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Abstract

Background—Sodium nitroprusside (SNP) is used to decrease arterial blood pressure (BP)
during certain surgical procedures. There are limited data regarding efficacy of BP control with
SNP. There are no data on patient and clinician factors that affect BP control. We evaluated the
dose-response relationship of SNP in infants and children undergoing major surgery and
performed a quantitative assessment of BP control.

Methods—One hundred fifty-three subjects at 7 sites received a blinded infusion followed by
open-label SNP during operative procedures requiring controlled hypotension. SNP was
administered by continuous infusion and titrated to maintain BP control (mean arterial BP [MAP]
within £10% of clinician-defined target). BP was recorded using an arterial catheter. Statistical
Process Control methodology was used to quantify BP control. A multivariable model assessed
the effects of patient and procedural factors.

Results—BP was controlled an average 45.4% (SD 23.9%, 95% CI 41.5%-49.18%) of the time.
Larger changes in infusion rate were associated with worse BP control (7.99% less control for 1
mcgekg~emin~ increase in average titration size, p=0.0009). A larger difference between a patient's
baseline and target MAP predicted worse BP control (0.93% worse control per 1 mmHg increase
in MAP difference, p=0.0013). Both effects persisted in multivariable models.

Conclusions—: SNP was effective in reducing BP. However, BP was within the target range
less than half of the time. No clinician or patient factors were predictive of BP control, although
two inverse relationships were identified. These relationships require additional study and may be
best coupled with exposure-response modeling to propose improved dosing strategies when using
SNP for controlled hypotension in the pediatric population.

Introduction

Deliberate hypotension is used during general anesthesia in a subset of patients undergoing
orthopedic, neurosurgical, craniofacial, cardiovascular, and otolaryngologic surgeries.
During deliberate hypotension, systemic arterial blood pressure (BP) is decreased in a
stepwise manner. Lower BPs lead to reduced blood loss, decrease the need for blood
transfusion, and improve visibility in the surgical field.1-3 Deliberate hypotension may be
achieved using a variety of agents including anesthetic gases, beta-blockers, calcium-
channel blockers, or vasodilatory drugs.*-6

Sodium nitroprusside (SNP) is a direct-acting vasodilator commonly used for reduction of
BP. SNP metabolism in the red blood cell results in the release of nitric oxide. Nitric oxide
in turn activates guanylyl cyclase, leading to increased intracellular levels of cyclic
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guanosine monophosphate that causes vascular smooth muscle relaxation.” Hypotensive
effects of SNP are achieved within 30 seconds. The duration of the effect is 1-10 minutes. In
comparison to other BP-decreasing drugs, SNP has both faster onset and offset of effect.8:2
These properties allow for rapid adjustment of drug dosing in response to BP changes from
various clinical factors. Neither hepatic nor renal dysfunction are contraindications for SNP
use. Concerns about cyanide toxicity and resultant metabolic acidosis arise with prolonged
use, and this issue was directly assessed in other analyses of the present data.

The Sodium Nitroprusside in Pediatrics (SNIP) trial was a phase Il, multicenter, randomized
controlled trial executed under the sponsorship of the National Institute of Child Health and
Human Development and performed under the auspices of the Best Pharmaceuticals for
Children Act (BPCA). It consisted of a parallel group, dose ranging, effect-controlled study,
followed by an open-label dose titration of an IV SNP infusion in 203 pediatric subjects
requiring deliberate hypotension or controlled normotension for an anticipated duration of at
least 2 hours. Subjects were randomized to receive 1 of 4 blinded SNP doses. The blinded
phase was mandated by the Food and Drug Administration's written request to obtain Kinetic
— pharmacodynamic data for labeling of SNP in neonates and children; these results will be
reported elsewhere. After 30 minutes of blinded infusion, subjects were switched to open-
label SNP. During this open-treatment phase, SNP was titrated to achieve a target mean
arterial BP (MAP).

