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Puzzling posology: was the 
bevacizumab regimen in recurrent 
glioblastoma misreported?

TO THE EDITOR: In August 2008, the Journal of 
Neurosurgery (JNS) published one of the first clinical 
series reporting results of bevacizumab-based therapy 
for recurrent glioblastoma1,3,5 (Ali SA, McHayleh WM, 
Ahmad A, et al: Bevacizumab and irinotecan therapy in 
glioblastoma multiforme: a series of 13 cases. J Neurosurg 
109:268–272, August 2008).1

In those early days, the optimal bevacizumab dosage 
in this indication was still uncertain, and physicians pro-
ceeded cautiously, especially in real-world practice. Con-
sequently, some initially dosed bevacizumab at 5 mg/kg 
fortnightly, as Virginia Stark-Vance had in her seminal 
study;7 they subsequently raised the dose to 10 mg as data 
from larger Phase II clinical trials accrued.1,2,4–8 However, 
while researching the topic, I was puzzled that the afore-
mentioned JNS paper by Ali et al. reported bevacizumab 
being dosed at 5 mg or 10 mg per square meter (m2) every 
2 weeks,1 rather than per kilogram (kg) body weight, as is 
standard and labelled (https://www.gene.com/download/
pdf/avastin_prescribing.pdf). It is surely an elusive typo-
graphic error; nevertheless, it would be worthwhile pub-
lishing a formal erratum, not only to correct the scientific 
record, but also to avoid potential confusion or inadvertent 
propagation by other non-experts besides myself who re-
fer to that paper.

David Neil, PhD
Content Ed Net (Taiwan), Taipei, Taiwan
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Is preoperative hypoalbuminemia 
really a risk factor associated with 
acute kidney injury and mortality 
after brain tumor surgery?

TO THE EDITOR: With interest, we read the article of 
Kim et al.1 assessing the association of preoperative hypo-
albuminemia with acute kidney injury (AKI) and mortal-
ity after brain tumor surgery in a retrospective study (Kim 
K, Bang JY, Kim SO, et al: Association of preoperative 
hypoalbuminemia with postoperative acute kidney injury 
in patients undergoing brain tumor surgery: a retrospec-
tive study. J Neurosurg [epub ahead of print May 5, 2017. 
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DOI: 10.3171/2016.11.JNS162237]). According to the mul-
tivariable logistic regression analysis and Cox proportion-
al hazards model used in the study, these authors show 
that a preoperative serum albumin level of < 3.8 g/dl is in-
dependently associated with postoperative AKI and mor-
tality. Strengths of this study are a relatively large sample 
size and its use of appropriate statistical methods to deter-
mine the association of preoperative serum albumin level 
with postoperative AKI and mortality. Given that AKI is 
significantly associated with increased mortality rate af-
ter neurosurgery,2 the findings of this study have potential 
implications. However, this study is a retrospective analy-
sis, which potentially introduces a number of confounding 
variables. Other than the limitations described in the dis-
cussion section of the paper, we note several issues of this 
study that were not well addressed.

First, one main aim of this study was to assess the as-
sociation of preoperative hypoalbuminemia with postop-
erative AKI. However, patients were arbitrarily stratified 
into two groups based on preoperative serum albumin 
levels (< 3.8 g/dl and ≥ 3.8 g/dl). In clinical practice, the 
cutoff value of serum albumin level used for diagnosis of 
hypoalbuminemia is < 3.5 g/dl.7 That is, this study actu-
ally does not evaluate the association of true preoperative 
hypoalbuminemia with postoperative AKI. Thus, it would 
be better if title of the article was changed to “Association 
of preoperative serum albumin levels with postoperative 
AKI in patients undergoing brain tumor surgery.”

Second, the multivariate logistic regression analysis 
showed that preoperative hemoglobin level was not an 
independent risk factor for postoperative AKI. However, 
only comparing mean preoperative hemoglobin levels be-
tween patients with preoperative serum albumin levels < 
3.8 g/dl and ≥ 3.8 g/dl may have limited clinical value for 
prediction of postoperative AKI. In fact, preoperative ane-
mia is highly prevalent in patients undergoing noncardiac 
surgery and has been shown to be an important risk factor 
for postoperative AKI. Furthermore, postoperative ane-
mia is also strongly associated with AKI after noncardiac 
surgery. In a comparison with patients who did not have a 
decrease in postoperative hemoglobin, a decrement of 1.1–
2.0 g/dl was associated with an adjusted hazard ratio (HR) 
for AKI of 1.51 (95% confidence interval [CI] 1.15–1.98), 
and a decrement of > 4.0 g/dl with an adjusted HR of 4.7 
(95% CI 3.6–6.2) for AKI.6

Third, in this study, intraoperative lowest mean arte-
rial pressure (MAP) was recorded and was significantly 
different between patients with two preoperative serum 
albumin levels, but was not identified as a risk factor for 
postoperative AKI. Most importantly, the readers were not 
provided with the occurrences of intraoperative hypoten-
sion, which is a known causative factor of postoperative 
AKI.3 The available evidence indicates that even a short 
duration of an intraoperative MAP < 55 mm Hg can result 
in postoperative AKI, with an independently graded re-
lationship between duration of intraoperative hypotension 
and postoperative AKI.5 In particular, the combination of 
intraoperative anemia, transfusion, and hypotension can 
synergistically act to increase the risk of postoperative 
AKI.4

Fourth, this study showed that a preoperative serum 

albumin level of < 3.8 g/dl was independently associated 
with postoperative mortality. We noted that the median 
follow-up duration for the overall patient population was 
4.1 years, and 36.5% of patients underwent glioma and 
metastatic tumor operations. However, the types of brain 
tumors were not included in the multivariate Cox propor-
tional hazards model identifying independent risk factors 
for postoperative survival. In fact, patients with a preopera-
tive serum albumin level < 3.8 g/dl were older and were 
more likely to have hypertension and diabetes mellitus, and 
have a lower preoperative hemoglobin level than patients 
with a preoperative serum albumin level ≥ 3.8 g/dl. In our 
opinion, no matter how refined the adjustment is for dif-
ferences in health status and comorbid burden, it is never 
possible to ensure a complete adjustment for differences 
between patients with two preoperative serum albumin 
levels. A preoperative serum albumin level < 3.8 g/dl may 
be only an overall manifestation of worse health status and 
greater comorbid burden that can markedly increase post-
operative morbidity and mortality. A “kitchen-sink” ap-
proach of adjusting for all available variables using multi-
variable analysis may lead to overadjustment and therefore 
bias the true effects of a lower preoperative serum albumin 
level itself on postoperative mortality. Thus, we argue that 
great caution must be taken when interpreting the associa-
tion between a preoperative serum albumin level of < 3.8 g/
dl and postoperative mortality, as it has great inherent bias 
that cannot be overcome by statistical adjustment.

