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Abstract
Background—Vasoconstrictor therapy has been advocated as treatment for hepatorenal
syndrome (HRS). Our aim was to explore whether across all tested vasoconstrictors, achievement
of a substantial rise in arterial blood pressure is associated with recovery of kidney function in
HRS.

Study Design—Pooled analysis of published studies identified by electronic database search.

Setting & Population—Data pooled across 501 subjects from 21 studies.

Selection Criteria for Studies—Human studies evaluating the efficacy of a vasoconstrictor
administered for ≥ 72 hours in adults with HRS Type 1 or 2.

Intervention—Vasoconstrictor therapy.

Outcomes & Measurements—Cohorts’ mean arterial pressure (MAP), serum creatinine,
urinary output and plasma renin activity (PRA) at baseline and at subsequent time points during
treatment. Linear regression models were constructed to estimate the mean daily change in MAP,
serum creatinine, urinary output and PRA for each study subgroup. Correlations were used to
assess for association between variables.

Results—An increase in MAP is strongly associated with a decline in serum creatinine but not
associated with an increase in urinary output. The associations were stronger when analyses were
restricted to randomized clinical trials and were not limited to cohorts with either lower baseline
MAP or lower baseline serum creatinine. The majority of the studies tested terlipressin as
vasoconstrictor, whereas fewer studies tested ornipressin, midodrine, octreotide or norepinephrine.
Excluding cohorts of subjects treated with terlipressin or ornipressin did not eliminate the
association. Furthermore, a fall in PRA correlated with improvement in kidney function.

Limitations—Studies were not originally designed to test our question. We lacked access to
individual patient data.
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Conclusions—A rise in MAP during vasoconstrictor therapy in HRS is associated with
improvement in kidney function, across the spectrum of drugs tested to date. These results support
consideration for a goal-directed approach to the treatment of HRS.

Hepatorenal syndrome (HRS), an ominous complication of liver cirrhosis and fulminant
liver failure, is characterized by acute dysfunction of the kidneys, typically in the setting of
portal hypertension 1-3, and is associated with poor clinical outcomes and increased
mortality. Various pharmacological agents have been evaluated in HRS as attempts to
reverse the condition. Based on the presumed pathogenic mechanism of inappropriate
pooling of blood in the splanchnic circulation due to arterial vasodilatation, several systemic
vasoconstrictors have been tested as therapeutic options4,5. Among those agents, terlipressin,
a vasopressin receptor agonist, has gained popularity in Europe, where it is used to treat
HRS by virtue of its splanchnic vasoconstrictive effect. Terlipressin has a vasopressin
receptor 1A to vasopressin receptor 2 affinity ratio of 2.2, making it slightly more selective
for the vasopressin 1A receptor than is vasopressin6. Several small prospective studies have
suggested a beneficial effect of terlipressin on reversal of HRS. However, the largest
randomized controlled trial that has evaluated the efficacy of terlipressin in treatment of
HRS failed to demonstrate a benefit on a stringent primary endpoint 7. Furthermore, since
terlipressin is not approved by the US Food and Drug Administration, it is not available for
clinical use in the United States. Thus, because of lack of a better alternative, clinicians in
the US are forced to utilize other non-conventional treatments, such as the combination of
midodrine and octreotide, a modality that lacks solid supportive evidence.

Although the purpose of vasoconstrictor therapy in HRS is to specifically optimize renal
hemodynamics, this effect is typically achieved with a concomitant increase in systemic
blood pressure. One study reported that individuals with HRS who experience a significant
rise in mean arterial pressure (MAP) during treatment with terlipressin have a higher
probability of recovering kidney function 8. However, the same predictive value of increased
MAP was not found by another group 9. Nevertheless, the latter study reported that the gain
in MAP at the end of treatment was significantly greater among treatment “responders”
compared to “non-responders” 9. Moreover, our anecdotal clinical experience is that
individuals with HRS who respond to vasoconstrictor therapy (with midodrine / octreotide,
norepinephrine, or vasopressin) do so in the context of a clinically significant rise in
systemic blood pressure. Therefore, we hypothesize that, independently of the
pharmacological agent used, achievement of a substantial rise in arterial blood pressure
during vasoconstrictor therapy correlates with recovery of kidney function in HRS. To test
our hypothesis, we reviewed the published literature on treatment of HRS and performed a
pooled statistical analysis to determine the relationship between the change in MAP during
vasoconstrictor therapy and change in kidney function, as reflected by serum creatinine
concentration and/or urinary output.