A secondary analysis of dose-response data from the open treatment phase was performed,
using aspects of Statistical Process Control (SPC) theory to assess the degree of BP control.
SPC uses control charts to track the accuracy of an intervention. These charts demonstrate
changes in efficiency and accuracy of processes over time.19:11 In this analysis, we plotted
control of BP in each patient over elapsed time of drug infusion. We used SPC-derived
information to explore the technique of deliberate hypotension and the impact of clinicians’
dosing practices on hemodynamic outcomes.

No trial to date has systematically examined the effectiveness of deliberate hypotension or
factors that alter its effectiveness. Using SPC, we explored patient and clinician factors that
influence the effectiveness of a long-standing clinical practice and a quantitative measure of
the control that clinicians achieve using SNP. This is the first comparative effectiveness
study to examine both patient and clinician factors that impact BP control during deliberate
hypotension in children.

IRB approval was obtained at each participating site. Written parental informed consent, and
subject assent when applicable, were obtained for all participants. Subjects were male and
female patients, from birth through 16 years of age, who required intraoperative deliberate
hypotension for at least 2 hours. Enrollment was stratified into 5 age groups: neonates (< 30
days of age), infants and toddlers (30 days to < 2 years of age), preschool children (2 to < 6
years of age), school-age (6 years of age to < Tanner Stage I11), and adolescents (Tanner
Stage 111 through 16 years of age). Two hundred-three subjects completed the study at 10
sites. Not all subjects completed a 90-minute Open Treatment Phase as planned in the
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protocol. A short Open Treatment Phase would limit the detectable hemodynamic variations.
Therefore, data were limited to subjects with =60 minutes of Open Treatment Phase data.
For this analysis, we anticipated that clinical practices vary by site. In order to have adequate
numbers of subjects at each site, we omitted data from sites with <8 subjects each. Although
enrollment was stratified by age groups, age was treated as a continuous variable in this
analysis. This yielded 153 evaluable cases across 7 sites, with the youngest patient being 3
months of age.

Before enrolling patients in the study, clinicians from all participating sites were brought to
the coordinating center; an anesthesia simulator was used to teach principal investigators
and study coordinators how to perform study-related procedures. All patients received a 10
mL/kg bolus of isotonic crystalloid infusion to normalize for potential hypovolemia before
surgery, per the protocol. After the bolus infusion was completed, a baseline MAP was
measured, defined as the MAP taken just before initiation of the blinded phase but after at
least 5 minutes of stable anesthesia (no dosage changes). Subjects’ clinicians then
designated a target MAP for each patient based on clinical need, but not less than 50 mmHg.
The target MAP could be adjusted, if clinically indicated, throughout SNP administration.
This allowed for flexibility in clinical management should the patient's condition change.
SNP infusion during the blinded phase was titrated up to the total blinded dose over 10
minutes (5 minutes each at 1/3 and 2/3 the total dose). Open-label infusion of SNP began at
< 0.3 mcgekg~min~. Clinicians titrated the infusion rate to maintain a MAP within £10% of
target MAP. The frequency and magnitude of dose adjustments were at the discretion of the
clinician. Subjects did not receive any other antihypertensive drugs (beta-blockers, calcium-
channel blockers, etc.). SNP was administered through a continuous infusion pump; all sites
used protocol-defined pumps and tubing. MAP was measured via an indwelling arterial
catheter. Vital signs were assessed every 2 minutes for 10 minutes at the start of the Open
Treatment Phase and after any dosing change, and then every 5 minutes thereafter. A
standardized anesthetic technique was described in the protocol. Briefly, induction could be
with sevoflurane or halothane + nitrous oxide, propofol, or thiopental. Anesthesia could be
maintained with sevoflurane, isoflurane, halothane, or propofol infusion. Analgesia could be
provided with fentanyl or remifentanil. Neuromuscular blockade could be achieved with
rocuronium or vecuronium. A variety drugs were permitted in order to provide clinicians
latitude in providing appropriate anesthesia. Blood loss was replaced 3:1 with isotonic
crystalloid or 1:1 with colloid solution. Normothermia was maintained per institutional
practice.

