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ABSTRACT

القرارات  في  تأثير  اي  له  الأشعة  هذه  عمل  هل  معرفة  الأهداف: 
العلاجية على المريض أم لا.

المنهجية: تم مراجعة ملفات واشعة من اجري لهم جراحة دماغية غير 
المقطعية  والاشعة  للمرضى  السريري  الفحص  مراجعة  تم  ثم  طارئة. 
فحص  وجود  مع  وحدها  الاشعة  هل  ومعرفة  العملية  بعد  الدماغية 

سريري سليم مهم في التأثير في القرارات العلاجية ام لا.

النتائج: تم مراجعة ملف 222 مريض بالغ. فقط مريضان من اصل 
222 احتاجوا تدخل علاجي طارئ بناء على تقرير الاشعة المقطعية 
فقط مع وجود فحص سريري سليم  )بنسبة %0.9(.  فقط مريض 
تقرير  على  بالاعتماد  جراحي  تدخل  احتاج   222 أصل  من  واحد 

الاشعة فقط )بنسبة 0.4%(

الخلاصة: اجراء اشعة مقطعية دماغية روتينية بعد العمليات الجراحية 
الدماغية الغير طارئة لم يؤدي الى اتخاذ قرارات طبية كبرى بالاعتماد 

على الاشعة وحدها.

Objectives: To identify the role of routine 
postoperative head CT in changing postoperative 
management after elective craniotomies.

Methods: We conducted a retrospective study on adult 
patients who underwent cranial surgery. Exclusion 
criteria includes cranial CTs done postoperatively for 
urgent clinical indications, pediatric patients, CSF 
diversion procedures and sedated patients. Patients 
were placed into “positive” group if the physical 
assessment changed from the baseline in the form of 
clinical deterioration, and the “negative” group if the 
exam did not change. The data then were analyzed 
to identify which patients needed further medical or 
surgical management based on CT findings only with 
“negative” physical examination.

Results: Total of 222 were included in the study. 151 
patients had negative physical examination. Only 8 
out of 151 patients had positive CT findings. Two 
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patients out of 222 (0.9%) had a negative physical 
exam and positive CT findings that required additional 
action that wouldn’t be done urgently without routine 
postoperative brain CT. Only one patient out of 222 
(0.4%) who was re-operated urgently based CT 
findings only and negative physical examination. 

Conclusion: Routine postoperative routine brain CT 
did not alter the course of medical management, even 
in the presence of significant radiological findings.
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Neurosurgical patients have high early postoperative 
complications in comparison with other surgical 

domains.1 Postoperative brain CT is done routinely 
after cranial procedures to predict the possibility of early 
complications, including hemorrhage and significant 
brain edema.2 Other less urgent indications are the gross 
assessment of the extent of resection and ventricular 
catheter placement in cerebrospinal fluid diversion 
procedures.3 Imaging studies in our institute are done 
routinely for the postoperative cranial surgeries, even 
in the absence of clinical indication or postoperative 
complications; thus, raising suspicion about the role 
and efficacy of routine postoperative imaging. 
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In this study, the aim is to determine the necessity 
of postoperative head CT scan in cranial surgeries to 
identify early complications, and its role in patient care, 
outcomes, and costs, with a review of the literature. 

Methods. We conducted a retrospective 
observational study on adult patients who underwent 
cranial surgery in the inpatient department of adult 
neurosurgery at King Fahad Medical City in Riyadh. 
After Institutional Research Board approval, we 
reviewed patients records between January 2015 and 
December 2016. Any patient who underwent routine 
cranial CT scan postoperatively ( less than 24 hours  
from surgery) was included. Exclusion criteria involved 
cranial CT done postoperatively for clinical indications 
(neurological deterioration), pediatric patients less than 
12 years of age, ventriculoperitoneal shunt surgeries, 
external ventricular drain placement surgeries, and 
sedated patients in whom clinical exam is not feasible.

Demographic data were collected that included age, 
gender, diagnosis, and type of surgery (e.g. aneurysm 
clip ligation). We reviewed the clinical status and 
physical examination done for each patient. Patients 
were placed into the “positive” group if the physical 
assessment changed from the baseline in the form of 
clinical deterioration, or new unexpected neurological 
deficits and the “negative” group if the patients had 
stable clinical status without new neurological findings. 
Physical examination data were retrieved from the 
patients’ records. Brain CT scans from our (PACS) 
reviewed each patient for new significant findings 
(hemorrhage, brain edema, infarction, midline shift 
or herniation syndromes). Allocation to “positive” or 
“negative” CT findings was done subjectively based on 
the on-call radiologists through their written report or 
by the neurosurgeon. Any change in plans based on 
the physical examination or imaging was also retrieved. 
Management plan change based on first postoperative 
routine plain brain CT include emergency surgery, 
escalation in service from high dependency unit 
(HDU) to neuro intensive care unit , admiration of 
new medication (mannitol), or further imaging. Data 
were analyzed using IBM SPSS version 25 statistical 
software.