METHODS
Review Strategy and Study Selection

The electronic databases of PubMed, The Cochrane Library, Web of Science and LILACS
were searched for publications between 1966 and January of 2011 that evaluated the
efficacy of vasoconstrictor therapy for the reversal of HRS Type 1 or 2. We searched for
manuscripts with the keywords: “hepatorenal syndrome”, and cross-referenced them with
“treatment”, “vasoconstrictor therapy”, “reversal”, “liver cirrhosis”, “terlipressin”,
“ornipressin”, “vasopressin”, “midodrine”, “octreotide”, “dopamine”, “noradrenaline”,
“norepinephrine”, and “blood pressure”; limiting the search to human studies in adult
subjects. Associated references were searched manually. Neither unpublished data nor
abstracts were incorporated into the pool. The search generated a list of 453 publications.
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Criteria for eligibility for study selection were: (1) involvement of human subjects with
diagnosis of HRS, either Type 1 or 2, according to the definition by the International Club of
Ascites 10,11; (2) evaluation of a vasoconstrictor for the treatment of HRS, administered for
at least 72 hours; (3) documentation of the effect of treatment on kidney function by serial
measurement of serum creatinine; and (4) documentation of baseline and post-treatment
values of MAP. Studies conducted on recurrence of HRS were excluded12. Three highly
cited studies were excluded because of short duration of therapy13-15. When needed, authors
of potentially eligible studies were contacted by electronic mail to collect missing data, but
only 3 of 13 responded and provided the requested data. The flow chart of the study
selection process is depicted in Figure 1. Eleven of 32 identified studies were excluded
because of unavailable relevant data 16-26. Thus, we selected 21 publications deemed
eligible for analysis, including 18 prospective and 3 retrospective studies 8,27,28. Prospective
studies consisted of 6 randomized controlled 7,29-33, 1 randomized crossover 34, 2 non-
randomized controlled35,36 and 9 uncontrolled trials37-45. Terlipressin was tested in 15 trials,
norepinephrine in 3, octreotide in 3, midodrine in 2, ornipressin in 2, and dopamine in 1.
Data collected from the original publications included: MAP, serum creatinine, urinary
output, score of severity of liver disease [either Child-Pugh score or model for end-stage
liver disease (MELD)] and plasma renin activity (PRA). It is important to note that our area
of investigation, i.e., the association between change in MAP and change in serum
creatinine, was not the primary focus of any of the trials included in our pooled analysis.
Thus, we did not deem necessary to establish whether publication bias was present. Since
individual study associations were not available, heterogeneity across studies was not
assessed.

Data Abstraction and Statistical Analysis
Statistical analyses were conducted using SAS v9.2 (Cary, NC). Since primary data from the
original studies were not uniformly available, analyses relied on published summary
statistics that were identified for the study populations’ MAP, serum creatinine, urinary
output and PRA measurements documented at baseline and at varying subsequent time
points during treatment (range, 3 to 14 days). When possible, values specific to study
subgroups (e.g. “responders” vs. “non-responders”, active treatment vs. placebo or
comparator) were abstracted. Ultimately, summary data from 37 individual cohorts (pooled
from 21 studies) were analyzed. Because published measurements of the variables of interest
were available at multiple time points within each of the studies, and since the time points
were not consistent across studies, we constructed regression models in order to estimate
each of the subgroup's mean changes per day (and per 7 days). This process standardized the
changes for comparisons across study subgroups. Associations between changes in MAP
and changes in serum creatinine and urinary output, as well as changes in PRA and changes
in serum creatinine, were then assessed using weighted Pearson's correlations. For the
primary correlational analyses, each subgroup was weighted by its sample size, which is
analogous to inverse variance weighting for meta-analyses. We conducted sensitivity
analyses by first omitting the weighting scheme, and then by restricting our analyses to
randomized controlled trials in order to account for study design quality. In addition, since
17 of the 21 studies involved the use of a vasopressin receptor agonist, we assessed for
similar associations among cohorts where neither ornipressin nor terlipressin were tested. To
determine the influence of baseline measurements of MAP and serum creatinine on the
results, we performed analyses stratifying the data in tertiles of the corresponding baseline
values. Furthermore, we estimated the mean increase in MAP necessary to achieve a variety
of desired goals based on a linear regression model involving cohorts’ estimated changes in
MAP and serum creatinine.
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RESULTS
Study Characteristics

