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Abstract
Objective: to evaluate safety and efficiency of conservative treatment of extradural hematoma (EDH) in selected patients. We aimed at detecting time interval during which most of these lesions tend to enlarge, as well as percentage of patients requiring surgical evacuation.
Methods: Patients with Glasgow coma scale (GCS) > 8, without focal neurological deficits, with EDH < 30 cc in volume and < 15 mm in thickness, with midline shift (MLS) < 5mm on their initial computed tomography (CT) were managed conservatively. Close monitoring of conscious level as well as regular follow up CTs were performed in all patients. Time interval between onset of trauma and time of initial CT, as well as intervals between subsequent CTs were documented. Hospital stay for at least 6 days after trauma was mandatory.
Results: None of our seventy patients showed clinical deterioration in the follow up period. Seven patients had increase in size (more than 30cc volume and/or 15 mm thickness) in their follow up CTs thus requiring surgical evacuation in all but one patient who refused surgery. The increase in size was detected in the first follow up CT in six patients, and in a later CT in one patient.
Conclusion: Conservative management of EDH can be adopted safely in patients fulfilling the inclusion criteria, with close monitoring of conscious level and regular follow up CTs. A group of these patients will need surgical evacuation mostly in the first 24 hours following trauma, however delayed asymptomatic increase in volume may uncommonly occur.
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Introduction:
The possibility of managing patients with extradural hematoma (EDH) safely without surgery has been documented in several reports.1-11 There was no agreement on the hematoma volume or thickness above which surgery is indicated. Hematoma volume which has been considered safe for conservative management has ranged from 10 ml to 55 ml in various reports.5,6,8,10 Patients who were treated either surgically or non-operatively were compared in some studies, and statistics were used to determine factors associated with each treatment.11,12 Some investigators reviewed patient series that were initially all treated conservatively and analyzed the factors associated with subsequent delayed surgery.5,7,12,13
Regarding the guidelines for the surgical management of traumatic brain injury, Bullock and his co-workers 14 recommended that patients who were not comatose, without focal neurological deficits, and with an acute EDH with a thickness of less than 15 mm, volume less than 30 cc and MLS less than 5 mm, may be managed non-operatively with serial CT scanning and close neurological evaluation in a neurosurgical center.
Clinical patients and methods:
	During two years period, a selected group of patients with EDH were initially managed conservatively in the neurotrauma unit at Cairo University Hospitals. Neurological examination of all patients was performed and initial CT scans of these patients were accurately viewed. The selection of patients to be managed non-operatively followed the guidelines for the surgical management of traumatic brain injury.14
Inclusion criteria (all criteria must be fulfilled in every patient):
· Patients with GCS > 8 15 having no focal neurological deficits
· EDH thickness < 15 mm
· MLS (measured at level of septum pellucidum) < 5 mm 
· EDH volume < 30 cc
(The volume of the EDH was calculated using the Petersen and Espersen equation:16 0.5 x height x length x depth)
Patients with GCS less than 9, patients with focal neurological deficits, as well as patients with hematoma volume equal to or exceeding 30 cc and/or thickness equal to or exceeding 15 mm or MLS equal to or exceeding 5 mm were not included in this study as they were operated upon immediately.	

