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Abstract

Objective—Cerebral edema is common in severe hepatic encephalopathy and may be life-
threatening. Bolus 23.4% hypertonic saline (HTS) improves surveillance neuromonitoring scores,
although its mechanism of action is not clearly established. We investigated the hypothesis that
bolus HTS decreases cerebral edema in severe hepatic encephalopathy utilizing a quantitative
technique to measure brain and CSF volume changes.

Design—~Retrospective analysis of serial computed tomography (CT) scans and clinical data for a
case-control series was performed.

Setting—Intensive care units of a tertiary care hospital.

Patients—Patients with severe hepatic encephalopathy treated with 23.4% HTS and control
patients who did not receive 23.4% HTS.

Methods—We used clinically obtained CT scans to measure volumes of the ventricles,
intracranial CSF, and brain using a previously validated semi-automated technique (Analyze
Direct; Overland Park, KS). Volumes before and after 23.4% HTS were compared with Wilcoxon
signed-rank test. Associations between total CSF volume, ventricular volume, serum sodium, and
Glasgow Coma Scale Scores were assessed using Spearman correlation.

Results—Eleven patients with 18 administrations of 23.4% HTS met inclusion criteria. Total
CSF (median 47.6 [35.1-69.4] to 61.9 [47.7-87.0] mL, p<0.001) and ventricular volumes (median
8.0 [6.9-9.5] t0 9.2 [7.8-11.9] mL, p=0.002) increased and Glasgow Coma Scale Scores improved
(median 4 [3-6] to 7 [6-9], p=0.008) after 23.4% HTS. In contrast, total CSF and ventricular
volumes decreased in untreated control patients. Serum sodium increase was associated with
increase in total CSF volume (r=0.83, p<0.001) and change in total CSF volume was associated
with ventricular volume change (r=0.86, p<0.001).

Conclusions—Total CSF and ventricular volumes increased after 23.4% HTS, consistent with a
reduction in brain tissue volume. Total CSF and ventricular volume change may be useful
quantitative measures to assess cerebral edema in severe hepatic encephalopathy.

Intracranial hypertension (IH) and diffuse cerebral edema occur in 86-95% of comatose
patients with hepatic encephalopathy and contribute to mortality (1, 2). Hyperosmolar agents

Crit Care Med. Author manuscript; available in PMC 2017 January 19.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Liotta et al.

Methods
Cohort

Page 3

(mannitol or hypertonic saline [HTS]) are mainstay treatments of cerebral edema and IH
both in severe hepatic encephalopathy (grade 3 [somnolent but responsive] or 4 [coma] on
the four-grade West Haven Criteria [3]) and in other acute brain diseases. The principal
proposed mechanism of action of hyperosmolar agents is that a functional blood brain
barrier allows an osmolar gradient to develop between blood and brain parenchyma resulting
in efflux of water from brain tissue with reduction in brain volume (4, 5). The reduction of
brain volume within the rigid cranium allows displaced cerebrospinal fluid (CSF) to return
from the spinal subarachnoid space such that the total sum of the volumes of the individual
components of the intracranial space remains constant (Monro-Kellie doctrine) and
intracranial compliance improves (4, 6, 7). Since displacement of CSF occurs before blood
or brain displacement during pathologic processes (4) one may be able to measure changes
in intracranial CSF volume to evaluate the severity of cerebral edema and quantify changes
in intracranial tissue volume.

