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Objective To test the hypothesis that a normal capillary refill time (CRT) # 2 seconds is associated with superior
vena cava oxygen saturation (ScvO2) $ 70% in critically ill children.
Study design Two-year, prospective study in a tertiary-level pediatric intensive care unit. Whenever ScvO2 mea-
surements were obtained, central (forehead/sternum) and peripheral (finger/toe) CRTs were concomitantly as-
sessed.
Results Central and peripheral CRTs# 2 seconds were both associated with ScvO2 $ 70% (P < .01). Sensitivity/
specificity analyses revealed that central CRT # 2 seconds demonstrated a sensitivity of 84.4%, specificity of
71.4%, positive predictive value of 93.1%, and negative predictive value of 50.0% in predicting ScvO2 $ 70%. Pe-
ripheral CRT # 2 seconds had a sensitivity of 71.9%, specificity of 85.7%, positive predictive value of 95.8%, and
negative predictive value of 40.0% in predicting ScvO2 $ 70%.
Conclusions A normal CRT# 2 seconds can be predictive of ScvO2 $ 70%. Our study corroborates the recom-
mendations of the Pediatric Advanced Life Support curricula targeting a normal CRT# 2 seconds as a therapeutic
endpoint for goal-directed shock resuscitation. This clinical target remains particularly relevant in community hos-
pitals when the ability to obtain central venous catheter access may be limited and ScvO2 data unavailable.
(J Pediatr 2011;158:968-72).

R
apid shock reversal is critically important to saving lives. In the hopes of improving pediatric septic shock outcomes, the
American College of Critical Care Medicine (ACCM) has published Clinical Practice Parameters for Hemodynamic Sup-
port of Pediatric and Neonatal Septic Shock,1,2 which advocates early septic shock recognition and aggressive implemen-

tation of time-sensitive therapies to reverse shock. These guidelines present an easy-to-follow, stepwise resuscitation algorithm
that has been adopted by the American Heart Association’s Subcommittee on Pediatric Resuscitation and incorporated into its
Pediatric Advanced Life Support (PALS) curricula.3 Goal-directed resuscitation for this algorithm targets superior vena cava
oxygen saturations (ScvO2)$ 70% as one of its therapeutic endpoints. This recommendation stems from data from an inter-
ventional study in adults4 and more recently in children5 that have demonstrated significant improvements in septic shock sur-
vival with this target endpoint.

However, because pediatric-specialized care in the United States is largely regionalized, most seriously ill children present
first to community hospitals where resources and expertise to place central venous catheters (CVCs) in childrenmay be limited,
and consequently, ScvO2 measurements may not be available. In one observational study, fewer than 30% of children in per-
sistent septic shock had CVCs placed by community physicians before being transported to a regional children’s hospital.6

Therefore, recommendations for goal-directed septic shock resuscitation in the community hospital setting might benefit
from a more easily obtainable, alternative target to ScvO2 $ 70% as a therapeutic endpoint.

PALS curricula additionally recommend using capillary refill time (CRT) to evaluate systemic circulation and perfusion because
it is noninvasive and easy to perform. Although some controversy still remains, a ‘‘normal’’ CRT is often considered to be# 2 sec-
onds in healthy, nonstressed children.7 In this regard, we speculatedwhether a normal CRT# 2 could potentially serve as surrogate
target to ScvO2$ 70% during shock resuscitation.We sought to determine whether a relationship between CRT and ScvO2might
exist, testing the hypothesis that CRT would inversely correlate with ScvO2 in a manner such that that a normal CRT# 2 seconds
would be associatedwith ScvO2$ 70%.Additionally, we sought to determinewhetherCRT assessed on a central regionof the body
might differ from one assessed on a peripheral region. We hypothesized that centrally assessed CRT would be superior to periph-
erally assessed CRT in predicting ScvO2 $ 70%.
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Table I. Patient characteristics

Patients (N = 21)

Age (months [25th – 75th percentile]) 45 [11.5-143.5]
Sex (n, %)

Female 12 (57.1%)
Male 9 (42.9%)

PRISM III (score [25th – 75th percentile]) 12 [6.75-18.75]
Diagnosis (n, %)

Severe sepsis/Septic shock/MODS 12 (57.1%)
Pneumonia/Acute respiratory failure 6 (38.5%)
Meningitis 1 (4.8%)
Pulmonary hemorrhage 1 (4.8%)
Viral myocarditis 1 (4.8%)

Comorbidities (n, %)
No comorbidity 5 (23.8%)
Liver disease 4 (19.0%)
History of prematurity 3 (14.3%)
Neurologic disease 3 (14.3%)
Renal disease 2 (9.5%)
Oncologic disease 2 (9.5%)
Metabolic disease 2 (9.5%)

