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Between May 2014 and April 2015, the New 
England Journal of Medicine published three 
investigations into the guided resuscitation of 

patients with septic shock.1-3 As a result of these tri-
als, the Surviving Sepsis Campaign (SSC) has revised 
its six-hour bundle (see Surviving Sepsis Campaign: 
Updated Bundles in Response to New Evidence, at 
www.survivingsepsis.org/SiteCollectionDocuments/
SSC_Bundle.pdf).4 The revisions have profound im-
plications for nursing practice. Severe sepsis strikes 
an estimated 19.4 million people worldwide annu-
ally,5 with between 894,000 and 3.1 million cases 
occurring in the United States.6 In 2014, 182,242 of 
these U.S. cases resulted in death.7 In fact, an anal-
ysis of two inpatient cohorts from Kaiser Perman-
ente Northern California and the Healthcare Cost 
and Utilization Project Nationwide Inpatient Sample 
found that sepsis was a factor in one-third to one-half 

of all hospital deaths.8 The Centers for Disease Con-
trol and Prevention has identified the early recogni-
tion and treatment of sepsis as a national priority.

One revision to the SSC bundle is the recommen-
dation to document reassessment of volume status 
and tissue perfusion after initial fluid resuscitation—
either through a repeated examination focused on 
vital signs, cardiopulmonary function, capillary refill 
time (CRT), pulse, and skin mottling score (SMS) or 
through two of the following methods4:
•	 central venous pressure (CVP) measurement 
•	 central venous oxygen saturation (ScvO2) mea-

surement 
•	 bedside cardiovascular ultrasound
•	 dynamic assessment of fluid responsiveness 

through passive leg raising or a fluid challenge 
This article discusses two of these components—

CRT and SMS—for which practice and interpretation 
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peripheral perfusion, with a longer CRT denoting re-
duced capillary perfusion.9 Although CRT is often 
measured as a part of patient assessment, there are 
no standard recommendations for the practice or in-
terpretation of this measurement (see Variations in 
CRT Practice10-17). 

Threshold value. There is no agreement on what 
constitutes normal or threshold values for CRT. In 
1988, Schriger and colleagues conducted a seminal 
study that included 304 healthy volunteers (ages two 
weeks to 95 years) and found that the median finger-
tip CRT differed by age and sex.17 For young men and 
women (ages 20 to 49 years), the median CRT was 
one second and 1.2 seconds, respectively, but in older 
men and women (ages 62 to 95 years), it was 1.8 and 
1.5 seconds, respectively, though the men were, on av-
erage, five years older than the women. Based on these 
findings, the upper limits of normal (CRT values that 
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vary widely. The discussion is informed by articles re-
lated to the use of these noninvasive assessments both 
in patients with septic shock and in normal control 
groups. The articles were identified through a litera-
ture search using PubMed, CINAHL, Web of Science, 
and the Cochrane databases; spanning 1985 through 
2016; and including the following search terms: septic 
shock, capillary refill time, skin mottling, microcircula-
tion physiology, and microcirculation monitoring, as 
well as links to additional citations, major conference 
abstracts, and references cited in the relevant research 
and review articles.

CRT PRACTICE AND INTERPRETATION
CRT refers to the time required for blood flow—and 
thus color—to return to the distal capillaries after the 
release of compression sufficient to cause blanching 
of the fingertip or knee. CRT is believed to indicate 