All data were collected on electronic Case Report Forms. Patient characteristics (age,
gender, race), physical examination, and medical history were documented at study
enrollment. The procedure and indication were recorded. SNP infusion rates were recorded
throughout each case. All procedures and medications given before or concomitant to SNP
administration were recorded with their indication, dose, and time.

External contracted research personnel reviewed and compared Case Report Form data to
source documents; these were required to be 100% consistent. Data underwent regular
quality review by an independent data safety and monitoring board. During statistical
analysis, points were inspected for possible errors if they had weighted residuals >5 or < -5.
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Outliers were reviewed on an individual basis and were either corrected, left unchanged, or
excluded from the analysis. Missing continuous covariates were replaced by the median
value for the rest of the population (stratified by age category). Missing categorical
covariates were replaced with the most probable category in this population. If >20% of the
covariate was missing, that covariate was omitted from the analysis.

Raw BP data were reviewed to exclude physiologically implausible or missing data. The
following a priori criteria were used:

o  Pulse pressure (systolic minus diastolic) < 15 mmHg

« MAP>130

»  Absent systolic or diastolic data

Clinical investigators participated in the data review. Entries without systolic or diastolic
data were removed. Thereafter, each remaining entry was retained or omitted based on
unanimous consensus; of ~2,000 entries that met the above screening criteria, 10 were
omitted due to clinical implausibility.

Statistical methods

SPC procedures and charts were generated using SAS 9.2 (Cary, NC). Calculations,
analyses, and figures were generated using SAS 9.2 / Enterprise Guide 4.2 (Cary, NC).
Power calculations were generated using SAS 9.2 and PASS 2008 (Kaysville, UT).12 All
tests assumed a significance level a=0.05. Values are reported as mean + SD unless
otherwise noted. Control charts were generated for the Open Treatment Phase data of each
subject (Figure 1). A priori clinical criteria for BP control of +10% of target MAP were
defined in the study protocol. Each chart plots actual MAP over time relative to the target
MAP and control boundaries of £10% of target MAP. The chart accounts for changes in the
clinician-determined target MAP during a case. Additionally, infusion rate changes were
indicated at their corresponding times, with the total nonweight-adjusted dose of SNP
administered since the previous dose change. The cumulative time within the MAP
boundaries for each subject was calculated by summation of time within consecutive
observations. BP control was defined as the percentage of time spent within a MAP
boundary. Control was calculated for both +10% of the target MAP in each patient.

Model-based analysis

Control within £10 of target MAP was selected as the primary outcome. To explore clinician
dosing practices, 2 main predictors were selected: the frequency and the magnitude of dose
adjustments in each patient. Frequency was calculated as the number of dose adjustments for
a given patient divided by the elapsed time. The magnitude of dose adjustments is a measure
of the average size of titrations. Doses were reported as mcgekgemin~1. Average titration
size was calculated as the sum of the absolute value of the mcgekg~min~ change of each
dose adjustment, divided by the number of dose adjustments (> A|DoseChangel)/#
DoseChanges).
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To examine the effects of dosing practices on BP control, variables with a clinically
plausible effect on hemodynamic control were considered. Procedures were categorized into
3 types: 1) cerebral catheterization — i.e., coil embolectomy of cerebral arteriovenous
malformations, 2) craniofacial surgeries, and 3) spinal fusion. Because it was assumed that
large changes in patients’ fluid volume would affect BP control, blood loss measurements
were corrected for patients’ estimated blood volume. Blood loss was defined as a percent of
estimated blood volume.13 Blood loss was estimated based on volume of blood in suction
canisters, sponge weights, and blood on drapes.

Consideration was given for interactions between factors such as clustering of procedures
within certain sites as well as the propensity for age to be correlated with certain procedures.
Summary and frequency tables were generated for all variables, as well as histograms and
bar charts as appropriate. Correlations between all variables were assessed using the Pearson
Product-Moment Correlation; correlations were tested relative to 0. Any correlations that
were statistically significant were reviewed to determine clinical importance.

Linear regressions of control versus each predictor were performed using the ROBUST
REG procedure in SAS. The outlier cut-off was set at twice the corrected median residual.
The leverage cut-off was set at twice the robust distance that defines leverage. This limited
the effect of outliers and leverage points to provide more accurate regression estimates.14
These preliminary results were compared to the subsequent multivariable statistical model,
to see if any predictors remained significant after accounting for all others.