Fu-Shan Xue, MD
Gui-Zhen Yang, MD

Hui-Xian Li, MD
Ya-Yang Liu, MD

Plastic Surgery Hospital, Chinese Academy of Medical Sciences and 
Peking Union Medical College, Beijing, People’s Republic of China
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Response 
We would like to thank Drs. Xue, Yang, Li, and Liu for 

their interest in our paper, and we appreciate the opportu-
nity to respond to their comments. Xue et al. pointed out 
that our study did not evaluate the association of true pre-
operative hypoalbuminemia with postoperative AKI. Even 
though the most commonly accepted clinical cutoff value 
of serum albumin level used for diagnosis of hypoalbu-
minemia is < 3.5 g/dl, recent articles have reported vary-
ing definitions of hypoalbuminemia (< 3.5–4.0 g/dl or ≤ 
3.5 mmol/L).1,2 In our study, the best preoperative albumin 
level cutoff value to discriminate postoperative AKI in pa-
tients with brain tumor surgery was 3.8 g/dl. Although our 
cutoff value was higher than the generally accepted value 
for diagnosis of hypoalbuminemia, our results demonstrat-
ed that the association between preoperative hypoalbumin-
emia and postoperative AKI is not limited to the normal 
range. In agreement with our findings, Lee et al. defined 
hypoalbuminemia as a serum albumin level < 4.0 g/dl in 
patients with off-pump coronary artery bypass surgery.1 

Additionally, Xue et al. made the case that postoper-
ative anemia is also strongly associated with AKI. How-
ever, the purpose of our study was to evaluate whether 
preoperative albumin level has an influence on brain tu-
mor surgery outcomes by using propensity-score analysis. 
Therefore, due to the nature of the propensity score analy-
sis, it was considered inappropriate to include postoper-
ative variables. Furthermore, our results showed that the 
mean hemoglobin level on the first postoperative day did 
not differ between the two groups (11.4 ± 1.5 g/dl [preop-
erative albumin ≥ 3.8 g/dl] vs 11.2 ± 1.4 g/dl [preoperative 
albumin < 3.8 g/dl]).

Xue et al. also commented regarding the occurrence of 
intraoperative hypotension in our study. We found that the 
incidence of intraoperative hypotension was not signifi-
cantly different between patients with preoperative albu-
min < 3.8 g/dl and those with preoperative albumin ≥ 3.8 
g/dl (2.9% vs 2.6%, p = 0.777). In addition, although MAP 
was statistically significantly different between patients 
with preoperative albumin < 3.8 g/dl (70.0 ± 9.5 mm Hg) 
and patients with preoperative albumin ≥ 3.8 g/dl (71.0 ± 
10.3 mm Hg), the clinical significance of this finding is 
limited. Given all of these factors, we presume that our 
finding that intraoperative lowest MAP was not associ-
ated with the development of postoperative AKI may be 
explained by the results stated above. 

The final comment made by Xue et al. suggested that 
we needed to include the types of brain tumors in the mul-
tivariate Cox proportional hazards model. In our study, we 
found that the specific tumor type was not associated with 
low albumin level and postoperative AKI (see the supple-
mentary tables in our article). In addition, a revised model 

that included the brain tumor types showed no significant 
influence on the association between the types of brain tu-
mors and mortality (p = 0.286, Table 1).

Lastly, we do not agree with Xue et al. regarding their 
view that we used a “kitchen-sink” approach when we 
consider multivariable analysis. To avoid overadjustment, 
we used a backward elimination approach of candidate 
variables with p < 0.1 on univariate analysis in the multi-
variable model. Moreover, for reliable variable selection, a 
ratio of 10 events per variable was considered in the final 
model. Most importantly, we did not determine the results 
based on the univariate or multivariate analyses alone; 
rather, the ultimate results were evaluated mainly by using 
inverse probability of treatment weighting to reduce the 
influence of potential confounding bias. The role of the 
univariate and multivariate analyses in this study was to 
assist in determining risk factors in our study.

Kyungmi Kim, MD
Gachon University Gil Medical Center, Incheon, Republic of Korea

Jun-Gol Song, MD, PhD 
Laboratory for Cardiovascular Dynamics, Asan Medical Center, University 

of Ulsan College of Medicine, Seoul, Republic of Korea 
Seon-Ok Kim, MSc 

Asan Medical Center, University of Ulsan College of Medicine, Seoul, 
Republic of Korea
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TABLE 1. Univariate analysis for mortality in the Cox 
proportional hazards model

Tumor Type HR (95% CI) p Value

Meningioma 1.000 (reference)
Glioma 1.705 (0.523–5.559) 0.376
Metastatic tumor 1.442 (0.420–4.948) 0.516
Schwannoma 0.539 (0.109–2.670) 0.449
Hemangioma 0.584 (0.098–3.495) 0.556
Craniopharyngioma 2.419 (0.578–10.123) 0.226
Others 0.887 (0.092–8.525) 0.917
Overall 0.286
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The efficacy of local vancomycin for 
reducing surgical site infections after 
cranioplasty

TO THE EDITOR: We read with keen interest the arti-
cle by Abode-Iyamah et al.2 regarding the use of vancomy-
cin powder (VP) to prevent surgical site infection (SSI) in 
patients undergoing first-time cranioplasty (Abode-Iyamah 
KO, Chiang HY, Winslow N, et al: Risk factors for surgi-
cal site infections and assessment of vancomycin powder 
as a preventive measure in patients undergoing first-time 
cranioplasty. J Neurosurg [epub ahead of print May 12, 
2017. DOI: 10.3171/2016.12.JNS161967]). We commend 
the authors for undertaking an evaluation of the risk fac-
tors for SSI following cranioplasty and its prevention by 
the application of topical vancomycin. However, there are 
some concerns with this article that merit discussion. In 
their study, for the definition of SSI, the authors took into 
consideration any infection occurring a year after surgery. 
The reason the authors cited for this was the placement of 
implants in cranioplasties, and no further justification was 
provided.

