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Background In the field of anesthesia, acromegaly is considered a cause of difficult 
tracheal intubation and airway management. There is a high probability of unanticipated 
difficult intubation in acromegalic patients despite a lower percentage of patients being 
identified preoperatively as having a difficult airway. In this study, we carried out various 
airway assessment tests preoperatively and during induction of anesthesia to find out 
the predictors of easy tracheal intubation in patients with acromegaly.
Methods All patients of either sex, diagnosed as a case of acromegaly and scheduled 
to undergo pituitary surgery were enrolled over a period of 3 years. Various airway 
assessment tests were performed prior to surgery, which included modified Mallam-
pati (MP) classification (sitting and supine), mouth opening (MO), upper lip bite test 
(ULBT), neck movement (NM), thyromental (TM) distance, thyrohyoid (TH) distance, 
sternomental (SM) distance, hyomental (HM) distance, length of upper incisors (IL), 
receding mandible (RM), any  history of obstructive sleep apnea (OSA), mask ventila-
tion (MV), Cormack-Lehane (CL) III and IV, and external laryngeal manipulation (ELM). 
Results were reported as odds ratios (95% confidence interval [CI]). The p-value < 0.05 
was considered statistically significant.
Results A total of 42 patients were enrolled over a period of 3 years. The male- to- 
female ratio was 19:23 with a mean age of 37.95 years and mean weight of 72.7 kg. Out 
of 15 airway assessment parameters, only ULBT and CL grade showed significant results.
Conclusion We conclude that ULBT and CL grading are reliable predictors of easy 
intubation in patients with acromegaly undergoing surgery.
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Introduction
Patients with acromegaly present a challenge to anesthesiol-
ogists with regard to difficult tracheal intubation and airway 
management.1 There is a high probability of unanticipated 
difficult intubation among patients suffering from acromeg-
aly despite a lower percentage of patients identified preop-
eratively as having a difficult airway. The overall incidence 
of acromegaly is estimated to be three to four patients per 
million,2 and the incidence of difficult intubation in these 

patients is four to five times more than in those without acro-
megaly.3 The difficult intubation scenario can be managed by 
various methods ranging from awake fiberoptic-guided intu-
bation to tracheostomy. In general, difficult tracheal intuba-
tion accounts for 17% of respiratory-related injuries resulting 
in significant morbidity and mortality.4 In patients with acro-
megaly, inability to mask-ventilate or intubate can lead to 
28% of all anesthesia-related deaths.5 Therefore, the need and 
importance of airway assessment in patients with acromeg-
aly cannot be overemphasized. Various airway assessment 
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tests have to be used to assess difficult airway and tracheal 
intubation. In this study, we assessed various airway assess-
ment tests predicting successful tracheal intubation as well 
as rate of complications such as multiple attempts (> 3) for 
intubation, failed tracheal intubation, and postoperative 
complications such as tracheal reintubation.

Methods
After taking the approval from institute ethics committee 
(IEC/NP-397/14.11.2014), we enrolled 45 patients of either 
sex, diagnosed as a case of acromegaly scheduled for pitu-
itary surgery over a period of 3 years. The clinical diagnosis 
of acromegaly was made on the basis of growth hormone 
(GH) levels and magnetic resonance imaging (MRI) findings. 
Out of 45 patients, we excluded 3 patients who were either 
edentulous or had cervical spine disease (►Fig.  1). A writ-
ten informed consent was obtained from all patients. All 
patients were evaluated preoperatively, by an independent 
 observer (IK). Various airway assessment tests were done 
to assess the airway, which included modified Mallampati 
(MP) classification (sitting and supine positions), followed by 
mouth  opening (MO), upper lip bite test (ULBT), thyromental 
(TM), thyrohyoid (TH), sternomental (SM), hyomental (HM) 
distance, length of upper incisors (IL), presence of receding 
mandible (RM), neck movement (NM), external larynge-
al manipulation (ELM), and Cormack-Lehane (CL) grading 
(Appendix A). An associated history of obstructive sleep 
apnea (OSA) was also taken into account for assessing the dif-
ficult intubation, followed by OSA grading in patients with 
acromegaly posted for pituitary surgery (Appendix B). Meth-
ods of assessment of these tests are described in Appendix C.

