
Page 1/15

Diagnostic Value of non-contrast CT in
Cerebrospinal Fluid Leakage after Endoscopic
Transnasal Surgery for Sellar and Suprasellar
Tumors
Wei Gao 

Changxing People’s Hospital, Changxing, Zhejiang Province
Xiaoyu Wang 

Second A�liated Hospital of Zhejiang University
Sheng Zhang 

Zhejiang Provincial People's Hospital
Yuanjian Fang 

Second A�liated Hospital of Zhejiang University
Chenguang Li  (  2315084@zju.edu.cn )

Second A�liated Hospital of Zhejiang University

Research Article

Keywords: cerebrospinal �uid leakage, endoscopic transnasal surgery, head CT, pneumocephalus,
diagnosis

Posted Date: January 4th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-132675/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Version of Record: A version of this preprint was published at Frontiers in Oncology on January 20th,
2022. See the published version at https://doi.org/10.3389/fonc.2021.735778.

https://doi.org/10.21203/rs.3.rs-132675/v1
mailto:2315084@zju.edu.cn
https://doi.org/10.21203/rs.3.rs-132675/v1
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fonc.2021.735778


Page 2/15

Abstract

Background
To study the relationship between pneumocephalus on non-contrast computed tomography (NCCT) and
post-operative cerebrospinal �uid leakage (p-CFL) after endoscopic transsphenoidal sellar and
suprasellar tumors surgeries.

Methods
Patients who underwent endoscopic treatment for sellar or suprasellar tumors from January 2018 to
March 2020 were consecutively collected and reviewed. The NCCT pneumocephalus (NP) was measured
on the �rst day after operation and the �rst day after expansive sponge was extracted, respectively. p-CFL
was de�ned as the glucose rhinorrhea content ≥ 1.7 mmol/L in patients who had persistent nasal
discharge of clear water-like �uid exacerbated by bending over or performing a Valsalva maneuver.

Results
Of 253 patients �nally enrolled into this study, 32 patients (12.6%) were identi�ed as p-CFL. Compared
with patients who had no p-CFL, patients with p-CFL had a higher occurrence of intraoperative CFL, a
longer operation duration time, a higher rate of the presence of pneumocephalus on the �rst-day NCCT
after operation (referred to as the �rst-day NP), and a higher rate of NP volume change between two times
NCCT measurements (referred to as the NP change) (all P < 0.05). In multivariate regression analysis, the
�rst-day NP was independently associated with the occurrence of p-CFL (OR = 6.176, 95%CI = 2.134–
17.871, P = 0.001). While adding the NP change into the regression model, the �rst-day NP was no longer
independently associated with the occurrence of p-CFL, and the NP change (OR = 21.192, 95%CI = 6.292–
71.373, P < 0.001) was independently associated with p-CFL. The ROCs comparison analysis showed that
the NP change had a signi�cantly better predicting value than the �rst-day NP (AUC: 0.988 vs 0.742, Z = 
6.451, P = 0.001).

Conclusions
NP is an effective imaging marker for predicting p-CFL after endoscopic sellar and suprasellar tumors
operation, especially the NP change shows a better predicting value.

Background
Endoscopic transsphenoidal surgery is increasingly praised by neurosurgeons for the treatment of skull
base lesions, but cerebrospinal �uid leakage (CFL) is a complication that is di�cult to avoid completely,
with an incidence as high as 11% now1. The most common sites of surgical traumatic CFL are the
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ethmoid roof and the sphenoid sinus2. In one study, pituitary tumor resection made up nearly half of
cases where tumor removal led to con�rmed CFL3. CFL can lead to symptoms of low intracranial
pressure, pneumocephalus and life-threatening intracranial infection, seriously affecting the prognosis of
patients4, 5. Although there are many ways to repair CFL, such as lumbar cistern drainage, and
multilayered fashion including fat tamponade, fascia lata, arti�cial dura, pediculate nasoseptal �ap,
balloon compression6–10, the leakage is still di�cult to repair. Moreover, CFL after operation is di�cult to
detect and easily neglected by clinicians sometimes.

Therefore, early detection of CFL is quite important. Methods to date that are reported to diagnose CFL
include urine the β2-transferrin test, glucose rhinorrhea content analysis, High-Resolution Computed
Tomography (HRCT), magnetic resonance imaging (MRI) and cisternography11–13. However, these
methods are inconvenient, and have a certain probability of misdiagnosis. Pneumocephalus is a
common clinical manifestation of CFL. In the case of low intracranial pressure, air can enter the brain
from the leakage, resulting in pneumocephalus14, 15. Non-contrast CT (NCCT) can show pneumocephalus
clearly. Therefore, the presence of CFL can be indicated by pneumocephalus detected by NCCT after
transsphenoidal surgery. At present, there is no study on the relationship between pneumocephalus on
NCCT and CFL after transnasal surgery, therefore, the diagnostic value of post-operative NCCT for CFL is
uncertain.