Figure 1. The skin mottling score is based on the extension of the mottling on the leg. Score 0 indicates 
no mottling; score 1, modest mottling area (coin size) localized to the center of the knee; score 2, mod-
erate mottling area that does not exceed the superior edge of the kneecap; score 3, mild mottling area 
that does not exceed the middle thigh; score 4, severe mottling area that does not exceed the fold of the 
groin; score 5, extremely severe mottling area that exceeds the fold of the groin. Reprinted with permis-
sion from Ait-Oufella H, et al. Intensive Care Med 2011;37(5):801-7. 
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include 95% of Schriger’s healthy volunteers) were 
two seconds for adult men, 2.9 seconds for adult 
women, and 4.5 seconds for the older adult popula-
tion (men and women combined).17 A more recent 
study by Anderson and colleagues, which included 
1,000 healthy adults ages 29 to 89, compared Sch-
riger’s age- and sex-specific limits for fingertip CRT 
with a two-second upper limit, which is commonly 
regarded as an indication of normal peripheral per-
fusion.11 The investigators found they could more 
accurately identify normal versus abnormal periph-
eral perfusion using Schriger’s limits, though the 
approach was not flawless. They found that CRT 
increased with age at a rate of 3.3% per decade and 
was, on average, slightly less in men than in women, 
with the upper limit of normal being 3.5 seconds. 
Applying a two-second upper limit of normal would 
have misclassified 45% of the Anderson sample, but 
using Schriger’s age- and sex-specific values would 
have misclassified only 19% of the younger adults 
and 5% of the older adults in that sample.11 While 
Anderson and colleagues found that age, sex, and 
both ambient and patient temperature affect CRT, 
these factors accounted for only 8% of CRT vari-
ance in their study. As is true for healthy patients, 
there is no standardized threshold by which to clas-
sify CRT as normal or abnormal in patients with 
septic shock. 

Since the publication of those studies, some in-
vestigators have used Schriger’s age- and sex-specific 
values for CRT,16 while others have used CRT finger-
tip thresholds of four or 4.5 seconds.12-15 

Sites of measurement. In studies of CRT, only 
two sites—fingertip and knee—have been used, with 
most studies using the fingertip. In one study of pa-
tients with septic shock, knee CRT was assessed and 
found to be longer than fingertip CRT both in sur-
vivors and nonsurvivors.10 

CRT and skin tone. CRT has not been studied 
widely in patients with dark skin. One study in which 
10% of participants were nonwhite, however, found 
no CRT differences due to ethnicity.11 

Compression time varies, but ranges from five11, 16-19 
to 15 seconds.10, 13, 14 The time required for color to re-
turn to the tissues is generally measured by a chronom-
eter or a stopwatch. No studies have been conducted 
in adults to determine the effect of the differences in 
compression time on CRT.

Compression firmness. A majority of the research 
on CRT describes the pressure applied as moderate 
or firm.11, 17-20 Ait-Oufella and colleagues attempted to 
standardize compression firmness with a protocol 
specifying that clinicians should apply sufficient pres-
sure to cause blanching at the tip of their own finger-
nail, as indicated by the “appearance of a thin white 
distal crescent” beneath the nail.10 

Repeated CRT measurements. For adult patients, 
there are no recommendations regarding whether to 
repeat CRT measurements, the time between CRT 
measurements, or whether to average two CRT mea-
surements. However, in their 2008 study of 1,000 
healthy adults, Anderson and colleagues measured 
CRT twice, with the measurements one minute apart, 
and averaged the two.11 They found the mean differ-
ence between the repeated measurements was only 
−0.1 second, suggesting that repeated CRT measure-
ments taken one minute apart are reproducible.

Interobserver agreement. Because so many as-
pects of CRT measurement are not standardized, 
it can be challenging to achieve agreement between 
those performing the assessment. The following fac-
tors, however, may improve CRT interobserver agree-
ment: 
•	 standardization of practice
•	 measurement using a stopwatch or chronometer
•	 averaging two measurements 
•	 using thresholds to indicate values that are abnor-

mal in healthy people and values that are associ-
ated with poorer outcomes in patients with septic 
shock
Two studies of critically ill patients demonstrate 

how these factors may be integrated into the prac-
tice of measuring and interpreting CRT. In a study 
of 48 critically ill patients, in which CRT measure-
ment was standardized (15 seconds of firm pressure 
was applied to the distal phalanx, with the time to 

Variations in CRT Practice10-17, a 

The practice of capillary refill time (CRT) measurement varies widely 
among clinicians. Although there are no standard recommendations 
for performance or interpretation, the following practices have been 
adopted in several studies of CRT’s use and efficacy as an indicator of 
peripheral perfusion in septic shock. 