General anesthesia was induced with fentanyl 2 µg/kg, 
propofol 2 mg/kg, and rocuronium 1 mg/kg intravenously. 
After 90 seconds of mask ventilation, laryngoscopy was per-
formed by an anesthesiologist present in the operating the-
ater in head extended position with an appropriately sized 
Macintosh blade (size 3 or 4) in all patients irrespective of the 
airway status. In situations of difficult tracheal intubation, 

that is, CL grades IIIb and IV, fiberoptic-guided intubation 
was done under general anesthesia. Following tracheal intu-
bation, standard anesthesia protocol was followed for main-
tenance of anesthesia. At the end of surgery, neuromuscular 
blockade was reversed with neostigmine 0.05 mg/kg and 
glycopyrrolate 0.01 mg/kg via intravenous route. Once the 
patient followed verbal command, and respiratory parame-
ters were satisfactory, endotracheal tube was removed. All 
patients were shifted to neurosurgical intensive care unit 
(ICU) for observation and supportive management.

Statistical analysis was carried out using Stata 12.0 
( College Station; Texas, United States). Data were presented 
as number percentage or mean ± SD (standard deviation) 
as appropriate. Chi-square test was used to assess the rela-
tionship between airway assessment parameters and ease 
of intubation. Logistic regression was used to find the odds 
associated with airway assessment parameters in relation 
to the ease of intubation. The results were reported as odds 
ratio (OR) (95% confidence interval [CI]). The p-value < 0.05 
was considered statistically significant.

Results
A total of 42 patients participated in this study conducted 
over a period of 3 years. ►Table 1 shows the demographic 
characteristics of patients including sex, age, and weight. 
Various airway assessment parameters observed are summa-
rized in ►Fig. 2. Out of 42 patients, only 7 patients required 
fiberoptic-guided intubation (►Fig.  3). The calculated OR, 
95% CI, and p-value of airway assessment tests are shown 
in ►Table  2. For NM, TM, RM, and OSA, OR could not be 
calculated.

Percentage of easy intubation based on criteria set by 
our study include MO > 3 FB in 83%, MP I and II (sitting and 
supine positions) in 64% and 52%, ULBT I and II in 90%, TM > 
6 cm in 95%,TH > 2 FB in 93%, HM 4 to 6 cm or > 6 cm in 57%, 
SM > 12.5 cm in 83%, IL < 1.5 cm in 95%, easy MV in 64%, non-
requirement of ELM in 52%, and CL grades I and II were noted 
in 79% of patients. OSA was absent in 93% of patients. None of 
the patients had restricted NM and RM.

Discussion
Airway management in a patient can lead to temporary or 
permanent harm or even death. It has been observed that, 
even with proper evaluation, difficult airway was sometimes 
not picked up. The overall incidence of difficult intubation 
in general population has been described to be 5.8%; out of 
this 6.2% has been described for normal patients excluding 
obstetric and obese patients, 3.1% for obstetric patients, and 

Fig. 1 Flowchart showing participation of patients.

Table 1 Demographic characteristics

Male to femalea 19:23

Age (y)a 37.95 (11.5)

