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REVIEW RETURNED 18-Sep-2015 

 

GENERAL COMMENTS This study is an interesting attempt to evaluate the feasibility and the 
importance of standardization and reduction of variability in the 
management of patients undergoing intracranial procedures. Data 
included in the analysis originates from a larger neurosurgical study 
evaluating Surgical Indirect Revascularization For Symptomatic 
Intracranial Arterial Stenosis (ERSIAS), but focuses on 
anesthesiological aspects. Two groups of patients were analyzed: 
group ERSIAS with 12 patients managed by a specific anesthesia 
protocol aimed at the reduction of intraoperative hemodynamic 
fluctuations, relative arterial hypertension and normo- to slight 
hypercapnia, and a control group of patients undergoing 
neurovascular procedures (n=12) benefitting from "standard" 
anesthetic care. In general, this report deals with an interesting 
hypothesis.  
Several limitations in the methodology of the present analysis, 
however, may not permit strong conclusions or generalizability of the 
results, and need to be addressed:  
 
Hypothesis:  
In my experience, "standard" neuroanesthetic management should 
also include the goal of reduced variability in patient vitals, and this 
is achieved easily in the overwhelming number of neurosurgical 
cases without implication of a specific anesthetic protocol. 
Neurosurgical patients tend to be quite stable under anesthesia as 
surgery is mostly non-stimulating and large shifts in fluid balance are 
not expected. In other words, the "strict anesthesia protocol" for 
ERSIAS patients in this study limiting variance of physiologic 
parameters might already be used by a great majority of 
neurosurgical anesthesiologists for any other kind of intracranial 
procedure.  
 
Study collective:  
Patients included in the study display significant intra-group (age = 
30-80 years) and inter-group heterogeneity (apart from matched 
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age, gender and history of neurovascular intervention (?)).  
 
Main outcome measures:  
End tidal CO2 is largely influenced by alveolar minute ventilation, its 
variability is largely controlled by the attending anesthesiologist and 
the ventilator settings, thus a source of potential bias.  
 
Anesthetic management:  
It seems that the ETCO2 goal defined in the protocol for ERSIAS 
patients was actually normocapnia (35-45 mmHg), not hypercapnia. 
The authors, however, conclude that intended arterial hypercarbia 
was achieved. Please clarify the goals of the protocol.  
ETCO2 also often does not appropriately reflect (underestimates) 
arterial PaCO2 in ventilated patients; if available, additional 
information on arterial blood gases of your patients would be helpful.  
The manuscript also would benefit from a more precise description 
of how the blood pressure goal was achieved. To me, an 
intraoperative goal SBP of 20% above baseline seems almost 
impossible in anesthetized patients without additional vasopressors. 
Unfortunately, the report does not include information on 
vasopressor use, or standardization thereof.  
The protocol also does not specify how general anesthesia was 
induced or maintained: volatiles vs. total intravenous anesthesia? 
Was the type of anesthetic standardized? One has to keep in mind, 
that both techniques have different effect not only on intraoperative 
systemic hemodynamics, but also on the cerebral vasculature, 
cerebral blood flow and its autoregulation, and CO2 reactivity.  
 
Statistics:  
There is a lack of a power analysis and sample size calculation. 
Sample size was fixed by inclusion criteria of the parent surgical 
trial. Given n=24, the study seems to be underpowered to make a 
statistically meaningful conclusion.  
 
Results:  
Part of the analysis of the variability of patient vitals was performed 
by comparing standard deviations (with p-values). Considering the 
small amount of participants included, this is unlikely to produce 
meaningful results. Better variance tests are available.  
Mean surgery duration seems excessively long: 5386 min (= 90 hrs 
or 3.7 days!) for EDAS and 4634 min for control surgeries.  
 
Discussion:  
Even if the variability of patient vitals is reduced by implication of an 
anesthetic protocol, it seems unlikely that this will have clinical 
significance. It would be interesting to evaluate whether the protocol 
actually influences the incidences of more substantial adverse 
outcomes such as re-stroke rates.  
The manuscript lacks a discussion of limitations.  
 