 •  Threshold value. Commonly used fingertip thresholds include 
four seconds, 4.5 seconds, or Schriger’s age- and sex-specific val-
ues (two seconds for young adult men, 2.9 seconds for young 
adult women, and 4.5 seconds for older adults).

 •  Sites of measurement. One of two sites is commonly used for 
measurement: the index fingertip (distal phalanx) or the center 
of the knee, with the extremity at heart level. There appears to be 
no clinically significant difference in the measurements obtained 
from other fingers, but subsequent measurements should be 
taken from the same site. Knee CRT is longer than fingertip CRT.

 •  Compression time ranges from five to 15 seconds. It’s recom-
mended that practitioners use one compression time for all mea-
surements.

 •  Compression firmness. The pressure applied should be firm 
enough to cause blanching (the appearance of a thin white cres-
cent) at the tip of the clinician’s own fingernail. 

 •  Repeated measurement. Measure CRT twice, waiting one min-
ute between measurements, and average the two values. 

a   CRT has not been widely studied in patients with dark skin.
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return of normal color recorded by chronometer) 
and a five-second threshold was used, the observers 
demonstrated significant agreement regarding normal 
versus abnormal CRT.20 In a pilot study conducted 
to assess CRT reproducibility in patients with septic 
shock, firm pressure was applied for 15 seconds to ei-
ther the distal phalanx of the index finger or the center 
of the knee, and a chronometer was used to measure 
the time to return of normal color.10 Two intensivists 
separately completed two CRT measurements on each 
of 59 patients with septic shock and averaged the two 
successive values they obtained. Interrater concordance 
was 80% (73% to 86%) for the finger CRT and 95% 
(93% to 98%) for the knee.

Another study of interobserver agreement pro-
vides an example of how CRT education and perfor-
mance evaluation can be provided to a large number 
of individuals.21 In this study, investigators videotaped 
CRT measurements performed on six medical pa-
tients and showed them to 37 nurses and nine nurse 
assistants. Each participant viewed the videos (on 
which a counter displayed elapsed time in seconds), 
recorded a CRT measurement, and classified the re-
sponse as normal or abnormal without being given 
predefined levels of normalcy. When comparing par-
ticipants’ measurements of CRT, investigators found 
acceptable agreement, but when comparing partici-
pants’ assessment of CRT normalcy, they found only 
moderate agreement. Agreement as to whether mea-
surements were normal or abnormal was better when 
Schriger’s age- and sex-specific thresholds were used 
than when a two-second threshold was used.

CRT interpretation. CRT has been associated 
with other perfusion indicators—such as lactate lev-
els, organ function, urinary output, forearm–finger 
temperature gradient, and central–toe temperature 
gradient—but is not generally associated with sys-
temic hemodynamic indicators such as cardiac index, 
CVP, ScvO2, mean arterial pressure (MAP), and heart 
rate.10, 12-14, 19, 22 In 41 patients with septic shock, Her-
nandez and colleagues found that both CRT and lac-
tate levels decreased over the six-hour resuscitation 
period.13 Patients who had a normal CRT of less than 
four seconds and a central–toe temperature gradient 
below 7°C at six hours attained a normal lactate level 
at 24 hours. In a subsequent study, investigators ob-
served similar results for CRT in 84 patients who sur-
vived septic shock.12 Although the median cardiac 
index, CVP, and MAP were all within normal ranges 
at the start of resuscitation, the lactate level was ab-
normal in all 84 patients, and CRT was abnormal 
(greater than four seconds) in 39. Notably, these pa-
tients demonstrated a progressive decrease in lactate 
level and CRT over the first six hours of resuscitation. 
These studies demonstrate the relationship between 
CRT and other perfusion indicators, as well as the 
variable period during which hemodynamic and 
perfusion indicators normalize during resuscitation. 

In addition, they underscore the fact that no single 
value can be used to assess the adequacy of perfu-
sion or resuscitation.