Weight (kg)a 72.7 (10.3)
aMean (standard deviation).
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intubation with MP assessment in the sitting position and 
8.9 times probability of difficult intubation with MP in the 
supine position in patients suffering from acromegaly. How-
ever, the result in relation to MP parameter assessment either 
in the sitting or supine position is of borderline significance. 
Both MP test and ULBT are less sensitive in patients suffer-
ing from acromegaly than in normal patients.10 Aswar et al 
found that both MP and ULBT are poor predictors of difficult 
intubation when used as single preoperative  bedside screen-
ing tests; however, MP is a better test at predicting difficult 
endotracheal intubation when compared with ULBT in nor-
mal patients.11 Our study results show significant relation-
ship between ULBT and difficult intubation with 25.5 times 
higher chances of difficult intubation in patients with acro-
megaly. Orofacial changes are found to be frequent in patients 
suffering from acromegaly. There is progressive development 
of lips, mandible, soft palate, uvula, and teeth that are rarely 
noticed because it happens over a period of time.12 None of 
the previous studies have reported the relationship between 
MO and difficult intubation in patients with acromegaly. 
According to our study results, there are 2.4 times chances 
of difficult intubation in patients with MO < 3 FB; howev-
er, the result is of borderline significance. Another method 
to assess difficult airway is to measure TM distance that is 
measured from the thyroid notch to the tip of the jaw with 
the head extended. Ali et al noticed an increased TM distance 
in patients with a long duration of disease suffering from 
acromegaly, though increased TM distance was not associat-
ed with difficult laryngoscopy.9 They also observed that their 
patients had a large TM distance (prognathism) with a mean 
of 8 cm. These values clearly exceed the values reported for 
patients without acromegaly.13 In our study though we did 
not calculate the mean, 95% of patients had TM distance > 6 
cm, and out of 95% patients, only 17.5% of patients had dif-
ficult intubation. Another study by Patil et al suggested that 
there was no difficulty in intubation in patients with a TM 
distance > 6.5 cm.14 However, it has been observed that TM 
distance along with MP, preoperative assessment of anatom-
ic abnormality, and cervical mobility provide a higher sen-
sitivity and specificity in predicting difficult laryngoscopy.15 
Receding mandible refers to a smaller, shorter, and a backward 
retreated chin. It is also termed as micrognathia. It can occur 
because of many reasons that include congenital or acquired 
reasons. Acromegaly is usually associated with macrognathia 
because of excessive release of GH leading to enlargement of 
the jaw. Micrognathia may be an associated finding in syn-
dromic patients (Turner syndrome, Pierre–Robin syndrome, 
trisomy 13, and trisomy 18). In our study none of the patients 
had receding mandible or micrognathia. Atlanto-occipital 
(A-O) gap is another major factor that limits the extension of 
the head on the neck. The longer the A-O gap, the more space 
is available for mobility of the head at that joint with good 
axis for laryngoscopy and intubation. Radiologically, there is 
reduced space between C1 and occiput.16 Frerk et al observed 
that the atlantoaxial gap was not as good a predictor of diffi-
culty intubation, which was contrary to the results obtained 
from the study conducted by Calder et al, which was done 
on patients with cervical spine disease.17 In patients with 

Fig. 2 Various airway assessment parameters. Y axis mentions the 
various airway assessment tests, expansions of which are mentioned 
in the figure.

Fig. 3 Incidence of FOB-guided intubation in different airway 
assessment parameter groups. Y axis refers to number of patients 
already mentioned in the text.

Table 2 Odds ratios, 95% confidence intervals, and p-values 
for airway assessment parameters in patients with acromegaly

OR (95% CI) p-Value

MO 2.4 (0.36–15.9) 0.36

MP (sitting) 6.25 (1.03–37.6) 0.05

MP (supine) 8.99 (0.97–83.0) 0.05

ULBT 25.5 (2.12–307.2) 0.01

HM 13.6 (1.03–179.0) 0.05

SM 5.81 (0.93–35.9) 0.06

ELM 3.33 (0.57–19.5) 0.18

CL grade 8 (1.36–47.0) 0.02

Abbreviations: CI, confidence interval; CL, Cormack-Lehane; ELM, 
external laryngeal manipulation; HM, hyomental; MP, modified Malla-
mpati; MO, mouth opening; OR, odds ratio; SM, sternomental; ULBT, 
upper lip bite test.

15.8% for obese patients.6 Mallampati test is one of the most 
useful tests done to evaluate the airway preoperatively.7,8 In 
contrary to our study in which we observed MP III and IV in 
36% (sitting) and 48% of patients (supine), Ali et al noticed 
only 27% of patients with MP III and IV; however, they did 
not mention the position during the MP assessment.9 There 
is a possibility of increased MP grading in the supine position 
due to inadequate visualization of oral structures that could 
justify the lower percentage of good-grade MP in our study. 
Our results show 6.25 times higher probability of difficult 
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acromegaly, atypical occipital condyles, in combination with 
the odontoid process hypoplasia and its slight inclination, 
are responsible for A-O and atlantoaxial instability. The gap 
between the occipital condyles and superior articular facets 
of the atlas indicate A-O dislocation.18 Since in our study none 
of the patient had restricted neck movement, radiologic eval-
uation of A-O gap was not performed.

