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Abstract
Objective—Capillary integrity continues to challenge critical care physicians worldwide when
treating children with sepsis. Vascular growth factors, specifically angiopoietin (angpt)-1 and
angpt-2, play opposing roles in capillary stabilization in septic patients, respectively. We aim to
determine whether pediatric patients with severe sepsis/shock have persistently high angpt-2/1
ratios when compared to non-septic pediatric intensive care unit (PICU) patients over a 7-day
period.

Design—Prospective, observational study. Patients were classified within 24h of admission into:
non-systemic inflammatory response syndrome (non-SIRS), SIRS/sepsis, or severe sepsis/shock.
Plasma levels of angpt-1 and angpt-2 were measured via ELISA. The angpt-2/1 ratio was
graphically plotted and determined whether patients fell into ‘constant’ or ‘variable’ patterns.

Setting—Tertiary care center PICU.

Patients—Critically ill pediatric patients with varying sepsis severity.

Interventions—None

Measurements and Main Results—Forty five patients were enrolled (n=9 non-SIRS, n=19
SIRS/sepsis, and n=17 severe sepsis/shock). Gender, age, weight, comorbidities and PICU length
of stay were not significantly different between the groups. Admission pediatric risk stratification
scores and net fluid ins/outs were significantly elevated in the severe sepsis/shock group when
compared (all p<0.05). Admission angpt-2 levels and angpt-2/1 ratios were significantly different
in the severe sepsis/shock group when all groups were compared (both p<0.05). Additionally, the
latter were significantly elevated in the severe sepsis/shock group at multiple time points (all
p≤0.05) with the peak occurring on day 2 of illness. In a separate analysis, 32% of SIRS/sepsis and
82% of severe sepsis/shock had ‘variable’ angpt-2/1 ratio patterns compared to none in the control
group (p<0.001).
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Conclusions—Pediatric patients with severe sepsis and septic shock possess significantly
elevated angpt-2/1 ratios during their first 3 days of illness which peak at day 2 of illness. A subset
of these patients demonstrated ‘variable’ angpt-2/1 ratio patterns.
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INTRODUCTION
Nationally, sepsis remains one of the principal causes of pediatric mortality (1, 2) and
despite advances in modern medicine, about 6 out of every 100,000 children will die from
severe sepsis each year (3). Severe sepsis and septic shock, defined as sepsis plus organ
failure, results from many different etiologies and is a significant health problem as
illustrated by the increasing numbers of septic patients admitted to hospitals in the United
States annually (4). Pediatric patients who develop organ dysfunction have increased
morbidity and mortality when compared to those who do not (3, 5). Owing to a variety of
different causes, there have been very few new therapies developed to combat severe sepsis.

In addition to upregulation of the host’s inflammatory response, another unifying
characteristic between all septic etiologies and profound morbidity or death is endothelial
activation (6). Capillary beds are highly complex structures that regulate blood flow through
organs and allow for gas and nutrient exchange between blood and tissues. Endothelial cells
are the principal cells of the microcirculation and are important components of our innate
immunity. Upon activation, these cells can up-regulate leukocyte trafficking molecules and
down-regulate cellular adhesion. Vascular growth factors, called angiopoietins (angpt),
appear to play a prominent role in the signaling needed to accomplish this and possibly, the
degree of endothelial activation seen in severe sepsis and septic shock.

Angiopoietin-1 and -2 are the best described growth factors and typically have opposing
functions when bound to their tyrosine kinase receptor, Tie-2. Generally, angpt-1 is a Tie-2
receptor agonist, whereas angpt-2 is a Tie-2 receptor antagonist. When bound, angpt-1
possesses anti-inflammatory properties, stabilizes the capillary and promotes endothelial cell
survival (7, 8). In most circumstances, angpt-2 blocks the Tie-2 receptor, destabilizes
endothelial cells to allow for angiogenesis, and promotes inflammatory cell migration (8–
10).

