL 2]

	227.	 Melmed S, Sternberg R, Cook D, et al. A critical analy-
sis of pituitary tumor shrinkage during primary medi-
cal therapy in acromegaly. J Clin Endocrinol Metab. 
2005;90:4405-4410. [EL 2]

	228.	 Bevan JS. Clinical review: the antitumoral effects of soma-
tostatin analog therapy in acromegaly. J Clin Endocrinol 
Metab. 2005;90:1856-1863. [El 3]

	229.	 Ghigo E, Biller BM, Colao A, et al. Comparison of 
pegvisomant and long-acting octreotide in patients with 
acromegaly naïve to radiation and medical therapy. J 
Endocrinol Invest. 2009;32:924-933. [EL 3]



40  	

	230.	 Colao A, Auriemma RS, Savastano S, et al. Glucose tol-
erance and somatostatin analog treatment in acromegaly: a 
12-month study. J Clin Endocrinol Metab. 2009;94:2907-
2914. [EL 3]

	231.	 Drake WM, Rowles SV, Roberts ME, et al. Insulin sensi-
tivity and glucose tolerance improve in patients with acro-
megaly converted from depot octreotide to pegvisomant. 
Eur J Endocrinol. 2003;149:521-527. [EL 3]

	232.	 Higham CE, Chung TT, Lawrance J, Drake WM, 
Trainer PJ. Long-term experience of pegvisomant ther-
apy as a treatment for acromegaly. Clin Endocrinol (Oxf). 
2009;71:86-91. [EL 3]

	233.	 Neggers SJ, de Herder WW, Janssen JA, Feelders RA, 
van der Lely AJ. Combined treatment for acromegaly 
with long-acting somatostatin analogs and pegvisomant: 
long-term safety for up to 4.5 years (median 2.2 years) of 
follow-up in 86 patients. Eur J Endocrinol. 2009;160:529-
533. [EL 3]

	234.	 Buhk JH, Jung S, Psychogios MN, et al. Tumor volume 
of growth hormone-secreting pituitary adenomas during 
treatment with pegvisomant: a prospective multicenter 
study. J Clin Endocrinol Metab. 2010;95:552-558. [EL 2]

	235.	 Schreiber I, Buchfelder M, Droste M, et al (German 
Pegvisomant Investigators). Treatment of acromegaly 
with the GH receptor antagonist pegvisomant in clinical 
practice: safety and efficacy evaluation from the German 
Pegvisomant Observational Study. Eur J Endocrinol. 
2007;156:75-82. [EL 3]

	236.	 Bonert VS, Kennedy L, Petersenn S, Barkan A, 
Carmichael J, Melmed S. Lipodystrophy in patients with 
acromegaly receiving pegvisomant. J Clin Endocrinol 
Metab. 2008;93:3515-3518. [EL 3]

	237.	 Clemmons DR, Underwood LE, Ridgway EC, Kliman 
B, Kjellberg RN, Van Wyk JJ. Estradiol treatment of 
acromegaly: reduction of immunoreactive somatome-
din-C and improvement in metabolic status. Am J Med. 
1980;69:571-575. [EL 3]

	238.	 Terzolo M, Bovio S, Pia A, et al. Subclinical Cushing’s 
syndrome. Arq Bras Endocrinol Metabol. 2007;51:1272-
1279. [EL 4]

	239.	 Dimaraki EV, Symons KV, Barkan AL. Raloxifene 
decreases serum IGF-I in male patients with active acro-
megaly. Eur J Endocrinol. 2004;150:481-487. [EL 2]

	240.	 Feenstra J, de Herder WW, ten Have SM, et al. Combined 
therapy with somatostatin analogues and weekly pegviso-
mant in active acromegaly. Lancet. 2005;365:1644-1646. 
[EL 3]

	241.	 Trainer PJ, Ezzat S, D’Souza GA, Layton G, 
Strasburger CJ. A randomized, controlled, multicentre 
trial comparing pegvisomant alone with combination ther-
apy of pegvisomant and long-acting octreotide in patients 
with acromegaly. Clin Endocrinol (Oxf). 2009;71:549-
557. [EL 3]

	242.	 Wilson LS, Shin JL, Ezzat S. Longitudinal assessment 
of economic burden and clinical outcomes in acromegaly. 
Endocr Pract. 2001;7:170-180. [EL 2]

	243.	 Moore DJ, Adi Y, Connock MJ, Bayliss S. Clinical 
effectiveness and cost-effectiveness of pegvisomant for 
the treatment of acromegaly: a systematic review and eco-
nomic evaluation. BMC Endocr Disord. 2009;9:20. [EL 2]

	244.	 http://www.epocrates.com. Accessed for verification July 
14, 2011. [EL 1]

	245.	 Castinetti F, Morange I, Dufour H, Regis J, Brue T. 
Radiotherapy and radiosurgery in acromegaly. Pituitary. 
2009;12:3-10. [EL 4]

	246.	 Molitch ME, Grossman AB. Pituitary radiotherapy. 
Pituitary. 2009;12:1-2. [EL 4]

	247.	 Barrande G, Pittino-Lungo M, Coste J, et al. Hormonal 
and metabolic effects of radiotherapy in acromegaly: long-
term results in 128 patients followed in a single center. J 
Clin Endocrinol Metab. 2000;85:3779-3785. [EL 3]

