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Introduction 

Neurosurgical procedures are considered inherently high risk, and have a high rate of 

perioperative morbidity and mortality, especially when compared to other non-neurosurgical 

procedures.1,2 There are many factors that are thought to influence the outcomes of neurosurgical 

procedures. These include patient-related factors, such as age, gender and comorbid diseases, 

disease and surgery-related factors, such as raised intracranial pressure, emergent versus 

elective surgery, physician-related factors, such as experience, and institution-related factors, 

such as availability of resources.3,4  

Interestingly, timing is a contentious topic in the field of surgery. Some of the challenges that have 

been identified with nighttime surgery include physician fatigue, physician sleep deprivation and 

decreased staff and resources.4,5 Physician (anesthesiologists and surgeons) fatigue and 

excessive duty hours were found to be associated with higher medical errors.6,7 Notably, previous 

studies have reached different conclusions regarding whether or not adverse surgical outcomes 

are associated with nighttime surgeries.3,5,8-14 Some studies suggest that there is no difference in 

perioperative complications and mortality in nighttime surgeries.3,5,8,9,10 On the other hand, some 

studies suggest that nighttime surgeries are associated with more complications and for some 

surgical specialties, operations that were routinely performed overnight are now being considered 

for delaying into the daytime due to concerns surrounding patient safety.11-14, However, the impact 

of timing of neurosurgical procedures in adults on neurological outcomes has not been well 

studied.   

Aside from timing, other factors hypothesized to influence surgical outcome include age, sex, 

weekday/weekend and month of surgery. The “weekend effect” and “July effect”, which refer to 

the hypothesized increase in morbidity and mortality during weekend procedures and during July, 

when new staff begin, have been studied with mixed findings.11,15-17 Some studies in other surgical 

fields have shown that older age and female sex are associated with higher morbidity and 

mortality.4,18,19 

This study has analyzed and compared the effect of timing (daytime versus nighttime) of 

emergency neurosurgical procedures on neurological outcome in order to further advance 

understanding of the safety of nighttime procedures. 

Materials and Methods 

Local ethics board approval from the University of Manitoba and Health Sciences Center, 

Winnipeg, Canada (HS20635 H2017: 113) was obtained for this study. This study was conducted 

on the basis of robust methodological principles for retrospective chart reviews as outlined by 

Matt and Matthew.20 

Training/monitoring/data quality control 

For training, the data collector (AQ) performed the data collection under supervision for 5 cases; 

the primary investigator (TC) ensured that the trainee was accurately abstracting the data. Any 

discrepancies or confusion on the trainee’s part was clarified. After this training, for ensuring 

accuracy and reducing data collection bias, data were reviewed after every 30 cases by 

investigators (TC, RC). The standardized abstraction form is shown in Figure 2. The data 

manual/guidelines document included the general rules and guidelines for abstraction from the 
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medical chart, list of synonyms/abbreviations, the inclusion or exclusion variables and codes for 

different variables. 

Data collection 

This was a single-center retrospective cohort study and was conducted using data from patient-

charts from Jan 1, 2010, to Dec 31, 2016. The patients’ cohort was divided into two groups: Group 

A (daytime group), in which the start time of neurosurgery was between 7:00 A.M. and 6:59 P.M, 

and Group B (nighttime group), in which the start time of neurosurgery was between 7:00 P.M. 

and 6:59 A.M.  

A list of patients/procedures and charts were retrieved from our operating room database and 

medical record section respectively. De-identified data such as patient demographics medical 

conditions, surgical procedures, and neurological outcomes were saved to an electronic file. Each 

study patient was given a unique study number and stored with a password-protected Master File. 

This file was saved to a further password-protected computer and was shared with research 

personnel only. Each data entry includes a patient identifier, demographic data, American Society 

of Anesthesiologists Score (ASA), body mass index (BMI), diagnosis (9 categories), midline shift 

information, baseline hemodynamic data and perioperative characteristics, primary location [the 

location from where the patient was brought to operating Room (OR), 4 categories], secondary 

location (the location where the patient was sent to after leaving OR), procedure types (8 

categories), date and time of procedure, length of hospital stay (LOS), intraoperative max and 

min systolic, diastolic and mean arterial blood pressure, procedure type (E1/E2), patient position, 

intraoperative complications and neurological outcome at discharge and one month. 