The authors mentioned that according to their protocol, 
individuals with penicillin allergy received intravenous 
(IV) vancomycin as antibiotic prophylaxis. It would have 
been interesting to know how many patients in the 2 patient 
groups had penicillin allergy and received IV vancomycin. 
It could be a cause of bias in their study and should have 
been mentioned. Further, there was no evaluation for van-
comycin allergy in the patients. We suspect that vancomy-
cin allergy may play a role in altering the efficacy of VP.  

It is mentioned that during the initial craniectomy, dural 
substitute was placed over the native dura without water-
tight dural closure. The choice of the material used was 
dural repair or DuraMatrix (Stryker), per senior surgeon 
preference. There was no additional treatment of this layer 
during the cranioplasty procedure. It has not been deter-
mined whether the specific implant used makes any differ-
ence in the rates of infection and efficacy of VP. 

Since the study was retrospective, the criterion deter-
mining who received VP and who did not is unclear. There 
may have been some differences in the patients belonging 
to the 2 groups with regard to surgeon preference or doubt 
about intraoperative contamination or something else. The 
reason for using VP in the treatment group should have 
been studied to eliminate possible biases by the authors.

The dosage of the VP was not decided by any standard-
ized method; 500–2000 mg was applied based on subjec-
tive assessment of the wound size, and no steps were taken 
to measure the local vancomycin concentration attained. 
Moreover, the lack of watertight closure during the ini-
tial dural repair and placement of the drain in the space 
where the VP was applied makes one wonder whether an 
adequate antimicrobial concentration was maintained for 
a sufficient duration or whether it was washed away with 
the drain output. These 2 issues may have led to highly 
variable local vancomycin concentrations, leading to er-
roneous results and conclusions. In this regard, it is worth 
mentioning the methodology of Abdullah et al.1 wherein 

they used a single dose of 1 g of vancomycin in every 
patient and also measured the local concentration of the 
drug, though the wound size was not taken into account 
to calculate the dose. Although multiple craniotomies be-
fore cranioplasty were found to be associated with SSI, 
this variable was excluded from the multivariate analysis 
without mention of any reason for doing so. 

Shibahashi et al.3 have reported that operative time is 
a major determinant of SSI after cranioplasty. However, 
Abode-Iyamah et al. found this variable to be non-signif-
icant in the univariate analysis. Furthermore, diabetes, 
which is expected to be an important factor, lost its signifi-
cance in the multivariate analysis. These observations sug-
gest that the power of their study was too small to detect 
the impact of VP on decreasing an already low SSI rate. 
The study power seemed to have been further decreased 
by nonstandard dosing and the placement of subgaleal 
drains. 

It is very commendable that the authors themselves not-
ed many of these drawbacks of their study, but because of 
these drawbacks the study fails to contribute to the topic of 
interest. A prospective study taking into account all of the 
above factors as well as those already included in the study 
will be more informative regarding the usefulness of topi-
cal vancomycin in reducing SSIs following cranioplasty.

Ravi Sharma, MBBS
Manoj Phalak, MCh

Varidh Katiyar, MBBS
All India Institute of Medical Sciences, New Delhi, India
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Response 
We thank the editor for the opportunity to address 

the concerns raised by Sharma et al. in response to our 
published paper “Risk factors for surgical site infections 
and assessment of vancomycin powder as a preventive 
measure in patients undergoing first-time cranioplasty.” 
The authors raised some concerns needing further clari-
fication, which we believe will be beneficial to all read-
ers. With regard to the duration of monitoring for SSI, the 
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National Healthcare Safety Network’s definition of SSI 
changed from “infection that occurs within one year of 
procedures that involved implantation” to “infection that 
occurs within 90 days, with or without implantation.”2,3 
We used the prior definition since the definition was 
changed during our study period. In addition, given that 
many infections after primary cranioplasty have a delayed 
onset and that infections associated with implants can 
have significant adverse effects, we believe that patients 
should be followed up for 1 year so that all SSIs related to 
cranioplasty implants are identified.

Our institutional protocol specifies that patients with 
penicillin allergy receive IV vancomycin as antibiotic 
prophylaxis. We identified patients who were allergic to 
penicillin based on their reported medication allergy his-
tory. In general, we do not test patients for antibiotic al-
lergies before surgical interventions. While vancomycin 
can cause adverse effects, such as red man syndrome, 
such reactions should not affect the antibiotic’s efficacy 
in preventing infection and should not affect our study 
results. In addition, we did not identify adverse reactions 
related to VP or IV vancomycin.

In general, we used Durepair (Medtronic Inc.) or Dura-
Matrix (Stryker Inc.) for dural substitute/duraplasty after 
the initial craniectomy. We did not administer additional 
treatments to this layer during the cranioplasty. If the dura 
mater was torn during the dissection for the cranioplasty, 
it was reapproximated with 4-0 Nurolon sutures. We agree 
that no prior study has evaluated the efficacy of these ma-
terials and VP, but this issue could not be addressed in our 
retrospective study.  

As stated in our paper, we began using VP as a depart-
mental quality improvement initiative based on the results 
in spine procedures.4,5,7 Initially, neurosurgeons adopted 
this intervention slowly, and they determined who should 
and should not receive VP based on their own prefer-
ences rather than on written criteria. Most surgeons in 
our department eventually began using VP, and it is now 
used commonly. Because the use of VP during cranial 
procedures had not been reported on previously, the dose 
of VP initially varied in part because wound size varied 
and in part because some surgeons were concerned about 
toxicity (for example, seroma). However, our paper and that 
of Abdullah et al. have shown that VP can be safely used 
even in a setting in which watertight closure was not estab-
lished during the initial craniectomy.1 We recommended 
that surgeons place a drain when VP is applied to surgical 
incisions made during spinal and cranial operations be-
cause VP creates an osmotic gradient that could increase 
the risk of seroma. In addition, Abdullah et al. noted that 
they placed drains in patients who received topical VP. 
However, it is unclear how Abdullah et al. obtained the 
concentration after craniotomy, probably from the drain at 
the time intervals they mentioned.1