Table 1 lists general characteristics of the included studies. The series comprised
publications between 1998 and 2010. Only 1 study was conducted, partially, in the US 7.
Two were from India 32,33, 1 from Mexico 44, 2 from Canada 34,43, and the remainder from
Europe. Ten studies were conducted under a dual-arm design, whereas 11 studies had a
single treatment arm. Since 6 of the single-arm studies reported their results in 2 subgroups
based on either “responder” status or treatment duration, a total of 37 cohorts (or subgroups)
were available for analysis. The study population consisted of 501 subjects pooled from
those cohorts. The weighted mean (± SD) age was 54.2 ± 11.1, and overall 70% of the
subjects were men. The studies displayed a relatively uniform degree of severity of liver
disease, with a median Child-Pugh score of 11.1 (range, 9.5 to 12.6) and a median MELD
score of 31.2 (range, 26 to 33). The most common cause of liver cirrhosis was alcoholic
(48% of subjects). Intravenous albumin was administered as a colloid solution in all but 4
cohorts (92.4% of the subjects).

Primary analyses
Our primary analysis revealed that an increase in MAP is strongly associated with a decline
in serum creatinine (rho = -0.76, p < 0.001) (Fig 2). HRS type did not influence the
association [rho = -0.80 (p < 0.001) and -0.70 (p = 0.008) for cohorts with Type 1 only and
Type 1 and/or Type 2, respectively]. There was no significant association between change in
MAP and change in urinary output (rho = 0.33, p = 0.08) (Fig 3). Our findings also suggest
that on average, for every 1-mm Hg increase in MAP, a 0.12 mg/dl decline in serum
creatinine is expected; and similarly, every 8.6-mm Hg increase in MAP is associated with a
1.0 mg/dl decline in serum creatinine. Table 2 illustrates the estimated increases in MAP
that would be necessary to achieve a clinically significant gain in kidney function, using a
serum creatinine of 1.5 mg/dl as a hypothetical treatment target based on the standard
definition of HRS reversal4,46.

In 14 cohorts obtained from 7 studies, abstracted data were categorized as “responders” or
“non-responders”. The weighted mean 7-day increase in MAP from baseline among
“responders” was 7.0 ± 10.4 mmHg, whereas “non-responders” exhibited a significantly
lower mean rise in MAP of -1.4 ± 15.5 (p = 0.04). In the remainder of the cohorts, data were
abstracted from the values corresponding to a treatment arm. Twenty-five cohorts included
patients who received a vasopressin receptor agonist, either terlipressin (in 21 cohorts from
15 studies) or ornipressin (in 4 cohorts from 2 studies). Among them, the weighted mean 7-
day increase in MAP from baseline was 5.4 ± 5.9 mmHg. Similarly, among subjects from 3
cohorts who received norepinephrine, the corresponding mean rise in MAP was 6.5 ± 1.5.
When we combined α1-adrenergic agonists, i.e., norepinephrine and midodrine (n = 6
cohorts), the mean 7-day increase in MAP was 6.5 ± 10.8 mmHg. Although the correlation
between rise in MAP and decrease in serum creatinine among cohorts treated with α1-
adrenergic agonists (rho = -0.32) was somewhat lower compared with cohorts treated with
vasopressin receptor agonists (rho = -0.81), the limited number of α1-adrenergic agonists
cohorts precludes a formal comparison. On the other hand, among cohorts that included
placebo-treated subjects, MAP fell by 0.7 ± 4.5 mmHg.

