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Abstract Object The consistency of pituitary macroadenomas affects the complexity of
surgical resection. On T2-weighted (T2W) imaging, the intensity ratio of the tumor
to the cerebellar peduncle (tumor to cerebellar peduncle T2-weighted imaging
intensity [TCTI] ratio) correlates withmeningioma consistency.We aimed to determine
the correlation of this radiographic finding with pituitary macroadenoma consistency
and to determine whether it can be used for preoperative planning.
Methods We performed a retrospective evaluation of 196 patients with macroade-
nomas who underwent endoscopic transsphenoidal resection from January 2012 to
June 2017. Macroadenoma consistency was determined by one senior neurosurgeon at
the time of surgery. Axial and coronal T2W magnetic resonance imaging images were
evaluated retrospectively, and adenoma size, Knosp grade, suprasellar extension and
TCTI were calculated.
Results The mean TCTI ratio was 1.70 (95% confidence interval [CI]: 1.65–1.75).
Intraoperatively, 140 (71.4%) adenomas were classified as soft and 48 (24.5%) as
fibrous. Gross total resection was achieved in 66.7% of fibrous adenomas and in 86.4%
of soft adenomas (p ¼ 0.007). The mean ratio was 1.68 (95% CI: 1.62–1.74) for soft
tumors and 1.76 (95%CI: 1.67–1.84) for fibrous tumors. There was no difference in the
mean TCTI ratio between groups. Lactotroph and somatotroph adenomas had a lower
meanTCTI ratio comparedwith other functioning and nonfunctioning adenomas with a
mean TCTI of 1.52 compared with 1.77.
Conclusions In this retrospective cohort study, we found that the TCTI ratio does not
correlate with tumor consistency. We also noted that the TCTI ratio is increased in
prolactin and growth hormone-secreting adenomas.
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Introduction

Pituitary macroadenoma consistency may affect the com-
plexity of surgical resection.1,2 While most macroadenomas
are soft and easily aspirated,3 �10% of cases are fibrous and
firm adenomas for which suction is not effective.1,4 No
standardized method exists at this time to predict adenoma
consistency. Among different conventional imaging modal-
ities, T2-weighted (T2W) imaging holds promise as amethod
to predict adenoma collagen content and consistency. How-
ever, previous studies have provided variable and contra-
dictory results regarding the effectiveness of this imaging
modality.4–8

The tumor to cerebellar peduncle T2-weighted imaging
intensity (TCTI) ratio has been extensively evaluated to
predict meningioma consistency. TCTI ratio strongly corre-
lates with tumor consistency, and TCTI ratios >1.8 correlate
with softer tumors.9–11A recent study demonstrated that the
use of the ratio of signal intensity of pituitary adenoma to
cerebellar peduncle on T2W imaging (TCTI) correlates well
with tumor consistency, and all six firm tumors in their
series had a TCTI <1.8.12

We therefore sought to validate these results in a larger
patient cohort. We conducted a cohort study of retrospec-
tively reviewed preoperative images and prospectively col-
lected operative data to determine the correlation of this
radiographic finding with adenoma consistency.

Materials and Methods

Patient Population
Following institutional review board approval, we per-
formed a retrospective evaluation of patients with pituitary
macroadenomas who underwent endoscopic or trans-
sphenoidal by the senior author (John A. Jane) between
January 2012 and June 2017. Inclusion criteria included
preoperative imaging consistent with pituitary macroade-
nomas (260 patients). Exclusion criteria included previous
surgery (six patients), history of apoplexy (three patients),
unavailable preoperative imaging (three patients), no pro-
spective documentation of adenoma consistency (three
patients), characterization of adenoma consistency with
unclear terms including “cystic,” “liquid,” “hemorrhagic,”
or “apoplectic” (seven patients), no tumor identified intrao-
peratively (one patient), and lesions that were found not to
bemacroadenomas in histopathologic analysis (six patients).
Also, following initial imaging analysis 33 patients were
noted to have highly cystic adenomas and were excluded
from the study. Thus, a cohort of 196 patients was analyzed.