Tables:  
Please include p-values.  
Additional information on intraoperative fluids, vasopressor use, 
choice of anesthetic and anesthetic concentrations, PaCO2, and 
ventilator parameters such as mean minute ventilation, averaged 
tidal volumes, respiratory frequency, etc.  
 
Figure 2:  
Please explain how several MAP values of 300 (mmHg?) could be 
reached in the control group, if no SBP value exceeds 230 in this 
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group.  

 

REVIEWER Pankaj K. Agarwalla, MD 
Massachusetts General Hospital  
Department of Neurosurgery  
Boston, MA, USA 

REVIEW RETURNED 03-Oct-2015 

 

GENERAL COMMENTS 1. The assumption that reduction in variability is important for 
medicine might not be applicable here. For example, are we sure 
that it is better to keep all these patients within a tight range of 
hypertension or is it better to tailor their blood pressure based on 
their degrees of stenosis and symptoms? Does the protocol overly 
standardize a regimen without taking into account the natural 
variability of each patient, even though there is a metric for 
establishing the parameters? Of course, a reduction in variability of 
external parameters such as anesthesia is useful for a clinical trial, 
although one would assume that randomization would help in this 
case. Additionally, if the purpose of the study is only to show that 
implementing a protocol leads to reduction in intraoperative 
variability, then this conclusion is less interesting as it would seem 
obvious that any protocol implementation would result in more 
standardization compared to no protocol (which is essentially the 
control group). In fact, the more interesting finding might be that the 
authors were able to implement this protocol in the first place and 
achieve significant buy-in from multiple parties.  
 
2. Please comment on literature (or lack thereof) on natural history 
of intracranial stenosis and stroke, especially as it pertains to 
hypotension and perioperative hypotension. The authors cite the 
review by Szeder to provide the value of 13% risk of stroke, but can 
they cite the original data or other data (such as the GESICA study)? 
Is there evidence that these patients require a certain level of blood 
pressure control including elevated blood pressure to prevent 
stroke?  
 
3. The study design is for stenosis of a "major intracranial artery" - 
please define. Does this include posterior circulation? The reader 
should not have to study the criteria of the larger trial to obtain 
information as it relates to protocols or data presented in this 
manuscript. Consider including as supplement.  
 
4. The authors state "A detailed evidence-based perioperative 
management protocol was developed for the ERSIAS trial. This 
ERSIAS anesthesia protocol was developed in consultation with 
experienced neuroanesthesiologists after extensive reviews of the 
literature regarding perioperative management of ischemic patients." 
Please cite the evidence more clearly for each parameter defined 
including "evidence", "reviews", and names of neuroanesthesiologist 
consultants to understand what percentage of this protocol is truly 
evidence-based vs. expert opinion/review. It is particularly important 
to separate the carotid endarterectomy literature which I believe 
does not generalize automatically to intracranial stenosis. If the 
protocol design was developed more out of expert opinions and 
review, this is completely acceptable and would be an important 
contribution to the literature by itself, but it should be stated clearly. 
Some articles are cited in the discussion, but this would seem more 
appropriate in introduction and/or methods.  
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5. The authors do a good job of explaining in detail how they 
implemented the protocol with pre-operative checklists and 
discussions.  
 
6. Although the authors explain how they chose the control 
population, how do they define the control "standard-of-care" 
anesthesia? Can the authors address potential bias from this 
approach? Is it possible that the control population would lead 
naturally to more variability in parameters because there were no 
goal parameters defined at the outset of the study?  
 
7. Endpoint measures - as a secondary endpoint, can the authors 
comment on perioperative stroke and mortality? It is not clear that 
this anesthesia protocol will necessarily improve perioperative stroke 
and mortality, which would introduce bias into the main clinical trial. I 
would point to the extensive literature on tight glucose control as an 
analogy where it is not clear that tighter parameters actually lead to 
improved outcomes. Please also discuss this point more clearly, 
namely that the intention of this protocol is to improve 
hemodynamics and benefit the patient, but that benefit in terms of 
standard outcomes including stroke and mortality has not been 
proven yet.  
 