Many have shown increased circulating blood levels of angpt-2 in patients following a
variety of inflammatory states, including cardiopulmonary bypass (11), trauma (12–14),
acute lung injury (15–19) and sepsis (20–29) when compared to controls. Notably, most of
these studies demonstrate worse outcomes when admission angpt-2 levels are elevated (15,
16, 18, 21, 23, 24, 28, 29). Among these studies, Mankhambo et. al. included the largest
pediatric sample size but similarly, only included admission angiopoietin levels.
Additionally, this study was performed on Malawian children, making generalizability to
studies conducted in developed nations difficult (29). Furthermore, few of these studies
describe angiopoietin levels or ratios past admission with none including children (12, 15,
21, 23, 24, 28). Therefore, we hypothesize that children with early-phase organ dysfunction
as a result of severe sepsis and septic shock will have persistently elevated angpt-2/1 ratios
when compared to critically ill children without organ dysfunction. Our study aims to
characterize the temporal kinetics of angpt-1, angpt-2 and the angpt-2/1 ratio in children
with varying degrees of sepsis during their first 7-days of illness.
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MATERIALS AND METHODS
Patient Recruitment and classification

With approval from the Pediatric Protocol Review Committee and the Human Investigation
Committee at Yale University School of Medicine, we performed a prospective,
observational study of critically ill pediatric patients with varying degrees of sepsis severity.
Informed consent was obtained from parents and assent was obtained from subjects when
appropriate. Patients who met inclusion criteria were enrolled within the first 24-hours of
pediatric intensive care unit (PICU) admission during the study dates September 1, 2009
through December 31, 2011. All patients admitted to the PICU were evaluated for
eligibility. Due to the maximum volume of blood potentially collected, patients weighing <
10 kg or with hematocrits < 25% were excluded. Since we were attempting to plot angpt
levels over time, patients without anticipated blood draws or with an anticipated PICU
length of stay < 48 hours were also excluded. Additionally, patients receiving, or having
received steroids within the previous 7-days were excluded due to their potential affect on
levels (30). Patients were classified within the first 24-hours of PICU admission into: non-
systemic inflammatory response syndrome (non-SIRS), SIRS, sepsis, severe sepsis, or septic
shock based on the 2005 pediatric sepsis and organ dysfunction definitions (31). Admission
demographics were collected as well as admission Paediatric Index of Mortality (PIM2) and
daily Paediatric Logistic Organ Dysfunction (PELOD) scores in an attempt to risk stratify
patients (32–34). In addition, the total fluid administered within the first 24 hours, including
fluid administered in the emergency room or operating room, was totaled. The total fluid
output during this time period was subtracted from the total administered to give the net ins/
outs.

Sample acquisition and analysis
Blood samples were obtained twice per day for the first 3-days and then once per day for the
last 4-days, for a maximum of 7-days and 10 samples. Blood acquisition occurred in
conjunction with lab draws ordered by the clinical team. Sample collection was discontinued
when the patient was discharged from the PICU, after the 7-day study completion or when
the clinical team deemed it unnecessary to draw further labs for patient care. Two milliliters
of blood were collected in sodium citrate tubes and placed immediately in a refrigerator until
centrifugation. The samples were centrifuged at 4,000 rpm for 10 minutes at 4° Celsius to
separate the plasma from the cellular components. Plasma samples were stored in 1.5 mL
Eppendorf© tubes at −80° Celsius until analysis.

Plasma levels of angpt-1 and angpt-2 were measured using commercially available enzyme-
linked immunosorbent assay (ELISA) kits (Human Angiopoietin-1 and -2 Quantikine
ELISA Kit, respectively, R&D Systems, Inc., Minneapolis, MN) using the provided
manufacturer’s protocol.

Statistical analysis
Samples were batch analyzed with the investigators blinded to all demographic and clinical
data. Due to the skewed nature of the data, angpt-1 and angpt-2 levels were expressed in
medians with interquartile ranges (IQR). Categorical variables were analyzed using Fisher’s
exact test, whereas continuous variables were analyzed using the Kruskal-Wallis test. The
Mann-Whitney U test was used when comparing continuous variables between two groups.
A mixed model repeated measurement analysis was performed to model for change over day
1, 2, 3 and 4 to determine both group effect and time effect. Group by time effect was also
examined to assess the slope difference among groups. Data are presented as least square
means with 95% confidence intervals. Additionally, a pair-wise comparison between groups
after Bonferroni correction was performed. The angpt-2/1 ratio was graphically plotted over
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time and a researcher determined whether patients fell into ‘constant’ or ‘variable’ patterns
for patients with 3 or more data points in order to determine trajectory. ‘Constant’ ratios
were persistently below an angpt-2/1 ratio of 10 throughout the course, whereas ‘variable’
patterns consisted of ratios with some or all data points above this cutoff. Additionally, an
area under the receiver operator curve (AUC) analysis was performed using logistic
regression to assess the discriminatory ability of angpt-2 levels alone. A p-value ≤ 0.05 was
considered statistically significant. Statistical analyses were performed using SAS 9.2 (Cary,
NC).