Studies of hyperosmolar therapy in humans have most frequently investigated mannitol and
have concentrated on focal brain diseases such as trauma and stroke, with fewer data for
diseases associated with diffuse cerebral edema such as severe hepatic encephalopathy. In
the case of hyperosmolar therapy and severe hepatic encephalopathy, studies have generally
reported either intracranial pressure (ICP) measurements or qualitative radiographic signs of
cerebral edema (8, 9). However, ICP change is an indirect measure of volume change and
because CSF displacement to the spinal subarachnoid space has a buffering effect it is
possible for cerebral edema to progress without clearly pathologic ICP elevation (4).
Furthermore, invasive ICP monitoring is controversial in hepatic encephalopathy
management because of the potential hemorrhagic complications of monitor placement,
failure of several studies to identify a survival benefit, and recent evidence that invasive
monitoring may be associated with worse outcome for some patients (3, 10). Additionally,
the subdural and intraparenchymal ICP monitors most commonly used in liver failure may
not accurately reflect compression of brain structures, such as the thalami and brainstem,
distant from the device’s pressure transducer (11). A quantitative radiographic maker of
brain tissue volume applied to serial neuroimaging studies could potentially provide insight
in to the evolution of cerebral edema and the effect of hyperosmolar therapy on brain
volume. We sought to use a validated neuroimaging analysis technique and a quantitative
marker of brain tissue volume to investigate the hypothesis that bolus 23.4% HTS decreases
brain volume in severe hepatic encephalopathy patients.

We retrospectively identified a treatment group of all patients =18 years of age admitted to
our institution between January 15t, 2012 and November 15, 2014 who received at least one
intravenous bolus of 23.4% HTS for treatment of life-threatening cerebral edema and had a
diagnosis of acute or acute-on-chronic liver failure. Bolus 23.4% HTS administration was
identified using electronic query of medication administration records as previously
described (12). The resulting patient list was manually reviewed to confirm time of 23.4%
HTS administration and to identify those diagnosed with acute or acute-on-chronic liver

Crit Care Med. Author manuscript; available in PMC 2017 January 19.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Liotta et al.

Page 4

failure as documented by an attending intensivist or hepatologist. Liver failure was
confirmed by identifying uncompensated liver dysfunction, specifically coagulopathy and
encephalopathy (3). Predetermined exclusion criteria were: pregnancy, lack of head
computed tomography (CT) within 24 hours prior to (pre-HTS) or 24 hours following (post-
HTS) administration of 23.4% HTS, hemicraniectomy, acute focal lesion (e.g. ischemic or
hemorrhagic stroke), and prior administration of mannitol.

Using an electronic record of neurology consultations during the study period we identified
a separate control group with acute or acute-on-chronic liver failure and severe hepatic
encephalopathy who did not receive 23.4% HTS. This group met the same study criteria as
the treatment group except the imaging requirement was the availability of at least two head
CTs separated by no more than 24 hours and the first performed within 48 hours of
admission.

Surveillance neurologic exams and neuroimaging

Consistent with the practice of several members of the US Acute Liver Failure Study Group,
we infrequently use invasive ICP monitors to manage severe hepatic encephalopathy (13). In
these patients we implement a strategy of hourly surveillance neurologic examinations and
serial neuroimaging similar to the approach previously described (14). The frequency of
neuroimaging is guided by degree of neurologic impairment, prior imaging results, the
clinical course of the patient’s liver failure, and the development of factors that may
confound the neurologic exam (e.g. severe sepsis, seizures, medication toxicity). Our
practice is to repeat neuroimaging within 6 to 12 hours after 23.4% HTS such that post-
treatment imaging is available to guide future therapy.

Use of hypertonic saline

Intravenous 23.4% HTS is institutionally restricted to the urgent treatment of life-threatening
cerebral edema or IH and is administered at the discretion of an attending intensivist. Our
neurointensivists institute therapy for cerebral edema in liver failure if a patient manifests a
cerebral herniation syndrome or other acute neurologic deterioration in the context of
existing severe hepatic encephalopathy (15, 16) and the absence of a more likely explanation
for neurologic decline (e.g. severe sepsis, seizure, medication toxicity). We do not consider
life-threatening edema to be present if patients are easily arousable or capable of localization
on neurologic exam. Patients may receive repeat doses of 23.4% HTS if they demonstrate
additional events of neurologic decline that meet the above criteria, and the decision to re-
administer 23.4% HTS may be modified by knowledge of prior clinical response and
intervening serial neurologic exam and neuroimaging data.