8. Statistics - The authors do a commendable job with their statistical 
analyses and description. Can they describe more specifically their 
tests of homogeneity of variance? Can they also describe in more 
detail the permutation simulation they used?  
 
9. Table 1 - Total surgery duration is misleading as it is not clear 
how the surgery duration was distributed. The SD is reported, but 
what are the mean, median, and range?  
 
10. Excellent discussion on the significant lack of attention given to 
anesthetic protocols (and I would argue perioperative protocols) in 
the management of patients from major trials such as SAMMPRIS 
and COSS.  
 
The ERSIAS surgical-anesthesia management checklist is a useful 
tool for any neurosurgical team performing EDAS and represents an 
excellent starting point for future studies. The STROBE checklist is 
complete. Overall, I commend the authors on a long-term and 
excellent body of work contributing to our understanding of 
intracranial stenosis and its surgical management. The importance 
of anesthesia in neurosurgical outcomes, particularly 
cerebrovascular neurosurgery, cannot be overstated. The work 
presented here brings to light this issue and attempts to address the 
importance of these parameters with a clear and standardized 
anesthetic protocol. To publish the feasibility of an anesthetic 
protocol for EDAS is an important contribution to the literature in and 
of itself.  

 

VERSION 1 – AUTHOR RESPONSE 

Responses to Reviewer 1:  

 

Hypothesis:  

In my experience, "standard" neuroanesthetic management should also include the goal of reduced 
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variability in patient vitals, and this is achieved easily in the overwhelming number of neurosurgical 

cases without implication of a specific anesthetic protocol. Neurosurgical patients tend to be quite 

stable under anesthesia as surgery is mostly non-stimulating and large shifts in fluid balance are not 

expected. In other words, the "strict anesthesia protocol" for ERSIAS patients in this study limiting 

variance of physiologic parameters might already be used by a great majority of neurosurgical 

anesthesiologists for any other kind of intracranial procedure.  

 

Response: We agree that “standard” neuroanesthetic management should include the goal of 

reduced variability in patient vitals, however, that it is “achieved easily” without a specific anesthetic 

protocol is an assumption. Multiple studies, as cited in the introduction, demonstrate that variability of 

vitals is common in the surgical setting despite being under the standard care of anesthesiologists. 

Our control group precisely demonstrates the increased variability of physiological parameters despite 

standard anesthetic management. Furthermore, blood pressure management is often left to the 

discretion of the anesthesiologist and specific goals and parameters are not necessarily discussed. 

Therefore, having a protocol to achieve narrow ranges of specifically tailored goals is a deviation from 

“standard care” and certainly changes anesthesiologist behavior and decision-making.  

 

The Reviewer also mentions that hemodynamic parameters tend to be quite stable (non variable) 

during neurosurgical procedures. It is true that compared to some other procedures, the level of 

surgical stimulation is moderate and constant during significant portions of these operations. 

Anesthesiologists do titrate vasoactive agents and anesthetics to maintain vitals signs within 

acceptable ranges during routine management. But procedure specific narrow target ranges for 

physiologic parameters are not standardized. Some patients have more variability than others, 

especially the elderly, patients with atherosclerotic cardiovascular disease, and patients with 

hypertension. In the particular case of patients with intracranial arterial stenosis of atherosclerotic 

origin presented in this study, hemodynamic goals with relatively higher systolic blood pressure than 

for other neurosurgical procedures were set. Maintaining those parameters during periods of higher 

variability, like anesthesia induction, has been key to prevent hypoperfusion and required the protocol 

of management and objective evaluation that we are presenting.  

 

Study collective:  

Patients included in the study display significant intra-group (age = 30-80 years) and inter-group 

heterogeneity (apart from matched age, gender and history of neurovascular intervention (?)).  

 

Response: We agree with the Reviewer that patients display intra-group (age 30-80 years) 

heterogeneity, as every single enrolled patient eligible for surgery during the study period was 

included. However, inter-group heterogeneity was minimized by individually matching each ERSIAS 

patient with a control patient, selecting those with the most recent surgery dates to minimize selection 

bias. As expected, the matching algorithm was unable to remove all heterogeneity, and this has been 

recognized in the limitations section of the manuscript.  