	248.	 Jenkins PJ, Bates P, Carson MN, Stewart PM, Wass JA. 
Conventional pituitary irradiation is effective in lowering 
serum growth hormone and insulin-like growth factor-
I in patients with acromegaly. J Clin Endocrinol Metab. 
2006;91:1239-1245. [EL 3]

	249.	 Minniti G, Jaffrain-Rea ML, Osti M, et al. The long-
term efficacy of conventional radiotherapy in patients with 
GH-secreting pituitary adenomas. Clin Endocrinol (Oxf). 
2005;62:210-216. [EL 3]

	250.	 Minniti G, Gilbert DC, Brada M. Modern techniques 
for pituitary radiotherapy. Rev Endocr Metab Disord. 
2009;10:135-144. [EL 4]

	251.	 Petit JH, Biller BM, Coen JJ, et al. Proton stereotactic 
radiosurgery in management of persistent acromegaly. 
Endocr Pract. 2007;13:726-734. [EL 3] 

	252.	 Milker-Zabel S, Debus J, Thilmann C, Schlegel W, 
Wannenmacher M. Fractionated stereotactically guided 
radiotherapy and radiosurgery in the treatment of func-
tional and nonfunctional adenomas of the pituitary gland. 
Int J Radiat Oncol Biol Phys. 2001;50:1279-1286. [EL 3]

	253.	 Minniti G, Traish D, Ashley S, Gonsalves A, Brada 
M. Fractionated stereotactic conformal radiotherapy 
for secreting and nonsecreting pituitary adenomas. Clin 
Endocrinol (Oxf). 2006;64:542-548. [EL 3]

	254.	 Voges J, Sturm V, Deuss U, et al. LINAC-radiosurgery 
(LINAC-RS) in pituitary adenomas: preliminary results. 
Acta Neurochir Suppl. 1996;65:41-43. [EL 3]

	255.	 Powell JS, Wardlaw SL, Post KD, Freda PU. Outcome of 
radiotherapy for acromegaly using normalization of insu-
lin-like growth factor I to define cure. J Clin Endocrinol 
Metab. 2000;85:2068-2071. [EL 3]

	256.	 Bates AS, Van’t Hoff W, Jones JM, Clayton RN. An 
audit of outcome of treatment in acromegaly. Q J Med. 
1993;86:293-299. [EL 3]

	257.	 Eastman RC, Gorden P, Glatstein E, Roth J. Radiation 
therapy of acromegaly. Endocrinol Metab Clin North Am. 
1992;21:693-712. [EL 4]

	258.	 Barkan AL, Halasz I, Dornfeld KJ, et al. Pituitary 
irradiation is ineffective in normalizing plasma insulin-
like growth factor I in patients with acromegaly. J Clin 
Endocrinol Metab. 1997;82:3187-3191. [EL 3]

	259.	 Biermasz NR, Dulken HV, Roelfsema F. Postoperative 
radiotherapy in acromegaly is effective in reducing GH 
concentration to safe levels. Clin Endocrinol (Oxf). 
2000;53:321-327. [EL 3]

	260.	 Epaminonda P, Porretti S, Cappiello V, Beck-Peccoz P, 
Faglia G, Arosio M. Efficacy of radiotherapy in normal-
izing serum IGF-I, acid-labile subunit (ALS) and IGFBP-3 
levels in acromegaly. Clin Endocrinol (Oxf). 2001;55:183-
189. [EL 3]

	261.	 Jallad RS, Musolino NR, Salgado LR, Bronstein MD. 
Treatment of acromegaly: is there still a place for radio-
therapy? Pituitary. 2007;10:53-59. [EL 3]

	262.	 Biermasz NR, van Dulken H, Roelfsema F. Long-
term follow-up results of postoperative radiotherapy in 
36 patients with acromegaly. J Clin Endocrinol Metab. 
2000;85:2476-2482. [EL 3]

	263.	 Cozzi R, Barausse M, Asnaghi D, Dallabonzana D, 
Lodrini S, Attanasio R. Failure of radiotherapy in acro-
megaly. Eur J Endocrinol. 2001;145:717-726. [EL 3]



	    41 

	264.	 Brada M, Rajan B, Traish D, et al. The long-term efficacy 
of conservative surgery and radiotherapy in the control of 
pituitary adenomas. Clin Endocrinol (Oxf). 1993;38:571-
578. [EL 2]

	265.	 Langsenlehner T, Stiegler C, Quehenberger F, et al. 
Long-term follow-up of patients with pituitary macroad-
enomas after postoperative radiation therapy: analysis of 
tumor control and functional outcome. Strahlenther Onkol. 
2007;183:241-247. [EL 3]

	266.	 Castinetti F, Taieb D, Kuhn JM, et al. Outcome of 
Gamma Knife radiosurgery in 82 patients with acro-
megaly: correlation with initial hypersecretion. J Clin 
Endocrinol Metab. 2005;90:4483-4488. [EL 3]

	267.	 Attanasio R, Epaminonda P, Motti E, et al. Gamma-
Knife radiosurgery in acromegaly: a 4-year follow-up 
study. J Clin Endocrinol Metab. 2003;88:3105-3112. [EL 
3]

	268.	 Jezková J, Marek J, Hána V, et al. Gamma Knife radio-
surgery for acromegaly—long-term experience. Clin 
Endocrinol (Oxf). 2006;64:588-595. [EL 3]