Intraoperative complications include anesthetic complications, such as difficult intubation, delayed 

emergence, post-operative agitation and delirium, post-operative hypothermia, desaturation, 

arrhythmias, myocardial infarction, postoperative nausea and vomiting, conversion of awake 

procedure to general anesthetic and surgical complications, such as blood loss, blood transfusion, 

use of cell saver, seizures, speech problem, neurological deficit, stroke, tense brain, embolism, 

and hematoma. 

Inclusion and exclusion criteria  

All adult patients who had undergone emergency neurosurgical procedures defined as E1 

(surgery that was performed within 30 minutes) and E2 (surgery that was performed within 6 

hours) were included. The exclusion criteria were patients with multiple trauma, spine surgeries, 

or CSF diversion procedures, pediatric patients (age less than 18 years) and pregnant patients. 

Missing data omission criteria: Patients with missing data for the primary outcomes were excluded 

from the study. Patient-charts with missing data for other variables were still included in the final 

analysis. 

Outcomes 

Our primary outcomes were short-term (at discharge) and long-term (at one month after the 
discharge) patient neurological outcome, as measured by the Glasgow Outcome Scale (GOS). 
The GOS is a validated and standardized test used for the assessment of neurological 
outcomes.21 The GOS has five grades; these are: 1-death, 2-persistent vegetative state, 3-severe 
disability, 4-moderate disability, and 5-good recovery. Each grade has a corresponding descriptor 
that was used to evaluate the status of the patient. The grades on the GOS were classified into 
two categories for the purposes of this study: a grade of 4 or 5 (moderate disability or good 
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recovery) was categorized as “favorable” while a grade of 1, 2, or 3 (death, persistent vegetative 
state, or severe disability) was labeled as “unfavorable”.21 Secondarily, we also examined the 
effect of various perioperative factors on neurological outcome for patients undergoing emergency 
neurosurgical procedures. In addition, this study also explored the differences in the length of 
hospital stay and perioperative anesthetic and surgical complications between the two groups.  
 
Surgery/ anesthesia 

Local anesthetic and sedation were used for awake craniotomies for procedures involving brain 

tumors near the eloquent area, and burr holes for evacuation of chronic subdural hematoma, and 

abscess. The majority of other neurosurgical procedures were done under general anesthesia 

with endotracheal intubation. Standard monitoring including an invasive arterial line was applied 

to all patients. After the surgery, patients were given an extubation trial on the basis of their 

neurological status, and respiratory parameters, and shifted to post-anesthesia care unit (PACU) 

or intensive care unit (ICU). 

Statistical analysis 

A sample size calculation was performed for the univariate comparison of the time of day with the 

risk of unfavorable GOS outcome (the primary outcome). The calculation was performed based 

on the following assumptions: (i) outcome risks of 15% and 30% for unfavorable GOS outcome 

for day surgeries and night surgeries respectively12 (ii) there are an equal number of night and 

day surgeries, (iii) 80% power and (iv) a type-1 error rate of 5%. The sample size was not adapted 

for secondary outcomes, so it may not be adequate for all variables analyzed. Calculations were 

performed with PROC POWER of SAS version 9.3 (SAS Institute, Cary NC). The software 

recommended a minimum total sample size of 242 for an adequately powered study. Our patient 

database, which is all neurosurgeries for a period of 6 years, exceeded the minimum required 

sample size and was approximately 700 patients. 

For the primary outcome, chi-square was used. For secondary outcomes, Fisher’s exact test, 

Pearson chi-square, two-sample t-tests or non-parametric Mann Whitney tests were used, 

depending on whether the outcome was categorical or continuous, the normality of the distribution 

and the presence of outliers. Continuous outcomes were analyzed using t-test whereas Pearson 

chi-square, Fisher’s exact test and non-parametric Mann Whitney tests were used for non-

parametric variables. The logistic multi-regression analysis was performed to delineate the effects 

of various factors on neurological outcome. Data were presented in various forms including mean, 

standard deviation, percentage, proportions, and odds ratio with a confidence interval. A p value 

less than 0.05 was considered significant for this study. 

Results 

A total of 620 patient-charts were screened. On the basis of predefined exclusion and missing 
data omission criteria, 304 patients were included for the final analysis (Figure 1). Out of these, 
the group A (daytime group) had 199 patients and 105 were included in the group B (nighttime 
group). 

