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Objective: The physical examination of peripheral perfusion
based on touching the skin or measuring capillary refill time has
been related to the prognosis of patients with circulatory shock.
It is unclear, however, whether monitoring peripheral perfusion
after initial resuscitation still provides information on morbidity in
critically ill patients. Therefore, we investigated whether subjec-
tive assessment of peripheral perfusion could help identify criti-
cally ill patients with a more severe organ or metabolic dysfunc-
tion using the Sequential Organ Failure Assessment (SOFA) score
and lactate levels.

Design: Prospective observational study.

Setting: Multidisciplinary intensive care unit in a university
hospital.

Patients: Fifty consecutive adult patients admitted to the in-
tensive care unit.

Interventions: None.

Measurements and Main Results: Patients were considered to
have abnormal peripheral perfusion if the examined extremity had
an increase in capillary refill time (>4.5 seconds) or it was cool
to the examiner hands. To address reliability of subjective inspec-
tion and palpation of peripheral perfusion, we also measured
forearm-to-fingertip skin-temperature gradient (7,,;,_qir;), Ccentral-
to-toe temperature difference (7;_.,.), and peripheral flow index.
The measurements were taken within 24 hours of admission to
the intensive care after hemodynamic stability was obtained
(mean arterial pressure >65 mm Hg). Changes in SOFA score

during the first 48 hours were analyzed (6-SOFA). Individual SOFA
score was significantly higher in patients with abnormal periph-
eral perfusion than in those with normal peripheral perfusion (9 =
3vs. 7 =2, p<0.05). Tynqifir Tc-toes @and peripheral flow index
were congruent with the subjective assessment of peripheral
perfusion. The proportion of patients with 5-SOFA score >0 was
significantly higher in patients with abnormal peripheral perfu-
sion (77% vs. 23%, p < 0.05). The logistic regression analysis
showed that the odds of unfavorable evolution are 7.4 (95%
confidence interval 2-19; p < 0.05) times higher for a patient with
abnormal peripheral perfusion. The proportion of hyperlactatemia
was significantly different between patients with abnormal and
normal peripheral perfusion (67% vs. 33%, p < 0.05). The odds of
hyperlactatemia by logistic regression analysis are 4.6 (95%
confidence interval 1.4-15; p < 0.05) times higher for a patient
with abnormal peripheral perfusion.

Gonclusions: Subjective assessment of peripheral perfusion
with physical examination following initial hemodynamic resus-
citation in the first 24 hours of admission could identify hemo-
dynamically stable patients with a more severe organ dysfunction
and higher lactate levels. Patients with abnormal peripheral per-
fusion had significantly higher odds of worsening organ failure
than did patients with normal peripheral perfusion following
initial resuscitation. (Crit Care Med 2009; 37:934-938)

Kev Worbs: physical examination; capillary refill; skin temper-
ature; body temperature; critically ill; multiple organ failure

linical signs of poor periph-
eral perfusion have been
shown to be an early marker
of inadequate tissue perfusion
in acute circulatory shock (1-3). The ra-
tionale of monitoring peripheral perfu-

sion_is_based_on_the_concept_that_during__

hypotension the sympathetic neurohu-
moral response predominates on periph-
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eral tissues resulting in a decreased skin
perfusion and temperature (4, 5). Thus,
monitoring of peripheral perfusion can
assess the effect of the neurohumoral
compensatory mechanism induced by
low flow shock states in an acute stage of
the disease.

Studies have showed that the subjec-
tive assessment of peripheral perfusion,
in particular, the physical examination by
touching the skin or measuring capillary
refill time, can identifv patients at high
risk of complications from acute circula-
tory shock (6-9). Hasdai et al (7) showed
the importance of the physical examina-
tion of peripheral perfusion in determin-
ing the prognosis of patients with cardio-
genic shock. In their study, the presence
of a cold and clammy skin was an inde-
pendent predictor of 30-day mortality. Al-

though septic shock is associated with
peripheral vasodilation, cool extremities
may be present in the early stage of sep-
sis. In another recent study, Thompson et
al (8) studied the time course of the clin-
ical features of meningococcal disease in
children and adolescents before the ad-
mission to the hospital, and they identi-
fied cold hands and feet together with
abnormal skin color as the main impor-
tant clinical signs within the first 12
hours of the onset of illness. From these
studies, it is clear that subjective assess-
ment of peripheral perfusion is a valuable
adjunct in hemodynamic monitoring
during circulatory shock, and should be
the first approach to assess critically ill
patients.