	269.	 Pollock BE, Jacob JT, Brown PD, Nippoldt TB. 
Radiosurgery of growth hormone-producing pituitary ade-
nomas: factors associated with biochemical remission. J 
Neurosurg. 2007;106:833-838. [EL 3]

	270.	 Vik-Mo EO, Oksnes M, Pedersen PH, et al. Gamma 
Knife stereotactic radiosurgery for acromegaly. Eur J 
Endocrinol. 2007;157:255-263. [EL 3]

	271.	 Zhang N, Pan L, Wang EM, Dai JZ, Wang BJ, Cai PW. 
Radiosurgery for growth hormone-producing pituitary 
adenomas. J Neurosurg. 2000;93(suppl 3):6-9. [EL 3]

	272.	 Brada M, Ajithkumar TV, Minniti G. Radiosurgery for 
pituitary adenomas. Clin Endocrinol (Oxf). 2004;61:531-
543. [EL 4]

	273.	 Landolt AM, Haller D, Lomax N, et al. Stereotactic 
radiosurgery for recurrent surgically treated acromegaly: 
comparison with fractionated radiotherapy. J Neurosurg. 
1998;88:1002-1008. [EL 3]

	274.	 Schoenthaler R, Albright NW, Wara WM, Phillips 
TL, Wilson CB, Larson DA. Re-irradiation of pituitary 
adenoma. Int J Radiat Oncol Biol Phys. 1992;24:307-314. 
[EL 3]

	275.	 Jagannathan J, Sheehan JP, Pouratian N, Laws ER, 
Steiner L, Vance ML. Gamma Knife surgery for Cushing’s 
disease. J Neurosurg. 2007;106:980-987. [EL 3]

	276.	 Laws ER, Sheehan JP, Sheehan JM, Jagnathan J, Jane 
JA Jr, Oskouian R. Stereotactic radiosurgery for pitu-
itary adenomas: a review of the literature. J Neurooncol. 
2004;69:257-272. [EL 4]

	277.	 Gutt B, Hatzack C, Morrison K, Pöllinger B, Schopohl 
J. Conventional pituitary irradiation is effective in nor-
malising plasma IGF-I in patients with acromegaly. Eur J 
Endocrinol. 2001;144:109-116. [EL 3]

	278.	 Littley MD, Shalet SM, Beardwell CG, Ahmed SR, 
Applegate G, Sutton ML. Hypopituitarism following 
external radiotherapy for pituitary tumours in adults. Q J 
Med. 1989;70:145-160. [EL 2]

	279.	 Darzy KH, Shalet SM. Hypopituitarism following radio-
therapy. Pituitary. 2009;12:40-50. [EL 4]

	280.	 Littley MD, Shalet SM, Beardwell CG, Robinson EL, 
Sutton ML. Radiation-induced hypopituitarism is dose-
dependent. Clin Endocrinol (Oxf). 1989;31:363-373. [EL 
2]

	281.	 Ayuk J, Clayton RN, Holder G, Sheppard MC, 
Stewart PM, Bates AS. Growth hormone and pituitary 
radiotherapy, but not serum insulin-like growth factor-I 

concentrations, predict excess mortality in patients with 
acromegaly. J Clin Endocrinol Metab. 2004;89:1613-
1617. [EL 3]

	282.	 Rosén T, Bengtsson BA. Premature mortality due 
to cardiovascular disease in hypopituitarism. Lancet. 
1990;336:285-288. [EL 3]

	283.	 Tomlinson JW, Holden N, Hills RK, et al (West 
Midlands Prospective Hypopituitary Study Group). 
Association between premature mortality and hypopituita-
rism. Lancet. 2001;357:425-431. [EL 3]

	284.	 Ikeda H, Jokura H, Yoshimoto T. Transsphenoidal sur-
gery and adjuvant Gamma Knife treatment for growth 
hormone-secreting pituitary adenoma. J Neurosurg. 
2001;95:285-291. [EL 3]

	285.	 Hayashi M, Izawa M, Hiyama H, et al. Gamma Knife 
radiosurgery for pituitary adenomas. Stereotact Funct 
Neurosurg. 1999;72(suppl 1):111-118. [EL 3]

	286.	 Milker-Zabel S, Zabel A, Huber P, Schlegel W, 
Wannenmacher M, Debus J. Stereotactic conformal 
radiotherapy in patients with growth hormone-secret-
ing pituitary adenoma. Int J Radiat Oncol Biol Phys. 
2004;59:1088-1096. [EL 3]

	287.	 Mokry M, Ramschak-Schwarzer S, Simbrunner J, 
Ganz JC, Pendl G. A six year experience with the postop-
erative radiosurgical management of pituitary adenomas. 
Stereotact Funct Neurosurg. 1999;72(suppl 1):88-100. 
[EL 3]

	288.	 Lim YL, Leem W, Kim TS, Rhee BA, Kim GK. Four 
years’ experiences in the treatment of pituitary adeno-
mas with Gamma Knife radiosurgery. Stereotact Funct 
Neurosurg. 1998;70(suppl 1):95-109. [EL 3]

	289.	 Kauppinen-Mäkelin R, Sane T, Reunanen A, et al. 
A nationwide survey of mortality in acromegaly. J Clin 
Endocrinol Metab. 2005;90:4081-4086. [EL 3]