Subjects were not equally distributed among different procedure types. To account for the
unequal distributions, least squares means were calculated for the types of procedures. In
addition, systematic differences between individual procedures were assessed using
ANOVA with Scheffe's test to perform pairwise comparisons among all 3 procedures.
Similarly, Scheffe's test was used to explore differences in dosing practices between
procedures. A mixed effect model was used to determine the relationship between BP
control and our predictors using the SAS PROC/MIXED procedure. Site, surgery type,
site-by-age, site-by-titration magnitude, and site-by-titration frequency were included as
random effects. Normality was assessed using residual plots. Power was calculated post hoc,
given the known sample size of 153. All calculations assume a significance level of 0.05.
The full model had 80% power to detect an R-squared of ~0.22.

Table 1 shows summary data for age and weight. Subjects ranged in age from 3 months to
just under 17 years of age (10.445.7 years). Sixty-six percent of subjects were female, while
34% were male. Age distribution is shown in Figure 2.

Tachycardia is an adverse effect encountered with the use of SNP. Tachycardia as an
adverse event was defined as heart rate =180 bpm for children <6 months, =160 bpm in
children 6 months to <3 years, 150 bpm in children 3 years to <8 years, and =130 bpm in
children 8 years or older. It occurred overall in 7.9% of all study participants. There was no
correlation with age or blinded dose group.
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Dosing practices varied greatly as shown in Figures 3a and 3b, although frequent and large
dose changes were comparatively rare. The average number of dose adjustments per patient
was 4 per hour (3.9942.90), but ranged from zero to nearly 16 adjustments per hour. The
average titration was 1.21+0.78 mcgekg~emin~, ranging from 0.19 mcgekg™min~ up to 5.33
mcgekg~emin~. Mean blood loss was 27% of total estimated blood volume, but there was a
large standard deviation of 32%. MAP reduction from baseline averaged 19.2+6.5 mmHg,
ranging from 1.33-48.3 mmHg.

Patient BP was in control (i.e., within £10 of target MAP) an average of 45.4% of the time
(SD 23.9%, 95% CI 41.5%-49.18%). Control varied from 0.9% to >98% across the group,
with a standard deviation of 23.9%. The distribution of subjects’ time within £10 MAP was
broad and did not fit a normal curve. Nevertheless, the data are a full range of outcomes that
cluster near the mean.

There were no significant correlations among any of the variables, as assessed by the
Pearson Product-Moment method. Figures 4a and 4b show box and whisker plots of titration
frequency (Fig 4a) and titration size (Fig 4b) at each of the clinical sites. Average BP control
differed among sites and types of procedures. Table 2 shows the mean of BP control for
each research site and class of procedure. There was a more than 2-fold difference between
the sites with highest and lowest average control (68.9% versus 32.3%). Cerebral
catheterizations had much lower average control than spinal and craniofacial procedures
(22.2%, versus 49.1% for spinal cases and 41.5% for craniofacial cases). There were no
apparent relationships among variables within research sites. Specifically, the frequency of
dose titrations did not appear to correlate with the size of dose titrations at a given site. A
relationship between titration frequency and size was not evident based on linear regression
analysis (p=0.275) (Figure 5).

There was no obvious relationship between control and the frequency of SNP titrations,
patient age, or blood loss. None of these regressions met statistical significance (p-values of
0.18, 0.34, and 0.47, respectively). Increasing size of titrations did correlate with worsening
control (p=0.0009) (Figure 6). In addition, the magnitude of the relationship was large;
control would be expected to decrease ~8 percentage points with a 1 mcgekg™smin~ increase
in average dose change. However, the actual predictive capacity of titration size was small
(R2=0.062). Similarly, a larger decrease in BP from baseline predicted worse control (0.93%
decrease in control per 1 mmHg increase in MAP difference, p=0.0013) but with little
predictive capacity (R2=0.065).