In our multivariable analysis, neither operation duration 
nor diabetes, the risk factors that have been identified in 
previous studies, was significantly associated with SSI. 
In Shibahashi et al.’s study,6 the mean surgical duration 
was 132 minutes for patients with SSI and 76 minutes 
for those without SSI (p < 0.001). In our study, the mean 
operative duration was 132.7 minutes for patients with SSI 

and 142.1 minutes for those without SSI (p = 0.57), times 
comparable to the operative duration for patients with SSI 
in Shibahashi et al.’s study. Diabetes was more prevalent in 
patients with SSIs than in those without SSIs in our study 
(26.7% vs 9.1%, p = 0.05 on bivariable analysis). However, 
after adjusting for other risk factors in the multivariable 
analysis, diabetes was no longer significant. The power 
of a statistical test is mainly affected by the distribution 
of the variables of interest (that is, risk factors for SSI) 
in the study population, the magnitude of the effect of 
interest (that is, odds ratio), and the sample size. The nar-
rower the variable distribution, the bigger the effect size, 
and the larger sample size can result in higher power. In 
addition, the statistical significance in a multivariable 
analysis is further affected by other variables included 
in the multivariable model. Our study could have been 
underpowered to detect a significant association for 
operative duration or diabetes with SSI; however, those 
were not the main factors of interest in our study. Nonethe-
less, we agree that both operation duration and diabetes are 
important modifiable risk factors that should be addressed 
by surgeons. Interventions that can control blood glucose 
levels and surgical techniques that can shorten the proce-
dure duration should be implemented to lower the risk of 
infection after cranioplasty. 

We appreciate the authors’ interest in our paper. Most of 
their concerns should have been addressed in the original 
paper. While a retrospective observational study can be af-
fected by bias, such studies provide important information 
and a foundation for further studies. Future prospective 
studies could add to our knowledge regarding the efficacy 
of interventions to prevent SSI in patients undergoing 
cranioplasty.  

Kingsley O. Abode-Iyamah, MD1

Hsiu-Yin Chiang, PhD1

Loreen A. Herwaldt, MD1–3

Jeremy D. Greenlee, MD1 
1University of Iowa Carver College of Medicine, Iowa City, IA

2University of Iowa Hospitals and Clinics, Iowa City, IA
3University of Iowa College of Public Health, Iowa City, IA
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Use of the ACS NSQIP Surgical Risk 
Calculator for prediction of adverse 
outcomes after neurosurgery

TO THE EDITOR: The recent article by Vaziri et al.7 
assessing the predictive performance of the American 
College of Surgeons National Surgical Quality Improve-
ment Program (ACS NSQIP) Surgical Risk Calculator for 
adverse postoperative outcomes in neurosurgical patients 
was of great interest (Vaziri S, Wilson J, Abbatematteo 
J, et al: Predictive performance of the American College 
of Surgeons universal risk calculator in neurosurgical pa-
tients. J Neurosurg [epub ahead of print April 28, 2017. 
DOI: 10.3171/2016.11.JNS161377]). The authors showed 
that the risk calculator had a good predictive performance 
for mortality but a poor predictive capacity for other po-
tential adverse events and clinical outcomes. Given that 
prediction of adverse postoperative outcomes is important 
for neurosurgical quality improvement, the authors’ find-
ings have several potential implications. Other than the 
limitations described in the Discussion section, however, 
we noted two aspects of this study that needed to be clari-
fied.

First, the authors reported that the mortality rate in the 
entire study population was 3.479%. Because the duration 
of the follow-up or observation period for this mortal-
ity rate was not specified, it is unclear whether the rate 
reflects short- or long-term outcome. The available evi-
dence shows that the causes of postoperative short- and 
long-term deaths are different. Furthermore, the predictive 
performance of the ACS NSQIP Surgical Risk Calculator 
for postoperative short- and long-term mortality may be 
variable.6

Second, the ACS NSQIP Surgical Risk Calculator was 
shown to have a poor discriminative performance for sev-
eral adverse postoperative outcomes such as pneumonia, 
urinary tract infection, return to the operating room, and 
discharge to a rehabilitation or nursing facility. In addition 
to the possible explanations that the authors provide, an-
other potential reason is that this risk calculator considers 
21 preoperative factors but does not include intraoperative 

and surgery-specific variables, which have been shown to 
be significantly associated with the most common adverse 
postoperative outcomes. In fact, other than patients’ preop-
erative health status and comorbidities, the surgical burden 
is the most important determinant of adverse postopera-
tive events and death. In the available literature, increased 
anesthesia and operative times, intraoperative blood loss, 
blood transfusion, change in hemoglobin level, and elevat-
ed serum lactate level are the independent risk factors for 
developing adverse postoperative events in patients under-
going neurosurgery.1–3 In fact, the surgical Apgar score, 
which is based on the estimated blood loss, lowest heart 
rate, and lowest mean arterial blood pressure value during 
surgery, has been demonstrated to be significantly associ-
ated with increased risks of postoperative complications 
and death in patients undergoing a neurosurgical proce-
dure; namely, scores vary inversely with the risks of post-
operative complications and mortality.8 

To improve the prediction of morbidity and mortality 
after neurosurgery, thus, we argue that the ACS NSQIP 
Surgical Risk Calculator should integrate the intraopera-
tive and surgery-specific risk factors. In fact, it has been 
shown that incorporation of surgery-specific risk factors 
into the ACS NSQIP Surgical Risk Calculator can improve 
the prediction of morbidity and mortality after pancreato-
duodenectomy.5 Moreover, the predictive performance of 
the models that use only preoperative variables for postop-
erative complications and mortality has been questioned.4

Fu-Shan Xue, MD
Gui-Zhen Yang, MD

Chao Wen, MD
Plastic Surgery Hospital, Chinese Academy of Medical Sciences and 

Peking Union Medical College, Beijing, People’s Republic of China
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Response
We thank Xue et al. for their insightful commentary on 

our study. In response to their questions: first, the follow-
up period for observed complications (including mortality) 
is the first 30 days after surgery. The ACS NSQIP pro-
gram collects data on complications during the 30 days 
following surgery; thus, the Surgical Risk Calculator only 
incorporates these data.1 The objective of our study was to 
assess the predictive performance of the ACS NSQIP uni-
versal Surgical Risk Calculator in neurosurgical patients, 
so we elected to use the same parameters for all outcome 
measures, including mortality. Second, the aim of the ACS 
NSQIP universal Surgical Risk Calculator is to predict 
which patients have increased preoperative risk in a given 
procedure. Although increased anesthesia time, operating 
time, intraoperative blood loss, and surgical Apgar scores 
may be useful in predicting postoperative complications, 
the objective of the ACS universal Surgical Risk Calcula-
tor is to stratify patients based on preoperative factors—to 
give surgeons and patients a decision aid and informed 
consent tool before the planned intervention. We agree 
that the overall neurosurgical outcome is dependent on 
multiple factors that the ACS NSQIP Surgical Risk Calcu-
lator does not take into consideration. 