In view of the role of activation of the renin-angiotensin system in HRS, we determined the
relationship between changes in PRA during vasoconstrictor therapy and kidney recovery
among 15 cohorts from 8 studies that reported PRA values. Two studies that only reported
plasma renin concentration were not included. We found that reduction in PRA correlates
strongly with decrease in serum creatinine (rho = 0.70, p = 0.001) (Fig 4).
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Sensitivity analyses
Weighting data did not influence our findings, since unweighted analyses yielded correlation
coefficients similar to those derived from weighted analyses (i.e., change in MAP vs. change
in serum creatinine: rho = -0.75, p < 0.001; change in MAP vs. change in urinary output: rho
= 0.28, p = 0.1; and change in serum creatinine vs. change in PRA: rho = 0.73, p = 0.001).
Analyses restricted to randomized clinical trials revealed that the correlations were stronger
in randomized controlled trials than those observed in the full analysis (MAP vs. serum
creatinine: rho = -0.83, p < 0.001; MAP vs. urinary output: rho = 0.69, p = 0.06; PRA vs.
serum creatinine: rho = 0.91, p = 0.01) (Figs 2D and 3B). Therefore, the observed
associations did not appear to be driven by clinical trials with study design of inferior
quality. Furthermore, when the analyses were restricted to the 12 cohorts that did not
involve the use of either terlipressin or ornipressin, the correlation coefficient between
change in MAP and serum creatinine changed from -0.76 to -0.65, and the p-value increased
from < 0.001 to 0.02, but remained statistically significant. Similarly, the magnitude of the
weighted correlations between change in MAP and urinary output (rho = 0.31, p = 0.3) and
between serum creatinine and PRA (rho = 0.78, p = 0.04) remained essentially unchanged.

Secondary analyses
The magnitude of the weighted correlation between change in MAP and change in serum
creatinine was not limited to cohorts with either a lower baseline MAP (rho = -0.72 for
baseline MAP between 64 and 72 mmHg, p = 0.01; rho = -0.73 for values between 72 and
77 mmHg, p = 0.005; and rho = -0.83 for values above 77 mmHg, p < 0.001) or a specific
threshold of lower baseline serum creatinine (rho = -0.55 for baseline serum creatinine
between 2.1 and 2.8 mg/dl, p = 0.1; rho = -0.84 for values between 2.9 and 3.6 mg/dl, p <
0.001; and rho = -0.81 for values above 3.6 mg/dl, p <0.001) (Fig 5).

DISCUSSION
Our analysis demonstrates a strong correlation between the increase in MAP during
vasoconstrictor therapy in HRS and the therapeutic response. Improvement in kidney
function tightly correlates with the magnitude of the rise in MAP. Although these findings
seem intuitive, no previous study was designed to specifically explore this relationship. Of
note, several studies individually reported a similar association between improvement in
systemic hemodynamics and HRS reversal8,27,29-31,33,35,36,38-41,45. In contrast, a few other
studies did not find such association7,28,32,34,37,42-44. The strength of our study is that it
demonstrates the presence of this association in a large number of patients, quantifies the
relationship between the parameters analyzed, and allows performing the analyses at
different levels of arterial blood pressure. Previous pooled analyses have focused on the
effectiveness of individual drugs rather than blood pressure per se 47,48. While some studies
of HRS treatment assessed the predictive value of baseline MAP on kidney outcome, they
did not measure the association between changes in MAP during treatment and the
concomitant change in kidney function 28,30,32, except for 1 study8. Notably, in agreement
with our results, that study reported that a rise in MAP of at least 5 mmHg at Day 3 of
therapy with terlipressin provided an odds ratio of 9.49 (95% CI, 1.01 – 89.32) for reversal
of HRS 8. In addition, a decrease in MAP from a baseline value of 83 ± 9 mmHg during the
non-azotemic state to 75 ± 7 mmHg at the time of diagnosis of HRS has been described49,
suggesting that development of HRS is associated with a fall in blood pressure, even though
MAP remains within normal limits. Thus, it seems reasonable that resolution of HRS should
be accompanied by recovery of MAP to pre-HRS levels.