In this study, we analyzed the surgical cases of endoscopic transsphenoidal sellar and suprasellar
tumors, focusing on the relationship between the occurrence and its volume change of NCCT
pneumocephalus (NP) and CFL, in order to explore a new method of diagnosis of CFL.

Methods

Ethics statement
Each subject or an appropriate family member had given written informed consent prior to the study, and
the protocols had been approved by the local ethics committee. All clinical investigation has been
conducted according to the principles expressed in the Declaration of Helsinki.

Study subjects
The retrospective study included consecutively collected patients who underwent endoscopic treatment
for sellar or suprasellar tumors from January 2018 to March 2020. Patients’ demographics, medical
history, pathological �ndings, and repair outcome were recorded. Pre- and post-operative imaging,
operative reports, medical records, and operative videos were reviewed. We excluded (i) post-operative
pathology was not tumor; (ii) incomplete imaging and clinical data from admission to discharge.

Operation procedure
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Endoscopic resection of sellar or suprasellar tumors was performed routinely. Most operations were
performed through the right single nostril. If sellar septum injury or CFL was noticed during operation,
repair of CFL was performed. Our repair methods included lumbar cistern drainage, arti�cial dura repair,
balloon compression, and autologous tissue like fat tamponade, fascia lata, pediculate nasoseptal �ap
(Fig. 1). Depending on the intraoperative conditions, the surgeon might choose some or all of these
methods to reconstruct skull base. Regardless of the occurrence of CFL during surgery, we routinely �lled
the nasal cavity with an expansive sponge. expansive sponge was extracted on the third day after
operation. The �rst head NCCT scan was performed on the �rst day after surgery, and the second CT
scan was performed on the �rst day after extraction of expansive sponge.

Calculation of NP volume

The presence and the volume of NCCT pneumocephalus (NP) was measured on the �rst day after
operation and the �rst day after expansive sponge was extracted, respectively. NP change was de�ned as
the volume change between the �rst day after operation and 24 hours after expansive sponge was
extracted, and it was further divided into four categories: no NP, decreased NP, unchanged and increased
NP. The measurement method of pneumocephalus volume is shown in Fig. 2.

Postoperative Diagnosis of Cerebrospinal Fluid Leakage
(CFL)
After the removal of the expansive sponge, CFL was highly suspected if the patient had persistent nasal
discharge of clear water-like �uid exacerbated by bending over or performing a Valsalva maneuver.
Rhinorrhea was collected, and the glucose rhinorrhea content ≥ 1.7 mmol/L was used to diagnose
postoperative CFL (p-CFL)4. Patients were identi�ed as non-p-CFL if the glucose rhinorrhea content < 
1.7 mmol/L in glucose test of nasal leakage, or there was no nasal discharge after expansive sponge was
extracted, even during Valsalva maneuver.

Statistical analysis
All numeric variables were expressed as mean ± SD and median (interquartile range). Categorical
variables were presented as frequency (percentage). Fisher exact test was used to compare dichotomous
variables between groups, while Mann-Whitney U test was used for ordered categorical variables,
independent samples 2-tailed t test or Mann-Whitney U test was used for continuous variables, depending
on the normality of the distribution. Variables identi�ed by univariate analysis (P < 0.05) were included in
binary logistic regression model. Adjusted odds ratios (OR) with 95% con�dence intervals (CI) were
calculated and P < 0.05 was considered signi�cant. Receiver operative curve (ROC) analysis was
performed to test the predictive power of independent variables for the dependent variable, through the
calculation of areas under the ROC curve (AUC), sensitivity and speci�city. All analyses were performed
blinded to the participant identifying information. Statistical analysis was performed using SPSS 19
(SPSS Inc., Chicago, IL, USA). ROC curve comparison analyses were conducted by Medcalc statistical
software version 15 (Medcalc Software, Mariakerke, Belgium).
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Results

Characteristics of the Patients
A total of 271 patients were reviewed, and we identi�ed 253 patients who met the study criteria after
excluding 18 patients for i) post-operative pathology was not tumor (n = 12), and ii) incomplete imaging
and clinical data from admission to discharge (n = 6). Of 253 patients, 49.6% were female, and the
median patient age was 50y (IQR:40-60y).