The effect of GH on skeletal tissue in patients suffering 
from acromegaly is well known. Normally the teeth (includ-
ing incisors) grow continuously throughout life. When 
occlusion is normal, in this way they remain of a normal 
length. However, when occlusion is abnormal because of 
conditions that include mandibular prognathia that is com-
mon in patients with acromegaly, teeth may become greatly 
elongated because typical attrition of the incisors does not 
occur.19 On literature search, none of the studies in past had 
observed an association between incisor length and difficult 
intubation in patients with acromegaly. However, our study 
result does not show any relationship between IL and diffi-
cult intubation.

The TH distance of > 2 FB between the hyoid bone and the 
thyroid cartilage can increase the chances of successful intu-
bation. Till date no data are available on association between 
TH distance and difficult intubation in patients suffering from 
acromegaly. Our study result, though does not show any rela-
tionship between TH distance and difficult intubation. The 
mandibular space assessment is mainly suitable for adults 
and older children as a predictor of difficult airway. Huh et al 
observed that the HM distance and hyomental distance ratio 
(HMDR) defined as the ratio of the HMD at the extreme of 
head extension to that in the neutral position is significant-
ly associated with difficult intubation.20 In another study by 
Rao et al in which they found HMDR is a clinically reliable 
predictor of difficult intubation to certain extent because of 
its high specificity and negative predictive value.21 Literature 
lacks studies on HM distance and its relationship with diffi-
cult intubation in patients with acromegaly. As per our study 
results, HM distances > 2 FB have 13.6 times higher chances 
of difficult intubation with borderline significance. Liaskou et 
al observed SM distance as a relatively poor single predictor 
of difficult laryngoscopy.22 However, contrary to the above 
study, it has been observed that combination of modified MP 
and SM distance can be used as a good predictor of difficult 
intubation as it is simple and can be easily performed.23,24 As 
per our study results, SM distance is not a good predictor of 
difficult intubation; however, there is 5.81 times probability 
of difficult intubation with SM distance < 12.5 cm.

Patients with acromegaly have increased ventilatory 
response to carbon dioxide and elevated GH level; both con-
tribute to increased incidence of central sleep apnea.25 Patients 
suffering from acromegaly with OSA have craniofacial struc-
tures different from patients without OSA. Patients with OSA 
have narrow posterior airway space, hyoid is displaced more 
caudally, and there is increased vertical dolichofacial growth, 
which make them candidates with difficult airway.26 The lit-
erature shows the reported prevalence rate for sleep apnea in 
patients with acromegaly varies from 19 to 81%, depending 
on the methods and diagnosis criteria used.27 Another study 

observed the presence of OSA in 37.5% of patients suffering 
from acromegaly.28 As per our study results, OSA was absent 
in 93% of patients, showing comparatively low incidence of 
sleep apnea compared with other studies.

Patients suffering from acromegaly can have difficult MV 
because of various associated factors such as macroglossia, 
enlarged nasal bone, prognathism, and receding mandible. 
According to the study by Khan and Rasouli in which they 
had intubated 800 patients with acromegaly who underwent 
transsphenoidal surgery for pituitary tumors under general 
anesthesia during 1995 to 2008, difficult MV was observed 
in a significant number of patients.29 Our study result shows 
insignificant relationship between MV and difficult intuba-
tion. External laryngeal manipulation (ELM) is used to get 
better laryngeal view during direct laryngoscopy. Studies 
have shown that the ELM done by the anesthetist makes 
the best laryngeal view for tracheal intubation.30 Previous 
studies had observed that the application of external laryn-
geal pressure improves laryngeal visualization to CL grade II 
from CL grade III in patients suffering from acromegaly, but 
not always.31 According to our study results, with applica-
tion of ELM to improve the glottic view, there is 3.33 times 
probability of difficult intubation; however, it is found to be 
insignificant. As discussed above, the incidence of difficult 
intubation is higher in patients suffering from acromegaly 
compared with the normal population. Schmitt et al reported 
26% incidence of difficult laryngoscopy grade (CL III); how-
ever, this percentage decreased to 10% with application of 
ELM. None of their patients had CL IV laryngoscopy grade.31 
In other three prospective studies, the reported incidence of 
CL grades III and IV is 17%, 6.1%, and 20%, respectively.32 The 
percentage of CL grades I and II in our study is 79% that auto-
matically calculates the percentage of CL grades III and IV to 
21%, which is quite high compared with the above studies. 
The higher CL grade in our study could be due to the higher 
degree of acromegaly that may have led to difficult airway. 
Our study results suggest that with higher CL grading, there 
is eight times higher chances of difficult intubation, which 
is highly significant. None of the patients had complications 
associated with airway management.