Lima and colleagues evaluated the relation-
ship between abnormal perfusion and subsequent 
development of end-organ dysfunction.14 Investiga-
tors defined abnormal perfusion as a CRT greater 
than 4.5 seconds, based on the upper limit of normal 
identified by Schriger and colleagues, or an abnor-
mally low skin temperature, as indicated by extremi-
ties that were cool to the touch or a forearm–fingertip 
skin temperature gradient greater than 4°C. After ini-
tial resuscitation, patients with abnormal perfusion 
were 7.4 times more likely than patients with normal 
perfusion to have severe organ or metabolic dysfunc-
tion and 4.6 times more likely to have hyperlactatemia 
(lactate levels greater than 2 mmol/L). These findings 
were independent of systemic hemodynamics and va-
sopressor dose.14 

The CRT at the end of resuscitation is a strong pre-
dictive factor of short-term mortality in patients with 
severe sepsis.10, 16 In one prospective observational 
study that included 59 patients with septic shock, at 
the end of the initial six-hour resuscitation, CRT for 
both the index finger and the knee was significantly 
shorter (P < 0.0001) in patients who were alive at 
day 14 than in nonsurvivors (2.3 ± 1.8 seconds ver-
sus 5.6 ± 3.5 seconds for the index finger; 2.9 ± 1.7 
seconds versus 7.6 ± 4.6 seconds for the knee), with 
an index finger CRT greater than 2.4 seconds and a 
knee CRT greater than 4.9 seconds predicting 14-day 
mortality.10 The investigators found that changes in 
CRT during resuscitation were also associated with 
prognosis. A 20% decrease in CRT from the start of 
resuscitation to hour 6 was considered an improve-
ment. In 18 of the 22 patients who died, CRT did not 
improve and remained elevated during resuscitation, 
independent of changes in cardiac index.

These studies demonstrate the association of CRT 
with other indicators of peripheral perfusion and the 
importance of ongoing CRT assessment throughout 
the resuscitation period. CRT provides insight into 
perfusion status, independent of changes in systemic 
hemodynamics. If CRT remains abnormal or has not 
improved by the six-hour reassessment point, resusci-
tation may be incomplete and reassessment and treat-
ment may be warranted.

CRT provides insight into perfusion  

status, independent of changes in  

systemic hemodynamics.
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SKIN MOTTLING
One aspect of a perfusion skin assessment is skin mot-
tling (patchy discoloration), which is often observed 
on the knee and anterior leg. Skin mottling, in the ab-
sence of microvascular clotting, is an indicator of hy-
poperfusion.22 Changes in mottling and skin perfusion 
often occur independent of changes in systemic hemo-
dynamics.23 This assessment has been limited, how-
ever, by the fact that there is no standardized method 
for quantifying mottling severity. 

To address this limitation, Ait-Oufella and col-
leagues created a scoring system with which to quan-
tify the extent of mottling on the leg (when positioned 
at heart level).23, 24 The SMS incorporates a six-point 
scale, ranging from 0, no mottling, to 5, severe mot-
tling extending to the groin (see Figure 1). The SMS is 
limited, however, in that it cannot be used on patients 
with dark skin.23, 25 

Interpreting the SMS. The SMS is associated with 
other perfusion indicators, such as lactate level and 
urine output,26 and an increased SMS at six hours is 
associated with low tissue oxygenation at the knee.27 
In patients with septic shock, skin perfusion as mea-
sured by laser Doppler was significantly correlated 
with the SMS and with changes in the SMS during 
resuscitation.24

The SMS at six hours of resuscitation is a strong 
predictor of mortality. At hour 6 of resuscitation, 
Ait-Oufella and colleagues found that among 60 
vasopressor-dependent patients with septic shock, 
31 (52%) had no or modest mottling (SMS 0–1), 
17 (28%) had mild or moderate mottling (SMS 2–3), 
and 12 (20%) had severe mottling (SMS 4–5).23 The 
14-day mortality rate increased from 13% for those 
with an SMS of 0–1 to 70% for those with an SMS 
of 2–3 and 92% for those with an SMS of 4–5. Most 
patients with severe mottling at hour 6 died on day 1 
of admission. After excluding the 22 patients with an 
admission SMS of 0–1, 10 (77%) of the 13 patients 
whose SMS improved (decreased) between hours 0 
and 6 of resuscitation survived. By contrast, of the 25 
patients whose SMS either did not change or wors-
ened despite normalization of systemic hemodynamics, 

only three (12%) survived. A higher SMS in patients 
with moderate or extensive mottling on admission 
was associated with an increase in lactate level. Among 
patients receiving high-dose vasopressors at hour 6, 
those with an SMS of 0–1 had a survival rate of 72%, 
whereas none with higher scores survived.23 