Others have used 23.4% HTS as the initial form of HTS therapy or have added it to ongoing
infusion of 3% HTS (15), and we follow a similar practice. We administer 23.4% HTS as a
30 mL bolus over 10 minutes via central venous catheter to target an acute serum sodium
increase of 5 mEqg/L (15). Following 23.4% HTS we check serum sodium 1 hour later and
then monitor serum sodium at least every 6 hours. Based on these sodium levels a
continuous infusion of 3% HTS may be initiated and titrated to maintain target serum
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sodium. Infusion of 3% HTS to maintain steady serum sodium levels may be necessary to
avoid the theoretical risk of rebound cerebral edema with acute serum sodium decline (4).

Data collection

Demographic and clinical data—\We used retrospective review of the electronic
medical record to collect key demographic and clinical data including serum sodium and
Glasgow Coma Scale (GCS) scores; a standardized exam scale ranging from
unresponsiveness [3] to alert and oriented [15] and consisting of motor, verbal, and eye
subscores; at each neuroimaging and HTS administration time point. GCS scores are
assessed and documented hourly in severe hepatic encephalopathy patients. We collected
bilirubin, international normalized ratios (INR), and creatinine values nearest the time of
23.4% HTS (initial CT scan for controls) in order to calculate the model for end-stage liver
disease (MELD) score (a standard model of liver failure severity and mortality) (17). We
collected Acute Physiology and Chronic Health Evaluation IV Acute Physiology Score
(APS) scores as a measure of overall illness severity. APS is a widely used measure in which
increasing scores suggest greater illness severity (18). We also reviewed electronic
medication administration records and calculated the total milliequivalents of sodium
delivered in any form (23.4% HTS bolus, 3% HTS or 0.9% saline infusions, medications,
etc) between CT scans.

Determination of Intracranial Volumes—\We analyzed digital imaging and
communications in medicine (DICOM) format CT scans acquired as 5-mm-thick contiguous
slices using Analyze Direct 11.0 (Overland Park, KS). Scans were analyzed blinded to order
of acquisition, demographics, and clinical data by trained imaging analysts (EML and ALR).
Analyze Direct is a semi-automated computer program that uses a pixel thresholding
technique based on signal intensity thresholds between structures to define regions of
interest and compute volumes. Regions can be manually edited if thresholding includes
incorrect pixels. For each CT scan we used threshold signal intensity between brain,
cranium, and CSF to define regions that incorporated all the intracranial CSF and then
determined volumes of interest using the software algorithm. The pixel threshold values
corresponding to CSF were established for each CT scan by adjusting the software’s
threshold setting such that a region of interest encompassing the CSF-filled ventricle but
excluding brain tissue was defined on a scan slice passing through the middle of the lateral
ventricles. The resulting threshold values corresponding to CSF signal were then used to
include the intracranial CSF of the sulci, cisterns, and ventricles on each scan slice. We used
a similar approach to determine the volume of the ventricular system for each scan. We
determined brain tissue volume by measuring the volume of the entire intracranial space and
subtracting the total intracranial CSF volume as previously been described by others (19,
20). Pixel thresholding has previously been used to measure intracranial CSF volumes (19—
21) and accurately measures volumes with excellent inter-rater agreement (x=0.97) (22).

Statistical analysis and protocol approvals

Data are presented as number or median (interquartile range). To assess changes in total
CSF, ventricular, and brain tissue volumes and clinical and laboratory variables between
paired CT scans we used the nonparametric related-samples Wilcoxon signed-rank test since
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change in total CSF volume was not normally distributed. Control and treatment group
variables were compared using Mann-Whitney U test. To identify associations between
variables we determined Spearman’s correlation coefficients (r). We considered correlation
coefficients of absolute value <0.35 weak, 0.36 to 0.67 moderate, and 0.68 to 1.0 strong
correlations (23). We considered two-tail p<0.05 significant. To account for disproportionate
influence from outliers, we performed all statistical analysis for both the entire cohort and
the cohort after removing outliers, defined as scan pairs with total CSF volume change
exceeding 1.5 times the interquartile range outside the hinges of the interquartile range.
Standard statistical software was used (IBM SPSS v.21; Armonk, NY).