Other associated intracranial lesions as well as presence or absence of overlying fissure fracture were documented. Patients with associated significant intracranial lesions were excluded from the study. Association of fracture base, depressed fractures not requiring surgery, or small contusions less than 2 cm in diameter were not considered as exclusion criteria.
The interval between the time of trauma and the initial CT was documented. Conscious level was closely observed and CT was planned in case of deterioration and as routine follow up. First follow up CT was scheduled within 12 hours from the initial CT for all patients having their initial CT performed within 6 hours of trauma, and within 24 hours from initial CT for patients having their initial CT later than 6 hours from trauma. Second follow up CT was scheduled one day after the first follow up CT, and then subsequent follow up CTs were ordered every other day in the first six days after trauma.
Criteria for hospital discharge included fully conscious patients, with hematoma thickness and volume less than 15 mm and 30 cc respectively, after duration of at least 6 days since the time of trauma. On discharge, all patients and their caregivers were instructed to come back immediately if they experience repeated vomiting, persistent headache or any conscious level deterioration.
Results:
	Our study included 53 males and 17 females with age ranging between 5 months and 57 years (mean age 24 years). Mode of trauma included road traffic accidents in 37 patients, fall from height in 24 patients, and assault by heavy object in 9 patients. The majority of patients were GCS 14 and 15 on admission, with the exception of three patients with GCS 13, 11, and 9. All the patients had no focal neurological deficits on examination.
The time interval between the onset of trauma and the time of the initial CT was variable and ranged between 45 minutes and 2 days, with most of the patients having their initial CT performed within 6 hours following trauma. Table 1 shows the time interval between the onset of trauma and the initial CT.
	Time interval between onset of trauma & initial CT
	Number of patients

	Less than 6 hours
	54

	6-24 hours
	11

	More than 24 hours
	5



Table 1: time interval between onset of trauma and initial CT
Hematoma thickness on the initial CT ranged between 3 mm and 14 mm with mean thickness of 9 mm. Hematoma volume ranged between 1.5 cc and 25.7 cc with mean volume of 11.7 cc on the initial CT. Midline shift ranged between 0 mm and 3 mm, with 57 patients having no midline shift.
The sites of hematomas are shown in table 2. An overlying fissure fracture was detected on bone window CT in 38 patients. Associated lesions were present in 18 patients, and included cerebral contusions less than 2cm in diameter in 7 patients, depressed fractures not requiring surgical intervention in 2 patients, and fracture base in 13 patients.
	Site of hematoma
	Number of patients

