Reference: Qureshi Al, Suarez JI, Castro A, Bhardwaj A. Use of hypertonic saline/acetate infusion in treatment of cerebral edema in
patients with head trauma: experience at a single center. J Trauma. 1999 Oct;47(4):659-65.

This retrospective study of fluid management in 82 patients with isolated head injuries examines the efficacy of 2 or 3% hypertonic
saline/acetate solution (30:30) in addition to the normal standard of care for reduction of cerebral edema. Thirty-six patients received
the HS/acetate infusion, initiated within 24 hours of admission in 33 patients and within 24-48 hours in 3 patients; infusions continued
a mean of 72 +/- 85 hours.  There was no difference in frequency of use for hyperventilation, mannitol infusion, CSF drainage, and .
vasapressors between the two groups; however, 7 patients in the HS/acetate group required pentobarbital coma as compared with 2
patients in the control group (p=0.04). Four patients in the HS/acetate group developed cardiac failure, as compared with none of th
controls (p=0.03). After adjusting for differences in patient characteristics among the two study groups, the authors note a modest
increase in in-hospital mortality for patients receiving the HS/acetate regimen (odds ratio 3.1; 95% confidence interval [.1-10.2)

Reference: Hartl R, Ghajar J, Hochleuthner H, Mauritz W. Hypertonic/hyperoncotic saline reliably reduces ICP in severely head-injur
patients with intracranial hypertension. Acta Neurochir Suppl (Wien). 1997;70:126-9.

This prospective study in six patients with severe head injury (GCS < 8} examines the effect of hypertonic saline (7.5% NaCl) plus 6¢
hydroxyethyl starch infusion (rate=20 mL/min) after failure of routine therapy to control intracranial hypertension (head elevation, mi,
hyperventilation, mannitol, opioids, sedatives). An average amount of 171 +/- 74 mL (range 80-250 mL) was administered per treatme
During infusion, mean arterial pressure remained unchanged, ICP decreased from 45 +/- 15 to 25 +/- 4 mm Hg, and CPP increased
from 52 +/-18 to 72 +/- 16 mm Hg. The authors did not observe any adverse effects of infusion on electrolytes, blood gases measures,
plasma osmolarity. Repeated administrations continued to cause decreases in ICP without a higher infusion volume requirement. Al
six months post-injury, four patients had good outcomes, one was mildly disable, and one patient had died due fo uncontrollable
intracranial hypertension.

Pediatric Data:;

Reference: Simma B, Burger R, Falk M, Sacher P, Fanconi S. A prospective, randomized, and controlled study of fluid management-
children with severe head injury: lactated Ringer's solution versus hypertonic saline. Crit Care Med. 1998 Jul;26(7):1265-70.

This randomized trial compares the use of lactated Ringer’s (LR; Na 131 mmol/L, 277 mQOsm/L) to hypertonic saline (HS; Na 268
mmol/L, 598 mOsm/L) in addition to routine care for ICP control during the first three days after severe head injury in a group of 32
pediatric patients (mean age =87 +/- 42 mos.; range 12 to 173 mos.). Serum Na concentration of 145-150 mmol/L was the goal in the
hypertonic saline group. There was no significant difference in mean ICP or CPP over time between the two groups; however, the
authors observed a statistically significant inverse correlation between serum Na concentration and mean ICP. The LR group require:
significantly more interventions to maintain ICP < 15 mmHg, and also required significantly stronger interventions (thiopental sodium
bolus or continuous infusion) than the HS group. ICU length of stay was significantly greater in the LR group; there was also a trend
toward increased requirement for mechanical ventilation and number of complications in this group. The authors note that differences
between the two groups in these areas became more pronounced after the first 8 hours.