The study was approved by our institutional review board with waiver of consent for
retrospective review.

Over the study period there were 65 administrations of 23.4% HTS in 30 patients. Seventeen
of these patients had acute or acute-on-chronic liver failure. Of these, two (12%) were
excluded because they were admitted and received 23.4% HTS for neurologic exam findings
before imaging could be performed. Four (24%) patients were excluded because they were
too unstable to transport for post-HTS imaging within 24 hours. The remaining 11 (65%)
patients met inclusion criteria for the treatment group and contributed 18 pairs of pre- and
post-HTS CT scans. Pre-HTS scans were performed 2.6 (1.3-5.0) hours before and post-
HTS scans were performed 6.1 (4.7-8.0) hours after 23.4% HTS. During the same period,
eight additional patients with 12 CT scan pairs had acute or acute-on-chronic liver failure
with severe hepatic encephalopathy but did not receive 23.4% HTS and formed the control

group.

Demographic and clinical characteristics of the groups are summarized in (Table 1). All
patients demonstrated coagulopathy (INR>1.5) and severe hepatic encephalopathy (GCS
scores ranging from 3 to 13, consistent with West Haven grade 3 or 4) at the time of initial
CT. All treatment group patients required initiation of renal replacement therapy as
determined by a board-certified nephrologist within 24 hours of admission. Ten treatment
group patients received continuous renal replacement therapy and one received a single
treatment of intermittent hemodialysis before transitioning to continuous renal replacement
therapy. Two treatment group patients received 3% HTS infusion before 23.4% HTS (one
patient at 50 mL per hour for 2 hours and one at 40 mL per hour for 3 hours). Ten treatment
group patients received 3% HTS infusion between CT scans.

The control group did not differ from the treatment group in terms of age, peak serum
ammonia, serum sodium at initial CT, admission serum creatinine, MELD score, or central
venous pressure at initial CT (all p >0.35) but did have higher GCS scores (10 [5-13] vs. 5
[3-7]; p=0.05) and GCS motor subscores (5[3-6] vs. 2[1-4]; p=0.004) at initial CT. APS
scores did not differ between control and treatment patients (112 [70-128] vs. 104 [84-113];
p=0.71). Six control patients required continuous renal replacement therapy at the
recommendation of a nephrologist and 3 received an infusion of 3% HTS which began after
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initial CT scan in each case. No patient in either treatment or control group received
mannitol, neurosurgical intervention, or invasive ICP monitoring during their hospitalization.

(Figure 1 A-D) demonstrates the CSF and ventricular volume changes and corresponding
GCS score changes for a patient treated with 23.4% HTS and for a control group patient.
Key quantitative neuroimaging, laboratory, and clinical data for the treatment and control
groups corresponding to paired CT scans are summarized in (Table 2). Total intracranial
CSF volume, ventricular system volume, and serum sodium increased significantly after
treatment with 23.4% HTS, while calculated median brain volume remained unchanged.
GCS scores (4 [3-6] to 7 [6-9]; p=0.008) and GCS motor subscores (2 [1-4] to 4 [3-5];
p=0.011) improved significantly after 23.4% HTS. In contrast, the control group total
intracranial CSF volume and ventricular volume decreased significantly between CT scans
with no change in serum sodium or GCS scores. The change in total intracranial CSF
volume (-10.4 [-19.4- -3.0] vs. 11.8 [6.2-17.2] mL, p<0.001) and ventricular volume (-2.6
[-4.9--0.6] vs. 1.6 [0.6-2.9] mL, p=0.001) between serial CT scans differed significantly
between the control and treatment groups.

There was a positive correlation between the degree of change in serum sodium and the
degree of change in total intracranial CSF volume (r=0.83, p<0.001). Similarly an
association was found between change in serum sodium and change in ventricular volume
(r=0.64, p<0.001). There was no correlation between the change in total CSF volume and
the milliequivalents of sodium administered between CT scans (r= —0.11, p=0.66). The
changes in total intracranial CSF volume and the corresponding changes in ventricular
volume were positively correlated (r=0.86, p<0.001). In addition, there was a moderate
positive correlation between the degree of change in serial GCS scores and the
corresponding degree of change in total intracranial CSF volumes (r=0.44, p=0.018) and
ventricular volumes (r=0.39, p=0.034). The degree of change between serial GCS motor
subscores was likewise positively correlated with the degree of change in total intracranial
CSF volumes (r=0.38, p=0.048) and ventricular volumes (r=0.36, p=0.048).