However, most studies on clinical as-
sessment of peripheral perfusion have fo-
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cused on specific populations of patients
or have been performed during resusci-
tation in an acute stage of the disease (3,
8-10). It is unclear whether monitoring
peripheral perfusion with physical exam-
ination in a general population of the
intensive care unit (ICU) after initial re-
suscitation still provides information
about organ derangements and whether
it predicts outcome in terms of or
dysfunction.

In view of these observations, we car-
ried out a prospective study to evaluate
whether subjective assessment of periph-
eral perfusion in the postresuscitation
phase of patients admitted to a general
ICU could predict organ dysfunction. In
particular, we wished to investigate if
clinical monitoring of peripheral perfu-
sion could help identify patients with a
more severe organ dysfunction or meta-
bolic dysfunction, as expressed by high
Sequential Organ Failure Assessment
(SOFA) score and lactate levels.

MATERIALS AND METHODS

Study Design and Patients. This prospec-
tive observational study was conducted in the
intensive care of a university hospital, admit-
ting all patients except those following cardiac
surgery. We enrolled consecutive critically ill
patients who had undergone initial resuscita-
tion and stabilization within 24 hours of ICU
admission. Patients were gxcluded if they had
severe peripheral vascular disease (with a his-
tory of vascular surgery). The Institutional
Review Board approved the study. Each pa-
tient or relative provided written informed
consent.

Measurements. The assessment of periph-
eral perfusion was based on the subjective
evaluation of the examiner, and patients were
considered to have abnormal peripheral per-
fusion if the examined extremity had an in-
crease in capillary refill time or it was cool to
the examiner’s hands. Capillary refill time was
measured by applying firm pressure to the
distal phalanx of the index finger for 15 sec-
onds. A chronometer recorded the time for
return of the normal color and 4.5 seconds
was defined as the upper limit of normality
(11). To address the reliability of the subjective
assessment of peripheral perfusion by the ex-
aminer, we also_measured forearm-to-finger-

ip skin-temperature gradient (7., cen-
tral-to-toe temperature difference (7' and
peripheral flow_index (PFI) simultaneously
with clinical observation. The Ty, gis Was ob-
tained from two skin probes (Hewlett Packard
21078A, Palo Alto, CA) attached to the index
finger and on the radial side of the forearm,
mid-way between the elbow and the wrist. The
T..o. Was calculated from central tempera-
ture, with an infrared tvmpanic thermometer
(First Temp Genius Thermometer—3000A;
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Kendall Healthcare, Mansfield, MA), and great
toe temperature measured on the ventral face
with a skin probe (Hewlett Packard 21078A).
The temperature gradients T _gir and T oe
can better reflect cutaneous blood flow than
the skin temperature itself. Considering a con-
stant environment condition, 7, 4 and
T, i0e increases during vasoconstriction (12,
13). PFI provides a noninvasive method to
evaluate and to reflect changes in peripheral
perfusmn (14, 15) PFI is_derived from the
and it was measured
using the Nellcor-OxiMax pulse oximetry
(Boulder, CO) and the Hewlett Packard mon-
itor (Viridia/56S). To confirm the subjective
assessment of abnormal peripheral perfusion
condition, this study used the following defi-
nition of vasoconstriction: Ly, 4 >0°C (12),
T toe >7°C (13), and PFL. <1.4 (14). Although
the ambient temperature at each patient’s
bedside was not directly measured, the ICU
has one-person closed rooms and the ambient
temperature in each patient room was individ-
ually and actively controlled at 22°C. Thereaf-
ter, routine global hemodynamic variables
such as heart rate, mean arterial pressure,
central venous pressure, and urine output
were obtained.
Basic demographic characteristics and all
the variables of SOFA score were collected for
each patient. The investigator registered the

