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Residual meningiomas 
TO THE EDITOR: We read with great interest the 

research published by Materi et al.1 (Materi J, Mampre 
D, Ehresman J, et al. Predictors of recurrence and high 
growth rate of residual meningiomas after subtotal re-
section. J Neurosurg. Published online January 3, 2020. 
doi:10.3171/2019.10.JNS192466). Based on a retrospective 
cohort study, the authors explored the risk factors for re-
currence and the high growth rate of residual meningio-
mas after subtotal resection. This article differentiates the 
risk stratification of residual meningiomas after subtotal 
resection and provides strong evidence for the diagnosis 
and treatment of meningiomas, which is worth encour-
aging and approving. However, after reading this article 
carefully, we have several issues to point out. 

First, several data points need an explanation. For pre-
operative tumor volume in Table 2, the hazard ratio (HR) 
was 4.720, while the 95% confidence interval (CI) was be-
tween 1.042 and 3.146. The authors need to comment on 
this unlikely occurrence. Similarly, on page 3, the authors 
described that “the most significant benefit occurred with 
preoperative tumor volume < 10 cm3 (HR 0.396, 95% CI 
1.446–4.399, p = 0.0004).” Here, the HR was 0.396, while 
the 95% CI was between 1.446 and 4.399. This represents 
another potential issue that requires comment. In addition, 
in the abstract, the p value of falcine location should be 
0.021, not 0 0.021. 

Second, in their statistical analysis, the authors did not 
clarify the representation of continuous variables (such as 
age or preoperative Karnofsky Performance Scale [KPS] 
score) or classified variables (such as sex or race). Addi-
tionally, the Kaplan-Meier (K-M)2,3 curve is mentioned 
twice in Figs. 1 and 2, but it is not described in the sta-
tistical analysis, which is confusing for readers. More-
over, the authors described in their statistical analysis that 
“stepwise multivariate proportional hazards [namely, Cox 
proportional hazards] regression analyses were performed 
to identify potential associations....” However, we disagree 
that this statistical analysis is appropriate. The use of Cox 
proportional hazards regression modeling should be in ac-
cordance with the requirement of a proportional hazard 
assumption.4 The authors did not verify the proportional 
hazard assumption in this study. Additionally, it is im-
portant to point out that there are noticeable intersections 
between the two survival curves in Fig. 2B and D, which 
indicate that the use of the K-M method and stepwise 

multivariate proportional hazards regression analyses is 
inappropriate in this study. In our opinion, a competing 
risk model5,6 is more suitable for the data analysis in their 
study.
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Response
We thank Drs. Sui and Piao for their interest in our 

research and for their feedback on our article. On repeated 
statistical analysis, we corroborate the typographical er-
rors noted in their response. Corrected values are reflected 
below and will be remedied via erratum: 
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• Preoperative tumor volume: HR 1.008, 95% CI 1.002–
1.013 

•	 “the	most	significant	benefit	occurred	with	preopera-
tive	tumor	volume	<	10	cm3 (HR 0.396, 95% CI 0.227–
0.691)” 

•	 Falcine	location:	p	=	0.021	
We also confirm the variable classifications raised by 

Sui and Piao, where age and preoperative KPS score were 
evaluated as continuous variables, while sex, race, and tu-
mor location were evaluated as nominal variables. In light 
of these corrections and clarifications, the overall findings 
and conclusions of our study remain unchanged. As it per-
tains to the statistical analyses selected for this study, we 
opted to use Cox proportional hazards modeling because 
it is widely accepted for time-to-event data with censor-
ing and covariate analysis.1 The identified factors were 
then presented using time-to-event curves in Figs. 1 and 2 
from the original article. Sui and Piao are correct to point 
out that such statistical analyses potentiate inherent biases 
(e.g., lost to follow-up, death), resulting in overestimation 
of outcome, as well as proportionality assumptions. The 