	290.	 Brada M, Burchell L, Ashley S, Traish D. The incidence 
of cerebrovascular accidents in patients with pituitary 
adenoma. Int J Radiat Oncol Biol Phys. 1999;45:693-698. 
[EL 3]

	291.	 Sherlock M, Ayuk J, Tomlinson JW, et al. Mortality in 
patients with pituitary disease. Endocr Rev. 2010;31:301-
342. [EL 3]

	292.	 Tsang RW, Brierley JD, Panzarella T, Gospodarowicz 
MK, Sutcliffe SB, Simpson WJ. Radiation therapy for 
pituitary adenoma: treatment outcome and prognostic fac-
tors. Int J Radiat Oncol Biol Phys. 1994;30:557-565. [EL 
3]

	293.	 Erfurth EM, Bülow B, Mikoczy Z, Svahn-Tapper G, 
Hagmar L. Is there an increase in second brain tumours 
after surgery and irradiation for a pituitary tumour? Clin 
Endocrinol (Oxf). 2001;55:613-616. [EL 2]

	294.	 Minniti G, Traish D, Ashley S, Gonsalves A, Brada M. 
Risk of second brain tumor after conservative surgery and 
radiotherapy for pituitary adenoma: update after an addi-
tional 10 years. J Clin Endocrinol Metab. 2005;90:800-
804. [EL 2]

	295.	 Tsang RW, Laperriere NJ, Simpson WJ, Brierley J, 
Panzarella T, Smyth HS. Glioma arising after radiation 
therapy for pituitary adenoma: a report of four patients and 
estimation of risk. Cancer. 1993;72:2227-2233. [EL 2]

	296.	 Brada M, Ford D, Ashley S, et al. Risk of second brain 
tumour after conservative surgery and radiotherapy for 
pituitary adenoma. BMJ. 1992;304:1343-1346. [EL 2]

	297.	 Rowe J, Grainger A, Walton L, Silcocks P, Radatz M, 
Kemeny A. Risk of malignancy after Gamma Knife ste-
reotactic radiosurgery [with discussion]. Neurosurgery. 
2007;60:60-66. [EL 3]



42  	

	298.	 McCord MW, Buatti JM, Fennell EM, et al. 
Radiotherapy for pituitary adenoma: long-term outcome 
and sequelae. Int J Radiat Oncol Biol Phys. 1997;39:437-
444. [EL 3]

	299.	 Peace KA, Orme SM, Padayatty SJ, Godfrey HP, 
Belchetz PE. Cognitive dysfunction in patients with pitu-
itary tumour who have been treated with transfrontal or 
transsphenoidal surgery or medication. Clin Endocrinol 
(Oxf). 1998;49:391-396. [EL 3]

	300.	 Noad R, Narayanan KR, Howlett T, Lincoln NB, Page 
RC. Evaluation of the effect of radiotherapy for pituitary 
tumours on cognitive function and quality of life. Clin 
Oncol (R Coll Radiol). 2004;16:233-237. [EL 3]

	301.	 Landolt AM, Haller D, Lomax N, et al. Octreotide 
may act as a radioprotective agent in acromegaly. J Clin 
Endocrinol Metab. 2000;85:1287-1289. [EL 3]

	302.	 Frankenne F, Closset J, Gomez F, Scippo ML, Smal J, 
Hennen G. The physiology of growth hormones (GHs) in 
pregnant women and partial characterization of the placen-
tal GH variant. J Clin Endocrinol Metab. 1988;66:1171-
1180. [EL 2]

	303.	 Wilson DM, Bennett A, Adamson GD, et al. 
Somatomedins in pregnancy: a cross-sectional study 
of insulin-like growth factors I and II and somatomedin 
peptide content in normal human pregnancies. J Clin 
Endocrinol Metab. 1982;55:858-861. [EL 2]

	304.	 Beckers A, Stevenaert A, Foidart JM, Hennen G, 
Frankenne F. Placental and pituitary growth hormone 
secretion during pregnancy in acromegalic women. J Clin 
Endocrinol Metab. 1990;71:725-731. [EL 3]

	305.	 Cozzi R, Attanasio R, Barausse M. Pregnancy in acro-
megaly: a one-center experience. Eur J Endocrinol. 
2006;155:279-284. [EL 3]

	306.	 Caron P, Broussaud S, Bertherat J, et al. Acromegaly 
and pregnancy: a retrospective multicenter study of 59 
pregnancies in 46 women. J Clin Endocrinol Metab. 
2010;95:4680-4687. [EL 3]

	307.	 Manoranjan B, Salehi F, Scheithauer BW, Rotondo 
F, Kovacs K, Cusimano MD. Estrogen receptors alpha 
and beta immunohistochemical expression: clinicopatho-
logical correlations in pituitary adenomas. Anticancer Res. 
2010;30:2897-2904. [EL 1]

	308.	 Chaidarun SS, Klibanski A, Alexander JM. Tumor-
specific expression of alternatively spliced estrogen recep-
tor messenger ribonucleic acid variants in human pituitary 
adenomas. J Clin Endocrinol Metab. 1997;82:1058-1065. 
[EL 1]

	309.	 Kupersmith MJ, Rosenberg C, Kleinberg D. Visual loss 
in pregnant women with pituitary adenomas. Ann Intern 
Med. 1994;121:473-477. [EL 3]