Results. We reviewed a total of 222 patients. 
Demographic data and the type of procedures are 

summarized in Table 1. The procedures conducted are 
195 craniotomies, 12 craniectomies, and 15 burr holes 
for various indications. Out of the 222 patients, 151 
patients had negative physical examination, defined 
as no change in the neurological status from the 
preoperative baseline or expected deficits postoperatively 
with no clinical deterioration in the early postoperative 
period. Only 8 out of 151 patients had positive CT 
findings (Table 2). These findings include significant 
hemorrhage at the surgical site, territorial infarctions, 
edema with mass effect, partial effacement of basal 
cisterns, or sizable residual tumor causing a significant 
mass effect. Modifications of clinical decisions occurred 
in 2 out of 8 patients based on CT findings only. In one 
patient, the finding included the presence of subdural 
hemorrhage causing a mass effect which necessitated 
another follow-up brain CT in less than 24 h and 
eventually managed conservatively. The other patient 
had a residual of his hemorrhagic tumor and was taken 
back to the theater for resection on the same day.

Seventy-one patients had a positive physical 
examination in the form of new neurological deficits, 
altered level consciousness, clinical instability, or 
deterioration. Out of these patients, only 24 had positive 
CT findings (Table 2). Change in management based on 
CT brain was done for four patients only, although all the 
four have abnormal physical examination. One patient 
underwent tumor resection, and was given heparin 
infusion the next day due to a metallic cardiac valve; his 
CT showed diffuse subarachnoid hemorrhage, he had 
a fluctuating level of consciousness on examination. 
The heparin infusion was stopped, and additional 
follow-up brain imaging was requested. The second 
patient underwent medial sphenoid wing meningioma 
resection; postoperative CT brain showed hypodensity 
in middle cerebral artery distribution, examination 

Disclosure. Authors have no conflict of interests, and the 
work was not supported or funded by any drug company. 

Table 1 - Characteristics of the patients included in the study: age, 
gender, primary disease category and type of procedure.

Characteristics n (%)

Age Average 46 years (18 - 77 )
Gender

Female 122 (55) 
Male 100 (45%)
Disease Category

Neoplasm 136 (61.2%)
Vascular 77 (34.6%)
Infectious 4 (1.8 %)
Functional/Epilepsy 5 (2.2%)
Type of Procedure

craniotomy 195 (87.8%)
craniectomy  12 (5.4%)
Burr hole 15 (6.7%)
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revealed hemiparesis. A diagnosis of vasospasm was 
made with an additional angiogram; he was started 
on vasospasm protocol and kept in neuro ICU. The 
third patient underwent anterior communicating 
artery aneurysm clip ligation; postoperative brain CT 
showed diffuse brain swelling and partial effacement of 
basal cisterns; he was kept in neuro intensive care unit 
for close observation. The last patient underwent left 
occipital craniotomy and evacuation of intracerebral 
hematoma; CT showed sizable epidural hematoma at 
the surgical bed. The patient was retaken urgently to 
the operative theater for evacuation of the hematoma. 

In total, only 6 patients (2.7%) required urgent 
action postoperatively on day one. However, only 
2 patients out of 222 (0.9%) had a negative physical 
exam and positive CT findings that required additional 
action that would not be done urgently without 
routine postoperative brain CT. Only one patient out 
of 222 (0.4%) who was re-operated urgently based CT 
findings only and negative physical examination. The 
other 4 patients also had a significant abnormal physical 
examination that would usually require urgent brain 
imaging.

Illustrative case. A 44-year-old male, known to 
have ischemic heart disease, presented to emergency 
department with confusion, headaches, blurring 
of vision, forgetfulness, seizures, right lower limb 
numbness and weakness for two months. He had GCS 
of 14/15, with normal power, sensory, and cranial 
nerves. MRI brain  showed large intra-axial mass 
involving the left frontal lobe and 8 mm midline shift. 
The patient underwent left frontal craniotomy and 
tumor resection He was extubated and shifted to ICU. 
His postoperative clinical examination did not differ 
from the baseline. Postoperative routine brain CT was 
done the next day morning and showed mild subdural 
hematoma and a large hematoma in the surgical bed 
with left frontal edema. A compression was caused by 
the hematoma on the left frontal horn of the lateral 

ventricle with a rightwards midline shift of 10 mm. 
The patient was kept under observation; no clinical 
deterioration or change in baseline occurred. Repeated 
brain CT in three days showed the same hematoma 
with intermediate resolution. Pathological examination 
revealed a high-grade glioma. 