Reference: Khanna S, Davis D, Peterson B, Fisher B, Tung H, O'Quigley J, Deutsch R. Use of hypertonic saline in the treatment of
severe refractory posttraumatic intracranial hypertension in pediatric traumatic brajn injury. Crit Care Med 2000 Apr;28(4):1144-51.
This descriptive study details 10 pediatric patients (age 4 mos. to 12 yrs.} with severe head injury and refractory hypertension

prospectively treated with hypertonic saline (3% saline infused on a sliding scale 1o achieve serum sodium target levels to maintain IC,
< 20 mmHg, with a maximum increase rate of 15 mEq/L/day). Mean time from admission to enrollment was 3.2 days (range 1-6 days)
and mean duration of hypertonic intervention was 8 days (range 4-18 days). The mean for highest serum sodium value was 170.7 mEq:
(range 157-187); the mean highest serum osmolarity was 364.8 mOsm/L (range 330-431). Data analysis within each individual patie
revealed statistically significant decrease in ICP over time from time zero to 6, 12, 24, 48, and 72 hours (p<0.01), as well as an
accompanying decrease in ICP spike frequency and increase in CPP (p <0.01 for both values). The authors also observed statistically

" significant decreases in the patients’ requirements for mannitol infusion at 24, 48 and 72 hours, as well as the requirement of thiopentc
sodium infusion at 48 and 72 hours. Two patients developed acute renal failure, concurrent with sepsis and multiple organ failure, an
required hemodialysis; in both patients, renal function improved as MOF resolved and both had recovered full renal function before
discharge. At six months, three patients had mild to no disability, 4 patients had moderate disability and two patients had severe
disability,; one patient died of uncontrolled intracranial hypertension during the initial hospital stay.
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Individual Patient Cohert Analysis of the Efficacy of
Hypertonic Saline/Dexiran in Patients wnh Traumatic Brain

Injury and Hypotension

C. E. Wade, PhD, J. J. Grady, PhD, G. C. Kramer, PhD, R. N. Younes, MD, K. Gehlsen, PhD, and J. W. Holcroft, MD

Background: Resuscitation with hypertonic saline/dextran
(HSD) has been suggested to be efficacious in patients who have
traumatic brain injury and are hypotensive. We undertook a
cohort analysis of individual patient data from previous pro-
spective randomized double-blinded trials to evaluate improve-
ments in survival at 24 hours and discharge after initial treat-
ment with HSD in patients who had traumatie brain injury
(head region Abbreviated Injury Score = 4) and hypotension
{systolic blood pressure =< 90 mm Hg).

Methods: Al variables and end points were defined before
initiation of data handling. Investigators were blind as to the
treatment. Case report forms were received from six studies. Of
these, 223 patients met the inciusion for traumatic brain injury.
Comparisons between HSD and standard of care were made
using stratified analysis and logistic regression to assess efficacy,

atients who sustain traumatic brain injury (TBI) often

have accompanying injuries that lead to significant

bloed loss and hypotension. The resuscitation of these
parients is complicated because volume replacement to com-
pensate for blood foss must be tempered to attenuate cerebral
edema and swelling.'~ The use of isotonic crystalloid solu-
tions (usually lactated Ringer’s solution) is confounded be-
cause the volume is not retained solely in the vascular space
but is distributed throughout the extracellular compartment.
This distribution could result in an increase in cerebral swell-
ing and increase intracranial pressure leading to a reduction in
brain blood flow. To compensate for this reduction in blood
flow, the use of hypertonic and oncotic solutions has been
advocated.”® These solutions have been shown in animal
models to rapidly correct hypotension, decrease intracranial
pressure, and facilitate brain blood flow.?

In a recent multicenter clinical trial of hypertonic saline/
dextran (HSD; 7.5% NaCl and 6% dextran 703, Vassar et al.”
found this solution to improve survival in patients who were
hypotensive and sustained traumatic brain injury. The im-
provement in survival] was in comparison with predicted
survival and not 2 direct comparison with the standard of
care. There have been eight randomized double-blinded clin-
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Departments of Biostatistics (J.J.G.}, and Anesthesiology (G.C.IK.), Univer-
sity of Texas Medical Branch, Galveston, Texas, Trauma Service and De-
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fornta, and Departmen: of Surgery (J.W.H.), School of Medicine, University
of California, Davis Medical Center, Sacramento, California.