 

Main outcome measures:  

End tidal CO2 is largely influenced by alveolar minute ventilation, its variability is largely controlled by 

the attending anesthesiologist and the ventilator settings, thus a source of potential bias.  

 

Response: While it is true that the ETCO2 is largely under control of the anesthesiologist, it should not 

invalidate it as an outcome measure. The Reviewer correctly summarizes the goal of this study. 

Intentional manipulations of the ventilator settings were expected to achieve the goal of normocapnia, 

with as minimal variation as possible. This study shows that this can be performed to a specific goal 

that was different than in other neurosurgical interventions.  

 

Anesthetic management:  
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It seems that the ETCO2 goal defined in the protocol for ERSIAS patients was actually normocapnia 

(35-45 mmHg), not hypercapnia. The authors, however, conclude that intended arterial hypercarbia 

was achieved. Please clarify the goals of the protocol.  

ETCO2 also often does not appropriately reflect (underestimates) arterial PaCO2 in ventilated 

patients; if available, additional information on arterial blood gases of your patients would be helpful.  

 

Response: We agree with the Reviewer’s assessment, and have revised the document to correctly 

state that the goal of the protocol was to maintain normocapnia:  

 

• ERSIAS patients had strict perioperative management that included normocarpnia and intentional 

hypertension. (page 2, paragraph 2)  

• The ERSIAS anesthesia protocol successfully reduced intraoperative fluctuations of MAP and 

ETCO2. The protocol also achieved normocapnia and the intended hypertension. (page 2, paragraph 

7)  

• To avoid cerebral vasoconstriction, intraoperative ventilation was targeted to normocapnia, while 

avoiding hyperventilation. (page 13, paragraph 2).  

 

 

Furthermore, the Reviewer is correct that ETCO2 is not a perfect reflection of PaCO2; PaCO2 will be 

on average approximately 4-6 mmHg higher than ETCO2. The range of ETCO2 was designed to 

accommodate an acceptable range of PaCO2 and also to avoid unintended hypocarbia. The range 

accommodates recognition of the relationship between ETCO2 and PaCO2.  

 

The manuscript also would benefit from a more precise description of how the blood pressure goal 

was achieved. To me, an intraoperative goal SBP of 20% above baseline seems almost impossible in 

anesthetized patients without additional vasopressors. Unfortunately, the report does not include 

information on vasopressor use, or standardization thereof.  

The protocol also does not specify how general anesthesia was induced or maintained: volatiles vs. 

total intravenous anesthesia? Was the type of anesthetic standardized? One has to keep in mind, that 

both techniques have different effect not only on intraoperative systemic hemodynamics, but also on 

the cerebral vasculature, cerebral blood flow and its autoregulation, and CO2 reactivity.  

 

Response: We agree with the point that the Reviewer brings to our attention. We have edited the 

methods to clarify the Reviewer’s question with the following:  

 

In general the medications used for all cases were propofol, remifentanil, rocuronium, and fentanyl for 

the induction, sevoflurane, remifentanil, and rocuronium for maintenance, and phenylephrine (as 

intermittent boluses or infusion) or occasionally norepinephrine or epinephrine for blood pressure 

support. Table 1 describes the details for all cases. (Note: With the addition of this new table, the 

original tables were reordered. It is up to the discretion of the Reviewers and Editors whether this 

table should be inserted the main manuscript or as a supplementary table).  

 

Statistics:  

There is a lack of a power analysis and sample size calculation. Sample size was fixed by inclusion 

criteria of the parent surgical trial. Given n=24, the study seems to be underpowered to make a 

statistically meaningful conclusion.  

 

Response:  

As requested by the Reviewer we have added a power calculation for the heterogeneity of variance 

test based on the Bartlett’s test. In summary, the Bartlett’s test was calculated using the formula  

 

where N is a total sample size, g is the number of groups,  
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which follows the Chi-squared distribution with degrees of freedom g-1. Based on this distribution with 

an alpha error probability of 0.05, a total sample size N= 20, would detect a variance ratio difference 

of 0.37 with a power = 0.81.  