Fiberoptic intubation can always be considered in 
patients with acromegaly.33 In a case series of 32 patients 
suffering from acromegaly, Friedel et al observed the  video 
laryngoscope-guided intubation in 21.9% of patients and 
fiberoptic-guided intubation in 12.5% of patients, which 
in total results in 34.4% of patients requiring advanced 
airway management devices for securing airway, which in 
comparison with our study results (17%) is almost double28 
(►Fig. 1). The lower percentage of advanced airway device 
use in our study compared with the study by Friedel et al 
could be due to a higher sample size compared with their 
study. Another factor could be the subjective variability in 
assessing the airway.

Few limitations of our study include (1) noncalculation 
of sample size as the major limitation and (2) dichotomized 
criteria of easy and difficult intubation that could have 
affected our results. We conclude that ULBT and CL grading 
are reliable predictors of easy intubation in patients with 
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acromegaly undergoing surgery. Thyrohyoid distance, incisor 
length, and mask ventilation, however, were found to have 
no relationship with ease of intubation. Given the paucity of 
available data, further large studies are required to support 
the predictors of easy intubation in patients suffering from 
acromegaly.

Conflict of Interest
None declared.

References

1 Kitahata LM. Airway difficulties associated with anaes-
thesia in acromegaly. Three case reports. Br J Anaesth 
1971;43(12):1187–1190

2 Melmed S. Acromegaly. N Engl J Med 1990;322:966–977
3 el-Ganzouri AR, McCarthy RJ, Tuman KJ, Tanck EN, Ivankov-

ich AD. Preoperative airway assessment: predictive value of a 
multivariate risk index. Anesth Analg 1996;82(6):1197–1204

4 Gupta S, Rajesh Sharma KR, Jain D. Airway assessment: predic-
tors of difficult airway. Indian J Anaesth 2005;49(4 ) :257–262

5 Benumof JL, . Definition and incidence of difficult airway. In: 
Benumof JL, ed. Airway Management: Principles and Practice. 
St Louis, MO: Mosby;1996;:121–125

6 Shiga T, Wajima Z, Inoue T, Sakamoto A. Predicting difficult 
intubation in apparently normal patients: a meta-analy-
sis of bedside screening test performance. Anesthesiology 
2005;103(2):429–437

7 ; American Society of Anesthesiologists Task Force on Manage-
ment of the Difficult Airway. Practice guidelines for manage-
ment of the difficult airway. A report by the American Society 
of Anesthesiologists Task Force on Management of the Diffi-
cult Airway. Anesthesiology 1993;78(3):597–602

8 Wilson ME, Spiegelhalter D, Robertson JA, Lesser P. Predicting 
difficult intubation. Br J Anaesth 1988;61(2):211–216

9 Ali Z, Bithal PK, Prabhakar H, Rath GP, Dash HH. An assessment 
of the predictors of difficult intubation in patients with acro-
megaly. J Clin Neurosci 2009;16(8):1043–1045

10 Sharma D, Prabhakar H, Bithal PK, et al. Predicting difficult 
laryngoscopy in acromegaly: a comparison of upper lip bite 
test with modified Mallampati classification. J Neurosurg 
Anesthesiol 2010;22(2):138–143

11 Aswar SG, Chhatrapati S, Sahu A, et al. Comparing efficacy of 
modified Mallampati test and upper lip bite test to predict dif-
ficult intubation. Int J Contem Med Res 2016;3(9 ) :2715–2719

12 Cortet-Rudelli C. The mouth of patients with acromegaly [arti-
cle in French] Presse Med 2017;46(9):831–837

13 Frerk CM. Predicting difficult intubation. Anaesthesia 
1991;46(12):1005–1008

14 Patil VU, Stehling LC, Zauder HL, . Fiberoptic Endoscopy in 
Anesthesia. Chicago, IL: Year Book Medical Publishers;1983

15 Ambesh SP, Singh N, Rao PB, Gupta D, Singh PK, Singh U. A com-
bination of the modified Mallampati score, thyromental dis-
tance, anatomical abnormality, and cervical mobility (M-TAC) 
predicts difficult laryngoscopy better than Mallampati classi-
fication. Acta Anaesthesiol Taiwan 2013;51(2):58–62