Two pairs of CT scans in the treatment group (total CSF volume increase of 67.6 mL and
46.8 mL) met criteria as outliers. Exclusion of these two CT pairs from statistical analysis
yielded similar statistically significant results and associations between variables
(Supplemental Tables e1-€2).

Discussion

In this retrospective study of patients with severe hepatic encephalopathy, bolus 23.4% HTS
was associated with a significant increase in total intracranial CSF volume, ventricular
volume, and GCS scores, while those who did not receive 23.4% HTS demonstrated a
significant decrease in total and ventricular CSF volumes. These data suggest that total
intracranial CSF volume change and ventricular volume change (which strongly correlates
with total intracranial CSF volume change) can both serve as quantitative markers of brain
tissue volume change and may non-invasively gauge the effect of therapies directed at
cerebral edema. Our results are a reasonable extension of the Monro-Kellie doctrine in that a
therapy intended to reduce brain volume led to increases in CSF volume and support the
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hypothesis that 23.4% HTS therapy leads to brain tissue volume reduction in severe hepatic
encephalopathy.

Our findings are in agreement with the theorized osmotic gradient mechanism of action for
HTS leading to reduction in brain volume (4). Studies in brain-injured rabbits and non-
injured rats suggest that hypertonic saline results in reduction in cerebral water content (5,
24), which one would expect to result in reduced brain tissue volume. In human traumatic
brain injury 20% HTS boluses appear to decrease the volume of non-contused tissue as
assessed on serial CT scans (20), and in patients comatose from focal brain injury invasive
measurements of brain tissue thermal conductivity suggest a reduction in brain water content
after bolus hyperosmolar therapy (mannitol or 23.4% HTS) (25).

We found total intracranial CSF volume change after 23.4% HTS is associated with the
magnitude of serum sodium change effected but not the total milliequivalents of sodium
delivered. This observation is consistent with animal evidence in which hypertonic saline
results in brain water reduction proportionate to the increase in serum sodium (5) and human
evidence in which the magnitude of serum sodium change after 23.4% HTS predicts clinical
response in those treated for transtentorial herniation (15).

Our treatment group experienced a 3 point improvement in median GCS scores after 23.4%
HTS and we found a moderate association between the magnitude of CSF volume change
and the corresponding change in GCS score on paired CT scans. These findings support a
pathophysiologic mechanism relating brain tissue edema to neurologic deterioration and the
potential benefit of targeting that mechanism with edema reducing therapies. The complex
and multifaceted pathophysiology of hepatic encephalopathy is a potential reason for our
finding of moderate rather than strong association between CSF volume change and GCS
change. Growing evidence suggests that processes such as systemic inflammation, cytokine
derangements, multi-system organ failure, and neurotransmitter abnormalities affect brain
function during liver failure by mechanisms independent of cerebral edema formation (26,
27) and these mechanisms would be expected to impact neurologic function in addition to
the effects of cerebral edema. Treatment of neurologic deterioration during liver failure may
benefit from therapies directed both at cerebral edema and at other pathologic mechanisms.
The relationships between CSF and brain tissue volume, HTS therapy, serum sodium
change, and processes such as systemic inflammation and the clinical impact of those
relationships are areas for further investigation.