 

Ad hoc calculation of the power achieved in our study for a variance ratio of 0.17 with an alpha error 

of 0.05, and a sample size N=24, the power achieved by the heterogeneity of variance test used was 

0.99. We have added a sentence in the statistical methods section describing our power calculation 

methods.  

 

 

Results:  

Part of the analysis of the variability of patient vitals was performed by comparing standard deviations 

(with p-values). Considering the small amount of participants included, this is unlikely to produce 

meaningful results. Better variance tests are available.  

Mean surgery duration seems excessively long: 5386 min (= 90 hrs or 3.7 days!) for EDAS and 4634 

min for control surgeries.  

 

Response:  

While we agree with the Reviewer regarding the options for analysis of variance, we disagree with the 

assumption that the “small number of participants unlikely produce meaningful results,” as 

demonstrated by the results that were statistically significant and the ad hoc power calculation 

provided in our prior response. By using a more demanding test like the one we employed we avoid 

overestimating the effects of our intervention, and the results reflect a large “effect size” on the 

heterogeneity of variance.  

 

The surgery duration times reported on the table were the total surgery duration for 12 cases, not 

mean surgery duration. This has been clarified by replacing in the table the total duration for the mean 

and median durations.  

 

Discussion:  

Even if the variability of patient vitals is reduced by implication of an anesthetic protocol, it seems 

unlikely that this will have clinical significance. It would be interesting to evaluate whether the protocol 

actually influences the incidences of more substantial adverse outcomes such as re-stroke rates.  

 

Response: We disagree with the opinion of the Reviewer regarding the clinical implications of 

reducing the variability in the anesthetic management of these patients. In the cohort we are 

presenting, no patients suffered ischemic or hemorrhagic strokes during surgery, despite having 

severe intracranial arterial stenosis. This has been clarified in the results section. Although this result 

cannot be only attributed to the anesthetic management, the outcomes are better when compared 

with prior reports of similar surgeries in patients with IAS, Komotar RJ et al. reported a perioperative 

rate of stroke of 33% in their series. We added in the discussion this comment to clarify the potential 

relevance of the anesthesia management. However, our study was not designed or powered to 

evaluate the clinical effects of the anesthesia protocol on the clinical outcome of patients, this would 

require a future investigation.  

 

The manuscript lacks a discussion of limitations.  

 

We have added limitations of the study section enumerating the issues brought to our attention by the 

reviewers.  

 

Tables:  
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Please include p-values.  

 

Response: P-values were not added to Table 2 (originally Table 1) as the demographic description is 

presented there and no inferential analyses were planned for that kind of data, according to well 

accepted guidelines for the reporting of cohort studies (STROBE Guidelines). The p-values for these 

data could not be appropriately interpreted as indicators of their lack of difference between subjects 

and controls.  

 

P values and the corresponding inferential tests were added to Table 3 (originally Table 2).  

 

Additional information on intraoperative fluids, vasopressor use, choice of anesthetic and anesthetic 

concentrations, PaCO2, and ventilator parameters such as mean minute ventilation, averaged tidal 

volumes, respiratory frequency, etc.  

 

Response: We have added a general description of the use of those agents, as well as Table 1, that 

contains the medications used in each case as well as information regarding ventilator parameters 

and intraoperative fluids.  

 

Figure 2:  

Please explain how several MAP values of 300 (mmHg?) could be reached in the control group, if no 

SBP value exceeds 230 in this group.  

 

Response: We appreciate the comment of the Reviewer and have modified Figure 2 to better 

represent the descriptive statistics of the vitals for the two groups. We are submitting now a box-plot 

instead of the scatterplot initially used. 