Operative Findings
Macroadenoma consistency was determined by one senior
neurosurgeon at the time of surgery and prospectively
reported in the operative note as “fibrous,” “intermediate,”
or “soft.” The characterization was based on the ability to
suction the tumor using regular suction as well as an ultra-
sonic surgical aspirator. Findings were entered into a pro-
spective database shortly after surgery.

Radiographic Analysis
All patients underwent routine preoperative magnetic reso-
nance imaging. Axial and coronal T2W MRI images were
evaluated retrospectively by two of the authors (Panagiotis
Mastorakos and Ajay Chatrath), who were blinded to the
surgicalfindingsusing the “CarestreamHealth”picturearchiv-
ing and communication system (Carestream Health, Roche-
ster, New York, United States). A region of interest (ROI) was
selected within the adenoma in homogenous adenomas or
multiple ROIswere selected forheterogeneous lesions, and the
mean intensity was calculated. An ROI from the middle
cerebellar peduncle was chosen, and the mean intensity was
measured (►Fig. 1A). Thus, the TCTI ratio was calculated. The
reliability coefficient between to raters was 0.8. For simplicity
and to maximize the power of our comparison, we compared
the TCTI ratio of “soft” and “fibrous” tumors and did not
includetumorsof intermediate consistency in thecomparison.

Statistical Methods
Student’s t-test was used to compare quantitative parameters
between two groups and one-way analysis of variance
(ANOVA) to compare quantitative parameters between multi-
ple groups. Chi-square was used to compare quantitative
parameters. To assess the diagnostic value of this method to
predict tumor consistency,we analyzed the receiver operating
characteristic (ROC) curve. IBM SPSS statistics data editor
(SPSS Inc., Chicago, Illinois, United States) was used for all
statistical analyses.All statistical studieswere two-sided, anda
pvalue<0.05wasdeemedstatistically significant. To identifya
difference inTCTI ratio of 0.1with a power of 0.9 and p < 0.05,
we calculated that we would require 187 patients.

Results

Demographics
A population of 196 patients was included in this cohort,
among whom 92 (47%) were female, and 104 (53%) were
male. The average age of surgery was 55.5 � 15.7 years.
There was no difference in age and sex between patients
with soft and fibrous adenomas (►Table 1).

Imaging Analysis
Theaveragemaximumadenomadiameterwas25.9 � 10.5mm.
In our cohort, 13.3% of adenomas were Knosp grade 0, 27%
Knosp grade 1, 28% Knosp grade 2, 19.9% Knosp grade 3, and
11.7% Knosp grade 4. Also, 33.2% had no suprasellar extension,
39.8% extended <10 mm, 22.9% extended 10 to 20 mm, and
4.1% extended >20 mm (►Table 1). The mean cerebellar
peduncle T2W intensity was 615.6, and the mean adenoma
intensity was 1062.4. The meanTCTI ratio was calculated to be
1.70 (range:0.83–2.91;95%confidence interval [CI]:1.65–1.75).

Operative Findings
Intraoperatively, 140 (71.4%) patients had adenomas that
were classified as soft, and 48 (24.5%) patients were found to
havefibrous tumors. In addition, eight (4.1%) adenomaswere
of intermediate consistency and could not be classified in
either of two categories.
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The mean TCTI ratio was 1.68 (range: 0.83–2.91; 95% CI:
1.62–1.74) for soft tumors and 1.76 (range: 0.96–2.62; 95%
CI: 1.67–1.84) for fibrous tumors (►Fig. 1B, ►Table 2). The

difference was not statistically significant between the two
groups (p ¼ 0.19). The ROC curve had an area under the
curve (AUC) of 0.419 � 0.047, p value of 0.9 (►Fig. 1C). The
TCTI ratio of the adenomas of intermediate consistency was
1.82 (range: 1.03–2.41; 95%CI: 1.54–2.10). Given a TCTI
difference of 0.08 between the two groups the statistical
power of our comparison was 0.77.