The complex, multifaceted pathophysiology of hepatic encephalopathy presents a clinical
challenge in the management of acute liver failure. Over time patients with acute liver failure
may acquire factors such as sepsis, renal failure, and medication and metabolic toxicities
that complicate neurologic assessment and present a challenge to identifying the causes of
neurologic deterioration. In our clinical practice we have utilized qualitative serial
neuroimaging to investigate cerebral edema evolution as a potential contributor in these
situations. However, prior studies attempting to radiographically detect brain volume
changes in liver failure patients required highly-trained clinicians to detect qualitative
changes on CT scans and did not clearly demonstrate how those qualitative assessments
might be used to gauge the effect of therapy (9, 28). While additional investigation is
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needed, our technique of volumetric analysis of the CSF space may represent a means to
serially evaluate and compare the state of brain edema and intracranial compliance
quantitatively between time points. This quantitative imaging data combined with
knowledge of corresponding neurologic function and response to therapy at prior time points
may help the physician identify instances of neurologic deterioration with potential to
benefit from cerebral edema directed therapies. The contentious role of ICP monitoring in
hepatic encephalopathy management (3, 10, 16), failure of studies to show a benefit of
invasive ICP monitoring and an association with worse outcome in some patients with liver
failure (3, 10), and a large clinical trial that showed equivalence of invasive monitor-guided
therapy to therapy guided by surveillance neurologic exams and neuroimaging in traumatic
brain injury (29) suggest that there may be a growing role for non-invasive approaches to
evaluating disease evolution in select patients.

There are limitations to our study. Despite demonstrating an increase in total CSF volume,
calculated median brain volume determined by subtracting measured total CSF volume from
measured total intracranial volume did not decrease after 23.4% HTS. The underlying reason
is likely to be the large relative volume of the total intracranial space and the small relative
changes in volume affected by HTS, as compared to the large relative change in volume in
CSF. While pixel thresholding is an accurate method of measuring the volume of intracranial
regions of interest it does so with an error of 2—6% of the region’s total volume (22); when
an error of 6% is introduced to the measurement of a large volume, such as the entire
intracranial volume or the entire brain, the absolute error may be large. Since even a few
milliliters of volume change in the patient with severe intracranial pathology may have a
clinically meaningful effect (30), radiographic techniques with relatively large absolute
volume errors are likely limited as markers of meaningful change in cerebral edema.
Measuring the much smaller CSF space uncovers a larger relative change in volume. Since
the total intracranial volume is fixed, any change in the total CSF volume between serial CT
scans must be equivalent to the change in intracranial tissue volume (Monro-Kellie doctrine)
(4, 7). As such, we believe that CSF volume analysis results in a more accurate, robust
reflection of brain volume changes in individual patients.

Our technique is limited by the inability of CT scans to distinguish intravascular blood
within the confines of the brain from the brain parenchyma itself, so the change in CSF
volume is equivalent in magnitude to the sum of the change in intracranial blood and brain
parenchyma volumes. Though our technique cannot attribute the proportion of intracranial
tissue volume change due to brain parenchyma versus intracranial blood there is evidence
that intracranial blood volume does not change significantly in response to 23.4% HTS (25,
31). Additionally, we only assessed the effect of 23.4% HTS on edema in severe hepatic
encephalopathy and the effect may differ in other diseases.

Our preference to avoid ICP monitor placement in liver failure patients because of its
contentious position in clinical practice and potential for complications is a study limitation.
We are unable to determine if neurologic improvement after 23.4% HTS was associated with
reducing ICP below a critical pathologic threshold or if relieving tissue compression and
distortion by reducing edema even in the absence of marked ICP elevation can yield
improvements in neurologic exam. Future work might investigate the relationship between
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CSF volume changes measured by our technique and both invasive (ICP measurement or
jugular venous oxygenation) and noninvasive (transcranial Doppler or near-infrared
spectroscopy) technologies in use for neurologic monitoring.

Our method did not allow for rigorous specification of the timing of CT scan acquisition.
While future research might more rigorously specify the timing of imaging studies the level
of acuity in these patients may make strict timing of neuroimaging difficult to implement.

The retrospective nature of our study limits our ability to account for confounders. We
attempted to account for confounding by assessing a control group of patients with severe
hepatic encephalopathy treated in the same clinical setting but who did not receive 23.4%
HTS. We also attempted to account for the effect of outliers.