Similar results were observed in a study of 42 pa-
tients with cirrhosis and septic shock: six-hour SMS 
was the strongest predictor of 14-day mortality, and 
all 19 patients with a six-hour SMS greater than 1 
died.27 Changes in SMS between initiation and hour 
6 of resuscitation were also associated with mortal-
ity: all 10 of the patients whose SMS increased dur-
ing that period died, while four of the five patients 
(80%) whose SMS decreased survived. 

A high SMS after volume expansion was also found 
to be associated with increased 28-day mortality in 
adult patients with septic shock28 and with increased 
mortality—independent of vasopressors, mechanical 
ventilation, or hyperlactatemia—in a general popu-
lation of 791 ICU patients (65 of whom had septic 
shock).29 

THE RELATIONSHIP BETWEEN LACTATE, CRT, AND SMS
Repeated assessments, including lactate monitor-
ing, are central to sepsis resuscitation. The CRT 
and SMS measurements are not meant to replace 
lactate mon itoring, but to augment the ongoing 
perfusion assessment. While there are no studies 
that associate absolute values for CRT or SMS with 
any specific lactate levels, research has demonstrated 
a relationship between all three perfusion indicators. 
For example, in a study in which 39 patients had 
circulatory shock on admission, including 21 with 
septic shock, the proportion of patients with hyper-
lactatemia (lactate levels greater than 2 mmol/L) was 
significantly greater among patients with a CRT 
greater than 4.5 seconds than among those with a 
normal CRT (67% versus 33%).14 Sim ilar results 
were observed in patients with severe sepsis and 
septic shock.30 Six hours following resus citation, 
median fingertip and knee CRT measurements were 
significantly greater in patients with septic shock 
than in those with severe sepsis (fingertip: 2.5 ver-
sus 1.6 seconds, P = 0.002; knee: 4.2 versus 2.2 sec-
onds, P < 0.001), though there were no significant 
differences in MAP or cardiac index.30 

There is also a relationship between changes in 
CRT, SMS, and lactate levels during resuscitation, 
though no studies have directly compared CRT and 
SMS. In a study of 84 hospital survivors of septic 
shock, both the lactate levels and CRT measurements 
decreased during the ICU phase of resuscitation.12 
(See Table 1.12) Of note, the perfusion indicators 
were abnormal despite normalization of the MAP 
and cardiac index. During resuscitation, CRT has 
also been found to resolve more rapidly than lac-
tate, and a CRT of less than two seconds at hour 6 

Parameter Baseline 2 Hours 6 Hours

Lactate, mmol/L 4 (3–4.9) 3.4 (2.4–4.2) 2.8 (2–3.8)

CRT, seconds 6 (5–8) 4 (3–5) 3 (2–6)

Cardiac index, L/min/m2 3.1 (2.5–3.9) 3.5 (2.9–4.6) 3.2 (2.6–3.8)

MAP, mmHg 73 (67–79) 71 (68–74) 71 (68–74)

Table 1. Changes in Perfusion and Hemodynamic Indicators During 
Resuscitation12, a 

CRT = capillary refill time; MAP = mean arterial pressure.
a   All values are reported as median (interquartile range).
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is associated with successful resuscitation (a lactate 
level below 2 mmol/L) at 24 hours.13 In patients with 
septic shock and moderate or severe mottling (an 
SMS greater than 1) on admission, worsening of the 
SMS between hours 0 and 6 of resuscitation is asso-
ciated with an increase in lactate and a decrease in 
urine output.23 