Address for reprints: De. Charles Wade, 109 Pearl, Sausaiito, CA 949635,
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confounding, and interaction. Potential confounding variables of
pre-fluid treatment, Glasgow Coma Scale score (3-8 vs, 9-15),
injury type, and systolic blood pressure can be considered a
priori factors that were known before randomization. Effects of
the various trials was also considered.

Results: Treatment with HSD resulted in a survival until
discharge of 37.9% (39 of 103) compared with 26.9% (32 of 119)
with standard of care (p = 0.080). Using logistic regression,
adjusting for trial and potential cenfounding variables, the
treatment effect can be summarized by the odds ratio of 2.12
{p = 0.048) for survival until discharge.

Conclusion: Patients who have traumatic brain injuries in the
presence of hypotension and receive HSD are about twice as
likely to survive as those who receive standard of care.

ical trials as to the efficacy of HSD in the treatment of
patients with hypotension.””'* Although individual trials tend
to show an improvement of survival with HSD, overall re-
sults have been inconclusive because differences were not
statistically significant. However, in subgroups, significant
improvements have been demonstrated.”® Of these groups,
patients who had sustained TBI appeared to have the greatest

enefit when administered HSD.” For this reason, we under- |

ook a prospective designed analysis of the efficacy of HSD, |

ompared with standard of care (SOC), to improve survival |

for 24 hours and until discharge of patients with major trau- |
atic brain injury.

Individual patient data were made available by the princi- |

Jpal investigators or obtained from the New Drug Application

for HSD by a pharmaceutical company (Medisan Pharmaceu-
}icals AB) to the Food and Drug Administration. Access to
e original gase report forms. (CREs) of patients who were ]
randomly assigned to HSD or SOC for the initial treatment of
trauma allowed for covariate analysis using individual patient
data of the efficacy of HSD. An_overall

information across trials allowed for both stratified analysig

and model-based methods to be applied to the data. These
methods allow the efficacy of HSD in improving outcome,
compared with SOC, to be assessed taking into account
confounding influences and interaction between treatment
and covariates.

—————

We identified aill of the controlled trials of HSD through
published manuscripts and by surveying the research com-
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trolled trials in which HSD was a treatment regimen. In eight
trials, a “standard-of-care” isotonic crystalloid solution, usu-
ally lactated Ringer’s (LR), was compared with HSD:. "'+ All
trials were prospective and double-blinded, with randomiza-
tion of initial treatment to hypotensive patients subjected 1©
major trauma. All studies were of trauma and hypovolemic
Ishock, generally caused by motor vehicle accidents, gunshot
fwounds. stab wounds, or beatings. All studies used the same
‘dose, 250 mL of 7.5% NaCl/6% dexwan 70. Study fluids
‘were generally given as initial fluid therapy in the five pre-
hospital mals”“O -12 and as the first fluid given in the
emergency department in the three in-hospital studies.®*>*
Of the eight trials, data were obtained from six, because the
original records of the two earliest®'® were no longer avail-

able. Individual patient data was made available by the prin—"

cipal investigators or obtained from the Food and Drug Ad-
ministration New Drug Application for HSD.

The plan was to prospectively state end points, set inclu-
sion/exclusion criteria, perform a cohort analysis using indi-
vidual patient data, and determine the effects of confounding
variables'such as the type of injury, blunt or penetrating. The
specific objective was to evaluate the efficacy of HSD in
improving survival at 24 hours and discharge in patients with
traumatic brain injury, in the presence of hypotension.
™ We received 1,395 CRFs from six swudies.””7*%!¢ The
number of CRFs for each study usually exceeded the number
of patients in the published trials. The higher number of CRFs
reflects that we received records of patients that did not meet
leither the inclusion or exclusion criteria for the original study.
Of the CRFs received, 238 were for patients treated with
solutions different from those of interest in the present study.
CRFs and the codes of solution identity were received in
separate files and separate forms. All records of treatment
codes and solution identities were kept at a different site than
that of the investigators performing the cohort analysis. This
separation was to ensure a proper blind protocol of those
performing the data transcription and the initial statistical
analysis. All CRFs were transcribed to a standard form. All
entries were independently cross-checked against originai
CRFs, discrepancies resolved, and data entered to create a
database. Once the cohort database was complete and cross-
checked, it was locked and the two databases (cohort and
solution) were merged. Preiiminary analysis on the two treat-
ment groups was performed in a blind fashion with the two
groups only indicated by a I or a 2. Thus, it was necessary to
anatyze all CRFs. Of these, there were 233 patients who meet