The risk calculator was originally created by incorpo-
rating prospective patient data across multiple institutions 
and surgeons. Presumably, with a large enough data set the 
risk calculator would account for these multiple factors. As 
Xue et al. point out, however, and as we observed in our 
own study, the risk calculator ultimately proved to be non-
predictive for many of the studied adverse outcomes. We 
anticipate that in the future, further refinement of either 
the ACS NSQIP Surgical Risk Calculator and/or other risk 
assessment tools2 will allow for better preoperative physi-
cian-patient shared decision making.

Sasha Vaziri, MD
Daniel J. Hoh, MD

University of Florida College of Medicine, Gainesville, FL
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Development of periventricular 
lucency with low CSF pressure

TO THE EDITOR: We read with interest the article by 
Kim et al.3 on periventricular lucency (PVL) in patients 
with hydrocephalus (Kim H, Jeong EJ, Park DH, et al: Fi-
nite element analysis of periventricular lucency in hydro-
cephalus: extravasation or transependymal CSF absorp-
tion? J Neurosurg 124:334–341, February 2016). 

With reference to this article, we would like to report 
our recent experience with a 56-year-old man who was un-
dergoing treatment for Listeria monocytogenes meningitis 
at the Hospital for Infectious Diseases in Warsaw.

On the 4th day of treatment, there was a marked de-
crease in the patient’s level of consciousness (Glasgow 
Coma Scale score of 7), and he was intubated. He was re-
ceiving supplemental oxygen, but he was breathing spon-
taneously and his circulation was stable. 

A CT scan was performed and showed enlargement of 
the ventricular system (Evans ratio 0.32), extensive areas 
of PVL surrounding the frontal horns of the lateral ven-
tricles, and narrowed subarachnoid fluid space (Fig. 1A). 
Flexion of the upper limbs was observed in response to 
painful stimulation.

The possibility of intracranial hypertension was con-
sidered, and the decision was made to treat the patient 
with external ventricular drainage. He was transferred to 
our Department of Neurosurgery, where an external ven-
tricular drain (EVD) was placed in the frontal horn of his 
right lateral ventricle 7 days after he was initially admit-
ted to the Hospital for Infectious Diseases. At EVD place-
ment the CSF opening pressure was 5 cm H2O, and the 
EVD was set at 0–2 cm H2O (this setting was maintained 
throughout the time that the EVD was in place). A CT scan 
of the head confirmed the correct position of the EVD 
(Fig. 1B). After a few hours of drainage, clinical improve-
ment was noticed and the patient responded to commands. 
During the first 24 hours, 80 ml of CSF was drained. The 
patient was transferred back to the Hospital for Infectious 
Diseases for further treatment. Approximately 70–80 ml 
of CSF continued to drain through the EVD daily over the 
next few days (until the EVD was removed). 

The day after the patient was transferred back to the 
Hospital for Infectious Diseases, however, his condition 
worsened again, and on the following day, he was trans-
ferred to the hospital’s intensive care unit (ICU) because of 
acute respiratory failure and septic shock. Blood and CSF 
cultures were performed, and both revealed L. monocyto-
genes. The patient’s total serum protein level was 118 mg/
dl and his serum C-reactive protein level was 197 mg/L; 
examination of a CSF specimen showed cytosis (11 cells/
μl) and a glucose level of 40 mg/dl.
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The EVD was removed 4 days after the patient was 
transferred to the ICU (14 days after his initial admission). 

Antibiotic therapy directed against L. monocytogenes 
was continued for another 3 weeks despite normalization 
of inflammatory parameters. No significant changes in the 
patient’s neurological status were observed.

A CT scan performed 3 days after cessation of antibi-
otic therapy showed enlargement of the ventricular system 
(Fig. 1C). Asymmetry of the frontal horns of the lateral 
ventricles was observed; the Evans ratio was 0.36, and the 
width of the third ventricle was 17 mm.

Hypodense areas were observed around the lateral ven-
tricles corresponding to CSF penetration into the white 
matter.

During the patient’s ICU hospitalization he developed 
pneumonia and his lungs were found to be infected with 
Acinetobacter baumannii, Proteus mirabilis, and Esch-
erichia coli (based on culture results).

He also suffered an episode of gastrointestinal bleed-
ing, which was managed conservatively.

The patient’s respiratory and circulatory function re-
mained impaired and he had paresis of the upper limbs 
and paralysis of the lower limbs. Five and a half weeks 
after the EVD was removed, he suffered cardiac arrest and 
died (after 53 days of treatment). 

This case provides support for the conclusion of Kim et 
al.3 that PVL may occur in patients with hydrocephalus as 
result of factors other than transependymal CSF absorp-
tion in the presence of a low CSF level.1,2 In addition, it 
suggests that the inflammatory response to a CNS bacte-
rial infection may contribute to the development of PVL 
(regardless of the intracranial pressure [ICP]). The phe-
nomenon of PVL in the presence of low ICP remains an 
interesting clinical observation.

Ewa Szczepek, PhD
Waldemar Koszewski, MD, PhD

Neurosurgery Clinic of the Second Faculty of Medicine, Warsaw Medical 
University, Warsaw, Poland 
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Response 
We are delighted to respond to the valuable comments 

from Drs. Szczepek and Koszewski. They have provided 
an interesting case of an adult male patient who presented 
with hydrocephalus following bacterial meningitis. Hy-
drocephalus after bacterial meningitis can be associated 
with a high mortality rate16 and is commonly considered 
to be caused by inflammatory exudates, which inhibit 
normal CSF flow by blocking major CSF pathways, i.e., 
subarachnoidal/ventricular pathways.14 This explanation is 
theoretically satisfying and probably true for the majori-
ty of cases of meningitis-related hydrocephalus. However, 
blocking CSF pathways would likely lead to abnormally 
increased ICP. The case provided by Szczepek and Kos-
zew ski is interesting because the patient exhibited very 
low ICP (< 4 mm Hg), which is somewhat unexpected in 
patients with bacterial meningitis,12 especially with hydro-
cephalus.11 Repeated evaluations of ICP would be better 
since a 1-time measurement of baseline ICP from an EVD 
is not methodologically sound. An average of ICP valu-
es measured over the course of drainage (with the EVD 
closed for half an hour) would be more convincing, espe-
cially during an ICU stay.