Of all the 253 patients, 40 (15.8%) showed the �rst-day NP after operation. After the extraction of
expansive sponge, 46 patients (18.2%) showed the NP change, and 32 (12.6%) were �nally identi�ed as p-
CFL. The median test time for p-CFL was 2d (IQR:1-5d) after the removal of the expansive sponge, and
62.5% of p-CFL patients were tested beyond 2d after the removal of the expansive sponge.

Compared with non-p-CFL group, p-CFL group showed a signi�cantly longer duration of hospitalization, a
higher rate of post-operative infection (62.5% vs 11.8%, χ2 = 48.090, P < 0.001) (Table I). Ten patients
received the repairment operation once or more, but still 2 of them were dead because of severe
intracranial infection during hospitalization.

Factors in�uencing the occurrence of p-CFL
Compared with patients with no p-CFL, patients with p-CFL had a higher rate of intraoperative CFL, a
higher use of free fat interositional graft, lumbar cistern drainage, balloon compression, arti�cial dura
mater implantation, and a longer duration time of operation (all P < 0.05). After resecting tumors, patients
with p-CFL showed a higher rate of the �rst-day NP and the NP change during hospitalization, a higher
occurrence of high fever and infection, and a longer duration of hospitalization (all P < 0.05) (Table I).

In patients with the NP change (n = 46), ten patients of decreased-NP subgroup who initially showed the
�rst-day NP but were found of no NP at the follow-up NCCT were �nally proved of no p-CFL. Sixteen
patients who showed increased NP between two times NCCT measurements were all �nally proved as p-
CFL, including six patients showed no NP at the �rst-day NCCT but were found of NP at the follow-up
NCCT after the extraction of expansive sponge (Fig. 3).

In multivariable regression analysis, when adding the variable of the �rst-day NP into the regression
model, the �rst-day NP (OR = 6.176, 95%CI = 2.134–17.871, P = 0.001) and operative duration time (OR = 
1.027, 95%CI = 1.017–1.036, P < 0.001) were independently associated with the occurrence of p-CFL, after
adjusting for trans-single nostril, pathology types and tumor size (Model 1, Table II).

When adding the NP change into the regression model, the �rst-day NP was no longer independently
associated with the occurrence of p-CFL. However, the NP change (OR = 21.192, 95%CI = 6.292–71.373, P 
< 0.001) and operative duration time (OR = 1.019, 95%CI = 1.003–1.034, P = 0.018) were factors
independently associated with p-CFL (Model 2, Table II). Compared with patients with increased NP,
patients with no NP had signi�cantly a lower risk for the occurrence of p-CFL (OR = 0.004, 95%CI = 0.001–
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0.037, P < 0.001). While compared with patients with no NP, patients with unchanged (OR = 12.745, 95%CI 
= 3.170-40.254, P < 0.001) and increased NP (OR = 22.497, 95%CI = 6.250-62.421, P < 0.001) had
signi�cantly higher risk of p-CFL.

The comparison of predictive power for p-CFL between post-operative NCCT pneumocephalus and
volume change of NP

ROC analysis showed that, the AUC of the �rst-day NP for predicting p-CFL was 0.742 (95%CI = 0.529–
0.755, P = 009), with the sensitivity of 68.6% and the speci�city of 87.8%. The AUC of the NP change for
predicting p-CFL was 0.988 (95%CI = 0.977–0.998, P < 0.001), with the sensitivity of 100% and the
speci�city of 93.7%. The ROCs comparison of these two parameters showed that the NP change had a
signi�cantly better predicting value than the �rst-day NP (Z = 6.451, P = 0.001).

Discussion
Diagnosis and management of p-CFL can sometimes be challenging, even for the most experienced
neurosurgeons13. The presentation of clear rhinorrhea and/or headache is common in many conditions.
Those that should be speci�cally considered as CFL are allergic rhinitis, common cold, vasomotor rhinitis,
spontaneous intracranial hypotension, subarachnoid hemorrhage, and meningitis16, 17. CFL could also
pose a serious hazard, and it is associated with delayed wound healing, meningitis, epidural infections,
and pneumocephalus. These complications often lead to prolonged hospitalization, reoperation, and
increased health care costs18–21. The most serious potential complication of CFL is meningitis22. Two
patients of our study died from Klebsiella pneumoniae infection. Thus, it is vital to �nd an early evidence
to diagnose CFL. In this study, we found that both the �rst-day postoperative NCCT pneumocephalus
(NP) and the volume change of NP (the NP change) could predict p-CFL, and the latter has a higher
predictive value. Compared with no NP patients, patients with no change and increased NP had a higher
risk of having p-CFL, and 100% of increased NP patient were proved of p-CFL.