Eluniry in this field for unpublished data. We then requested
permission to evaluate original data -records from all con- |

the criteria of traumatic_brain injnry. EEY

Panems were defined as have traumatic bram njury 1if the
Abbreviated Injury Score (AIS) for the head regmn waé qua_l
,[g,g;_mgmmanaﬁﬂ” A patient with a svstohc b]ood pressure
of 90 mm Hg or less was considered 10 be hypotensive. When
blood pressure was not recorded, presence of a pulse was
used to estimate blood pressure according to criteria estab-
lished by the American College of Surgeons.'® Glasgow
Coma Scale score (GCS) was recorded as noted in the
-records.’”. Two types of injury, blunt and penetrating, were

862
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differentiated. When both penetrating and blunt injuries were

‘present, the patients were classified according to the p;imary

cause. The test selutions were 10 be evaluated as the injtjg]
therapy. More than 100 ml of fluid administered before

" infusion of the test solution was considered as prior fluig

therapy having been given. Patients received basic mainte-
nance of respiration and control of bleeding before the estab-
lishment of an intravenous line and the admimstration of the
test solution. The completion of the test solution was fol-
lowed with additional care, including fluids, as deemed nec-
essary by attending medical personnel. Mortality was noted
as occurring in the first 24 hours after admission to the
hospital and subsequently before discharge.

Statistical Approaches

The overall association of reatment and survival (24 hour
and discharge) was assessed using Xz test 1n which the aves-
age rate across all studies was compared for the two treatment
groups. Additionally, stratified analysis were performed at
each level of the explanatory variables, for example, separate
x° analysis were computed for survivai versus treatment for
each injury type. This analysis, although less powerful thar
the regression model, was used to uncover any increased
efficacy in specified subgroups that might be masked by
focusing only on the overall result.

Model-based methods are assumed to be appropriate for
this study because the comnection between the sample of
patients in the six studies and the target population of -all
trauma patients receiving SOC is well defined. There is no
reason to suspect that patients enrolled in these studies are
different from trauma patients in general. The three kinds of
studies (ambulance, helicopter, and emergency department)
cover most kinds of trauma treatment and further support
generalization of results. These probability models were used
under the assamption that the patients enrolled in the six irials
are equivalent to a random sample from some larger popula-
tion of trauma patients.

A logistic regression was used to describe the relationship
between the dichotomous response variable of survival or not
(24 hour and discharge) and a set of explanatory variables
(e.g., trial, treatment group, GCS score).'®? This analysis
was effective for the evaluation of HSD effects as well as
interaction effects of HSD with other explanatory variables.
All analyses were performed using SAS statistical procedures
Proc Freq and Proc Logistic.*

RESULTS

Of the 223 patients with TBI, 103 patients were treated with
HSD and 120 received SOC. Of these patients, 56 .were
reated in an ambulance, 80 in emergency departments, ang and
"87 on Life Flight hehcopters Demographics were similar
BeTween the two treatment populations (Table 1).

(verall Analysis

Those patients treated with HSD had a 24-hour survival rate
of 38.3% compared with 47.5% for patients receiving SOC
(Tdblc ”) Survival until dlscharue was 37.9% for - Dauents
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Efficacy of HSD in Traumatic Brain Injury

JABLE 1. Demographics of the treatment groups

HSD S0C
Number 103 120
Age (year) 34 £ 15.0(1G3) 32 = 14.6 (119)
Systolic pressure 70 = 27 (102} 64 * 31 (120)
(mm Hg)
GCS score 6 r 4.1{99) 6 = 4.1{116)
Injury type 19/84 19/97
(penetrating/ .
blunt) -
aTSe 35+ 1.8(83) 3.2 = 2.1(104)

Values are mean = SD with the number of subjects in parentheses.
GCS, Glasgow Corna Scale score.