INTEGRATING PERIPHERAL PERFUSION MEASUREMENTS 
AND CARE
Although the SSC six-hour bundle recommends that 
patient reassessment include peripheral perfusion mea-
surements, it provides no guidance on integrating such 
findings into the plan of care.4 A randomized con-
trolled trial compared peripheral perfusion–targeted 
fluid management with early goal-directed resuscita-
tion in 30 patients with septic shock.31 The peripheral 
perfusion indicators were CRT, peripheral perfusion 
index (from a pulse oximeter), forearm–finger skin 
temperature gradient, and tissue oxygenation. If at 
least three of four peripheral perfusion indicators 
were abnormal, the patient would receive up to two 
250-mL colloid boluses to increase peripheral perfu-
sion. If the boluses did not improve the perfusion in-
dicators, no additional fluid was administered and 
alternate therapies were considered. In the early goal-
directed therapy group, if the patient did not achieve 
target values for MAP, CVP, cardiac index, urinary 
output, heart rate, and arterial oxygen saturation, 
fluid boluses were administered until target values 
were achieved or the patient became a fluid nonre-
sponder (as indicated by a stroke volume increase of 
10% or less). The treatment groups did not differ in 
systemic hemodynamics, lactate levels, or ScvO2 over 
time; however, the peripheral perfusion–targeted fluid 
management group received 1.8 L less fluid during the 
initial six-hour resuscitation and 2.5 L less fluid be-
tween hours 7 and 72. There were no differences in 
ventilator-free days, ICU mortality, or ICU length of 
stay between the groups. The early goal-directed ther-
apy group, however, had a significantly longer hospi-
tal stay and higher organ failure scores. An important 
aspect of this study was that the four perfusion in-
dicators were used, not as targets, but rather to signal 
when fluid resuscitation was no longer appropriate 
(that is, when the indicators no longer improved with 
fluid resuscitation).

NURSING IMPLICATIONS
These studies identify several implications for nursing 
practice (see CRT and SMS Fundamentals). Most no-
tably, the practice and assessment of these skin perfu-
sion measurements should be standardized, with all 
providers taught how to correctly perform and inter-
pret findings. It should be emphasized that the nor-
malization of CRT and SMS are not resuscitation end 
points, but rather indirect indicators of perfusion and 
components of the ongoing assessment of resuscitation 

adequacy. Serial monitoring and documentation 
of these parameters is recommended, and as outlined 
in the SSC six-hour bundle, resuscitation should con-
tinue toward an established end point, such as the 
normalization of lactate levels. CRT and SMS should 
not be used as the sole indicators of perfusion. How-
ever, poor outcomes are associated with the failure of 
CRT or SMS to improve and with continued abnor-
mal peripheral perfusion following the normalization 
of systemic hemodynamic indicators. Either situation 
suggests the need for a more in-depth assessment and 
continued resuscitation. 

CASE STUDY
Test your understanding of peripheral perfusion indi-
cators by considering the case of Julia Smith, an oth-
erwise healthy 65-year-old who is admitted to an acute 
care unit with a diagnosis of community-acquired 
pneumonia. (This case is a composite based on my 
experience.) On admission, her vital signs are as fol-
lows: 
•	 blood pressure–112/72 mmHg 
•	 MAP–85 mmHg 
•	 heart rate–90 beats per minute
•	 respiratory rate–22 breaths per minute 
•	 temperature–100.5°F
•	 peripheral capillary oxygen saturation (SpO2)–

90% on room air
Antibiotics and oxygen (2 L/min by nasal can-

nula) are initiated. Over the next several hours, 
Ms. Smith’s condition deteriorates (blood pressure, 
94/52 mmHg; MAP, 66 mmHg; heart rate, 98 beats 
per minute; respiratory rate, 26 breaths per minute), 
and she has become mildly confused, with a Glasgow 
Coma Scale score of 14. A rapid response team is 
called. Additional assessment findings include CRT, 

CRT and SMS Fundamentals 

When integrating capillary refill time (CRT) and skin mottling score 
(SMS) into septic shock reassessment, keep the following in mind:

 •  CRT and SMS are associated with other indicators of peripheral 
perfusion, but may remain abnormal despite normalization of 
systemic indicators such as mean arterial pressure, heart rate, 
central venous pressure, cardiac index, and central venous oxy-
gen saturation.