Conclusion

In patients with cerebral edema and severe hepatic encephalopathy, 23.4% HTS
administration was associated with measurable increases in total intracranial CSF volume
and ventricular volume, and by the Monro-Kellie Doctrine a commensurate decrease in brain
tissue volume, as well as improvement in GCS scores. In contrast, untreated subjects
experienced reductions in ventricular and total CSF volume with no change in GCS scores.
Quantitative total CSF and ventricular volumes may provide a non-invasive means of
cerebral edema evaluation in severe hepatic encephalopathy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. A-D. Serial CT scans demonstrating change in CSF and brain tissue volumes and
corresponding Glasgow Coma Scale Scores in a patient treated with 23.4% hypertonic saline and
in a control patient

A. Treatment group patient before 23.4% hypertonic saline (Total CSF volume: 33.0 mL,

Ventricular volume: 6.4 mL, Glasgow Coma Scale: 4)

B. Treatment group patient after 23.4% hypertonic saline (Total CSF volume: 48.3 mL,
Ventricular volume: 8.0 mL, Glasgow Coma Scale: 6)

C. Control group patient initial CT scan (Total CSF volume: 205.1 mL, Ventricular volume:
56.7 mL, Glasgow Coma Scale: 7)
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D. Control group patient repeat CT scan (Total CSF volume: 182.7 mL, Ventricular volume:
47.2 mL, Glasgow Coma Scale: 6)
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Treatment and control group neuroimaging, laboratory, and clinical data for paired serial CT scans.

Table 2

23.4% HTS Treatment Group

Pre-23.4% HTS Bolus | Post-23.4% HTS Bolus | P value
Measured Total Intracranial CSF Volume (mL) 47.6 (35.1-69.4) 61.9 (47.7-87.0) <0.001
Measured Ventricular Volume (mL) 8.0 (6.9-9.5) 9.2 (7.8-11.9) 0.002
Calculated Brain Volume (mL) 1400.2 (1150.6-1444.4) | 1408.7 (1126.0-1458.7) | 0.65
Measured Intracranial Skull Volume (mL) 1442.1 (1238.9-1504.3) | 1478.0 (1206.5-1526.3) | 0.37
Serum Sodium (mEg/L) 141 (139-145) 148 (143-149) <0.001
Serum Ammonia (mcg/dL) 220 (157-260) 182 (105-247) 0.018
Arterial Partial Pressure Carbon Dioxide (mmHg) | 33 (28-41) 32 (30-40) 0.65
Central Venous Pressure (mmHg) 8(5-14) 9 (8-12) 0.44
GCS total score 4 (3-6) 7 (6-9) 0.008
GCS motor subscore 2(1-4) 4 (3-5) 0.011
Control Group

Initial CT Scan Repeat CT Scan P value
Measured Total Intracranial CSF Volume (mL) 97.0 (47.9-133.5) 91.0 (41.7-106.1) 0.022
Measured Ventricular Volume (mL) 16.5 (10.7-31.0) 15.3 (11.2-28.6) 0.028
Calculated Brain Volume (mL) 1324.8 (1101.8-1421.0) | 1341.4 (1093.0-1411.5) | 0.58
Measured Intracranial Skull Volume (mL) 1420.0 (1171.9-1460.2) | 1398.6 (1162.9-1459.7) | 0.70
Serum Sodium (mEg/L) 139 (134-141) 137 (134-140) 0.35
Serum Ammonia (mcg/dL) 181 (92-313) 109 (75-217) 0.18
Avrterial Partial Pressure Carbon Dioxide (mmHg) | 30 (27-37) 30 (26-32) 0.80
Central Venous Pressure (mmHg) 9(9-12) 9 (8-15) 0.72
GCS total score 10 (5-13) 10 (6-13) 0.83
GCS motor subscore 5 (3-6) 4 (3-6) 0.79

CSF=cerebrospinal fluid, HTS=hypertonic saline, GCS=Glasgow coma scale

*
Complete central venous pressure data available for 15 pairs of CT scans.

Aok

Complete central venous pressure data available for 11 pairs of CT scans.
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