	310.	 Herman-Bonert V, Seliverstov M, Melmed S. Pregnancy 
in acromegaly: successful therapeutic outcome. J Clin 
Endocrinol Metab. 1998;83:727-731. [EL 3]

	311.	 Leung KC, Johannsson G, Leong GM, Ho KK. 
Estrogen regulation of growth hormone action. Endocr 
Rev. 2004;25:693-721. [EL 3]

	312.	 Caron P, Gerbeau C, Pradayrol L. Maternal-fetal trans-
fer of octreotide. N Engl J Med. 1995;333:601-602. [EL 3]

	313.	 Magyar DM, Marshall JR. Pituitary tumors and preg-
nancy. Am J Obstet Gynecol. 1978;132:739-751. [EL 3]

	314.	 Raymond JP, Goldstein E, Konopka P, Leleu MF, 
Merceron RE, Loria Y. Follow-up of children born of 
bromocriptine-treated mothers. Horm Res. 1985;22:239-
246. [EL 2]

	315.	 Montini M, Pagani G, Gianola D, Pagani MD, Piolini 
R, Camboni MG. Acromegaly and primary amenorrhea: 

ovulation and pregnancy induced by SMS 201-995 and 
bromocriptine. J Endocrinol Invest. 1990;13:193. [EL 3]

	316.	 Brian SR, Bidlingmaier M, Wajnrajch MP, Weinzimer 
SA, Inzucchi SE. Treatment of acromegaly with pegviso-
mant during pregnancy: maternal and fetal effects. J Clin 
Endocrinol Metab. 2007;92:3374-3377. [EL 3]

	317.	 Colao A, Pivonello R, Di Somma C, Tauchmanovà L, 
Savastano S, Lombardi G. Growth hormone excess with 
onset in adolescence: clinical appearance and long-term 
treatment outcome. Clin Endocrinol (Oxf). 2007;66:714-
722. [EL 3]

	318.	 Eugster EA, Pescovitz OH. Gigantism. J Clin Endocrinol 
Metab. 1999;84:4379-4384. [EL 4]

	319.	 Artese R, D’Osvaldo DH, Molocznik I, et al. Pituitary 
tumors in adolescent patients. Neurol Res. 1998;20:415-
417. [EL 3]

	320.	 Holl RW, Bucher P, Sorgo W, Heinze E, Homoki 
J, Debatin KM. Suppression of growth hormone by 
oral glucose in the evaluation of tall stature. Horm Res. 
1999;51:20-24. [EL 3]

	321.	 Alvi NS, Kirk JM. Pituitary gigantism causing diabetic 
ketoacidosis. J Pediatr Endocrinol Metab. 1999;12:907-
909. [EL 3]

	322.	 Goldenberg N, Racine MS, Thomas P, Degnan B, 
Chandler W, Barkan A. Treatment of pituitary gigantism 
with the growth hormone receptor antagonist pegvisomant. 
J Clin Endocrinol Metab. 2008;93:2953-2956. [EL 3]

	323.	 Rix M, Laurberg P, Hoejberg AS, Brock-Jacobsen 
B. Pegvisomant therapy in pituitary gigantism: success-
ful treatment in a 12-year-old girl. Eur J Endocrinol. 
2005;153:195-201. [EL 3]

	324.	 Colao A, Marzullo P, Vallone G, et al. Reversibility of 
joint thickening in acromegalic patients: an ultrasonogra-
phy study. J Clin Endocrinol Metab. 1998;83:2121-2125. 
[EL 2]

	325.	 Dons RF, Rosselet P, Pastakia B, Doppman J, Gorden P. 
Arthropathy in acromegalic patients before and after treat-
ment: a long-term follow-up study. Clin Endocrinol (Oxf). 
1988;28:515-524. [EL 3]

	326.	 Layton MW, Fudman EJ, Barkan A, Braunstein EM, 
Fox IH. Acromegalic arthropathy: characteristics and 
response to therapy. Arthritis Rheum. 1988;31:1022-1027. 
[EL 3]

	327.	 Hampton RE. Acromegaly and resulting myofascial 
pain and temporomandibular joint dysfunction: review 
of the literature and report of case. J Am Dent Assoc. 
1987;114:625-631. [EL 3]

	328.	 Barkan A. Acromegalic arthropathy and sleep apnea [with 
discussion]. J Endocrinol. 1997;155(suppl 1):S41-S45. 
[EL 4]

	329.	 Colao A, Cannavò S, Marzullo P, et al. Twelve months 
of treatment with octreotide-LAR reduces joint thickness 
in acromegaly. Eur J Endocrinol. 2003;148:31-38. [EL 3]

	330.	 Gondring WH. The carpal tunnel syndrome and acromeg-
aly. J Okla State Med Assoc. 1966;59:274-279. [EL 3]

	331.	 Gorden P, Comi RJ, Maton PN, Go VL. NIH confer-
ence: somatostatin and somatostatin analogue (SMS 201-
995) in treatment of hormone-secreting tumors of the pitu-
itary and gastrointestinal tract and non-neoplastic diseases 
of the gut. Ann Intern Med. 1989;110:35-50. [EL 4]

	332.	 Luboshitzky R, Barzilai D. Bromocriptine for an acrome-
galic patient: improvement in cardiac function and carpal 
tunnel syndrome. JAMA. 1980;244:1825-1827. [EL 3]