There was no significant difference in control between spinal and craniofacial procedures, or
between catheterization and craniofacial procedures. There may have been a statistically
significant difference in the mean control between catheterizations and spinal surgeries
(estimated difference in mean control 26.89%, CI 0.30% to 53.48%); the wide confidence
interval makes drawing a true conclusion difficult. Procedures differed with respect to
dosing practice. Table 3 shows the difference between the mean sizes of dose titrations in
the 3 types of procedures, as calculated by Scheffe's test following ANOVA. The average
dose titration was significantly larger for catheterizations than in other procedures.
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No predictors reached statistical significance in the full model. Although site was included
only as a random effect, a single site (site 5) had 14% better BP control than the trial-wide
average (p=0.047). No other variables differed significantly between site 5 and other sites.
This finding could reflect difference in prior experiences of sites with deliberate
hypotension, a factor not controlled for in this analysis. The reduced model met criteria for
normal data distributions based on model convergence. The only predictors to reach
statistical significance were the magnitudes of dose titrations (estimate -5.66% control per
mcgekg~emin~ difference in dose adjustment size, 95% CI -10.42 to -0.90, p=0.0202) and of
hypotension (estimate -0.89% control per mm Hg of MAP, CI -1.43 to -0.35, p=0.0013).
This was concordant with the findings from the linear regression (estimate -7.99%,
p=0.0009, and -0.93%, p=0.0013, respectively).

The number of titrations per hour was not significant (p=0.42) and the estimated effect was
small (0.61% decrease in control for 1 additional titration per hour). Procedure type did not
have a statistically significant effect after controlling for other variables (p=0.35). Using
least squares means, there was a trend towards worse control in cerebral catheterizations, but
this did not reach significance relative to either spinal or craniofacial procedures (Tukey-
Kramer adjusted p-values 0.47 and 0.33 respectively).

Discussion

In 153 separate operative cases across 7 clinical sites, clinicians maintained BP control an
average of 45% of the time. This was the case despite continuous BP monitoring through an
in-dwelling arterial line and use of a drug with extremely rapid titratability. Furthermore, the
standard deviation was nearly 24%; the large range of values was present across all patient
ages, degrees of blood loss and hypotension, and titration practices. An individual patient's
BP might have been in control for nearly an entire surgical case, or conversely, almost
never. Despite a long history of clinical use, the safety, efficacy and pharmacodynamics of
SNP in children has never been explored in a large-scale clinical trial. Prior studies of SNP
have primarily examined: 1) clinical outcomes secondary to BP changes, such as amount of
blood loss, recovery time, etc.;3:8:9 or 2) physiologic features such as cerebral oxygenation,
mixed venous oxygen saturation, or rebound tachycardia.1®>-18 There are no data describing
how the practice of deliberate hypotension varies with respect to time spent in satisfactory
BP control and the frequency and magnitude of dose titrations necessary to achieve said
control. In our analysis of this large dataset, no single factor, nor a combination of factors,
predicted whether a patient would have good or poor BP control.

From a physiologic standpoint, better BP control can be expected when a patient's target
MAP was near their baseline since this would be more in keeping with their normal
cardiovascular physiology. While we did demonstrate that the degree of hypotension had a
statistically significant impact on BP control, the poor predictive ability was unexpected.
The range of control was quite large regardless of patients” MAP changes.

We explored whether there might be an interaction with age. Neither age nor degree of
hypotension predicted control, but perhaps the change from baseline combined with age of
the patient was significant. In the multivariable model, we still found no effect of an

Anesth Analg. Author manuscript; available in PMC 2015 October 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Spielberg et al.

Page 9

agehypotension interaction (p=0.78). These findings may simply reflect that children
demonstrate autoregulation, i.e., the human body's inherent robustness to a wide range of
physiologic states, such that even large changes in MAP from baseline have only a small
effect on the ability to control BP.