 

Responses to Reviewer: 2  

 

1. The assumption that reduction in variability is important for medicine might not be applicable here. 

For example, are we sure that it is better to keep all these patients within a tight range of hypertension 

or is it better to tailor their blood pressure based on their degrees of stenosis and symptoms? Does 

the protocol overly standardize a regimen without taking into account the natural variability of each 

patient, even though there is a metric for establishing the parameters? Of course, a reduction in 

variability of external parameters such as anesthesia is useful for a clinical trial, although one would 

assume that randomization would help in this case. Additionally, if the purpose of the study is only to 

show that implementing a protocol leads to reduction in intraoperative variability, then this conclusion 

is less interesting as it would seem obvious that any protocol implementation would result in more 

standardization compared to no protocol (which is essentially the control group). In fact, the more 

interesting finding might be that the authors were able to implement this protocol in the first place and 

achieve significant buy-in from multiple parties.  

 

Response: We thank the Reviewer for this comment and agree that further studies are required to 

demonstrate that reductions in the variability of hemodynamic parameters during intracranial surgery 

lead to improved outcomes. We have added to the manuscript a sentence in that regard - “Future 

studies evaluating the impact of variability reduction in clinical outcomes will be necessary to confirm 

the importance of protocols like the one described here.” In support of the hypothesis that reduced 

variability may have an impact in outcomes we included in the Discussion section several references 

of investigations that conclude that perioperative hemodynamic variability has a negative impact on 

postsurgical clinical outcomes.  

 

Consistently achieving similar patient management goals was the aim of the intervention. The effect 
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of patient specific or procedure specific protocols and consistent management of physiologic 

parameters is an area that deserves further investigation. The Reviewer is correct that the exact 

targets can be debated and that individually targeted management would be ideal. The protocol was 

developed with this in mind, as each patient’s baseline is used to create targets for blood pressure 

management, and thus the protocol is individualized in that sense. Furthermore, the specific 

population in which the protocol is being applied presents a relatively homogenous condition of 

intracranial arterial stenosis due to atherosclerosis with more than 70% narrowing of a major 

intracranial artery, in particular the ICA or MCA. All patients had failed intensive medical management 

and were presenting symptoms attributable to hypoperfusion of the compromised vessel vascular 

territory, confirmed in perfusion MRI studies. This inclusion crite`ria has been explained in the 

methods to clarify the point.  

 

 

2. Please comment on literature (or lack thereof) on natural history of intracranial stenosis and stroke, 

especially as it pertains to hypotension and perioperative hypotension. The authors cite the review by 

Szeder to provide the value of 13% risk of stroke, but can they cite the original data or other data 

(such as the GESICA study)? Is there evidence that these patients require a certain level of blood 

pressure control including elevated blood pressure to prevent stroke?  

 

Response: The Reviewer is correct in pointing to the lack of literature in regards to the effects of blood 

pressure management in the perioperative period of patients with intracranial stenosis of 

atherosclerotic origin. In fact, in the most recent study comparing percutaneous angioplasty and 

stenting versus intensive medical management for the treatment of intracranial atherosclerosis 

(SAMMPRIS Trial), the management of blood pressure during the anesthesia time was not reported 

or standardized. It is well known, that for those individuals responding to medical management, strict 

prevention of hypertension plays an important role in reducing their risk of stroke (Turan et al. 

Circulation 2007; 115(23):2969-75); however, for those patients failing medical management, in which 

the etiology of the stroke is not artery-to-artery embolism but hypoperfusion, often the only measures 

available to manage their symptoms are volume expansion and moderate hypertension. In GESICA,( 

Mazighi et al. Neurology, 66 (2006): 1187–1191) a subpopulation of patients with intracranial stenosis 

who developed ischemic symptoms during changes of position, effort, the introduction or increase in 

dose of an antihypertensive drug, had a subsequent rate of combined stroke and TIA of 61%. In 

cases of acute stroke (of all etiologies), the International Stroke Trial investigators showed a “U 

shaped” relationship between baseline SBP and primary outcomes of dead within 14 days and dead 

or dependency at 6 months. The lowest frequency of poor outcome was found between 140 mmHg to 

179 mmHg. The rational in the ERSIAS Trial to aim for a SBP goal relatively “hypertensive” compared 

with normal subjects is based on those observations. Many of the patients included were having 

symptoms below specific thresholds of SBP, and as discussed in the methods, those levels were 

used to set the intraoperative SBP goal.  