	333.	 O’Duffy JD, Randall RV, MacCarty CS. Median neu-
ropathy (carpal-tunnel syndrome) in acromegaly: a sign of 
endocrine overactivity. Ann Intern Med. 1973;78:379-383. 
[EL 3]



	    43 

	334.	 Detenbeck LC, Tressler HA, O’Duffy JD, Randall RV. 
Peripheral joint manifestations of acromegaly. Clin Orthop 
Relat Res. 1973:119-127. [EL 3]

	335.	 Miller A, Doll H, David J, Wass J. Impact of musculo-
skeletal disease on quality of life in long-standing acro-
megaly. Eur J Endocrinol. 2008;158:587-593. [EL 3]

	336.	 Wassenaar MJ, Biermasz NR, Kloppenburg M, et al. 
Clinical osteoarthritis predicts physical and psychologi-
cal QoL in acromegaly patients. Growth Horm IGF Res. 
2010;20:226-233. [EL 3]

	337.	 Seeman E, Wahner HW, Offord KP, Kumar R, Johnson 
WJ, Riggs BL. Differential effects of endocrine dysfunc-
tion on the axial and the appendicular skeleton. J Clin 
Invest. 1982;69:1302-1309. [EL 3]

	338.	 Katznelson L. Alterations in body composition in acro-
megaly. Pituitary. 2009;12:136-142. [EL 4]

	339.	 Nadarajah A, Hartog M, Redfern B, et al. Calcium 
metabolism in acromegaly. Br Med J. 1968;4:797-801. 
[EL 3]

	340.	 Bijlsma JW, Nortier JW, Duursma SA, Croughs RJ, 
Bosch R, Thijssen JH. Changes in bone metabolism dur-
ing treatment of acromegaly. Acta Endocrinol (Copenh). 
1983;104:153-159. [EL 3]

	341.	 Eskildsen PC, Lund B, Sørensen OH, Lund B, Bishop 
JE, Norman AW. Acromegaly and vitamin D metabo-
lism: effect of bromocriptine treatment. J Clin Endocrinol 
Metab. 1979;49:484-486. [EL 3]

	342.	 Takamoto S, Tsuchiya H, Onishi T, et al. Changes in 
calcium homeostasis in acromegaly treated by pituitary 
adenomectomy. J Clin Endocrinol Metab. 1985;61:7-11. 
[EL 3]

	343.	 Arafah BM. Reversible hypopituitarism in patients 
with large nonfunctioning pituitary adenomas. J Clin 
Endocrinol Metab. 1986;62:1173-1179. [EL 3]

	344.	 Murray RD, Peacey SR, Rahim A, Toogood AA, 
Thorner MO, Shalet SM. The diagnosis of growth hor-
mone deficiency (GHD) in successfully treated acrome-
galic patients. Clin Endocrinol (Oxf). 2001;54:37-44. [EL 
3]

	345.	 Ronchi CL, Giavoli C, Ferrante E, et al. Prevalence of 
GH deficiency in cured acromegalic patients: impact of 
different previous treatments. Eur J Endocrinol. 2009;161: 
37-42. [EL 3]

	346.	 van der Klaauw AA, Pereira AM, van Thiel SW, et al. 
GH deficiency in patients irradiated for acromegaly: sig-
nificance of GH stimulatory tests in relation to the 24 h GH 
secretion. Eur J Endocrinol. 2006;154:851-858. [EL 3]

	347.	 Wexler T, Gunnell L, Omer Z, et al. Growth hormone 
deficiency is associated with decreased quality of life in 
patients with prior acromegaly. J Clin Endocrinol Metab. 
2009;94:2471-2477. [EL 2]

	348.	 Miller KK, Wexler T, Fazeli P, et al. Growth hormone 
deficiency after treatment of acromegaly: a randomized, 
placebo-controlled study of growth hormone replacement. 
J Clin Endocrinol Metab. 2010;95:567-577. [EL 2]

	349.	 Norrman LL, Johannsson G, Sunnerhagen KS, 
Svensson J. Baseline characteristics and the effects of two 
years of growth hormone (GH) replacement therapy in 
adults with GH deficiency previously treated for acromeg-
aly. J Clin Endocrinol Metab. 2008;93:2531-2538. [EL 3]

	350.	 van der Klaauw AA, Bax JJ, Roelfsema F, et al. Limited 
effects of growth hormone replacement in patients with 
GH deficiency during long-term cure of acromegaly. 
Pituitary. 2009;12:339-346. [EL 3]

	351.	 Chanson P, Timsit J, Benoit O, et al. Rapid improve-
ment in sleep apnoea of acromegaly after short-term 

treatment with somatostatin analogue SMS 201-995. 
Lancet. 1986;1:1270-1271. [EL 3]

	352.	 Davi MV, Dalle Carbonare L, Giustina A, et al. Sleep 
apnoea syndrome is highly prevalent in acromegaly and 
only partially reversible after biochemical control of the 
disease. Eur J Endocrinol. 2008;159:533-540. [EL 3]

	353.	 Herrmann BL, Wessendorf TE, Ajaj W, Kahlke S, 
Teschler H, Mann K. Effects of octreotide on sleep 
apnoea and tongue volume (magnetic resonance imaging) 
in patients with acromegaly. Eur J Endocrinol. 2004;151: 
309-315. [EL 3]