RESULTS
During the study period 1,995 critically ill patients were admitted to the PICU and were
evaluated for study eligibility. Of these, 51 patients met eligibility criteria and 45 consented
to participate (88% enrollment) (Figure 1). Plasma samples were obtained from critically ill
children in each of the following categories: Non-SIRS PICU comparison group (n=9), SIRS
(n=8), sepsis (n=11), severe sepsis (n=3) and septic shock (n=14). There was equal
distribution of gender, age, weight and comorbid conditions across the three groups (Table
1). Admission PIM2 scores, PELOD scores and net ins/outs increased significantly as the
severity of illness increased representing the early-phase organ dysfunction associated with
sepsis, severe sepsis and septic shock (Table 1). Care was withdrawn at parental request on
one patient in the control group. All other patients survived to discharge.

One or more infectious organisms were isolated in 71% of the patients with sepsis, severe
sepsis or septic shock (Supplemental Table 1). Due to the variety of etiologies for sepsis,
correlations between angpt levels and causative organism could not be made. PICU length
of stay in days was similar in the non-SIRS (median, 7 days; IQR, 3–12 days), SIRS/sepsis
(median, 8 days; IQR, 5–13 days) and severe sepsis/septic shock (median, 5 days; IQR, 4–8
days; p=0.463) groups. However, the total hospital length of stay in days was significantly
different when comparing the three groups (median, 11 days; IQR, 8–16 days, median, 18
days; IQR, 11–30 days, and median, 8 days; IQR, 5–12 days, respectively; p=0.05).

Due to discharges from the PICU, removal of access catheters, and the decreased need for
clinical lab tests, sample data were not obtained on all patients for each study day
(Supplemental Figure 1). The PICU admission plasma angpt-1 levels were not significantly
different when comparing the non-SIRS, SIRS/sepsis, and severe sepsis/septic shock groups
(p=0.137) (Figure 2A). Conversely, the PICU admission plasma angpt-2 levels were
significantly different when comparing the three groups (p=0.004) (Figure 2B).

Due to the agonist/antagonist interaction with the Tie-2 receptor, we also determined the
angpt-2/1 ratio for the three groups. Similarly to the admission angpt-2 levels, the PICU
admission angpt-2/1 ratio was significantly different when comparing the non-SIRS, SIRS/
sepsis, and severe sepsis/septic shock groups (median, 1.6; IQR, 0.5–2.4, median, 1.5; IQR,
1.3–2.6, and median, 20.5; IQR, 4.8–195.3, respectively; p=0.002) (Figure 2C). The
angpt-2/1 ratio continued to be significantly elevated in the severe sepsis/septic shock group
when compared to both the non-SIRS and SIRS/sepsis groups for the first 3-days of illness
before returning to baseline by day 5 of illness (Figure 3). Additionally, the severe sepsis/
septic shock angpt-2/1 ratio peaked on day 2 of illness (median, 29.0; IQR, 7.7–107.8) when
compared to the non-SIRS and SIRS/sepsis groups on that day (median, 1.1; IQR, 0.6–1.8
and median, 1.8; IQR, 1.0–10.3, respectively; p=0.001) (Figure 3). The angpt-2 level alone
on day 2 showed a significant AUC to distinguish between patients with severe sepsis/septic
shock versus all others (AUC=0.77, 95% confidence interval 0.61–0.93) (Figure 4). At the
optimal cutoff for angpt-2 (3,955 pg/mL), there was a sensitivity of 76%, specificity of 74%,
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positive predictive value of 68% and negative predictive value of 81% for predicting more
severe illness.