Gross total resectionwas achieved in 160 (81.6%) patients,
subtotal resection (>80% of tumor) in 32 (16.3%) patients,
and partial resection in 4 (2%) of patients. Among patients
with soft adenomas, 86.4% had gross total resection, 12.9%
had subtotal resection (estimated resection of >80%), and in
0.7%, we completed partial resection (estimated resection of
<80%). In patients with fibrous adenomas, gross total resec-
tion was completed in 66.7% of patients and subtotal and
partial resection in 27.1% and 6.3%, respectively. This differ-
ence was statistically significant (p ¼ 0.007; ►Table 2). Of
note, Knosp grade, suprasellar extension, and size did not
correlate with tumor consistency with p-value of 0.35, 0.11,
and 0.30, respectively.

Histopathology
Histopathologic analysis of representative fibrous adenomas
demonstrated thick fibrous septa intermixedwith the tumor
cells due to increased perivascular fibrosis on hematoxylin
and eosin stain as well as extensive degree of fibrosis on

Table 1 Demographic characteristics and imaging findings

Population 202

M/F (%) 107 (53%)/95 (47%)

Age at surgery � STD 55.3 � 15.8

Adenoma diameter (mm) � STD 25.9 � 10.5

Knosp grade (%)

0 27 (13.2%)

1 55 (27.2%)

2 56 (27.9%)

3 40 (19.8%)

4 24 (11.8%)

Suprasellar extension (%)

None 66 (32.7%)

<10 mm 81 (40%)

10–20 mm 47 (23.3%)

>20 mm 8 (3.9%)

Abbreviations: STD, standard deviation.

Fig. 1 (A) Representative MRI analysis and ROI measurement for macroadenoma and cerebellar peduncle; (B) dot plot of TCTI ratio for soft and
fibrous adenoma, no statistically significant difference was identified (p ¼ 0.19); (C) ROC curve demonstrating lack of predictive value of the
TCTI ratio for tumor consistency (AUC ¼ 0.419 � 0.047, p ¼ 0.9). AUC, area under the curve; MRI, magnetic resonance imaging; ROI, region of
interest; TCTI, T2-weighted imaging intensity.
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reticulin stain (►Fig. 2A and B). Also, histopathologic analy-
sis of representative soft adenomas demonstrated delicate
vasculature on hematoxylin and eosin stain and delicate
blood vessels and lack of fibrosis on reticulin stain
(►Fig. 2C and D).

Histopathologic analysis demonstrated 98 (50%) nonfunc-
tioning macroadenomas (NFMA), 23 (11.7%) somatotroph
adenomas, 13 (6.6%) lactotroph adenomas, and 8 (4.1%) com-
bined lactotroph/somatotroph adenomas, among which 3
(1.5%) were plurihormonal PIT-1 positive adenomas. There
were also 13 (6.6%) corticotroph adenomas, among which 9
(4.6%) were silent, as well as 38 (19.4%) gonadotroph adeno-
mas and 3 (1.5%) thyrotroph adenomas. There was no correla-
tion between tumor consistency and type of macroadenoma

(p ¼ 0.638).More specifically, for NFMA, 91.9%were soft, 4.1%
were intermediate, and 4.1 were fibrous. For somatotroph
adenomas, 90% were soft, 5% were intermediate, and 5% were
fibrous. Forcombined lactotroph/somatotrophadenomas, 75%
were soft, and 25% were fibrous.

The TCTI ratio was 1.77 (CI 1.70–1.83) for NFMA, 1.59 (CI
1.34–1.66) for somatotroph adenomas, 1.52 (CI 1.31–1.72)
for lactotroph adenomas, 1.45 (CI 1.18–1.73) for combined
lactotroph/somatotroph adenomas, 1.70 (CI 1.45–1.97) for
corticotroph adenomas, and 1.76 (CI 1.65–1.88) for gonado-
troph adenomas. NFMA, gonadotroph, and corticotroph
adenomas had higher TCTI compared with lactotroph and
somatotroph adenomas. The difference was statistically sig-
nificant (p < 0.05; ►Fig. 3).