?In one study, revised trauma score was derived from the re-
corded Trauma Score.?’

administered HSD and 76 9% with SOC ‘Whereas, treatment

with HSD tended to improve survwal a statistical sxgmﬁcant

e Tt

| cause blunt injury could result in a higher increase in intra-

oz

chfference ( p > 0, ()5) was not noted.

Stratified Analysis
FThe intent of the study was to evaluate the efficacy of HSD |
as the initial fluid treatment for patients with traumatic inju-
ries. For this reason, patients receiving fluid (=100 mL)
before randomization to a test solution were considered to be
protocol deviations. Ninety-nine patients received fluid be-
fore randomization to a test solution, and in three others prior
treatment was not noted. One hundred twenty-one patients
were properly randomized receiving HSD or SOC as initial
fluid treatment. Administration of fluids before treatment
with a test solution was associated with a lower survival until
discharge, 18.2%, significantly less than that observed pa-
tients that did not receive pre-fluids, 44.2%. For patients
receiving a test solution as the initial treatment, survival for
24 hours was 67.8% with HSD and 54.8% with SOC (Table
3). Survival until discharge for patients treated with HSD was
50.9% compared with 37.7% with SOC. There was no sig-
nificant association of treatment with survival after stratifi-
cation for pre-fluid status.

The type of injury could possibly confound outcome be-

e LA, o e R

cranial pressure, Injury type was recorded in 220 patients. Of
these patients, 38 patients had penetrating injuries, and ‘182
patients had blunt injuries. At 24 hours, there was a difference
in survivai between injury types. being 42% for patients with
penetrating injuries and 55% for blunt injuries. There was no §
association of treatment on with outcome at 24 hours after

stratifying for injury type (Table 4). In patients with pene-

trating TB!, weatment with HSD did not have an effect, with ;

TABLE 2. Effect on 24-hour and discharge survival in patients with TBI

TABLE 3. Percent survivai (2d-hour and discharge) in patients with TBI
considering pre-{luid status

Odds

HSD S0C Ratio p-value
24-hour
survival
No pre-flud 67.8% 54.8% 1.73 0.144
{40/59) (34/62)
Yes pre-fluid 44.2% 41.1% 1.14 0.758
(19/43) (23/56)
Discharge
survival
No pre-fluid 50.9% 37 7% 1.71 G.147
(30/59) 23/61)
Yes pre-fluid 20.9% 16.1% 1.38 0.534
(9/43) {9/56)

HSD, hypertonic saline/dextran; SOC, standard of care,

urvival unul discharge being 36.8% when treated with HSD
ompared with 26.3% for SOC. For patients with blunt in-
jury, survival was simnilar to those patients with penetrating
injuries, being 38.1% with HSD and 25.8% with SOC.

The use of an a priori measure of cerebral function was
evaluated by assessing efficacy of treatment in those TBI
patients who had a GCS equal to or less than 8. There were
167 patients with a GCS score = 8 and 48 with a score equal
to or more than 8. Patients with lower GCS scores had a
reduced survival until discharge of 19.9% compared with
those with higher values, 77.8%. In those patients with a GCS
score =< 8, the 24-hour survival was 47.4% when treated with
HSD and 36.3% with SOC (Table 5). Discharge survival was
26.3% for HSD and 14.4% with SOC.

Loglstic Bearession Analysis

To assess the association of treatment and survival in the
presence of potential interaction and confounding variables, a

TABLE 4. Percent survival by injury type for patients with TBI

Odds

HSD 50C Ratic p-value

24-hour

survival : - .

Penetrating 47.4% (9/19) 36.8% (7/19) 1.54 0.511

Blunt 60.7% (51/84)  49.0% (48/98)  1.61 0.113
Cischarge

survival

Penetrating 36.8% (7/19) 26.3% (5/19) 1.63 0.485

Bliunt 38.1% (32/84) -25.8% (25/97) 1.77 0.075

MSD, hypertonic saiine; SOC, standard of care.