 •  An abnormal CRT and SMS at hour 6 of resuscitation, and failure 
of the CRT or SMS to improve during resuscitation, indicate in-
creased risk of morbidity and mortality.

 •  CRT and SMS are not end points of resuscitation, but may be in-
cluded in the assessment that guides initial resuscitation.

 •  CRT and SMS are dynamic indicators and should be monitored 
repeatedly over the resuscitation period.

 •  CMS and SMS should be used in conjunction with other indica-
tors of peripheral perfusion.
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six seconds; SMS, 4; lactate level, 4 mmol/L. Fluid 
resuscitation is initiated for sepsis, and Ms. Smith is 
transferred to the ICU. Upon completion of the initial 
fluid resuscitation (after two hours), reassessment is 
completed. Her vital signs have improved (blood 
pressure, 102/64 mmHg; MAP, 77 mmHg; heart 
rate, 86 beats per minute; respiratory rate, 24 breaths 
per minute; SpO2, 93% on oxygen 3 L/min by nasal 
cannula). Her CRT is 4.5 seconds and her SMS is 3. 

Clinical question: Is resuscitation complete? 
Discussion: Although Ms. Smith’s vital signs have 

improved, she still has indications of altered periph-
eral perfusion (prolonged CRT and moderately in-
creased skin mottling). A repeat lactate level should 
be obtained, with the understanding that lactate may 
have a slower resolution than CRT or SMS. In this 
case, the lactate level was 3.5 mmol/L. Combined, 
these perfusion indicators suggest a need for continued 
resuscitation, despite normalization of vital signs. ▼

Elizabeth Bridges is a clinical nurse researcher at the University 
of Washington Medical Center, Seattle, and a professor in the 
University of Washington School of Nursing. Contact author: 
ebridges@u.washington.edu. The author and planners have dis-
closed no potential conflicts of interest, financial or otherwise. 

REFERENCES
1. ARISE Investigators, et al. Goal-directed resuscitation for pa-

tients with early septic shock. N Engl J Med 2014;371(16): 
1496-506. 

2. Mouncey PR, et al. Trial of early, goal-directed resuscitation 
for septic shock. N Engl J Med 2015;372(14):1301-11. 

3. ProCESS Investigators, et al. A randomized trial of protocol-
based care for early septic shock. N Engl J Med 2014;370(18): 
1683-93. 

4. Society of Critical Care Medicine. Surviving sepsis campaign: 
updated bundles in response to new evidence. Mount Pros-
pect, IL; 2015 Apr. Surviving Sepsis Campaign; http://www.
survivingsepsis.org/SiteCollectionDocuments/SSC_Bundle.pdf.

5. Fleischmann C, et al. Assessment of global incidence and mor-
tality of hospital-treated sepsis: current estimates and limita-
tions. Am J Respir Crit Care Med 2016;193(3):259-72. 

6. Gaieski DF, et al. Benchmarking the incidence and mortality 
of severe sepsis in the United States. Crit Care Med 2013; 
41(5):1167-74. 

7. Epstein L, et al. Varying estimates of sepsis mortality using 
death certificates and administrative codes—United States, 
1999-2014. MMWR Morb Mortal Wkly Rep 2016;65(13): 
342-5. 

8. Liu V, et al. Hospital deaths in patients with sepsis from 2 
independent cohorts. JAMA 2014;312(1):90-2. 

9. Pickard A, et al. Capillary refill time: is it still a useful clini-
cal sign? Anesth Analg 2011;113(1):120-3. 

10. Ait-Oufella H, et al. Capillary refill time exploration during 
septic shock. Intensive Care Med 2014;40(7):958-64. 

11. Anderson B, et al. Impact of patient and environmental fac-
tors on capillary refill time in adults. Am J Emerg Med 2008; 
26(1):62-5. 