Fine-Gray model was reconsidered using STATA 16.0 
(StataCorp LLC) to newly create Fig. 1 and account for 
the following competing risks: lost to follow-up and death, 
totaling 36 and 3 risk events, respectively. Lost to follow-
up was defined based on the standard of care at our institu-
tion, which instructs for annual MR images during the first 
5 years after surgery. Therefore, patients were classified 
as being lost to follow-up if they had surgery more than 
5 years prior to our study with less than 5 years of MR 
images, or if they had surgery within 5 years of our study 
but had no MR images within 2 years prior to the start 
of our study. In the multivariate competing risk analysis 
for tumor recurrence, falcine tumor location remained 
significant (HR 1.973, 95% CI 1.063–3.661, p = 0.031), as 
did tentorial location (HR 2.391, 95% CI 1.127–5.072, p 
= 0.023), while African American race (HR 1.488, 95% 
CI 0.852–2.601, p = 0.163) and preoperative tumor volume 
(HR 1.005, 95% CI 1.000–1.010, p = 0.062) trended toward 
significance (Fig. 1). 

We hope this additional analysis serves to address the 
comments raised by Sui and Piao. We thank them for the 
opportunity to bring clarity in the dissemination of our re-

FIG. 1. Competing risk curves of recurrence-free survival in all subtotally resected meningiomas dichotomized for preoperative 
volume < 10 cm3 (A), falcine location (B), tentorial location (C), and African American race (D). Note: new figure created based on 
suggested analysis from Sui and Piao. 
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sults to promote research and understanding that translates 
to the bedside. 
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Hyperglycolysis as a common cause 
for elevated lactate in subarachnoid 
hemorrhage 

TO THE EDITOR: Engquist and colleagues1 reported 
that in patients with subarachnoid hemorrhage and de-
layed cerebral ischemia (DCI), the institution of “triple-H” 
therapy (hypervolemia, hemodilution, and hypertension 
[HHH]) increased cortical cerebral blood flow (cCBF) 
without improvement in the metabolic pattern as deter-
mined by cerebral microdialysis (Engquist H, Lewén A, 
Hillered L, et al. CBF changes and cerebral energy me-
tabolism during hypervolemia, hemodilution, and hyper-
tension therapy in patients with poor-grade subarachnoid 
hemorrhage [published online January 10, 2020]. J Neu-
rosurg. doi:10.3171/2019.11.JNS192759). We suggest that 
hyperglycolysis may explain these findings.

Lactate, an important shuttle for metabolic fuel in the 
body and brain, is produced through the reduction of pyru-
vate by lactate dehydrogenase (LDH):

Lactate is the final product of glycolysis in most cells, 
including astrocytes,2,3 and is the main substrate for the 
tricarboxylic acid (TCA) cycle and subsequent oxidative 
phosphorylation.4 In the brain, lactate is shuttled from as-
trocytes to neurons to provide metabolic substrate,5 with 
the rate of glycolysis matched to (glutaminergic) neuronal 
activity.

Hyperglycolysis is suggested to be the principal driv-
er of hyperlactatemia in sepsis. Catecholaminergic β2-
adrenoreceptor activation increases glycolysis and Na+/
K+-ATPase activity and causes dysregulation of phospho-
fructokinase and overall TCA cycle activity.6 The over-
arching consequence is an increase in pyruvate production. 

LDH converts this pyruvate to lactate, as its Ka dictates that 
the reaction is mostly left-sided, that is, [lactate] is about 10- 
to 20-fold [pyruvate]. This ratio is maintained unless other 
reagent concentrations are altered, for example, changes in 
intracellular pH or the NADH/NAD+ ratio. Thus, lactate 
may be elevated in the setting of stress hyperglycolysis (el-
evated [pyruvate]), intracellular acidosis (elevated [H+]), or 
disruption of aerobic respiration (elevated NADH/NAD+ 

ratio). These latter two circumstances portend a more omi-
nous clinical course and are associated with an elevated 
lactate/pyruvate ratio (LPR). 