Demographic Information and Perioperative Characteristics 

Overall, the mean age of the patients was 58.2 years. A total of 43.1% of patients were over the 
age of 65 years, 66.4% were male, and 64.8% had an ASA score of II. The two groups were 
comparable with respect to age, sex, BMI and ASA Score (Table 1). 
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Diagnostic and Surgical Characteristics 

The daytime and nighttime groups were comparable for types and duration of primary symptoms, 
diagnosis, day (weekend/weekdays) and season (spring/summer/autumn/winter) of procedures. 
Overall, 36.5% of patients presented with altered sensorium, and 31.9% presented with a 
headache. The mean duration of the primary symptom was 7.6 days. More than half of the 
patients (59.5%) presented with a subdural hematoma. 

The nighttime group presented with lower baseline Glasgow Coma Scale (GCS) scores compared 
to the daytime group (p=0.0013). In addition, a greater percentage of the patients in the nighttime 
group presented with a midline shift, and had a larger midline shift compared to the daytime group 
(p=0.0009, p=0.0127, respectively). Strikingly, the majority of nighttime patients came to the OR 
from the emergency department (63.8%), whereas daytime patients came from the hospital ward 
or PACU (57.7%) (p<0.0001).  

Intraoperative and Postoperative Characteristics and Complications 

A greater percentage of the nighttime group were designated E1 (54.3%) compared to the 
daytime group (38.7%) (p=0.0092). The most common procedure for the nighttime group was 
craniotomy with hematoma evacuation (49.5%) whereas burr holes and evacuation of hematoma 
was the most common procedure for the daytime group (37.2%) (p=0.0244). Most patients had 
not had a prior surgery on the same side and level (94.1%). Overall, general anesthesia was the 
most common anesthetic method (88.3%). Almost all of the patients 93.2% had their procedure 
in a supine position. For 60.4% of patients, the surgery lasted over two hours. Intraoperatively, 
nighttime patients had a larger mean arterial pressure difference (40.1 mmHg) compared to the 
daytime group (36.3 mmHg) (p=0.0434).  Nighttime patients had a longer hospital stay; the mean 
length of the hospital stay was 15.3 days for the nighttime group and 13.7 days for the daytime 
group (p=0.0013). Overall, most patients were not readmitted to hospital after discharge (94.4%). 

Overall, intraoperative complications (anesthetic or surgical) were present for approximately half 
of the patients (47%). 23% of patients had anesthetic complications, and surgical complications 
were present in 36.8% of patients. However, the two groups did not show difference in regard to 
intraoperative anesthetic or surgical complications. (Table 2) 

Neurological Outcomes 

Overall, 50 patients (16.4%) had an unfavorable short-term neurological outcome and 48 patients 
(15.8%) had an unfavorable long-term neurological outcome. This study did not show a difference 
in primary outcomes (unfavorable GOS) at discharge (14.1% versus 21 %) as well as at one 
month (14.6 % versus 18.1 %) between the daytime and nighttime groups (p=0.12, p=0.42 
respectively). (Table 3) 

Logistic Regression Model 

Among 20 variables, only five factors including age, baseline GCS, procedure, E2/E1, and 
intraoperative complications were associated with unfavorable neurological outcome both at 
discharge (OR 1.06 [1.03, 1.09], 𝑝 < 0.001, OR 0.83 [0.73, 0.93], 𝑝 = 0.0023, 𝑝 = 0.0084, OR 0.29 

[0.09, 0.89], 𝑝 =0.0340, OR 4.88 [1.88, 12.52], 𝑝 =0.0016, respectively) and at one month after 
discharge (OR 1.07 [1.04, 1.011], 𝑝 < 0.001, OR 0.8 [0.69, 0.9], 𝑝 < 0.001, 𝑝 = 0.0150, OR 0.23 
[0.06, 0.77], 𝑝 = 0.0195, OR 4.76 [1.83, 13.58] 𝑝 = 0.0021, respectively).  