measurements within 24 hours of admission
to the intensive care after hemodvnamic sta-
bility was obtained (mean arterial pressure
>

infusion rate for 2 hours). Changes in SOFA
score during the first 48 hours (3-SQFA) were
also analyzed and was calculated as the differ-
ence between the_48-hour SOFA score and the
admission score (16). Arterial blood samples
were withdrawn for the determination of
blood gases and lactate levels. Hyperlactatemia
was defined as a blood lactate level >2
mmol/L. We were interested in evaluating
whether subjective assessment of peripheral
perfusion could help identify patients with un-
favorable evolution defined as 8-SOFA score
=0 and hyperlactatemia,

Statistics. The results are presented as
mean * sp, unless otherwise specified. Differ-
ences between group means were tested by
Student’s ¢ tests, and for variables that were
not normally distributed, by Mann-Whitney U
test. The chi-square test was used to compare
frequencies. To estimate the association be-
tween abnormal peripheral perfusion and
both 8-SOFA score and hyperlactatemia, lo-
gistic regression analysis was performed. p
values =0.05 were considered statistically
significant.

RESULTS

Of 50 patients included in the study,
39 had circulatory shock at admission to
ICU, of whom 21 had septic shock and 18
had no septic shock. Table 1 summarizes

the clinical data of the patients. During
the first 24 hours of ICU admission, 23
patients (46%) had abnormal peripheral
perfusion following resuscitation and sta-
bilization. Individual SOFA score was sig-
nificantly higher in patients with abnor-
mal peripheral perfusion than in those
with normal peripheral perfusion (9 *= 3
vs. 7 = 2: p < 005) Tskinfdiff’ cht0e7 and
PFI measurements were congruent with
the subjective assessment of peripheral
perfusion (Table 2). Hemodvnamic vari-
ables were similar in patients with abn,
mal and normal peripheral perfusion (/|
ble 3). In patients who receiv
vasopressor therapy (n = 33), the dose of
vasopressor did not_differ between nor-
mal (n = 17) and abnormal (n = 16)
peripheral perfusion condition (0.19 =+
0.11 vs. 0.17 = 0.10; p = 0.80).

The proportion of patients with unfa-
vorable evolution was significantly higher
in patients with abnormal peripheral per-
fusion (Table 4). Logistic regression anal-
ysis showed that the odds of unfavorable
evolution are 7.4 (95% confidence inter-
val 2-19; p < 0.05) times higher for a
patient with abnormal peripheral perfu-
sion than for a patient with normal pe-
ripheral perfusion. Differences in global
hemodynamic_variables, such as heart
rate, mean arterial pressure, central ve-
nous pressure, and urine output were not

Table 1. Demographic data of the patients

Number of patients
Age (yrs)
Male/female
Sequential Organ Failure
Assessment score admission
Acute Physiology and Chronic
Health Evaluation IT
Admission category
Pneumonia
Trauma
Abdominal sepsis
Postoperative
Chronic obstructive
pulmonary disease
Cardiogenic shock
Hepatic encephalopathy
Hypovolemic/hemorrhagic
shock
Mediastinitis 2
Meningitis 2
Pancreatitis 2
Postcardiac arrest 2
1
1
1
1

20
51 (17-80)
39/11
8 (2-15)

23 (13-35)

W U1 3 00 ©

DN DO DN

Cerebrovascular accident
Lung cancer

Systemic lupus erythematosus
Urosepsis
Survivor/nonsurvivor

Values are given as mean (range) whereap-
propriate.
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One such application is that of peripheral flow index (PFI), the ratio of the pulsatile to nonpulsatile component of the pulse oximetry plethysmograph



Table 2. Objective parameters of peripheral circulation according to the subjective evaluation of

peripheral perfusion

Subjective Evaluation

Objective Parameters Normal (n = 27) Abnormal (n = 23) P
Tin-aiee (°C) —-0.2+28 46 +28 <0.01
Tetoe 6.5+ 3.4 10 +4.1 <0.01