Like sepsis, subarachnoid hemorrhage, especially with 
DCI, is a state of high endogenous catecholamine load. 
Systemic adrenaline increases cerebral uptake of plasma 
glucose and lactate through a β2-adrenoreceptor–depen-
dent mechanism, increasing cerebral nonoxidative carbo-
hydrate metabolism 8-fold.7 Exogenous catecholamines are 
also often administered (e.g., dobutamine here), amplify-
ing hyperglycolysis.

With these concepts in mind, we revisit the study re-
sults. Triple-H therapy improved cCBF, but [lactate] and 
LPR were not altered. Hemodilution reduced the oxygen 
carrying capacity of blood by 12%. Unfortunately, paren-
chymal oxygen tension was not measured.

Both [lactate] and LPR were lower in those without 
DCI, suggesting less “stress”; however, grossly ischemic 
metabolic patterns were not displayed even in DCI pa-
tients. Parenchymal [glucose] was unchanged, suggesting 
adequate glucose delivery and glycogen stores throughout. 

Hyperglycolysis (proportionally elevated pyruvate and 
lactate) was common in those with DCI and was not ame-
liorated by triple-H therapy. Hyperglycolysis can occur 
with parenchymal hyperoxia8 and normoxia9 and is likely 
a physiological response to increased excitatory (glutamin-
ergic) neuronal activity and catecholamines. Moreover, en-
dothelial shear stress generated by induced hypertension in 
vasospastic vessels liberates nitric oxide, a potent inducer 
of astrocyte glycolysis.10

We conclude that in these patients who did not dem-
onstrate conclusive evidence of ischemia, triple-H therapy 
increased cCBF but did not alter cerebral metabolics. Ce-
rebral oxygenation was not addressed directly. Hypergly-
colysis would not be expected to respond to increased per-
fusion, as cerebral oxygen tension is not one of its principal 
drivers, and these findings confirm that. 

Dichotomization of “physiological” and “pathologi-
cal” lactate using the LPR allows for specific analysis of 
perfusion-driven interventions on the latter, which is the 
objective of such therapy. Future studies are necessary to 
understand the mechanisms and implications of stress hy-
perlactatemia and perfusion-intractable dysmetabolism in 
subarachnoid hemorrhage.
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Response
We appreciate the interesting comments by Castle-

Kirszbaum and colleagues regarding our recent article 
on CBF changes and cerebral energy metabolism during 
HHH therapy in poor-grade subarachnoid hemorrhage 
(SAH). In our study, we found the energy metabolic pa-
rameters, as measured by cerebral microdialysis (CMD), 
to be statistically unchanged despite improvement in CBF 
both globally and in poorly perfused regions. When pa-
tients were categorized by three energy metabolic CMD 
patterns (normal, ischemia, and mitochondrial dysfunc-
tion), as previously described in SAH and traumatic brain 
injury,1,2 the pattern corresponding to mitochondrial dys-
function (LPR > 30 and pyruvate > 70 mmol/L) was com-

mon during HHH therapy in the patients with a clinical 
diagnosis of DCI.

Several previous studies have reported that nonis-
chemic energy metabolic disturbances are common after 
SAH, and different classifications of these nonischemic 
energy metabolic patterns have been proposed.1,3–5 We 
agree that stress-induced hyperglycolysis with the accu-
mulation of lactate and pyruvate, as proposed by Castle-
Kirszbaum and colleagues, may be a possible explanation 
for the CMD findings in some of the patients in our study. 
Among the DCI patients receiving HHH therapy, 5 of 12 
patients had elevated lactate (> 4 mmol/L) and a concur-
rent pyruvate level > 120 mmol/L. To our knowledge, two 
earlier studies (Cesarini et al. and Oddo et al.)5,6 found an 
association between a CMD pattern of hyperglycolysis 
and a favorable outcome in SAH patients.

Although hemodynamic optimization and restoration 
of regional CBF seems fundamental in the treatment of 
DCI, the findings in our study and the above-mentioned 
CMD studies suggest that other factors affecting cerebral 
energy metabolism at the cellular level are also important 
targets for future research.
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