A mixed model analysis was performed which confirmed that all three outcomes differed
significantly across groups during the first 4-days of illness (group effect: angpt-1 p=0.002;
angpt-2 p=0.006; angpt-2/1 ratio p<0.001). Among the groups, only the angpt-2 level
decreased significantly over time (time effect: angpt-2 p=0.01). Pair-wise comparisons
between the groups after Bonferroni multiple correction determined that the significant
difference was between the severe sepsis/septic shock group and both non-SIRS and SIRS/
sepsis for angpt-1 and the angpt-2/1 ratio (Figure 5). The trajectories of angpt-2 levels were
significantly different between patients infected with Gram positive and Gram negative
organisms (p-0.001). Angpt-2 levels were initially more elevated and significantly decreased
daily by 18% over the first 4-days in patients infected with Gram positive organisms (n=10;
p<0.001). Patients infected with Gram negative organisms displayed a 10% increase in
angpt-2 levels (n=5; p=0.1) (Figure 6). Similarly, the trajectories were significantly different
between patients with sepsis requiring inotropes and those off inotropes (p=0.04). Angpt-2
levels were also initially higher and significantly decreased daily by 20% over the first 4-
days in patients with sepsis requiring inotropes (septic shock n=14; p=0.007). Whereas,
levels did not vary in patients with sepsis off inotropes (sepsis and severe sepsis n=14;
p=0.94) (Figure 7).

Two independent investigators examined individual patient angpt-2/1 ratio versus time plots
in order to classify them into ‘constant’ or ‘variable’ patterns (Supplemental Figure 2).
Following classification, no patients with a ‘variable’ angpt-2/1 ratio pattern were identified
in the non-SIRS group (0%), 31.6% (n=6) were identified in the SIRS/sepsis group and
82.4% (n=14) were identified in the severe sepsis/septic shock group (p<0.001) (Figure 8).
Angpt-2 levels were higher in the ‘variable’ group and decreased by 22% per day over the
first 4-days (p<0.001) but had minimal change in the ‘constant’ group (p=0.94) (Figure 9).

DISCUSSION
Similar to other groups, we demonstrate here that patients admitted to the PICU with severe
sepsis and septic shock possess elevated plasma levels of angpt-2 and the angpt-2/1 ratio,
when comparing them to PICU patients with or without SIRS and with sepsis. Angpt-2 is
preformed and stored in endothelial Weibel-Palade bodies and is released upon endothelial
cell activation during times of stress (35). Other investigators have established that using
human serum with high levels of angpt-2 reduced cultured endothelial cell barrier integrity
through the phosphorylation of myosin light chain kinase. This disruption was rescued with
the addition of angpt-1 (19, 36). Therefore, due to the agonist/antagonist relationship with
the Tie-2 receptor, absolute angpt levels may be less clinically relevant than the angpt-2/1
ratio when predicting morbidity or directing potential therapies.

Additionally, we show that the angpt-2/1 ratio continues to be significantly elevated in
pediatric patients with severe sepsis and septic shock for the first 3-days of critical illness,
peaking at day 2 of illness. Angpt-2 levels on day 2 alone also discriminate between patients
with severe sepsis and septic shock compared to the rest of the cohort with a sensitivity of
76%, negative predictive value of 81% and AUC of 0.77. In a recent study, angpt-2 was
shown to enhance thrombin-induced cell permeability in cultured endothelial cells via the
disruption of vascular endothelial (VE)-cadherins. Further supporting the concept that the
angpt-2/1 ratio is likely more important than absolute levels, the addition of angpt-1
attenuated this response (37).
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To further explore the different trajectories for the non-SIRS, SIRS/sepsis and severe sepsis/
septic shock groups we performed mixed model repeated measurements analysis with post
hoc pair-wise group comparisons. These analyses were used for correlated measurements
over time. Group by time interaction was examined to determine if there were significant
differences in slopes of time trend between groups. The significant group effect confirmed
that the group means were truly different. Elevated angpt-2 levels were also seen in patients
infected with Gram positive organisms and in those with sepsis requiring inotropes.
However, interpretation of these results should be made with caution due to the very small
patient cohort.