PRISM, Pediatric Risk of Mortality; MODS, multiple organ dysfunction syndrome.
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Methods

Institutional Review Board approval for this study was
granted by the University of Michigan Health System’s Hu-
man Rights Committee. Any critically-ill child who was ad-
mitted to the pediatric intensive care unit (PICU) at C. S.
Mott Children’s Hospital during the 2-year study period
(May 2007 to May 2009) and required CVC placement for
medical management (with the CVC tip located in the supe-
rior vena cava) was potentially eligible for the study. The di-
agnosis of sepsis or septic shock was not a necessary
prerequisite for study eligibility. Consent for study participa-
tion was obtained from the child’s parent(s) or legal
guardian(s) and when feasible, assent was additionally
obtained from any child $ 8 years of age.

All patients received routine medical care as directed by the
PICU and co-managing or consultant services. Whenever the
management team(s) ordered a venous blood gas (VBG)
measurement, which also included venous oxygen saturation,
lactate, and hemoglobin data, central (forehead or sternum)
and peripheral (finger or toe) CRTs were concomitantly as-
sessed with a hand-held stopwatch. CRT measurements
were performed by a PICU fellow or attending who may or
may not have been involved in the care of the patient at the
time. Other than requesting that the assessor use a designated
hand-held stopwatch, no specific instructions were given re-
garding how CRT assessments should be performed. CRT
measurements were rounded to the nearest 1/10th of a second
and were recorded along with the patient’s vital signs (includ-
ing pulse oximeter oxygen saturation). Patients may or may
not have been receiving active shock resuscitation at the
time of VBG sampling. The dose(s) of continuous vasoactive
infusion(s) at the time of VBG collection were noted, and
vasoactive-inotropic scores were calculated.8,9

Although a recent clinical trial in critically ill children had
shown that a hemoglobin concentration as low as 7.0 g/dL is
generally well tolerated,10 in greater accordance to the inter-
ventional studies on goal-directed septic shock resuscita-
tion,4,5 clinically significant anemia for this study was
defined as hemoglobin concentration <10.0 g/dL. Clinically
significant fever was defined as body temperature > 38.5� C.11

Patients were excluded from the study if they had uncorrected
cyanotic heart disease, and data were excluded if a patient
had hypoxia (oxygen saturation < 95%) at the time of VBG
sampling.

Data are presented as median [25 percentile to 75 percen-
tile] for continuous data and percent (%) for categorical data.
Differences between groups were determined by the Mann-
Whitney test for continuous data and the c2 or Fisher exact
test for categorical data. Significant correlations between
ScvO2 and CRT (central and peripheral) were determined
by use of the Pearson product-moment correlation. Receiver
operator characteristic (ROC) curves were generated, and
with the definition that a normal CRT is # 2 seconds,7 sen-
sitivity/specificity analyses were performed to determine
CRT# 2 seconds’ ability in predicting ScvO2 $ 70%. In ad-
dition, because both oxygen carrying capacity and rate of ox-
ygen consumption (ie, metabolic rate) can affect ScvO2,
multiple logistical regression analyses were performed to de-
termine CRT # 2 seconds’ ability to predict ScvO2 $ 70%
while controlling for clinically significant anemia (which re-
duces oxygen carrying capacity) and fever (which increases
metabolic rate and oxygen consumption). Regression validity
was assessed by the Hosmer-Lemeshow test.

Results

Although consent/assent for study participation had been ob-
tained for 78 children, because not all patients required VBG
measurements during their PICU admission and many had
CVCs placed into their femoral veins, data were limited to
only 22 children. One additional patient was eliminated
from study due to hypoxia at the time of data collection, leav-
ing 21 patients available for analyses (Table I). A median of 2
(1 to 3) VBG measurements were obtained per patient,
contributing to a total of 39 paired CRT-VBG data for
analyses. Twenty-five (64.1%) VBG samples were obtained
while the patient was receiving a continuous vasoactive
infusion; the median vasoactive-inotropic score at the time
of sampling was 5 (0 to 17.5). Nineteen (48.7%) VBG
samples had lactate concentrations > 2 mmol/L; the median
lactate concentration was 2.05 (1.10 to 4.90) mmol/L.
Figure 1 illustrates that both central and peripheral CRT

significantly correlated inversely with ScvO2. Figure 2 shows
the ROC curve evaluating central and peripheral CRTs
ability to predict ScvO2 $ 70%. Somewhat fortuitously, the
point of optional discrimination was 2.0 seconds for both
central and peripheral CRT.
Central and peripheral CRTs# 2 seconds were both signif-

icantly associated with ScvO2$ 70% (P < .01 for both by c2).
Sensitivity/specificity analyses revealed that central CRT # 2
seconds demonstrated a sensitivity of 84.4%, specificity of
969



Figure 1. A, Central and B, peripheral CRT correlated in-
versely with ScvO2.