	Frontal
	24

	Parietal
	13

	Temporal
	6

	Occipital
	4

	Tempro-parietal
	21

	Bifrontal
	2



Table 2: sites of hematoma
Comparing the initial CT & the first follow up CT revealed that hematoma thickness increased in 27 patients, with thickness exceeding 15 mm in 2 patients, remained stationary in 26 patients, and decreased in 17 patients. Hematoma volume increased in 33 patients, exceeding 30 cc in 5 patients, remained stationary in 14 patients, and decreased in 23 patients. The subsequent CT scans showed hematoma enlargement reaching more than 30 cc in volume in only one patient on the CT performed 4 days after trauma.
Only seven of our patients showed significant increase in hematoma volume and/or thickness above 30 cc and 15 mm respectively. Six of these showed hematoma enlargement within the first 24 hours following the initial CT (five patients within the first 12 hours), with only one patient showing delayed enlargement 4 days after initial CT. None of these patients showed clinical deterioration.
Five of these patients were operated upon after the first follow up CT, within 24 hours from the onset of trauma. The patient with delayed enlargement was operated upon on the fourth day. The last patient refused surgery and he was closely monitored clinically and with serial CTs till he was discharged from hospital six days later with no further increase in hematoma size.
The number of CT scans performed for each patient ranged between 4 and 7 (except for operated patients), with most patients having 5 CT scans. Hospital stay ranged between 6 days and 13 days, with most patients discharged after 6 days. We had no mortality and all patients had good recovery according to Glasgow outcome scale.
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Figure 1: showing hematoma enlargement in the first follow up CT performed 8 hours after initial CT in one of our operated patients
Discussion:
	Rapid diagnosis and surgery for EDH in a deteriorating head injury patient is one of the most urgent emergencies in medicine, with mortality and morbidity in EDH patients being used to judge neurosurgical services.17-20 On the other hand, many authors have managed small asymptomatic or minimally symptomatic EDH non-operatively.5,6,8,21-27
	In spite of many articles discussing the conservative non-operative management of EDH, there has been no agreement on the factors determining which patients should be conservatively treated. Most authors focused on factors related to both the patients' clinical condition as well as the CT criteria of the hematoma and mass effect. Both the volume of EDH and the patient's neurological status have been reported to influence outcome following EDH,3,4,28-32 whereas other authors have found that the volume of EDH did not influence the outcome.2,33 The selection criteria were variable regarding GCS of the included patients, the impact of focal deficits, hematoma volume and thickness, as well as midline shift.5,6,8,14,21 
Chen and his co-workers 8 included 74 patients with GCS > 12 with no focal neurological deficits related to hematoma. Some of their patients had hematomas with thickness > 15 mm, volume > 30 cc, and MLS > 5 mm, however these patients tended to require surgery.
	Bezircioglu and his group5 conducted a prospective study on the conservative management of patients with EDH including patients with GCS score greater than 8, with no neurological deficit, with hematoma thickness less than 2 cm, and volume less than 30 ml.
	Dubey and his colleagues 21 reported that the factors influencing management strategy and outcome were the GCS, volume and location of EDH. They recommended that a patients having EDH should not be considered for non-operative management if volume exceeds 30 ml and GCS is 13 or less.
Bullock and his colleagues 6 included 12 patients with GCS 12 or more, with no focal deficits (apart from post-ictal deficits in 2 patients). They included patients with hematoma volume up to 40 cc and midline shift under 15 mm. They considered size threshold for conservative management of EDH to occur around 45 to 50 cc, although this might be affected by other factors such as patient's age and associated intradural lesions. The figure 50 cc was based on their previous series of 35 patients with chronic EDH,34 as well as the work of Pang and his colleagues 26 regarding the nonsurgical management of EDH in the pediatric group.
Our inclusion criteria followed the recent work of Bullock et al.14 regarding the guidelines for the surgical management of traumatic brain injury, including only patients with GCS > 8 without neurological deficits and hematoma volume and thickness less than 30 cc and 15 mm respectively, and with MLS < 5mm.
Close follow up of the patients' clinical condition particularly the conscious level is mandatory for early detection of any deterioration. Furthermore, one of the major goals during dealing with neurotrauma patients is detection before deterioration, allowing for early treatment of new mass lesions which require surgery. Thus, routine follow up CT was scheduled for all patients even if they show no clinical deterioration or even if their conscious level improves following admission.
	We planned the first follow up CT within 12 hours (for patients with initial CT within 6 hours from onset of trauma) or within 24 hours (for patients with initial CT later than 6 hours from onset of trauma) from the initial CT. The subsequent CT scans were done one day later, then every other day. This overcautious plan coincides with various studies recommending early follow up CT, aiming not to miss any patient with enlarging hematoma. Bullock and his colleagues 14 recommended that the first follow-up CT scan in non-surgical patients should be obtained within 6 to 8 hours following trauma. Servadei and his colleagues 35 strongly recommend that CT scans be repeated within 12 hours in patients with the first examination done within the first 3 hours after trauma, whereas Pozzati and Tognetti 27 performed their first follow up CT 12 hours after the initial one in all of their patients irrespective of the time interval between trauma and initial CT. Chen and his colleagues 8 found higher incidence of hematoma enlargement in patients diagnosed within 6 hours than those diagnosed later than 6 hours after trauma. Sullivan and his coworkers 12 suggested that CT monitoring of conservatively managed EDH patients is most appropriately timed in the first 36 hours after injury, with most cases of enlargement occurring by 8 hours after trauma. The longer intervals between the subsequent CT scans is based on that the longer an EDH is asymptomatic, the greater is the likelihood that it will remain so.36