The possible pathophysiology for the correlation between the presence of NP and p-CFL can be explained
by two theories: the inverted bottle mechanism and the ball-valve mechanism15. In the inverted bottle
mechanism, it is postulated that as CSF �ows out of the subarachnoid space through a dural-arachnoid
tear, negative pressure is created within the subarachnoid space. The negative pressure prevents the
leakage of more CSF, until air enters to take its place and equilibrates the pressure differential. In the
second theory, the ball-valve mechanism hypothesizes that air enters through a fracture next to an air-
containing space15. A vacuum drainage system predisposes a patient to a pneumocephalus in the
presence of CFL15, 23,24.

We found that the NP change after the extraction of expansive sponge can better predict p-CFL than the
�rst-day NP. Head NCCT examination was performed on the �rst day after operation routinely. At that time
the patient's bilateral nasal cavity was �lled with expansive sponge and was in a continuous lying state.
Even if there was cerebrospinal �uid leakage, cerebrospinal �uid was not easy to �ow out of the nasal
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cavity. Also it was di�cult for air to enter the brain. Therefore, if CFL is slight during and after operation,
pneumocephalus is not easy to appear in early postoperative CT. When the patients underwent off-bed
training after extraction for 1 day, the second CT scan was performed. At this time, if CFL existed, CSF
would be more likely to �ow out than before. The reduced intracranial pressure makes air more likely to
enter the brain and causes pneumocephalus. Therefore, detecting the changes of NP volume can more
effectively predict p-CFL than observing the �rst NP. However, most of the patients discharged within 5
days after operation have made it di�cult for us to do further CT dynamic observation.

In patients with the �rst-day NP after tumor resection, the occurrence of p-CFL was lower in patients with
reduced NP volume comparing with those with increased or invariant NP volume. The probable cause is
that pneumocephalus was gradually absorbed after the CFL was cured. CFL during operation and the
loss of a large amount of CSF leading to pneumocephalus at �rst. However, after the leakage was
properly repaired by skull base reconstruction, the postoperative pneumocephalus was gradually
absorbed. In contrast, invariant and increase of CT pneumocephalus suggested a high incidence of CFL.
If CFL is completely solved, pneumocephalus will be gradually absorbed, and CT re-examination at an
interval of 3 days is enough to observe the reduction of pneumocephalus. If there is no change or
increase of pneumocephalus volume after operation, it indicates that intracranial pressure continues to
decrease and leakage still exists, so the incidence of p-CFL increases.

In this study, p-CFL happened in 2 patients who had no pneumocephalus on the �rst day after the
operation. According to the dynamic evaluation, pneumocephalus was found in the head CT on the fourth
day after the operation, suggesting that the dynamic review of head NCCT is of signi�cance to the
evaluation of CFL. In one case, although there was an increase in pneumocephalus volume after
operation, there was no cerebrospinal �uid leakage, which may be related to the excessive drainage of
cerebrospinal �uid caused by lumbar cistern drainage.

Our study is limited by the relatively small sample size, and further studies with larger sample size will be
needed to con�rm our results. An additional limitation is our retrospective and single-center methodology.
Meanwhile, our observation time is short and limited to during hospitalization, requiring a longer follow-
up.

Conclusion
In this study, we found that the NP change is a more convenient and effective imaging marker than the
occurrence of the �rst-day NP for predicting p-CFL after endoscopic sellar and suprasellar tumors tumor
operation. Using dynamic NCCT observation, attention should be paid to the risk of p-CFL in patients with
no change and increased NP.

Abbreviations
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NCCT: non-contrast computed tomography; NP:NCCT pneumocephalus; p-CFL:post-operational
cerebrospinal �uid leakage; HRCT:High-Resolution Computed Tomography; MRI:magnetic resonance
imaging.
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  Non p-CFL

(n=221)

p-CFL

(n=32)

Test value P
value

Age, y, median (IQR) 51 (40-60) 48 (35.5-57) Z=-1.065 0.287

Female, n (%) 112 (50.7) 14 (43.8) c2=0.537 0.464

Hypertension, n (%) 56 (25.3) 6 (18.8) c2=0.656 0.418

Diabetes mellitus, n (%) 18 (8.1) 2 (6.3) c2=0.138 0.710

Intra-operative characteristics        

Trans-single nostril 166 (75.1) 24 (75.0) c2=0.001 0.989

Intra-operative CFL, n (%) 18 (8.1) 32 (100) c2=148.732 <0.001

Intra-operative repair measures        

Free fat interositional graft 22 (10.0) 25 (78.1) c2=85.879 <0.001

Lumbar cistern drainage 30 (13.6) 24 (75.0) c2=62.822 <0.001

Balloon compression 1 (0.5) 4 (12.5) c2=20.943 <0.001

Arti�cial dura mater implantation 153 (69.5) 32 (100.0) c2=13.275 <0.001

duration time of operation, min, median
(IQR)