As Szczepek and Koszewski mentioned, in our article, 
we argued that the occurrence of PVL does not necessarily 
require significantly increased ICP, and in fact, PVL likely 
occurs in mild to moderate ventriculomegaly. As briefly 
explained in the article, the brain is nearly incompressible; 
hence, the development of ventriculomegaly is only pos-

FIG. 1. A and B: Axial CT images showing the ventricular system before (A) and after (B) EVD placement and CSF drainage.  
C: Axial CT image obtained 2 weeks after EVD removal showing enlargement of the ventricles. 
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sible if a significant reduction in brain volume occurs.2,3 
Reduced brain volume is presumably due to the efflux of 
interstitial fluid (ISF) through cerebral capillaries,4 and 
the driving force of this efflux is the increased difference 
between ventricular pressure (Pv) and capillary pressure 
(Pc).7 This increase in the trans–cerebral mantle pressure 
gradient (TPG) applied to a brain with normal geometric 
characteristics (i.e., no ventriculomegaly) induces negative 
pore pressure at the anterior and posterior horns. Negative 
pore pressure causes a suctioning effect,5 which causes an 
influx of ISF and/or CSF into the brain; thus, the anterior 
and posterior horns of the lateral ventricles exhibit devel-
opment of localized edema, which manifests as hypoden-
sity in CT that we perceive as “lucency” in these regions.6 
As the increase in TPG persists and the ventricle becomes 
larger, the geometric characteristics of the brain change; 
if this change is excessive, it induces a reversal of pore 
pressures (i.e., positive pore pressure) across the whole ce-
rebral mantle, and the PVL subsequently disappears. 

The following statements are just speculations, but 
since the patient’s ICP (= ventricular CSF pressure = Pv) 
was low in the case provided by Szczepek and Koszew-
ski, the initiation of ventriculomegaly was likely due to 
decreased Pc rather than increased Pv. Though there is 
no direct evidence of decreased Pc in bacterial menin-
gitis, the evidence for the increased permeability of the 
blood-brain barrier (BBB) in bacterial meningitis is rather 
well documented.8,10,13,15 Thus, we can speculate that the 
“leaky” BBB would result in a significant decrease in Pc. 
The increased difference between Pv and Pc could initiate 
ventriculomegaly in the patient; the degree of ventricu-
lar deformation was moderate (Evans ratio < 0.41), which 
would explain the manifestation of PVL. To summarize, 
the inflammatory response to CNS bacterial infection led 
to a disrupted BBB, resulting in decreased Pc, ISF efflux, 
brain volumetric reduction, and PVL in CT images.

We believe that Szczepek and Koszewski’s hypothesis 
—i.e., “the inflammatory response to CNS bacterial in-
fection may contribute to the development of PVL”—is 
logical, evidence-based, and probably true for patients 
with bacterial meningitis and hydrocephalus. Investigating 
whether the injection of BBB-tightening agents, such as 
interferon-λ,9 could reverse ventriculomegaly under such 
conditions, preferably in a laboratory animal study, would 
be very interesting.

Dong-Joo Kim, PhD
Hakseung Kim, PhD

Korea University, Seoul, South Korea
Marek Czosnyka, PhD 

Addenbrooke’s Hospital, University of Cambridge, United Kingdom
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Is it time to evaluate multiple familial 
cavernous malformations with ultra–
high resolution flat-detector CT 
angiography?

TO THE EDITOR: We have read with great interest the 
seminal article by Dammann et al.2 (Dammann P, Wrede 
K, Zhu Y, et al: Correlation of the venous angioarchitec-
ture of multiple cerebral cavernous malformations with 
familial or sporadic disease: a susceptibility-weighted 
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imaging study with 7-Tesla MRI. J Neurosurg 126:570–
577, February 2017). The authors systematically studied 
multiple sporadic and familial cavernous malformations 
(CMs) by using susceptibility-weighted imaging (SWI) in 
a 7-Tesla (7-T) MRI scanner, the first report of its type in 
the literature. They found two different SWI patterns (spo-
radic [clustered] and familial [scattered] lesions), which 
were consistent with the theory that venous anomalies are 
causative for the sporadic form of multiple CMs. In this 
short letter, we attempt to draw the attention of Dammann 
and colleagues and the readers to a few minute, but, in our 
opinion, very important details. We hope these comments 
will bring new insights to researchers who have an interest 
in CMs. 

Our group recently published an article in which we ad-
dressed the association between sporadic intracranial CMs 
and developmental venous anomalies (DVAs), which were 
evaluated with ultra–high resolution flat-detector CT an-
giography (FDCTA).3 While drafting our manuscript, we 
read another great article that Dammann et al. published in 
a different esteemed journal in 2013.1 In that report, they 
brought our attention to a new group of venous abnormali-
ties associated with CMs, naming them “variants.” Those 
variants accounted for 70% of the CM-associated abnor-
malities reported in their study. We, too, encountered some 
variant-like venous abnormalities in our work and called 
them “undefined local venous structures,” and these were 
present in 12% of our patient population.3 Combining the 
perspective and knowledge gained from the authors’ pre-
vious work1 and ours,3 we kindly propose several issues of 
interest. We hope that the authors and the readers will find 
them interesting, as well. First, however, let us say that the 
motivation for sharing these issues of interest grew out of 
the following: 1), we encountered variant-like local venous 
structures in our study, too; 2), we observed a vast differ-
ence in the association rates for classic DVAs in our work 
compared with the rates observed by Dammann et al. in 
their previous study; and 3), we observed that FDCTA is 
of high power in delineating smaller DVAs. 