The observed correlation, however, does not prove causality. It is unclear whether a rise in
MAP during HRS treatment causes a decrease in serum creatinine or vice versa. Thus, the
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statistical association and its clinical applicability must be interpreted with caution.
Notwithstanding, it is difficult to conceive of a scenario where improvement in kidney
function leads to a rise in MAP. Moreover, recovery from other causes of acute kidney
injury does not typically lead to a rise in systemic blood pressure. On the other hand,
restoration of systemic blood pressure from hemodynamic shock limits the ischemic insult
and promotes organ perfusion 50, possibly enhancing kidney recovery. Therefore, it seems
more plausible that a rise in MAP induced by vasoconstrictor therapy facilitates
improvement in kidney function. Inappropriate pooling of blood by splanchnic
vasodilatation reduces systemic blood pressure and diminishes renal blood flow in HRS51.
Consequently, the observed rise in MAP may optimize kidney perfusion by resetting the
renal perfusion pressure back to the autoregulatory range. Importantly, in almost all included
studies, intravenous albumin was the colloid of choice for optimization of volemia, before
and during vasoconstrictor therapy, based on its potential to prevent HRS52.

Our findings were not restricted to cohorts with low MAP at baseline. Even an increase in
MAP from normal to “supranormal” levels is associated with improvement in kidney
function. The mammalian kidney starts to lose its blood flow autoregulation below a
threshold MAP of about 75 to 80 mmHg 53. Therefore, it could be hypothesized that kidney
perfusion is optimized when MAP is risen to at least 80 mmHg. Nonetheless, the traditional
goal of MAP during vasopressor therapy in hemodynamic shock is 65 mmHg or higher 54.
Achieving a MAP of 85 mmHg was not associated with improvement in kidney function in
septic shock 55,56. However, those studies only evaluated short-term infusion of
vasopressors, and may have been underpowered. Moreover, HRS is a “functional” state57,
therefore, conceivably more responsive to hemodynamic manipulation than states of
established tubular injury. In addition, it has been postulated that activation of the renal
sympathetic system in HRS shifts the renal autoregulatory curve to the right 51. As a result, a
MAP of about 90 mmHg might be required for maximal renal blood flow optimization in
HRS. Alternatively, a “supranormal” MAP may merely represent a surrogate indicator of
effective splanchnic vasoconstriction.

Consistent with the pronounced depletion of effective circulatory volume characteristic of
HRS 4, PRA was found to be elevated at baseline in all studies where it was measured,
denoting activation of the renin-angiotensin system. More importantly, we observed a
remarkable correlation between a decrease in PRA during vasoconstrictor therapy and
improvement in kidney function, supporting the notion that correction of systemic
hemodynamics is critical for renal recovery in HRS. However, since the fall in PRA and rise
in MAP occurred simultaneously, we cannot ascertain whether the improvement in kidney
function follows an improvement in kidney perfusion pressure or relates to diminished
angiotensin II-mediated reduction in ultrafiltration coefficient. Despite the strong correlation
between rise in MAP and improvement in kidney function, the change in urinary output did
not correlate with the hemodynamic upsurge. Since liver cirrhosis is a state of avid sodium
retention58, discordant effects of improved hemodynamics on glomerular filtration rate and
natriuresis are plausible. Moreover, vasoconstrictor therapy potentially leads to tubular
effects that may limit diuresis, i.e., antidiuresis by vasopressin receptor agonists6 and
sodium reabsorption by α1-adrenergic agonists59.