TABLE 5, Percent survival of ‘patients with TBI and Glasgow Come Scale
seores =< 8

Qdds g
HSD s0C Odds Ratio p-vatue HSD SCC Ratio  Fvale
24-hour 58.3% (60/103) 47.5% (57/120) 1.54 0.10% 24-hour 47.4% {36/76) | 36.3% (33/91) 1.58 0.147
survival survival
Discharge 37.9% (39/103) 26.9% (32/119) 1.66 . 0.080 Discharge  26.3% (20/768)  14.4% (13/90) 2.12 0.056
survival survival

TBI, traumatic brain injury; HSD, hypertonic saline/dextran; SOC,
standara of care.

TBI, traumatic brain injury; HSD, hypertonic saline/dextran; SOC,
standard of care.
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F&IE §. Odds ratios and 95% confidence limits for 24-hour survival of
satients with traumatic brain injury

Factor pevaiue Cdds Ratic Lower Limit lipper Limit
Treatment 0.06 1.83 0.97 3.84
Pre-tiuid 0.85 1.11 0.37 3.29
GCS score 0.0001 0.04 G.01 0.7

=8
Injury type 0.07 2.36 0.92 6.04
Systolic BP  0.01 1.02 1.00 1.03

GCS, Glasgow Coma Scale; BP, blood pressure,

ogistic regression analysis was performed. There were 209
ratients with complete data records for all variables. The
sotentral confounding vanables of pre-fluid, GCS score (3-8
rs. 9—15), injury type (penetrating vs. blunt), and systolic
lood pressure can be considered a priori factors that are
mown before randomization. The analyses were run in par-
Hel for 24-hour and discharge survival. The five indicator
-ariables for trial were kept in all models to control for trial

ffects. The trial with the most subjects was used as the P
eference group. There were no significant interactions {all

+ > (0.25) of the treatment with any of the variables, or trials.
istimation of the odds ratios and 95% confidence intervais
rom the logistic regression for both 24-hour and discharge
arvival are shown in Tables 6 and 7. The weatment effects
re summarized by the odds ratios of 1.92 for 24-hour sur-
ival and 2.12 for survival unti] discharge. These odds ratios
an be interpreted as patients who have traumatic brain inju-
les in the presence of hypotension and receive HSD are
bout twice as likely to survive as those who receive SOC.
his treatment effect {(p = 0.048) holds after adjusting for

ial and potential confounding variables. et

DISCUSSION

atjents with traumatic brain injury (TBI) with concomitant
ypotension represent a difficult preoperative management
roblem.'? The restitution of blood pressure to correct for
ypovolemia may result in an increase in cerebral edema and
welling leading to an increase in intracranial pressure.' An
crease in intracranial pressure could compromise brain
lood flow. For this reason, resuscitation of blood volume in
atients with TBI has been tempered. The use of hypertonic/
yperoncotic solutions has been suggested but not exten-
vely investigated.'~

The difficulty of managing the patient with combined TBI
id hypotension is reflected in the poor survival of this

BLE.Z_Odds ratios and 95% confidence lirits for discharge survival of
tients with traumatic brain injury

Factar p-value Qdds Ratio Lower Limit Upoper Limit
“reatment 0.048 2.12 1.01 4.49
Ire-fluid 0.55 1.48 0.41 5.49
3CS score  0.0001 D.12 0.05 0.29