In the authors’ previous work, apart from the classic 
DVAs, they classified the associated venous abnormali-
ties, stating that “(1) variant II…encompasses lesions with 
a solitary transcerebral or subpial draining vein, mainly 
draining the CCM [cerebral CM] and (2) variant III…con-
sists of multiple transcerebral veins originating from the 
lesion, forming a reticular structure, draining surround-
ing brain tissue as well.”1 Although it was assumed and 
demonstrated by the authors in their current study that the 
familial (scattered) form of CM has no associated venous 
anomalies, we think that the figure images Dammann et al. 
presented in their recent work2 might include the presence 
of subtle venous abnormalities like the ones they termed 
variants in their earlier study.1 For instance, in Fig. 1B, the 
CM on the left frontal lobe that is the largest one and the 
closest to the frontal horn of the left lateral ventricle seems 
to have a tiny draining vein on its anatomically posterior 
aspect leading to the subpial side. In Fig. 1C, the largest 
CM in the image appears to have a small draining vein on 
its anatomically right posterolateral side. In Fig. 4, which 
is from a suspected familial case (possibly due to somatic 
mutations), the CM closest to the frontal horn of the right 

ventricle seems to have two associated tiny venous struc-
tures on its anatomically right anterolateral and postero-
lateral sides. Again, in Fig. 4, the largest CM on the right 
lentiform nucleus seems to have associated tiny venous 
structures on the pial side. Finally, again in Fig. 4, the CM 
located around the tail of the caudate nucleus appears to 
be associated with a venous structure on its anatomically 
left anterolateral side leading to the subependimal region. 
We cannot help but wonder whether there is a chance that 
those venous structures might represent venous anomalies 
or, more possibly, venous abnormalities that are so small 
that they are not easily noticed. Nonetheless, it is possible 
that our suspicions are the result of partial volume effects, 
oblique orientation of the slices, and unrelated anatomi-
cal variations or normal structures. We are totally aware 
that training of the reader is of supreme importance in the 
process of image analysis. Hence, our observations may 
reflect the untrained eyes of the people inspecting the 7-T 
SW images. If this is the case, we are totally sorry in ad-
vance.

Our fundamental reason for our suggestions is that our 
FDCTA work revealed a roughly 3-fold higher association 
rate (88%) for the coexistence of “classic” DVAs and vari-
ant DVAs in a retrospective and consecutive series, while 
the systematic and prospective 7-T work revealed a 30% 
association.1,3 Considering this vast discrepancy, this could 
mean that most of the “variants” in their previous work 
might actually have been tiny classic DVAs. From this per-
spective, it would be plausible to think that evaluation of 
familial cases with FDCTA would uncover some subtle 
venous abnormalities, if they really exist.

In summary, combining the knowledge gained from 
these studies, we suggest that FDCTA, with its capabilities 
for ultra–high resolution images, would be a helpful im-
aging or research tool for evaluating multiple and proven 
familial CMs.

We thank the authors in advance for their response or 
comments and look forward to seeing their future seminal 
works on this research subject.

Burak Kocak, MD
Aksaray Training and Research Hospital, Aksaray University,  

Aksaray, Turkey
Osman Kizilkilic, MD

Naci Kocer, MD
Civan Islak, MD

Cerrahpasa Medical Faculty, Istanbul University, Istanbul, Turkey
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Response
We would like to thank Dr. Kocak and colleagues very 

much for their thoughtful and stimulating comments. We 
are delighted to see such competent discussion emerging 
on a topic that can be regarded as a real niche in neurosur-
gical research.

The authors emphasized some important unclarities 
concerning the venous angioarchitecture of cerebral CMs 
(CCMs), and we would herewith like to give our opinions 
on those in response. It would be helpful for the reader to 
study Kocak et al.’s recent publication, in which this sub-
ject is discussed in detail.2 To briefly summarize, the au-
thors point out that debate remains regarding how many (if 
not all) sporadic CCMs are actually associated with DVAs 
or if these two lesions may even have a causative relation-
ship. When utilizing different imaging tools to study the 
venous environment of sporadic CCMs, we find more or 
less abnormal postcapillary venous structures adjacent or 
connected to the sporadic CCM. Which of these fit the def-
inition of a classic DVA (and may present the same hemo-
dynamic characteristics), as coined by Lasjaunias et al.,3 is 
sometimes difficult to assess, especially if the structures 
are very subtle (micro-DVAs?). In summary, we agree that 
(nearly) all sporadic CCMs are associated with a certain 
venous dysplasia. They may represent different forms of 
a DVA, or even two entirely different types of sporadic 
CCMs (indicating different pathogenesis [hemodynamic 
vs mutational?]). This could impact treatment and progno-
sis of the lesions.

In contrast to sporadic CCMs,1 indeed we found no such 
venous dysplasia in familial CCMs, as presented in our 
recent publication. To directly address the authors’ ques-
tions in this regard: all of the figures mentioned but one 
(Fig. 1C showing a “blooming effect”) are minimum in-
tensity projection (mIP) images that “stack” multiple slices 
to create a 3D effect, thereby causing overlays of imaging 
information that can be, as the authors correctly stated, 
falsely interpreted. The miP image may yield the impres-
sion of vessels arising from a CCM that in fact are not. 
miP images are utilized to give an overview over a series 
of images. To correctly analyze the venous structures, raw 
data from SWI has to be analyzed slice by slice. However, 
as discussed in our paper, several general limiting factors 
for SWI analysis remain—for example, slice thickness and 
in-plane resolution, especially in combination with strong 
blooming effects of SWI. All of these may hamper assess-
ment of very subtle “micro” venous structures in CCMs, 
especially if the reader is confronted with sometimes 
hundreds of CCMs. In fact, due to these limitations, it is 
theoretically possible that our SWI protocol missed such 

structures. However, the striking point of our recent study 
was the consistent presence of large, rather macroscopic, 
venous angioarchitectural differences between the sporad-
ic and familial forms of the lesion.  

We think it would be worthwhile to analyze similar 
multiple CCM cases with the FDCTA method (and cor-
relate with genetic analysis) and we very much encourage 
our colleagues to do so. 
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The intraoperative use of mannitol
TO THE EDITOR: In this well-conducted clinical 

trial, Seo et al.3 emphasized that the use of 1.0 g/kg of 
intraoperative mannitol could result in satisfactory brain 
relaxation with the fewest adverse effects (Seo H, Kim E, 
Jung H, et al: A prospective randomized trial of the opti-
mal dose of mannitol for intraoperative brain relaxation 
in patients undergoing craniotomy for supratentorial brain 
tumor resection. J Neurosurg 126:1839–1846, June 2017). 
We congratulate the authors for the results of this study, 
because it surely has significant information for clinical 
practice. We agree that the intraoperative use of mannitol 
before craniotomy is always the first choice to decrease 
brain bulk during intracranial surgery. However, as sur-
geons, we want to make some comments about this study 
according to our own experiences. 