Our study has limitations. First, it is a pooled analysis, not a prospective randomized
controlled trial designed to test our hypothesis a priori. The original studies included in the
analysis were not designed to test our hypothesis. Besides, we did not have access to
individual patient data. It has been pointed out that excessive use of meta-analyses in clinical
nephrology ought to be discouraged 60. Criticism is linked to the inherent limitations of the
methodology of meta-analyses, including publication bias, inconsistent study quality,
heterogeneity among studies and arbitrary outcome selection. Such limitations may be
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applicable to this study. However, it is also acknowledged that meta-analyses are justified in
areas where there is lack of irrefutable evidence favoring a specific treatment, which
happens to be the case of vasoconstrictor therapy in HRS. Although vasoconstrictors have
consistently shown to improve kidney function in HRS, efficacy rates average around 50%.
Besides, meta-analyses offer the benefit of increasing the power of individual studies when
their sample sizes are small. Indeed, studies on HRS treatment have generally been small, so
data pooling in this setting seems reasonable.

The bulk of our results are driven by studies that tested terlipressin as vasoconstrictor,
although the observed associations were not limited to those studies. Other drugs such as
midodrine or norepinephrine have only been tested in a few studies. From the mechanistic
standpoint, because norepinephrine induces afferent arteriole vasoconstriction through α1
adrenergic receptor stimulation, its role in HRS treatment may appear as counterintuitive.
Practitioners have been resistant to adopt its use because of fear of aggravating renal
hypoperfusion. Indeed, norepinephrine was shown not to improve renal hemodynamics in
HRS after 2-hour administration 61. However, norepinephrine was found to offer similar
clinical benefit compared to terlipressin in 2 head-to-head studies 29,32. Moreover,
norepinephrine improved renal blood flow in several studies in the setting of septic
shock 53,62,63. This beneficial effect of norepinephrine on kidney perfusion could arise from
increasing MAP through its α1-mediated effect on systemic vascular resistance and its β1-
mediated inotropic effect. Thus, we speculate that the effect of norepinephrine on systemic
and splanchnic circulation overcomes its local effect on renal vasculature. Besides,
prolonged infusion, i.e., at least 72 hours, may be necessary to induce a significant
enhancement of renal hemodynamics in HRS.

In conclusion, our analysis indicates that an increase in MAP during vasoconstrictor therapy
in patients with HRS is associated with a decrease in serum creatinine and a trend to
increase in urinary output, irrespective of baseline MAP. These results are hypothesis-
generating and support consideration for a goal-directed approach to the treatment of HRS.
Perhaps, independent of which vasoconstrictor is chosen, targeting a systematic rise in MAP
of ~10-15 mmHg during vasoconstrictor therapy may lead to more favorable kidney
outcomes. However, a prospective study testing the safety and effectiveness of such
approach would be necessary before it could be widely advocated.
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Figure 1.
Flow chart of study selection process
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Figure 2.
Correlation between rise in MAP and change in kidney function. Diameter of each data
point reflects relative sample size of cohort. In panels A-D: MAP = mean arterial pressure.
In panel C axis legend and chart title: % Δ = percentage change.

Velez and Nietert Page 12

Am J Kidney Dis. Author manuscript; available in PMC 2012 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
Correlation between rise in MAP and change in urinary output. Diameter of each data point
reflects relative sample size of cohort. MAP = mean arterial pressure; UOP = urinary output.
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Figure 4.
Correlation between change in PRA and change in kidney function. Diameter of each data
point reflects relative sample size of cohort. PRA = plasma renin activity
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Figure 5.
Effect of baseline variables on estimated correlations: A) stratified by tertiles of baseline
MAP; B) stratified by tertiles of baseline serum creatinine. Diameter of each data point
reflects relative sample size of cohort.
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Table 2

Relationship between MAP and kidney function in HRS

Baseline SCr SCr reduction required to achieve goalb (%) Predicted increase in MAP to achieve desired SCr goal (mm Hg)a

2.0 mg/dl 25.0 3.7 (2.5 to 4.9)

2.5 mg/dl 40.0 6.1 (4.7 to 7.5)

3.0 mg/dl 50.0 8.5 (6.7 to 10.3)

3.5 mg/dl 57.1 10.9 (8.5 to 13.3)

4.0 mg/dl 62.5 13.3 (10.3 to 16.3)

Abbreviations: SCr, serum creatinine; HRS = hepatorenal syndrome, MAP = mean arterial pressure.

b
SCr goal is 1.5 mg/dL

a
values given as mean (95% confidence interval)
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