Discussion. Routine postoperative brain CT after 
a cranial procedure is common practice in neurosurgery 
that relies on physician preference. In this article, we 
found that the use of routine postoperative brain CT 

Figure 1- Perioperative imaging of elective craniotomy and removal 
of left frontal mass. A) peroperative plain CT brain showed 
left frontoparietal subcortical hypodense lesion with central 
hyperdensity causing mass effect and compression on adjacent 
structures (arrow). B,C) Axial and sagittal peroperative MRI 
showing the same lesion, hyperintense on T2 weighted images 
(arrows). D) routine postoperative CT brain showing surgical 
site hematoma with compression on ipsilateral body of left 
lateral ventricle (arrow), causing midline shift. 

Table 2 - Showing positive and negative findings in neurological examination in less than 24 from surgery and corresponding’s routine 
postoperative CT brain findings.

CT Brain Findings Neurological Examination Total
Positive ** Negative

n (%)
Positive* 24 (10.8) 8 (3.6) 32 (14.4)

Negative 47 (21.2) 143 (64.4) 190 (85.5)
Total 71 (31.9) 151 (68) 222 (100)

*Presence of abnormal worrisome finding (e.g. mass effect, significant hematoma, 
massive infarction). ** Presence of abnormal unexpected new clinical deterioration.
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does not alter the course of management, regardless of the 
presence or absence of significant findings. We estimated 
that the percentage of escalation of management and 
urgent re-operation based on routine postoperative 
brain CT and negative physical examination was only 
0.9% and 0.4%, respectively. Most of the patients with 
significant findings on postoperative brain imaging also 
had abnormal physical examination. These findings do 
not support the use of routine postoperative brain CT in 
cranial procedures. The presence of significant findings 
on early routine postoperative brain CT was 14.4% in 
our study; however, only 0.9% required intervention or 
or change in the management based on CT findings 
ony. Presence of positive findings upon brain CT in 
stable patients does not justify surgical intervention. 
In fact, it may result in further unnecessary workup, 
imaging, or increase length of hospital stay. 

Studies in the literature addressed the utility of the 
routine postoperative CT in neurological surgeries, 
proving the importance of its role in serving the 
patient, with evidence-based practices. The above 
findings are consistent with a recent study on 666 
patients. Their re-operation rate was 2.7% (n=18), 
however, all re-operated patients had new neurological 
deficits before CT.4 Schär et al2 examined the utility of 
brain CT on 469 patients and concluded that routine 
imaging is not necessarily on patients who are conscious. 
Their emergency re-operation rate within 48 hours 
based on CT findings was 1.6%, close to our figure. 
Furthermore, a study conducted on all neurosurgical 
patients to examine the importance of postoperative 
brain CT, 464 craniotomies/craniectomies out of 
892 routine postoperative CT procedures did not 
necessitate any further surgical intervention.5 However, 
none of these studies examined the changes in the 
none-surgical component of management (close 
neurosurgical observation, escalation of service, 
changing medication), but all of them supported the 
conclusion that re-operation was not necessary based 
on CT findings only in conscious, neurologically-stable 
patients without clinical deterioration.

In neurosurgical patients who underwent procedures 
other than craniotomies, early postoperative brain CT 
is not necessary. Nadimi et al6 reported that in anterior 
endoscopic skull base surgeries, the re-operation rate 
based on CT findings was 2% in the 143 patients who 
underwent the procedure for various indications; all 
of them had expanding pneumocephalus. Their study 
also supports our findings that early brain CT is not 
necessary; however, in the patients urgently re-operated 
on, they used early postoperative brain CT as a baseline 
to assess the extent of pneumocephalus expansion. 

This was confirmed by another study on endoscopic 
ventral skull base surgeries. Any abnormality observed 
upon brain CT is usually accompanied by clinical 
deterioration; therefore, routine postoperative imaging 
is not necessary unless indicated.7 Patients with chronic 
subdural hematoma underwent burr-hole evacuation 
and drain insertion, and early cranial imaging did not 
show reduced recurrence or improved outcome; in fact, 
it increased the length of hospital stay.8 In a previous 
study conducted at Rush University, 433 procedures 
out of 892 were burr holes, angioplasties, or trans-
sphenoidal surgeries, and early brain CT did not show 
any improvement in re-operation rates based on CT 
findings only.5