Discussion 

Patient safety is an important consideration for surgeries. Nighttime operations have challenges 

pertaining to the hospital environment and personnel that can affect the patient safety. Decision 
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fatigue is more pronounced later in the day and results in diagnostic errors.6 Similarly, burnout 

and depression are usually more common among those physicians and residents who work long 

hours and this may affect patient care and safety.7 Additionally, the night shifts disturb the 

circadian rhythm, alertness, and cognitive functions, and higher functions remain at their lowest 

levels between 3 and 5 am.22 Due to nighttime-associated risks of increased physician errors, few 

studies even suggest that if possible, procedures performed in the nighttime should be delayed 

until daytime.23,24 However, our study demonstrates that patients undergoing emergency 

neurosurgical procedures during nighttime do not impose a significantly higher risk of unfavorable 

neurological outcomes both at discharge and at one month as compared to the daytime group. 

Neurosurgical literature is scant and controversial in regard to this aspect. A study on adult 

neurosurgical procedures found a 50% increase in the odds of complications for a nighttime 

surgery, and similarly, study on pediatric neurosurgical procedures highlighted higher rates of 

intraoperative complications, morbidity, and mortality in after-hours weekday compared to 

regular-hours weekday surgeries.11,14 Some studies from other non-neurosurgical procedures 

also suggest that the nighttime surgeries are associated with more complications and increased 

mortality.12,13 On the other hand, a recent study in patients with cerebral aneurysm has found that 

the physician fatigue is not associated with worse outcomes. They could not find an association 

of performing surgery by a surgeon operating on emergencies the night before with mortality and 

LOS for elective cerebral aneurysm operations. Likewise, several other studies on non-

neurosurgical operations suggest that there is no difference in perioperative complications and 

mortality in nighttime surgeries compared to daytime surgeries.3,5,9,10,24 Our study findings support 

these notions. 

 

In addition, our study did not find that the nighttime group had increased intraoperative or 

postoperative complications compared to the daytime group. The slightly higher unfavorable 

outcome rates and length of hospital stay in the nighttime group may be explained by their 

perioperative characteristics; patients in the nighttime group were found to have decreased 

baseline GCS scores, increased presence of midline shift and larger midline shifts, and were 

classified as E1 at a higher proportion relative to patients in the daytime group. Other studies that 

have analyzed GCS score and midline shift have found that decreased GCS scores and increased 

midline shift are prognosticators for poor surgical outcome.4,25  

 

Further logistic regression model revealed that the age, baseline GCS, E1/E2, procedure types 

and intraoperative complications influence the unfavorable outcome. Of these factors, 

intraoperative complications and E1 appear to be the strong predictors of unfavorable outcomes. 

The odds of an unfavorable outcome are 4.80 times higher if intraoperative complications are 

present and 3.45 times higher if the case is E1. Cases classified as more emergent on admission 

are generally associated with higher morbidity and mortality.14,26 Older age has also been found 

to be a predictor for a poor outcome in some studies.9,19 

 
There has been considerable discussion about weekend surgeries, which have some of the same 
challenges as night surgeries with regards to staffing, and physician fatigue. Studies show 
different results, regarding the so-called “weekend effect”, in which patients admitted during the 
weekend are suspected to have worse outcomes.11,15 There is similar contention and mixed 
results around the “July effect”, the hypothesized increase in morbidity and mortality 
corresponding to the entry of new staff.16,17 However, our study failed to demonstrate these 
associations. 
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Our study has some limitations. First, only the start time of each operation was used to classify 

each patient into the daytime or nighttime groups. A 4-hour procedure that started at 6:30 PM 

would be classified into the daytime group, even though the majority of the operation took place 

during the night hours. Second, the time categories were chosen for this study; 7AM-6:59PM and 

7PM-6:59AM do not truly correspond to turnover hours for OR nursing staff and physicians. OR 

nursing staff turnover in our hospital occurs at 3:00 pm, 11 pm and 7 am, and physician (staff and 

residents) shift changes at 3:30 pm and 7 am.  Third, this is a retrospective study. Although every 

effort was made to ensure rigorous and accurate data collection, there may have been errors in 

the collection and transcription of data. Finally, as the sample size was optimized only for the 

analysis of the primary outcome, the power to detect differences in some of the secondary 

outcomes may be limited. The evaluation of a larger patient population may allow us to draw 

stronger conclusions regarding secondary outcomes.  

Conclusion 

Our study found that patients undergoing nighttime emergency neurosurgical procedures are not 

at higher risk of unfavorable short-term or long-term neurological outcome. Further well-designed 

prospective trials are warranted to confirm our findings. 
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Table 2 Diagnostic, Surgical and Intraoperative Data 
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Figure 1 Screening of Charts