	354.	 Ip MS, Tan KC, Peh WC, Lam KS. Effect of Sandostatin 
LAR on sleep apnoea in acromegaly: correlation with 
computerized tomographic cephalometry and hormonal 
activity. Clin Endocrinol (Oxf). 2001;55:477-483. [EL 3]

	355.	 Rosenow F, Reuter S, Deuss U, et al. Sleep apnoea in 
treated acromegaly: relative frequency and predisposing 
factors. Clin Endocrinol (Oxf). 1996;45:563-569. [EL 3]

	356.	 Sze L, Schmid C, Bloch KE, Bernays R, Brändle M. 
Effect of transsphenoidal surgery on sleep apnoea in acro-
megaly. Eur J Endocrinol. 2007;156:321-329. [EL 3]

	357.	 Pekkarinen T, Partinen M, Pelkonen R, Iivanainen 
M. Sleep apnoea and daytime sleepiness in acromegaly: 
relationship to endocrinological factors. Clin Endocrinol 
(Oxf). 1987;27:649-654. [EL 3]

	358.	 Pelttari L, Polo O, Rauhala E, et al. Nocturnal breath-
ing abnormalities in acromegaly after adenomectomy. Clin 
Endocrinol (Oxf). 1995;43:175-182. [EL 3]

	359.	 Wright AD, Hill DM, Lowy C, Fraser TR. Mortality in 
acromegaly. Q J Med. 1970;39:1-16. [EL 3]

	360.	 Bogazzi F, Di Bello V, Palagi C, et al. Improvement of 
intrinsic myocardial contractility and cardiac fibrosis 
degree in acromegalic patients treated with somatostatin 
analogues: a prospective study. Clin Endocrinol (Oxf). 
2005;62:590-596. [EL 3]

	361.	 Colao A, Cuocolo A, Marzullo P, et al. Impact of 
patient’s age and disease duration on cardiac performance 
in acromegaly: a radionuclide angiography study. J Clin 
Endocrinol Metab. 1999;84:1518-1523. [EL 3]

	362.	 Colao A, Cuocolo A, Marzullo P, et al. Is the acromegalic 
cardiomyopathy reversible? Effect of 5-year normaliza-
tion of growth hormone and insulin-like growth factor I 
levels on cardiac performance. J Clin Endocrinol Metab. 
2001;86:1551-1557. [EL 3]

	363.	 Colao A, Pivonello R, Galderisi M, et al. Impact of 
treating acromegaly first with surgery or somatostatin 
analogs on cardiomyopathy. J Clin Endocrinol Metab. 
2008;93:2639-2646. [EL 3]

	364.	 De Marinis L, Bianchi A, Mazziotti G, et al. The long-
term cardiovascular outcome of different GH-lowering 
treatments in acromegaly. Pituitary. 2008;11:13-20. [EL 
3]

	365.	 Hradec J, Marek J, Kral J, Janota T, Poloniecki J, 
Malik M. Long-term echocardiographic follow-up of 
acromegalic heart disease. Am J Cardiol. 1993;72:205-
210. [EL 3]

	366.	 Pivonello R, Galderisi M, Auriemma RS, et al. 
Treatment with growth hormone receptor antagonist in 
acromegaly: effect on cardiac structure and performance. 
J Clin Endocrinol Metab. 2007;92:476-482. [EL 3]

	367.	 Thuesen L, Christensen SE, Weeke J, Orskov H, 
Henningsen P. The cardiovascular effects of octreotide 
treatment in acromegaly: an echocardiographic study. Clin 
Endocrinol (Oxf). 1989;30:619-625. [EL 3]



44  	

	368.	 Sakai H, Tsuchiya K, Nakayama C, et al. Improvement 
of endothelial dysfunction in acromegaly after transsphe-
noidal surgery. Endocr J. 2008;55:853-859. [EL 3]

	369.	 Colao A, Marzullo P, Cuocolo A, et al. Reversal of acro-
megalic cardiomyopathy in young but not in middle-aged 
patients after 12 months of treatment with the depot long-
acting somatostatin analogue octreotide. Clin Endocrinol 
(Oxf). 2003;58:169-176. [EL 3]

	370.	 Baldelli R, Ferretti E, Jaffrain-Rea ML, et al. Cardiac 
effects of slow-release lanreotide, a slow-release soma-
tostatin analog, in acromegalic patients. J Clin Endocrinol 
Metab. 1999;84:527-532. [EL 3]

	371.	 Maison P, Tropeano AI, Macquin-Mavier I, Giustina A, 
Chanson P. Impact of somatostatin analogs on the heart 
in acromegaly: a metaanalysis. J Clin Endocrinol Metab. 
2007;92:1743-1747. [EL 3]

	372.	 Kreze A, Kreze-Spirova E, Mikulecky M. Risk factors 
for glucose intolerance in active acromegaly. Braz J Med 
Biol Res. 2001;34:1429-1433. [EL 3]

	373.	 Møller N, Schmitz O, Jøorgensen JO, et al. Basal- and 
insulin-stimulated substrate metabolism in patients with 
active acromegaly before and after adenomectomy. J Clin 
Endocrinol Metab. 1992;74:1012-1019. [EL 3]