We consider that there are certain cases where 
routine postoperative brain CT is justified. In a 
retrospective study of craniosynostosis reconstructive 
surgeries, the imaging findings were not found to 
be clinically significant in patients without shunt 
placement after the reconstruction; however, in patients 
with implanted shunts, doing brain CT is justified 
due to a high incidence (29%) of shunt malfunction.9 
Furthermore, the point of medico-legal reasons to do 
routine postoperative CT scans to rule out hematoma 
was raised in other studies,10,11 despite their low risk 
(0.69%).11 In our study, only one patient was taken back 
to operating theater urgently due to CT findings only. 
Although the back-to-theater rate is low in our study 
(0.4%), some argue that this figure is still reasonable 
to conduct a routine post operative CT brain in 
neurosurgical patients and it’s cost-effective. In comatose 
or sedated patients, routine postoperative brain CT 
is justified as the ICP monitor alone is not reliable in 
detecting focal neurological injury or compression,12 
which can be detected in the neurological exam if the 
patient is conscious.13 In comatose patients who are in 
postoperative period, the risk of CT changes is six times 
higher than in the non-comatose patients, and they are 
at twice the risk to go for the second intervention than 
the non-comatose patients.14 The literature extensively 
supports the use of routine post-craniotomy brain CT 
in the sedated or comatose patients when the clinical 
neurological exam is not possible. Furthermore, one 
of the arguments with the use routine postoperative 
CT brain is to obtain it as a baseline study for 
future comparison in case of deterioration or late 
complications or to initiate early pharmacological 
venous thromboembolic prophylaxis. Certain centers 
obtain early brain CT as part of their early discharge 
plan pathway to exclude any postoperative hematomas. 

Positive clinical findings in patients with negative 
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CT brain can be explained by multiple reasons, this 
includes CT-occult early vascular insults that can 
be better detected with MRI, electrolytes imbalance 
(most commonly being hyponatremia),15 anesthetic/
analgesic agents or anti-epileptic drugs,16 status of high 
ICP without changes in the ventricular system17 and 
extracranial related conditions (e.g. peripheral nerve 
injury due to positioning or spine related problems).18 
Regarding ICU stay, patients who have findings in the 
postoperative CT scan are divided into 2 categories; 
first, radiological findings associated with neurological 
deficits. These represent a small number of patients 
that require an extension of ICU stay or step-down 
unit till resolution of the problem, however, some of 
these patients were transferred to regular ward beds, 
depending on the clinical and radiological assessment. 
The second category is patients with non-neurological 
deficits. These patients were transferred to a ward bed 
in most cases (70% from this category) and only a few 
have a longer ICU length of stay.

Other factors should be considered when doing 
routine postoperative brain CT is radiation exposure. 
A routine head CT is 2.1 mSv, which is equivalent to 
30 chest x-rays.19 In the pediatric group, 2–3 head CTs 
can triple the risk of brain tumors.20 In neurosurgical 
practice, brain CT is the first and the most commonly 
used imaging modality. Neurosurgical patients are 
commonly scanned for neurosurgical conditions, 
including postoperative routine imaging, ER or 
inpatients clinical suspicion of deterioration, or even 
routine follow-ups in clinics. This substantially increases 
the risk of radiation exposure. 

In terms of cost-effectiveness in obtaining 
postoperative head CT in neurosurgical patients, 
aneurysm patients with focal neurological deficit require 
11 head CT scans at the cost of $3212 to obtain a CT 
that would change the clinical management, but in 
neurologically intact patients, it needs 99 brain scans at 
the cost of $28,908 to get a single CT that would alter 
the medical management.12 Performing head CT in 
neurologically intact patients suspected to have ongoing 
intracranial insult preceding neurological deterioration 
is not an uncommon scenario. Ordering head CT 
brain should be guided and individualized based on 
clinical examination and continuous monitoring in 
ICU settings to utilize hospital resources and avoid 
devastating postoperative complications.

There are multiple limitations in our study. 
Being a retrospective study with a moderate sample 
size. The significant findings on the brain CT were 
based on subjective interpretation of the viewer 
without objective parameters. The rate of significant 

postoperative CT findings in this study (14.4%) is 
high, and could explained by the subjectivity of images 
interpretations and relaying on the radiologist report. 
Another important limitation is the inability to follow 
and retrieve all post-operative medical management/
decisions and identify which of them was done based 
on the postoperative imaging, only major and obvious 
medical decision were included in this study. Further 
controlled prospective studies are needed to draw firm 
conclusion on this manner.

In conclusion, the use of early postoperative 
routine brain CT (< 24h) in elective cranial surgery 
in conscious patients, without any changes in the 
neurological examination, did not alter the course of 
medical management, even in the presence of significant 
radiological findings.
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