Figure 2. ROC curves depicting the ability of central and
peripheral CRTs to predict ScvO2$ 70%. The point of optimal
discrimination was 2.0 seconds for both central and periph-
eral CRT.

Table II. Multiple logistical regression analyses of
central and peripheral CRT # 2 seconds in predicting
ScvO2 $ 70%: odds ratios with 95% CI

Variable Covariable (s)
OR

[95% CI]

Central CRT
£ 2 seconds

None 13.500 [2.025-90.012]

Hemoglobin < 10.0 g/dL 22.429 [1.907-263.843]
T > 38.5� C 17.738 [1.573-200.076]
Hemoglobin < 10.0 g/dL,

T > 38.5� C
41.578 [2.080-831.229]

Peripheral CRT
£ 2 seconds

None 15.333 [1.611-145.901]

Hemoglobin < 10.0 g/dL 15.255 [1.543-150.775]
T > 38.5� C 25.110 [1.556-405.148]
Hemoglobin < 10.0 g/dL,

T > 38.5� C
37.531 [1.746-806.905]

T, temperature.
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71.4%, positive predictive value (PPV) of 93.1%, and nega-
tive predictive value of 50.0% in predicting ScvO2 $ 70%.
Peripheral CRT# 2 seconds had a sensitivity of 71.9%, spec-
ificity of 85.7%, PPV of 95.8%, and negative predictive value
of 40.0% in predicting ScvO2 $ 70%. Logistical regression
analyses also confirmed significant associations between
both central and peripheral CRTs # 2 seconds and ScvO2

$ 70% while adjusting for clinically significant anemia or fe-
ver (Table II).

Discussion

The American Heart Association’s Subcommittee on Pediat-
ric Resuscitation, through its PALS curricula, advocates the
use of CRT to quickly assess perfusion in children.3 PALS
teaches that prolonged CRT is an early clinical indicator of
compensated shock that results from physiologic mecha-
nisms that try to redirect blood flow from nonvital to vital or-
gans as a means to preserve critical perfusion to the latter.
Systemic vascular resistance is increased in order to maintain
normal blood pressure for age, and this compensatory re-
sponse causes the skin to become cool and pale, peripheral
pulses to become weak, and CRT to become prolonged. In-
terventions such as aggressive fluid resuscitation with or
without inotropic support performed during this early phase
of shock can be quite effective in restoring global circulation
and perfusion and reversing the shock state, whereas a failure
970
to intervene allows for continued progression to uncompen-
sated shock with the development of frank hypotension and
possibly cardiopulmonary arrest.3 Interventions performed
during this latter phase of shock may be less effective in re-
versing the shock state and altering patient outcome.
PALS recommendations touseCRTas a bedside clinical tool

have been supported by studies in hospitalized infants with se-
vere dehydration, a common cause of pediatric shock.12,13 Saa-
vedra et al12 demonstrated that CRT directly correlated to the
degree of dehydration with a CRT of > 3 seconds indicating
a fluid deficit of more than 100 mL/kg. Steiner et al13 found
that prolonged CRT had a sensitivity of 60% and specificity
of 85% for detecting 5% dehydration in infants and children.
Raimer et al
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In addition to assessing dehydration, several studies have eval-
uated CRT as a predictor of illness severity. The World Health
Organization has incorporated CRT as part of the circulatory
assessment in their Emergency Triage and Assessment Guide-
lines published in 1999.14 Based on these recommendations,
a study published by Evans et al15 found that prolonged CRT
> 2 seconds was an independent prognostic indicator of death
in children with severe and complicated malaria in Ghana, ob-
serving that patients with severe anemia and prolonged CRT
had a twofold higher risk of dying. A recent study by Thomp-
son et al16 found that children presenting to a pediatric assess-
ment unit in England with serious infections were significantly
more likely than children withminor infections to have abnor-
mal vital signs, including a CRT > 2 seconds.16 Although not
without limitations, CRT can be a useful adjunct to provide
quick and valuable information in various settings and clinical
situations.