=8
Tury type 0.55 1.35 0.51 3.58
systolic BP 0.07° 1.01 0.99 1.03

GCS, Glasgow Coma Scale; BP, blood pressure.
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population. In previous studies of patients with hypotension
caused by traumatic injuries, survival has ranged from &0 to
80%, irrespective of the type of treatment. In the Major
Trauma Outcome Study of 80,544 patiemts, the overall sur-
vival rate of patients with a head AIS = 4 was 60%." In the
present study where the population was defined as subjects
with a traumanc brain injury (head region AIS = 4) and a
systolic blood pressure less than 90 mm Hg, the survival unti)
discharge for all subjects irrespective of treatment was 32%,
The deleterious affect of hypotension in patiznts with severe
head injury is well established.'*’
Thepresent study is limited by a number of factors. First |
the assessment of TBI uses a measure, Abbreviated Injury
Score, that is determined after the administration of the in-
tervention.'> Furthermore, this type of measure is influenced
by evaluations in the hospital (e.g., by information obtained
by computer-assisted tomographic scans of the head) and by
findings at autopsy in those patients who die. Second, the
present study uses data from a number of trials in which there |
was no consistency of the investigators as to the measures
obtained. Third, there were no measures of functional out-
come in this population, leaving quality of life of the patient
that survives still in question. Fourth, none of the studies was
specifically designed to address the efficacy of HSD in the
treatmnent of patients with TBI. For these reasons, a double-
blind study of the efficacy of HSD for TBI treatment may still
be warranted. However, if proposed, such a study would be
severely constrained by confounding factors, associated with
emergency field medicine, that limit assessment of which
patients would be eligible for enrollment. -
Investigation of therapeutic interventions of TBI have been
hampered by a relative low incidence and difficulties in
making the diagnosis at the time of initial intervention. In the
present study, the incidence rate was 21%. The efforts of
Vassar et al.” suggested HSD improve outcome of patients
with TBI in the presence of hvpotension. In their swdy,
survival was 14% (2 of 14) when patients were treated with
HSD, significantly exceeding the predicted survival of 4%.
However, a direct comparison to patients who received the
standard of care (lactated Ringer’s), in whom survival was
15% (2 of 13), suggests no difference between HSD and
SOC. In addition, in an earlier study, this group did not
demonstrate an effect of HSD compared with SOC.'? Jn the
present study, we directly compared HSD with SOC. Al-

though not statistically significant (p = 0.08) with stratified
analysis, there was an L1% h_ighe‘r suryival until discharge
when patients were treated with HSD compared with SOC.

Vassar et al.” have suggested that in patients with low GCS
scores (= 8) that treatment with any 7.5% saline solution will
be beneficial. For patients with GCS =< 8 weated with HSD,
survival was 27% (7 of 26), and was increased compared with
those who received lactated Ringer’s solution 12% (3 of 25).
In the present study of the patients who had a GCS score
= 8, survival until discharge in the patients given HSD was
increased by 11.9%, compared with those patients who re-
ceived SOC. In patients with TBI, it appears that the initial
GCS score eould be a good indicator of the extent of injury.

In_the present sindy, 48 patients with TBI had 2 GCS > 8.
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This is a 22% false-negative rate. Furthermore, in the overall

opulatio L a patient
Lalcohol consumption, use of drugs, as well as the extent of
injury, all of which would contribute to a high incidence of

S scores are influenced b

false positives. These factors may limit the use of GCS as an
a_prior_de ] ent of TBL.

HSD on survival at each level of each covariate. Such an
analysis asserts that the treatment effect is unequal at the
different levels of the covariate. Described in statistical terms,
a stratified analysis makes the assumption of statistical inter-
action between treatment and the covariate, preventing infer-
ence from the overall results. Stratified analyses, however,
resuit in statistical tests based on smaller sample sizes, be-
cause the sample is divided by categories (e.g., blunt vs.
penetrating injuries), which results in a loss of power. For
these reasons, straufied analyses and the results from logistic
regression, which uses ail subjects, can sometimes appear to
disagree. Our stratified analyses showed no sirong evidence
of statistical interaction, by inspection of the odds ratios,
except in the case of pre-fluid status where the odds ratios
differed. Although it can be argued that the stratified analysis
was unpecessary, it provided a thorough description of the
data. The strong association from the logistic regression
model is explained by the fact that it included all subjects

and an odds ratio adjusted for potential confounding vari-
ables. The models indicate that after these adjustments, pa-
tients with traumatic brain injury and hypotension who are
treated with HSD are about twice as likely to survive com-
-Pared with those receiving only the standard of care.
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