105 (80-
140)

222 (175-
255)

Z=-6.941 <0.001

Tumor size, mm 23 (18-30) 26 (20-34) Z=-1.676 0.094

Pathology types, n (%)     c2=38.975 <0.001

Non-functional tumor 84 (38.0) 4 (12.5)    

Functional adenoma 58 (26.2) 6 (18.8)    

Meningioma 2 (0.9) 9 (28.1)    

Craniopharyngioma 12 (5.4) 10 (31.3)    

Others, 65 (29.4) 3 (9.4)    

Post-operative characteristics        

The �rst-day NP, n (%) 27 (12.2) 13 (40.6) c2=16.947 <0.001

NP change, n (%)     c2=188.637 <0.001

No NP 207 (93.7) 0 (0)    

Decreased 10 (4.5) 8 (25.0)    
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Unchanged 4 (1.8) 8 (25.0)    

Increased 0 (0) 16 (50)    

High fever, n (%) 26 (11.8) 20 (62.5) c2=48.368 <0.001

Infection, n (%) 26 (11.8) 20 (62.5) c2=48.090 <0.001

Residual of tumor, n (%) 109 (49.3) 12 (37.5) c2=1.565 0.211

Long-term hypopituitarism, n (%) 92 (41.6) 13 (40.6) c2=0.012 0.914

Duration of hospitalization, days 5(4-7) 17(11-24) c2=-7.883 <0.001

The others of pathology section included growth hormone (GH) adenomas, prolactin (PRL) adenomas,
adrenocorticotropic hormone (ACTH) adenomas, thyroid-stimulating hormone (TSH) adenoma,
gonadotroph adenomas and mixed tumor.

NCCT, non-contrast computed tomography; CFL, cerebral-spinal �uid leakage; NP:  NCCT
pneumocephalus; IQR, inter-quartile range.

Supplementary table II. Multivariate regression analysis for variables associating with p-CFL

Model 1 OR 95%CI P value -2 log likelihood

        113.764

The �rst-day NP 6.176 2.134-17.871 0.001

Operative duration time 1.027 1.017-1.036 <0.001

Trans-single nostril 1.388 0.459-4.198 0.562

Pathology types 1.061 0.755-1.491 0.734

Tumor size 1.005 0.963-1.047 0.833

Model 2 OR 95%CI P value -2 log likelihood

        40.231

The �rst-day NP 2.521 0.438-14.519 0.301

dynamic change of NP 21.192 6.292-71.373 <0.001

Operative duration time 1.019 1.003-1.034 0.018

Trans-single nostril 2.356 0.302-18.402 0.414

Pathology types 1.387 0.765-2.515 0.282

Tumor size 1.026 0.952-1.106 0.497
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NCCT, non-contrast computed tomography; CFL, cerebral-spinal �uid leakage; NP: NCCT
pneumocephalus; IQR, inter-quartile range.

Figures

Figure 1
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Multilayered repair procedure for cerebrospinal �uid leakage in endoscopic transsphenoidal surgery. (A) A
piece of arti�cial dura mater was inserted into the subdural space. (B) Another piece of arti�cial dura
mater was place in the epidural space. (C) Autogenous fascia lata was placed on sellar �oor for further
repair. (D) The pediculate nasoseptal �ap was used to reconstruct skull base defect. (E) Fibrin Sealant
was used for reinforcement of skull base defect repair. (F) The nasal cavity was �lled with Nasopore
dressing to strengthen the repair of skull base defect.

Figure 2

NP volume measurement on the �rst day and the fourth day after endoscopic transsphenoidal surgery.
This is a case of 45-year-old male diagnosed with tuberculum sellae meningioma. A. On the �rst day after
operation, a small amount of CT pneumocephalus was found, which was 2.1ml. B. On the fourth day
after operation, CT scan showed increased pneumocephalus volume, which was 23.7ml. Cerebrospinal
�uid rhinorrhea was con�rmed on the sixth day after operation. The red area represents the
pneumocephalus.
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Figure 3

Flow chart of patient selection, and the whole observation process for the association between NP and p-
CFL. NCCT: non-contrast computed tomography; NP: NCCT pneumocephalus; p-CFL: post-operational
cerebrospinal �uid leakage.