12. Hernandez G, et al. When to stop septic shock resuscitation: 
clues from a dynamic perfusion monitoring. Ann Intensive 
Care 2014;4:30. 

13. Hernandez G, et al. Evolution of peripheral vs metabolic per-
fusion parameters during septic shock resuscitation: a clinical-
physiologic study. J Crit Care 2012;27(3):283-8. 

14. Lima A, et al. The prognostic value of the subjective assess-
ment of peripheral perfusion in critically ill patients. Crit 
Care Med 2009;37(3):934-8. 

15. Lima A, et al. The relation of near-infrared spectroscopy with 
changes in peripheral circulation in critically ill patients. Crit 
Care Med 2011;39(7):1649-54. 

16. Mrgan M, et al. Capillary refill time is a predictor of short-
term mortality for adult patients admitted to a medical de-
partment: an observational cohort study. Emerg Med J 2014; 
31(12):954-8. 

17. Schriger DL, Baraff L. Defining normal capillary refill: varia-
tion with age, sex, and temperature. Ann Emerg Med 1988; 
17(9):932-5. 

18. Espinoza ED, et al. Lack of agreement between different ob-
servers and methods in the measurement of capillary refill 
time in healthy volunteers: an observational study. Rev Bras 
Ter Intensiva 2014;26(3):269-76. 

19. Morimura N, et al. A pilot study of quantitative capillary 
refill time to identify high blood lactate levels in critically ill 
patients. Emerg Med J 2015;32(6):444-8. 

20. Lima A, et al. Is bedside clinical examination of capillary re-
fill time reproducible in critically ill patients between differ-
ent observers? A inter-rater variability study. Intensive Care 
Med 2011;37(Suppl 1):S215. 

21. Brabrand M, et al. Capillary refill time: a study of interob-
server reliability among nurses and nurse assistants. Eur J 
Emerg Med 2011;18(1):46-9. 

22. Ait-Oufella H, Bakker J. Understanding clinical signs of poor 
tissue perfusion during septic shock. Intensive Care Med 2016; 
42(12):2070-2. 

23. Ait-Oufella H, et al. Mottling score predicts survival in sep-
tic shock. Intensive Care Med 2011;37(5):801-7. 

24. Ait-Oufella H, et al. Alteration of skin perfusion in mottling 
area during septic shock. Ann Intensive Care 2013;3(1):31. 

25. Coudroy R, et al. Incidence and impact of skin mottling over 
the knee and its duration on outcome in critically ill patients. 
Intensive Care Med 2015;41(3):452-9. 

26. Ait-Oufella H, et al. Knee area tissue oxygen saturation is pre-
dictive of 14-day mortality in septic shock. Intensive Care Med 
2012;38(6):976-83. 

27. Galbois A, et al. Exploration of skin perfusion in cirrhotic pa-
tients with septic shock. J Hepatol 2015;62(3):549-55. 

28. de Moura EB, et al. Skin mottling score as a predictor of 28-
day mortality in patients with septic shock. Intensive Care 
Med 2016;42(3):479-80. 

29. Coudroy R, et al. Is skin mottling a predictor of high mortal-
ity in non-selected patients with cirrhosis admitted to intensive 
care unit? J Hepatol 2015;63(3):770-1. 

30. Bourcier S, et al. Toe-to-room temperature gradient correlates 
with tissue perfusion and predicts outcome in selected criti-
cally ill patients with severe infections. Ann Intensive Care 
2016;6(1):63. 

31. van Genderen ME, et al. Early peripheral perfusion-guided 
fluid therapy in patients with septic shock. Am J Respir Crit 
Care Med 2015;191(4):477-80.

For five additional continuing nursing educa-
tion activities on the topic of sepsis, go to www.
nursingcenter.com/ce.

mailto: ebridges@u.washington.edu
http://www.survivingsepsis.org/SiteCollectionDocuments/SSC_Bundle.pdf
http://www.survivingsepsis.org/SiteCollectionDocuments/SSC_Bundle.pdf
http://www.nursingcenter.com/ce
http://www.nursingcenter.com/ce