Lastly, we noticed that there were distinct differences between the patients’ angpt-2/1 ratios
versus time plots. Patients either possessed a stable, unvarying pattern or a fluctuating, saw-
tooth pattern. We labeled those with a ratio consistently below 10 throughout their illness as
‘constant’ and the others as ‘variable.’ After re-classifying each patient plot with their
disease category, we found that more than 80% of the severe sepsis/septic shock group
possessed a ‘variable’ pattern with just over 30% possessing this pattern in the SIRS/sepsis
group. When angpt-2 levels were plotted for both the ‘constant’ and ‘variable’ patterns,
distinct trajectories were identified. A common explanation why new sepsis therapies have
not performed well clinically is that they are being tested on too heterogeneous of a
population. Most studies use inadequate clinical definitions to define at-risk patients which
have produced disappointing results (38). To our knowledge, this is the first time that
anyone has graphically shown that all patients in a specific sepsis category are not the same.
It has been previously reported that other pro-inflammatory cytokines, specifically tumor
necrosis factor alpha and interleukin-6, and infectious agents, such as lipopolysaccharide,
can decrease angpt-2 release from human lung microvascular endothelial cells (27). The
‘variable’ pattern seen in this subset of patients could be secondary to the modulatory effects
of these circulating inflammatory mediators on angpt-2 release at that specific time-point in
their illness. Assuming that the “sicker” patients possess the most ‘variable’ pattern with the
highest angpt-2 and angpt-2/1 ratios, then this initial pattern could potentially be used as an
early prognostic indicator or as a new way to classify patients for future sepsis research.

There are a few limitations to our study that are worth discussing. First, PICU length of stay
did not change across the three groups. This was likely a result of a variety of factors, some
of which are unrelated to our study. However, the similar PICU length of stay illustrates that
the non-SIRS PICU comparison group were also critically ill patients and not healthy
controls. This group possessed a similar percent of patients with underlying comorbid
conditions, as well; making the angpt-2/1 ratio elevations described truly the result of sepsis
associated organ failure and not from being critically ill. Additionally, since this study was
an attempt to plot angiopoietin level trajectory over time, we excluded patients who were not
anticipated to receive blood draws or to remain in the PICU for > 48 hours. These patients
also would likely predominantly reside in the non-SIRS and SIRS groups. By excluding
these types of patients, we selected patients with longer predicted lengths of stay.

Next, per our protocol, samples were only obtained in conjunction with blood tests ordered
by the clinical care team. This allowed us to have a high enrollment rate but may have
resulted in some missed sample acquisition. Since we limited the total amount of blood
removal to be ≤ 2.5% total blood volume, our median patient ages were between 9.5 and 13
years. Conclusions about younger age groups cannot be made at this time. Finally, we
selected consecutive patients based on the admitting team’s impression that a particular
patient would remain in the PICU for at least 48 hours. This may represent a degree of
selection bias. However, we felt that this was necessary to be able to adequately follow and
compare angiopoietin levels between groups over a 7-day period. Despite these limitations,
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we were able to enroll a high percentage of eligible patients (88%) and collect over 250
sequential samples in 45 patients for analysis.