First, we believe that sufficient brain relaxation is the 
primary and urgent need for the surgical treatment of skull 
base tumors or intracranial aneurysms instead of the tumor 
types mentioned in this study. We notice that similar to a 
previous report,2 the tumors mentioned in this study are 
mostly gliomas. But actually, in most cases, the resection 

Unauthenticated | Downloaded 05/23/23 11:16 PM UTC

https://thejns.org/doi/abs/10.3171/2016.6.JNS16537


J Neurosurg Volume 128 • April 2018 1271

Neurosurgical forum

of cerebral gliomas or metastatic tumor is not very diffi-
cult for experienced surgeons, even if the brain is not well 
relaxed. Besides, excessive brain relaxation will cause ob-
vious brain shift, so the accuracy of intraoperative naviga-
tion for these tumors will be compromised. Moreover, the 
authors in both reports did not mention the location of the 
meningiomas. We suppose that based on this study design, 
the meningiomas may be mostly located at the convexity 
of the brain rather than the skull base. In that case, we do 
not think that surgeons will be worried about the brain 
pressure either. The brain pressure can be spontaneously 
decreased by gradual removal of convexity meningiomas 
or cerebral tumors (like glioma and metastatic tumor). On 
the contrary, during the operation for skull base tumors or 
intracranial aneurysms, the lower the brain pressure, the 
less brain retraction will be performed, and then the risk of 
accidental iatrogenic brain injury can be lowered. There-
fore, although the study design is rigorous and the result is 
informative, it does not perfectly reflect the primary clini-
cal needs of surgeons. 

Second, we recommend an earlier and complete ap-
plication of mannitol at 10–15 minutes before skin inci-
sion rather than starting infusion at the time of skin inci-
sion, because we want to have sufficient brain relaxation 
already at the time of bone flap opening. Similar to this 
study, in our hospital the routine dose of intraoperative 
mannitol (250 ml, 20%) is 0.5–1.0 g/kg, and the mannitol 
should be administered intravenously over 15–20 minutes. 
However, hypervolemia can first occur 5–15 minutes after 
mannitol is administered, and then it may take another 15 
minutes to initiate a significant dehydration effect.1 The 
surgical procedure from skin incision to bone flap open-
ing during a simple craniotomy, such as the operation for 
the tumors mentioned in this study, usually takes 10–20 
minutes. Therefore, if the mannitol is administered at the 
time of skin incision, when the surgeons start sawing the 
bone flap, there will be no significant dehydration effect 
from mannitol. In that case, the brain pressure may still 
be high, and the dura mater will be closer and more tightly 
adhered to the bone, so that the heat conduction from the 
cutter will be more hazardous to the brain and the risk of 
dural laceration may be theoretically increased. 

Interestingly, the information from this study and the 
previous reports shows that the best control of brain re-
laxation by mannitol occurs at approximately 30 minutes 
after intravenous administration, and then lasts for at 
least 1 hour, and the dehydration effect can continue for 3 
hours.1–3 These data support the assertion that our earlier 
application scenario of mannitol may ensure the best brain 
pressure control at the time of bone flap opening. Even for 
some complicated craniotomy procedures for skull base 
surgery, which may take 1 or 2 hours, sufficient brain re-
laxation may also be achieved and maintained before saw-
ing off the bone flap if our application scenario of man-
nitol is followed. Afterward, surgeons still have enough 
time to further lower the brain pressure by other manipu-
lations, such as releasing the CSF by opening the cerebral 
cisterna, before the complete cessation of the dehydration 
effect from mannitol. 

Despite these issues, we are extremely impressed by the 
authors’ study, and we thank them for their efforts.

Jianping Song, MD, PhD
Huashan Hospital, Fudan University, Shanghai, China
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Response
First, we thank Dr. Song for his great enthusiasm for 

our article. 
Dr. Song pointed out that the type and location of brain 

tumor can be confounders in interpreting the effect of 
mannitol on brain relaxation in patients undergoing brain 
tumor surgery. We agree with his opinion. The tumor pa-
thology, mechanism of peritumoral edema, and surgical 
approach are different between intra- and extra-axial tu-
mors. Our subgroup analysis demonstrated that in extra-
axial but not intra-axial brain tumors, a positive linear 
relationship was observed between the mannitol dose and 
the proportion of satisfactory brain relaxation (p = 0.012). 
With respect to the location of the meningioma, tumors at 
the brain convexity can be easily resected with less brain 
retraction; however, for the resection of skull base tumors, 
more brain retraction and brain relaxation can be required 
for surgical exposure. In our study, meningioma was found 
in 52 patients. The tumor was located in the brain convex-
ity (n = 19, 36.5%); parasagittal (n = 4, 7.7%); falcine (n 
= 9, 17.3%); intraventricular (n = 4, 7.7%); and skull base 
(n = 16, 30.8%) areas. In addition, only in skull base me-
ningioma was there a positive linear relationship between 
the mannitol dose and the proportion of satisfactory brain 
relaxation (p = 0.051). Such results confirm that the role of 
mannitol in inducing satisfactory brain relaxation is im-
portant when skull base tumors are resected.

In terms of the timing of mannitol administration, Dr. 
Song suggests that mannitol should be administered 10–15 
minutes before skin incision rather than at the time of skin 
incision, to ensure maximal brain relaxation at the time of 
bone flap opening. We basically agree with his suggestion. 
In general, mannitol-induced brain relaxation is known to 
occur within 10–15 minutes after mannitol administra-
tion, with a maximal effect at 20–60 minutes.1,2 In our 
study, mannitol was administered over 15–20 minutes at 
the time of skin incision in all patients. 

The time to bone flap opening from skin incision was 
not measured. The time to bone flap opening, although it 
might average 30 minutes, was different among patients 
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due to various routes of surgical approach, various sizes 
of craniotomy, and different skills of the neurosurgeon, 
resulting in different timing for evaluation of brain relax-
ation. Namely, there was a possibility that brain relaxation 
was evaluated in some patients before the maximal effect 
of mannitol on brain relaxation occurs. Moreover, signifi-
cant brain relaxation during the sawing of the bone flap 
can be helpful in decreasing brain damage due to heat 
conduction and the risk of dural laceration. Therefore, 
the timing of mannitol administration for brain relaxation 
was reconsidered. We think that the timing of mannitol 
administration for brain relaxation may be individualized 
according to the time to bone flap opening. Importantly, 
the maximal effect of mannitol on brain relaxation has to 
be exerted before bone flap opening, regardless of the tim-
ing of mannitol administration. 
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