The size of dose titrations did have a clinically significant effect. This was apparent in a
linear regression, and persisted in a larger model. This finding is important in clinical
practice because it validates performing a “gentler” titration. In contrast, there was no
evidence that frequently adjusting the infusion rate was any different from only rarely
intervening. These results suggest that an ideal titration technique for SNP could involve any
number of dosage adjustments, but that each adjustment should be small. Furthermore, these
findings have informed more complex hemodynamic models of MAP response to SNP
dosing that incorporate classical pharmacokinetic relationships as well as developmental
factors that consider age and size of the patient population.

The difference in control between catheterizations and other procedures was puzzling.
Intuitively, endovascular procedures involve minimal blood loss and stimulation compared
to surgeries, yet BP control was worse in catheterization cases. This effect did not reach
statistical significance in the multivariable models, but the difference in mean control among
the 3 procedures did reach significance. Since the average titration size was larger in these
cases, it may be that the larger size of titrations during catheterizations contributed to poorer
control. Alternatively, and perhaps more plausibly, the difference may reflect clinician
choice. Per the study protocol, clinicians were advised to titrate SNP to achieve a MAP
within +£10 of the target MAP. However, they may have acted differently in the
intravascular, as opposed to open-surgical, operative setting. Clinicians may have felt that
increases in BP were more permissive in a catheterization setting, as opposed to the
operative setting where controlling blood loss and maintaining a clear visual field are
primary goals. Depth of anesthesia and changes in anesthetic level could also contribute to
these differences among types of procedure. For this reason, surgical stimulation was kept as
level as possible (e.g., data collection did not occur before skin incision or after surgical
closure). The standardized anesthetic technique allowed clinicians latitude to provide an
even level of anesthesia throughout cases.

A key finding in the present study was the poor predictive capacity of any single factor as
well as the multivariable model. Two factors were statistically significant in single and
multivariable testing, which indicates that titration size and degree of hypotension do have
some ability to independently predict BP control. However, these effects are only evident on
a population basis. Most of the variability in BP control for an individual patient is due to
unknown factors.

It remains impossible to predict accurately whether BP in a patient undergoing deliberate
hypotension will easily remain within the desired window based on current understanding. It
is unclear whether the variation in BP control reflects features of the drug, clinician
technique, or patients. While SNP may have readily predictable effects, clinicians ultimately
determine whether patients remain within a target BP window. Perhaps unique physiology in
each patient predisposes to hemodynamic stability or instability. Likely, a combination of
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these factors dictates BP control. More mechanistic pharmacokinetics/pharmacodynamics

ch

aracterization should expand knowledge of the consistency of SNP effects.

Hopefully, these findings will motivate further exploration into the clinical relevance of BP

co

ntrol. The results of such research could then guide additional studies, identifying the

most relevant outcomes on which to base the determination of comparative effectiveness.
Dosing techniques could also be improved based on these findings if BP control
significantly predicts clinical outcomes. Having shown the effectiveness of deliberate
hypotension with SNP in maintaining a target BP, much remains to be explored concerning
the importance of BP control and clinician technique.
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Figure 1.
shows a representative Statistical Process Control (SPC) control chart. Control charts were

generated for each subject in the study. Elapsed time in minutes is shown on the X-axis. The
left Y-axis indicates the target mean arterial blood pressure (MAP) (in red), £10 boundaries
(in blue), and +20% boundaries (in black). The actual MAP (black) is plotted over time.
Note that all values on the x-axis are relative to the target MAP. The boundaries at any given
time are plus-or-minus 10% and 20% of the target MAP at that time. The right Y-axis shows
non-weight-adjusted sodium nitroprusside (SNP) dose. Black circles indicate changes in
infusion rate; the y-axis value is the cumulative dose administered since the previous dose
change.
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Figure 2.
shows the distribution of subjects by year of age.
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Distribution of Titration Frequencies

40+

304

2
)
2 20
i
~
10
0 T T T T ’ T l T - T . T
1 3 5 7 9 11 13 15
Average titrations per hour
Distribution of Titration Sizes
40
30
5
g 204
o
(=¥

10

03 09 15 2.1 2.7 33 39 45 5.1

Average titration size (meg*kg'*min’' )