 

The reference from Szeder has been replaced for the original study of Rorick MB (Neurology 1990; 

40(5):835-7)  

 

3. The study design is for stenosis of a "major intracranial artery" - please define. Does this include 

posterior circulation? The reader should not have to study the criteria of the larger trial to obtain 

information as it relates to protocols or data presented in this manuscript. Consider including as 

supplement.  

 

Response: We agree with the Reviewer’s comment and have added in the methods the details of the 

inclusion criterion which are:  

 

Adults 30 to 80 years, with transient ischemic attack or non-disabling stroke (modified Rankin Scale < 
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3) attributed to 70-99% intracranial stenosis of the intracranial carotid artery or middle cerebral artery 

and confirmed by catheter angiography, were considered for enrollment. All patients had failed 

intensive medical management and were presenting symptoms attributable to hypoperfusion in the 

compromised vessel vascular territory, confirmed in perfusion MRI studies.  

 

4. The authors state "A detailed evidence-based perioperative management protocol was developed 

for the ERSIAS trial. This ERSIAS anesthesia protocol was developed in consultation with 

experienced neuroanesthesiologists after extensive reviews of the literature regarding perioperative 

management of ischemic patients." Please cite the evidence more clearly for each parameter defined 

including "evidence", "reviews", and names of neuroanesthesiologist consultants to understand what 

percentage of this protocol is truly evidence-based vs. expert opinion/review. It is particularly 

important to separate the carotid endarterectomy literature which I believe does not generalize 

automatically to intracranial stenosis. If the protocol design was developed more out of expert 

opinions and review, this is completely acceptable and would be an important contribution to the 

literature by itself, but it should be stated clearly. Some articles are cited in the discussion, but this 

would seem more appropriate in introduction and/or methods.  

 

Response: We have added details to the explanation of the ERSIAS anesthesia protocol providing 

additional references for the evidence in support of the parameters used and an explanation of the 

“expert-opinion” portions of the protocol. An additional rationale for the parameters was added to the 

discussion.  

 

5. The authors do a good job of explaining in detail how they implemented the protocol with pre-

operative checklists and discussions.  

 

Response: We appreciate the comment of the Reviewer.  

 

6. Although the authors explain how they chose the control population, how do they define the control 

"standard-of-care" anesthesia? Can the authors address potential bias from this approach? Is it 

possible that the control population would lead naturally to more variability in parameters because 

there were no goal parameters defined at the outset of the study?  

 

Response: The control group was selected among patients who underwent neurosurgical 

interventions for cerebrovascular pathologies. They received anesthesia care that follows the general 

objectives of any anesthesia intervention including pain control, sedation, ICP control and 

hemodynamic support. They are a relatively homogenous group in terms of pathology and we have 

added a table that describes details of the pharmacological, fluid balance, and ventilator management 

to describe in more detail their care (Table 1). The main difference with the ERSIAS group was the 

intentional reduction in variability that the protocol aimed to. We recognize the limitation introduced by 

the use of a matched control group, and made efforts using a matching procedure and limiting their 

subjects to cerebrovascular interventions to reduce bias. However, this is not completely possible with 

this design and we have added a comment about this constraint in the limitation section of the 

manuscript.  

 

7. Endpoint measures - as a secondary endpoint, can the authors comment on perioperative stroke 

and mortality? It is not clear that this anesthesia protocol will necessarily improve perioperative stroke 

and mortality, which would introduce bias into the main clinical trial. I would point to the extensive 

literature on tight glucose control as an analogy where it is not clear that tighter parameters actually 

lead to improved outcomes. Please also discuss this point more clearly, namely that the intention of 

this protocol is to improve hemodynamics and benefit the patient, but that benefit in terms of standard 

outcomes including stroke and mortality has not been proven yet.  
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Response: We agree with the importance of the secondary outcomes of stroke and dead and we 

have added to the results the operative and immediate postoperative rates of stroke and dead. We 

also have provided additional literature review in the discussion section that suggests the protocol 

may have contributed to reduce the rates of stroke and dead previously reported for this specific kind 

of patients. However, our study was not designed or powered to evaluate the clinical effects of the 

anesthesia protocol on the clinical outcome of patients, this would require a future investigation. We 

have added to the limitation and discussion sections this clarification.  