In this study we observe that CRT inversely correlates with
ScvO2, but not unexpectedly, the strength of this relationship
is modest, thusly limiting CRTs ability to predict any specific
ScvO2 value. However, we submit that this may be an incor-
rect application of this simple clinical tool which may be bet-
ter used in a dichotomous manner (ie, ‘‘normal’’ vs
‘‘prolonged’’). Taking this latter approach, we find that a nor-
mal CRT # 2 seconds possesses a high PPV in its ability to
predict ScvO2 $ 70%; or in other words, we speculate that
normalization of CRT may be a reassuring clinical finding
that therapeutic interventions are most likely achieving the
ScvO2 $ 70% target recommended by ACCM guidelines
during septic shock resuscitation. Our study findings help
to strengthen the congruence between PALS recommenda-
tions and ACCM guidelines because resuscitation targeting
normal CRT # 2 seconds (emphasized by PALS recommen-
dations) most likely also targets the desired physiological goal
of ScvO2 $ 70% (emphasized by ACCM guidelines).

Cool, ambient temperatures may cause peripheral vaso-
constriction and prolonged CRT in babies and children
who have been undressed for their well-child exams. Gorelick
et al17 demonstrated that CRT measured on a finger was sig-
nificantly greater among children assessed in a cool room
(19.4� C) compared with those assessed in a warm room
(25.7� C) (2.39 � 0.76 seconds vs 0.85 � 0.45 seconds, re-
spectively). The effects of cool environmental temperature
on peripheral CRT can limit its usefulness as a clinical tool
in this regard. Although we had speculated that CRT assess-
ment on a central body location such as the forehead or ster-
num might be more resistant to the effects of ambient
temperature and therefore might be more reliable than pe-
ripheral CRT assessment, our investigation did not support
our hypothesis that that assessment of central CRT would
be superior to the more common practice of assessing CRT
on the finger or toe in predicting ScvO2 $ 70%.

Although additional investigations will be needed to verify
whether a normal CRT# 2 seconds can be used as a surrogate
target to ScvO2 $ 70% in the community hospital setting,
two observational studies do lend support for this concept.
Han et al6 reported in a single institutional study that suc-
A Normal Capillary Refill Time of # 2 Seconds is Associated with
cessful shock reversal (defined as normalization of systolic
blood pressure for age and CRT# 3 seconds) by community
physicians was associated with a > ninefold increased odds of
survival. And in a follow-up multi-institutional study involv-
ing five regional pediatric centers, Carcillo et al18 recently re-
ported that early shock reversal (again, defined as
normalization of systolic blood pressure for age and CRT
# 3 seconds) by community physicians was significantly as-
sociated with reducedmortality (5.06% vs 16.37%) and func-
tional morbidity (1.56% vs 4.11%) rates. One might
speculate whether shock reversal with CRT # 2 seconds as
the clinical target (as opposed to CRT # 3 seconds) might
have been associated with even better outcomes. On the other
hand, the investigation by de Oliveria et al,5 which was con-
ducted at two large, university-affiliated PICUs in Brazil,
demonstrated the superiority of ScvO2 $ 70% as an addi-
tional physiological target for goal-directed septic shock re-
suscitation. These authors observed significantly better
28-day mortality rates among children who had been resus-
citated to clinical shock reversal (which included CRT # 2
seconds) plus ScvO2 $ 70% compared with those who had
been resuscitated to clinical shock reversal alone (11.8% vs
39.2%, respectively)5 Collectively, these studies suggest that
although CRT # 2 seconds might be a reasonable surrogate
clinical target at community hospitals when appropriate
CVC access cannot be attained, CRT # 2 seconds should
not substitute for ScvO2 $ 70% as the ultimate physiological
target of shock resuscitation when pediatric-specialized care
capabilities are readily available.
There are several limitations to this study that we acknowl-

edge. First, we concede to having a small study and sample
size on which data analyses were performed, and appropriate
caution should be exercised in this regard. We certainly wel-
come additional studies of larger magnitude that will hope-
fully corroborate our study observations.
Second, because of our small sample population we did

not make statistical adjustments for making repeat observa-
tions for some patients but rather treated each observation
as an independent event. We acknowledge that our assump-
tion of observational independence may not be entirely valid.
Third, other than using a hand-held stopwatch, no efforts

were made to standardize the technique by which CRT mea-
surements was assessed, nor were any efforts made to control
for interobserver differences or adjust for any ambient room
temperature fluctuations. However, we intentionally avoided
standardization of CRT technique to better reflect clinical
practice which has been reported to be quite varied.19 In
fact, we submit that our methodologic approach imparts
a greater likelihood that our observations can be reproduced
in an actual clinical setting than had we applied a rigorously
controlled assessment of CRT.
We conclude that CRT in critically-ill children inversely

correlates with ScvO2 in a manner such that a CRT # 2
seconds can predict ScvO2 $ 70%. These data support
PALS recommendations for goal-directed shock resuscita-
tion targeting a normal CRT # 2 seconds. This target
endpoint remains particularly relevant in community
Superior Vena Cava Oxygen Saturations of $ 70% 971
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hospitals when CVC access may be limited and ScvO2

data unavailable. n
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