The number of follow up CTs in our series ranged between 4 and 7, with the majority of the patients having 5 follow up CTs before discharge. Complete resolution of the hematoma on the follow up CTs was not aimed as this may take between 3-15 weeks.6,26,27,37-39 In their series, Bullock et al. 6 had mean number of 3.5 scans for each patient, with mean period of 7.25 weeks for hematoma resolution, while Pozzati and Tognetti 27 performed 3 to 4 CTs for each of the patients in their series. 
Significant increase in the hematoma thickness reaching or exceeding 15 mm, and/or significant increase in hematoma volume reaching or exceeding 30 cc occurred in seven of our patients. This increase was detected on the first follow up CT in six patients, where the CT was done within 12 hours in 5 patients and within 24 hours in one patient. Only in one of our patients did the EDH volume exceed 30 cc on the follow up CT performed 4 days after trauma in a conscious patient complaining of occasional headache. Our results regarding the early enlargement of EDH in most of our patients agrees with the results of Sullivan and his coworkers 12 who had mean interval of 8.2 hours between trauma and EDH enlargement, and 5.3 hours after initial CT. Enlargement occurred within 12 hours from initial CT in 95% of their patients, and within 24 hours following the initial CT scan in the rest, with no enlargement later than 36 hours from trauma. Chen and his colleagues 8 operated on 14 out of their patients within three days of trauma. On the other hand, Knuckey et al.13 had average interval of 2.7 days between admission and surgery in seven patients with EDH. Also, Pang and his colleagues 26 operated on two of their patients 6 and 8 days following trauma based on gradual uncal herniation in these patients.
Only 10% of our patients needed surgical evacuation. Sullivan et al.12 operated upon 16 out of their 160 patients (10%), Bezircioglu and his colleagues 5 operated on 5 out of their 80 patients (6%), while Chen and his colleagues 8 operated on 14 out of their 74 patients (19%). Pang and his colleagues 26 operated on 2 out of their eleven patients (18%), whereas Balmer and his coworkers 24 operated upon one patient (7%) with their other 13 patients successfully managed conservatively. Other authors had reported successful conservative management of all of their included patients, with none of their patients requiring surgical evacuation.6,22,23,27
Our series included 27 patients with hematomas confined to or extending to the temporal region, with only 3 of these patients showing significant enlargement of their hematomas thus requiring surgery. Thus, the temporal location didn’t count for increased incidence of hematoma enlargement or need for surgery in our series. On the contrary, Bezircioglu et al. 5 found the only factor significantly associated with delayed surgical evacuation was the temporal site of hematoma, which was observed in all five surgical patients but only in 24% of the 75 patients managed without surgery. Also, Bullock et al. 14 stated that temporal location of an EDH is associated with failure of the conservative management and should lower the threshold for surgery. Dubey et al. 21 had increased rate of surgery for temporal EDH.
There is no firm consensus in the literature as regards the required length of conservative observation.40 Complete hematoma resolution may take between 3-15 weeks.6,26,27,37-39 Chen et al.8 stated that the minimal hospital stay for their patients was 3 days, with average hospital stay of 6 or 7 days, and stressed that if this policy of hospital discharge is adopted, one should be aware of the possibility of delayed deterioration in such patients 41 and arrange for close follow-up. On the other hand, Bullock and his colleagues 6 allowed discharge only after 2 weeks of hospitalization; their mean hospital stay was 4.5 weeks. Although we kept our patients in the hospital for at least 6 days, we feel that this may not be necessary, and that patients can be discharged after 3 days (provided they have easy access to the hospital), with another follow up CT performed 6 days after trauma as outpatients.
The zero mortality in our patients is similar to the mortality rate reported in many other articles selecting patients with high GCS for conservative treatment.6,8,12,23,24,26 This is most likely attributable in  great part to close clinical observation and urgent surgical  evacuation of significant EDH enlargement.
Conclusion:
	Safe management of patients with GCS > 8, without focal neurological deficits, having EDH less than 15 mm in thickness and less than 30 cc in volume, and with midline shift less than 5 mm; can be adopted with close observation of the conscious level and serial follow up CTs. A small group of these patients will show enlargement of their hematoma above 30 cc in volume and/or 15 mm in thickness, thus requiring surgical evacuation. Enlargement occurs within 24 hours from the initial CT in the majority of patients, however delayed enlargement may uncommonly occur in a small subset of these patients. Close clinical observation is the mainstay of this conservative management. We would recommend further study to determine the value of hospital stay longer than 3 days for patients who fail to show hematoma enlargement within the first 72 hours, and assess the need for further CT for these patients.
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