Figures 3a and 3b.
are histograms showing the distributions of average titration frequency (3a) and average

titration size (3b). Bar height represents percent of total subjects (N=153). Note that both
distributions are skewed to the right; large and frequent dose adjustments were rare.
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Figures 4a and 4b.
are box-and-whisker plots of clinical practices at each study site. Sites are noted on the x-

axis; the axis reflects the average titration frequencies and titration sizes (4a and 4b,
respectively) for each subject. Whiskers extend to £1.5 times the interquartile range. Circles
indicate extreme values. Differences in titration techniques between sites are evident, as well
as differences within sites, as indicated by wide distributions of data.
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Titration Size versus Frequency
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Figure 5.
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is a scatterplot showing the relationship between titration size (in mcgekg™min~, on the y-

axis) and titration frequency (in titrations/hour, on the x-axis). A regression line

(slope=-0.0165) is drawn in dark blue, with light blue indicating 95% confidence intervals.
There was no significant relationship between titration size and frequency (p=0.275). The
SAS PROC/ROBUSTREG regression provides a more accurate estimate for the slope when

there are prominent outliers and leverage points, as occurs in these data.
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Control versus Titration Size
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Figure 6.
is a scatterplot showing the relationship between titration size (in mcgekg~emin~, on the x-

axis) and arterial blood pressure (BP) control (% of time within £10 of target mean BP
(MAP), on the x-axis). The regression was generated with the SAS PROC/ROBUSTREG
procedure to account for leverage points. There was a significant effect of titration size on
BP control —a 1 mcgekg™emin~ increase in average titration size predicts an 8% decrease in
BP control (slope=-7.99, 95% CI -12.72 to -3.26, p=0.0009). However, for any given
average titration size, control varied greatly; titration size accounts for only a small portion
of the variability in control (R-squared = 0.06).
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Table 1

Demographic data

Variable

Age (inyears) | 10.38 +5.66 years | Range: 87 days — 16y11lm

Weight (in kg) 39.12 + 23.38 kg Range: 5.30-112.20
Sex 66% Female
34% Male

Demographic data for the 153 subjects included in this analysis.
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Table 2

Avrterial blood pressure control by research site and by procedure.

Control percent of time spent in within +10% of target MAP | Mean | Std Dev Min Max | N
Craniofacial 41.52 24.21 1.13 | 88.93 | 58
Catheterization 22.23 16.52 7.22 | 50.13 5
Spinal 49.12 23.14 0.90 | 98.64 | 90
Site 1 39.79 20.11 233 | 64.08 | 11
Site 2 32.32 22.88 3.64 | 75.86 9
Site 3 49.59 22.99 0.90 | 83.30 | 21
Site 4 36.78 23.47 1.13 | 88.93 | 68
Site 5 58.71 17.65 | 33.59 | 98.64 | 18
Site 6 68.94 18.61 | 38.75 | 90.19 9
Site 7 58.34 17.44 | 21.74 | 89.08 | 17
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Mean, standard deviation, and range of blood pressure control (as a percentage of total time) are shown for each of the 3 types of procedures, and

each of the 7 sites.

MAP = mean arterial blood pressure

Anesth Analg. Author manuscript; available in PMC 2015 October 01.



yduasnuel Joyny vd-HIN

1duosnuely Joyny Yd-HIN

1duasnuely Joyny Yd-HIN

Spielberg et al.

Comparison of mean titration size between types of procedures, in mcgekg-temin-l,

Type of Procedure | Mean | Standard Deviation
Catheterization 2.35 1.79
Craniofacial 1.25 0.76
Spinal 1.12 0.67

Table 3

Procedure Comparison

Difference Between Means

95% Confidence Limits

Catheterization - Craniofacial 1.09** 0.22 1.96
Catheterization - Spinal 1.22%* 0.36 2.08
Spinal - Craniofacial -0.13 -0.45 0.19

Page 20

The 3 types of procedures were compared using ANOVA. The mean titration size in each is shown in the top half of the table. Scheffe's test was
used to compare the mean titration size among catheterization, craniofacial, and spinal procedures, shown in the lower half of the table. Asterisks
indicate a statistically significant difference in the 2 groups' means, p=0.0023.
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