16 Calder I, Calder J, Crockard HA. Difficult direct laryngos-
copy in patients with cervical spine disease. Anaesthesia 
1995;50(9):756–763

17 Frerk CM, Till CB, Bradley AJ. Difficult intubation: thyro-
mental distance and the atlanto-occipital gap. Anaesthesia 
1996;51(8):738–740

18 Piagkou M, Manolakos O, Troupis T, et al. Variable skeletal ana-
tomical features of acromegaly in the skull and craniocervical 
junction. Acta Med Acad 2017;46(2 ) :162–168

19 Fox JG, Anderson LC, Whary MT, et al. Biology and diseases 
of rabbits. In: Laboratory Animal Medicine. 3rd ed. Academic 
Press;2015:Chap 10

20 Huh J, Shin HY, Kim SH, Yoon TK, Kim DK. Diagnostic predictor 
of difficult laryngoscopy: the hyomental distance ratio. Anesth 
Analg 2009;108(2):544–548

21 Rao ST, Gowda V, Reddy RV, et al. Hyomental distance ratio as 
a diagnostic predictor of difficult laryngoscopy. Indian J Appl 
Res 2013;3:511–513

22 Liaskou C, Vouzounerakis E, Moirasgenti M, Trikoupi A, Staikou 
C. Anatomic features of the neck as predictive markers of dif-
ficult direct laryngoscopy in men and women: a prospective 
study. Indian J Anaesth 2014;58(2):176–182

23 Aswini B, Pillai M, Gandha R. Modified Mallampati test, ster-
nomental distance, and thyromental distance for prediction of 
difficult intubation in patients undergoing general anaesthe-
sia. JMSCR 2017;5(10 ) :29465–29473

24 Patel B, Khandekar R, Diwan R, Shah A. Validation of modified 
Mallampati test with addition of thyromental distance and 
sternomental distance to predict difficult endotracheal intu-
bation in adults. Indian J Anaesth 2014;58(2):171–175

25 Grunstein RR, Ho KY, Berthon-Jones M, Stewart D, Sullivan CE. 
Central sleep apnea is associated with increased ventilatory 
response to carbon dioxide and hypersecretion of growth hor-
mone in patients with acromegaly. Am J Respir Crit Care Med 
1994;150(2):496–502

26 Hochban W, Ehlenz K, Conradt R, Brandenburg U. Obstructive 
sleep apnoea in acromegaly: the role of craniofacial changes. 
Eur Respir J 1999;14(1):196–202

27 Fatti LM, Scacchi M, Pincelli AI, Lavezzi E, Cavagnini F. Prev-
alence and pathogenesis of sleep apnea and lung disease in 
acromegaly. Pituitary 2001;4(4):259–262

28 Friedel ME, Johnston DR, Singhal S, et al. Airway management 
and perioperative concerns in acromegaly patients undergo-
ing endoscopic transsphenoidal surgery for pituitary tumors. 
Otolaryngol Head Neck Surg 2013;149(6):840–844

29 Khan ZH, Rasouli MR. Intubation in patients with acromega-
ly: experience in more than 800 patients. Eur J Anaesthesiol 
2009;26(4):354–355

30 Ali MS, Bakri MH, Mohamed HA, Shehab H, Al Taher W. 
External laryngeal manipulation done by the laryngoscopist 
makes the best laryngeal view for intubation. Saudi J Anaesth 
2014;8(3):351–354

31 Schmitt H, Buchfelder M, Radespiel-Tröger M, et al. Difficult 
intubation in acromegalic patients: incidence and predictabil-
ity. Anesthesiology 2000;93:110–114

32 Bindra A, Prabhakar H, Bithal PK, Singh GP, Chowdhury T. Pre-
dicting difficult laryngoscopy in acromegalic patients under-
going surgery for excision of pituitary tumors: a comparison 
of extended Mallampati score with modified Mallampati clas-
sification. J Anaesthesiol Clin Pharmacol 2013;29(2):187–190

33 Ovassapian A, Doka JC, Romsa DE. Acromegaly—use of fiber-
optic laryngoscopy to avoid tracheostomy. Anesthesiology 
1981;54(5):429–430