 

8. Statistics - The authors do a commendable job with their statistical analyses and description. Can 

they describe more specifically their tests of homogeneity of variance? Can they also describe in 

more detail the permutation simulation they used?  

 

Response: We have added to the statistical method section more details of the test of heterogeneity 

of variance and the permutation simulation used, as described below:  

Heterogeneity of variance tests were performed to compare variances across groups using an 

Analysis of Means for Variances (ANOMV) based method. This method indicates whether any of the 

group standard deviations are different from the square root of the average variance. To be robust 

against non-normal data, the method uses a permutation simulation to compute decision limits. The 

permutation simulation analyzes the distribution of model outputs as a function of the random 

variation in the factors and the model noise. The complete details of the method can be found in 

Wludyka and Sa (Journal of Statistical Computation and Simulation 2004; 74(10):701-726).  

 

9. Table 1 - Total surgery duration is misleading as it is not clear how the surgery duration was 

distributed. The SD is reported, but what are the mean, median, and range?  

 

Response: We agree with the Reviewer and the duration has been now reported as mean with 

standard deviation and median with interquartile range (now Table 2).  

 

10. Excellent discussion on the significant lack of attention given to anesthetic protocols (and I would 

argue perioperative protocols) in the management of patients from major trials such as SAMMPRIS 

and COSS.  

 

The ERSIAS surgical-anesthesia management checklist is a useful tool for any neurosurgical team 

performing EDAS and represents an excellent starting point for future studies. The STROBE checklist 

is complete. Overall, I commend the authors on a long-term and excellent body of work contributing to 

our understanding of intracranial stenosis and its surgical management. The importance of anesthesia 

in neurosurgical outcomes, particularly cerebrovascular neurosurgery, cannot be overstated. The 

work presented here brings to light this issue and attempts to address the importance of these 

parameters with a clear and standardized anesthetic protocol. To publish the feasibility of an 

anesthetic protocol for EDAS is an important contribution to the literature in and of itself.  

 

Response: We thank the Reviewer for the very positive comments. 

VERSION 2 – REVIEW 

REVIEWER Nicolai Goettel 
Nicolai Goettel, MD, DESA, EDIC  
Department for Anesthesia, Surgical Intensive Care, Prehospital 
Emergency Medicine and Pain Therapy  
University Hospital Basel  
Basel, Switzerland 

REVIEW RETURNED 17-Nov-2015 

 

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2015-009727 on 19 January 2016. D

ow
nloaded from

 

http://bmjopen.bmj.com/


GENERAL COMMENTS While all initial issues were successfully addressed in this revision, I 
would like to congratulate and thank the authors of this article for 
adding a piece of information to the ongoing scientific discussion 
whether anesthesia or anesthesia care providers can actually 
influence surgical patient outcomes. The standardization of 
intraoperative anesthetic management using specific protocols and 
goal-directed therapy may play a significant role in future research of 
patient outcomes in neuroanesthesia. 

 

REVIEWER Pankaj K. Agarwalla, MD 
Department of Neurosurgery  
Massachusetts General Hospital  
Boston, MA  
United States of America 

REVIEW RETURNED 15-Dec-2015 

 

GENERAL COMMENTS The authors have responded well to the initial review. By placing 
their work in the larger context of anesthetic management and 
cerebrovascular risk, they underscore the importance of their 
findings with regard to having a protocol with measurable 
parameters, which can serve as a foundation for additional studies. 
Table 1 is a valuable addition. The emphasis on the limitations of the 
study as well as the responses to the other reviewer are also 
important. The scope and the importance of the findings have been 
scaled down appropriately; nevertheless, it is a useful contribution to 
the literature on the perioperative surgical management of patients 
with cerebrovascular stenosis.  
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