Table 2 Correlation of tumor consistency with TCTI score and resection

Total Soft Fibrous Intermediate

Population (%) 202 145 (71.8%) 49 (24.3%) 8 (3.9%)

TCTI ratio (95%CI) 1.7 (1.65–1.74) 1.67 (1.61–1.73) 1.74 (1.65–1.83) 1.82 (1.54–2.1)

Resection

GTR 162 (80.2%) 123 (84.8%) 32 (65.3%) 7 (87.5%)

Subtotal resection 33 (16.3%) 19 (13.1%) 13 (26.5%) 1 (12.5%)

Partial resection 7 (3.4%) 3 (2%) 4 (8.1%) 0

Abbreviations: CI, confidence interval; GTR, gross total resection; TCTI, tumor to cerebellar peduncle T2-weighted imaging intensity.
Subtotal resection (estimated >80% resection); partial resection (estimated <80% resection).

Fig. 2 Histopathologic analysis of representative fibrous (A and B) and soft (C and D) pituitary adenomas (original magnification 100x). (A) H&E-
stained sections show thick fibrous septa intermixed with the tumor cells due to increased perivascular fibrosis. (B) Reticulin Wilder’s silver-
stained sections demonstrate extensive degree of fibrosis of the adenoma. (C) H&E-stained sections show a hypercellular adenoma with delicate
vasculature. (D) Reticulin Wilder’s silver-stained sections demonstrate delicate blood vessels and lack of fibrosis within the adenoma. H&E,
hematoxylin and eosin.
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Discussion

Preoperative knowledge of adenoma consistency may aid
with surgical planning, considerations regarding duration of
surgery, and patient counseling. For large lesions with
suprasellar extension, tumor consistency can be a factor in
deciding on the need for craniotomy.4 Thus, a reliable pre-
operative predictor of the pituitary adenoma consistency
would prove to be a useful biomarker for preoperative
surgical planning.13 Our result further supports this, as we
demonstrated that tumor firmness as assessed by the sur-
geon intraoperatively correlates with decreased frequency of
gross total resection and increased frequency of partial
resection. This finding was independent of Knosp score,
size, or suprasellar extension.

Small case series have suggested that low T2W intensity
may be associated with increased collagen content in surgi-
cal specimens5,6 and that fibrous tumors tend to be iso-
intense to the cerebral tissue.4,7Bahuleyan et al reported that
T2W MRI intensity did not correlate with macroadenoma
consistency.8 Similarly a case series of growth hormone-
producing adenomas did not identify any correlation with
tumor consistency.14,15 The TCTI ratio offers a simple way to
normalize the T2W intensity, has been extensively charac-
terized in meningiomas, and has shown to strongly correlate
with tumor consistency.9–11 The use of this ratio in pituitary
adenomas has offered promising results in a small cohort.12

Using a large cohort, we show that the TCTI ratio does not
correlate well with tumor consistency and does not offer
predictive value in this context. Smith et al demonstrated in
their series that all fibrous adenomas had a TCTI ratio<1.8.12

However, in our cohort most tumors had a TCTI ratio lower
than 1.8, and interestingly, while there was no statistically
significant difference, soft pituitary adenomas had a lower
mean TCTI ratio compared with fibrous tumors.

We also noted that lactotroph and somatotroph adeno-
mas, as well as combined lactotroph/somatotroph adenomas
have a lower mean TCTI ratio compared with other function-
ing and nonfunctioning adenomas with a mean TCTI of 1.52
compared with 1.77. Hagiwara et al have noted that on T2W-
imaging, somatotroph adenomas were more often hypoin-
tense compared with non-GH-producing adenomas. This
finding may be attributed to secretory granule density, as
high intragranular protein concentrations might result in T2
hypointensity.15

This is a retrospective study allowing the potential for
bias. Reviewers were blinded to the surgical findings to
remove any potential bias of imaging interpretation. Also,
we acknowledge the subjectivity of intraoperative charac-
terization of adenoma consistency and noted that this char-
acterization was completed prospectively to avoid potential
bias. This may also explain the discrepancy between the
percentage of fibrous tumors in the literature and that in our
case series.

Conclusion

Assessing adenoma consistency preoperatively is useful
for surgical planning; however, in this retrospective
cohort study, we found that the TCTI ratio does not
correlate with tumor consistency. This negative result in
a relatively large cohort allows us to conclude that T2W
imaging cannot be used to predict adenoma consistency
and surgery complexity. We also noted that the TCTI ratio
is increased in prolactin and growth hormone-secreting
adenomas.
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