CONCLUSIONS
Pediatric patients who develop organ dysfunction as a result of sepsis have significantly
elevated angpt-2 levels upon admission and angpt-2/1 ratios during their first 3 days of
illness. Subsets of these patients demonstrate ‘variable’ angpt-2/1 ratio versus time patterns.
We speculate that this may be useful as an early prognostic marker or a new way to classify
septic patients for future study.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Patient Selection Flow Diagram
LOS=length of stay, hrs=hours, kg=kilogram, IVIG=intravenous immunoglobulin,
RRT=renal replacement therapy
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Figure 2. Admission Box and Whisker Plots
The non-SIRS (n=9), SIRS/sepsis (n=19) and severe sepsis/septic shock (n=17) were
compared upon PICU admission. A. Plasma angpt-1 levels. B. Plasma angpt-2 levels. C.
Angpt-2/1 ratio. *P < 0.05 compared with non-SIRS and SIRS/sepsis.
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Figure 3. Angpt-2/1 Ratio versus Time
The non-SIRS (n=9), SIRS/sepsis (n=19) and severe sepsis/septic shock (n=17) plasma
angpt-2/1 ratios were compared during the first 7 days of illness. Medians were plotted for
the day they were collected. For days where multiple samples were obtained (i.e. days 1–3),
the first sample of the day was plotted only. *P ≤ 0.01 and †P ≤ 0.05 comparing severe
sepsis/septic shock with non-SIRS and SIRS/sepsis.
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Figure 4. Receiver Operator Curve for Predicting Severe Sepsis/Septic Shock
Only the first sample of day 2 was plotted. The severe sepsis/septic shock plasma angpt-2
levels (n=17) were compared to all others (n=23) on day 2 of illness. The area under the
receiver operator curve was 0.77 (95% confidence interval, 0.61–0.93). The optimal cutoff
for angpt-2 resulted in a 76% sensitivity, 74% specificity, 68% positive predictive value, and
81% negative predictive value for predicting severe sepsis or septic shock.
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Figure 5. Group Trajectories with Pair-wise Group Comparison
Geometric least square means and 95% confidence intervals are plotted. A. Plasma angpt-1
levels. B. Plasma angpt-2 levels. C. Angpt-2/1 ratio.
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Figure 6. Angpt-2 Level Trajectory: Gram Negative versus Positive Infection
Angpt-2 level trajectories were plotted for the first 4-days of illness. Angpt-2 levels
decreased by 18% per day in patients infected with Gram positive organisms (n=10;
p<0.001) and increased by 10% in patients infected with Gram negative organisms (n=5;
p=0.1). The Gram positive group decreased 34% more daily compared to the Gram negative
group (p=0.001).
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Figure 7. Angpt-2 Level Trajectory: Septic Patients With or Without Inotropes
Angpt-2 level trajectories were plotted for the first 4-days of illness. Angpt-2 levels
decreased by 20% per day in patients with sepsis requiring inotropic support (n=14;
p=0.007) and did not vary in those without an inotropic requirement (n=14; p=0.94). The
group with sepsis on inotropes decreased 26% more daily compared to the non-inotrope
group (p=0.04).

Giuliano et al. Page 17

Pediatr Crit Care Med. Author manuscript; available in PMC 2015 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 8. Percent ‘Variable’ Angpt-2/1 Ratio versus Time Pattern
Individual angpt-2/1 versus time patient plots were examined to determine whether a
‘variable’ or ‘constant’ ratio pattern existed. The non-SIRS (0%), SIRS/sepsis (31.6%) and
severe sepsis/septic shock (82.4%) variable patterns were compared. *P < 0.001 compared
with non-SIRS and SIRS/sepsis.
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Figure 9. Angpt-2 Level Trajectory: Constant versus Variable Patterns
Angpt-2 level trajectories were plotted for the first 4-days of illness. Angpt-2 levels
decreased by 22% per day in patients with ‘variable’ patterns (n=20; p<0.001) and did not
change in the ‘constant’ group (n=25; p=0.94). The ‘variable’ group decreased 28% more
daily compared to the ‘constant’ group (p=0.008).
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Table 1

Patient Admission Demographics

Characteristic Non-SIRS SIRS/Sepsis Severe Sepsis/Shock P-value

Gender, N (%) 0.667

 Female 5 (55.6) 7 (36.8) 7 (41.2)

 Male 4 (44.4) 12 (63.2) 10 (58.8)

Age, years 0.339

 Median (IQR) 10.0 (2.8–15.0) 9.5 (5.5–14.0) 13.0 (8.5–15.0)

Weight, kg 0.301

 Median (IQR) 30.0 (14.3–59.0) 28.5 (16.3–39.3) 38.0 (18.4–59.0)

Comorbidity, N (%) 1.000

 Present 4 (44%) 10 (53%) 8 (47%)

PIM2, % 0.020

 Median (IQR) 0.9 (0.8–1.0) 3.2 (0.9–4.8) 3.9 (1.2–6.0)

PELOD 0.008

 Median (IQR) 0.0 (0.0–1.0) 1.0 (0.0–2.0) 10.0 (1.0–12.0)

Net Ins/Outs, mL 0.001

 Median (IQR) 52 (−373.5–482.5) 863 (492–1847) 3970 (1578–6143)

Patient demographic information upon admission to the PICU. N=number; IQR=interquartile range; kg=kilograms; PIM2=Paediatric Index of
Mortality
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