	374.	 Sönksen PH, Greenwood FC, Ellis JP, Lowy C, 
Rutherford A, Nabarro JD. Changes of carbohydrate 
tolerance in acromegaly with progress of the disease 
and in response to treatment. J Clin Endocrinol Metab. 
1967;27:1418-1430. [EL 3]

	375.	 Lamberts SW, Uitterlinden P, Verschoor L, van Dongen 
KJ, del Pozo E. Long-term treatment of acromegaly with 
the somatostatin analogue SMS 201-995. N Engl J Med. 
1985;313:1576-1580. [EL 3]

	376.	 Ronchi C, Epaminonda P, Cappiello V, Beck-Peccoz P, 
Arosio M. Effects of two different somatostatin analogs 
on glucose tolerance in acromegaly. J Endocrinol Invest. 
2002;25:502-507. [EL 3]

	377.	 Berg C, Petersenn S, Lahner H, et al (Investigative 
Group of the Heinz Nixdorf Recall Study and the 
German Pegvisomant Observational Study Board and 
Investigators). Cardiovascular risk factors in patients with 
uncontrolled and long-term acromegaly: comparison with 
matched data from the general population and the effect of 
disease control. J Clin Endocrinol Metab. 2010;95:3648-
3656. [EL 3]

	378.	 Maldonado Castro GF, Escobar-Morreale HF, Ortega 
H, et al. Effects of normalization of GH hypersecretion on 
lipoprotein(a) and other lipoprotein serum levels in acro-
megaly. Clin Endocrinol (Oxf). 2000;53:313-319. [EL 3]

	379.	 Nikkilä EA, Pelkonen R. Serum lipids in acromegaly. 
Metabolism. 1975;24:829-838. [EL 3]

	380.	 Vilar L, Naves LA, Costa SS, Abdalla LF, Coelho CE, 
Casulari LA. Increase of classic and nonclassic cardio-
vascular risk factors in patients with acromegaly. Endocr 
Pract. 2007;13:363-372. [EL 3]

	381.	 Wildbrett J, Hanefeld M, Fücker K, et al. Anomalies of 
lipoprotein pattern and fibrinolysis in acromegalic patients: 

relation to growth hormone levels and insulin-like growth 
factor I. Exp Clin Endocrinol Diabetes. 1997;105:331-
335. [EL 3]

	382.	 Chobanian AV, Bakris GL, Black HR, et al (National 
Heart, Lung, and Blood Institute Joint National 
Committee on Prevention, Detection, Evaluation, and 
Treatment of High Blood Pressure; National High 
Blood Pressure Education Program Coordinating 
Committee). The seventh report of the Joint National 
Committee on Prevention, Detection, Evaluation, and 
Treatment of High Blood Pressure: the JNC 7 report. 
JAMA. 2003;289:2560-2572. [EL 4]

	383.	 National Cholesterol Education Program (NCEP) 
Expert Panel on Detection, Evaluation, and Treatment 
of High Blood Cholesterol in Adults (Adult Treatment 
Panel III). Third report of the National Cholesterol 
Education Program (NCEP) Expert Panel on Detection, 
Evaluation, and Treatment of High Blood Cholesterol 
in Adults (Adult Treatment Panel III): final report. 
Circulation. 2002;106:3143-3421. [EL 3]

	384.	 Smith RA, Cokkinides V, Eyre HJ. American Cancer 
Society guidelines for the early detection of cancer, 2006 
[with quiz]. CA Cancer J Clin. 2006;56:11-25, 49-50. [EL 
3]

	385.	 Dworakowska D, Gueorguiev M, Kelly P, et al. Repeated 
colonoscopic screening of patients with acromegaly: 
15-year experience identifies those at risk of new colonic 
neoplasia and allows for effective screening guidelines. 
Eur J Endocrinol. 2010;163:21-28. [EL 3]

	386.	 Smith RA, Cokkinides V, Eyre HJ. American Cancer 
Society guidelines for the early detection of cancer, 2005 
[with quiz]. CA Cancer J Clin. 2005;55:31-44, 55-56. [EL 
3]

	387.	 Woodhouse LJ, Mukherjee A, Shalet SM, Ezzat S. The 
influence of growth hormone status on physical impair-
ments, functional limitations, and health-related quality of 
life in adults. Endocr Rev. 2006;27:287-317. [EL 3]

	388.	 Matta MP, Couture E, Cazals L, Vezzosi D, Bennet A, 
Caron P. Impaired quality of life of patients with acro-
megaly: control of GH/IGF-I excess improves psychologi-
cal subscale appearance. Eur J Endocrinol. 2008;158:305-
310. [EL 3]

	389.	 Biermasz NR, van Thiel SW, Pereira AM, et al. 
Decreased quality of life in patients with acromegaly 
despite long-term cure of growth hormone excess. J Clin 
Endocrinol Metab. 2004;89:5369-5376. [EL 3]

	390.	 van der Klaauw AA, Kars M, Biermasz NR, et al. 
Disease-specific impairments in quality of life during 
long-term follow-up of patients with different pituitary 
adenomas. Clin Endocrinol (Oxf). 2008;69:775-784. [EL 
3]

	391.	 Pia A, Berruti A, Terzolo M, et al. Feasibility of the 
association of mitotane with etoposide, Adriamycin and 

		  cisplatin combination chemotherapy in advanced adre-
nocortical cancer patients: report on 7 cases. Ann Oncol. 
1995;6:509-510. [EL 3]