23+ 1.6 0.7+08 <0.01

T.
ence; PFI, peripheral flow index.

‘in-difty forearm-to-fingertip skin-temperature gradient; 7', central-to-toe temperature differ-

Table 3. Global hemodynamics variables in abnormal and normal peripheral perfusion

Peripheral Perfusion

Normal (n = 27) Abnormal (n = 23) P
HR (bpm) 90 + 22 94 + 20 0.53
MAP (mm Hg) 80 + 14 81 +18 0.87
CVP (mm Hg) 14+6 137 0.84
Urine output (mL/hr) 111 + 83 72 = 30 0.14

HR, heart rate; MAP, mean arterial blood pressure; CVP, central venous pressure.

Table 4. Proportion of patients with unfavorable
evolution (3-SOFA >0) and favorable evolution
(3-SOFA score =0) stratified by normal and ab-
normal peripheral perfusion®

Peripheral Perfusion

Normal Abnormal
(n=27 (n=23)
3-SOFA =0 (N = 33), 70 30
percent of patients
3-SOFA >0 (N = 17), 23 77

percent of patients

SOFA, Sequential Organ Failure Assessment
score.
“p < 0.05, by chi-square test.

statistically significant between patients
with and without unfavorable evolution
(data not shown). The proportion of pa-
tients with hyperlactatemia was signifi-
cantly higher in patients with abnormal
peripheral perfusion (Table 5). Logistic
regression analysis showed that the odds
of hyperlactatemia in a patient with ab-
normal peripheral perfusion are 4.6 (95%
confidence interval 1.4-15; p < 0.05)
times higher than in a patient with nor-

mal peripheral perfusion.
DISCUSSION E
This prospective observational study

shows that the subjective assessment of

peripheral perfusion could discriminate

patients with a more severe organ dys-
function, as_expressed by high SOFA

936

Table 5. Proportion of hyperlactatemia and nor-
mal blood lactate levels between patients with
abnormal and normal peripheral perfusion?

Peripheral Perfusion

Normal Abnormal
(n =27) (n = 23)
Normal lactate levels 69 31
(N = 29), percent
of patients
Hyperlactatemia 33 67

(N = 21), percent
of patients

“p < 0.05, by chi-square test.

score and lactate levels in patients with
abnormal peripheral perfusion. One may
argue that high SOFA score in the abnor-
mal peripheral perfusion group may be
related to the level of mean arterial pres-
sure or to the use of vasopressor support.
However, our patients were all resusci-
tated and stabilized at the moment that
data were collected, and_global hemody-
namic variables or dose of vasopressor
was similar between patients with normal
and abnormal peripheral perfusion. This
finding suggests that abnormal periph-
eral perfusion is not related to hypoten-
cologic intervention. This lack of
association between abnormal peripheral
perfusion and global hemodynamic vari-
ables is not unexpected, because some
studies have reported a poor correlation
between clinical examination of periph-

eral perfusion and heart rate, blood pres-
sure, or cardiac output (3, 10, 17). In
addition, recent observations suggest
that microcirculatory alterations in cir-
culatory shock are independent of sys-
temic variables (18, 19) and that systemic
variables may not be sensitive enough to
reflect changes in peripheral blood flow
in critically ill patients (20).

Delta-SOFA score has been suggested
to monitor the evolution of organ failure
(16). In our study, we investigated
whether the condition of peripheral per-
fusion in resuscitated patients could pre-
dict an increase in severity of organ dys-
function. Our results show that patients
who persist with abnormal peripheral
perfusion_after initial resuscitation have a
significantly higher probability of unfa-
vorable evolution, as indicated by an in-
crease in the 8-SOFA score. Thus, moni-
toring peripheral perfusion could identify
these patients who do not improve de-
spite initial resuscitation and stabiliza-
tion. Similarly, the logistic regression
analysis showed that patients who have
an abnormal peripheral perfusion follow-
ing resuscitation are more likely to re-
main hyperlactatemic. The interpretation
of hyperlactatemia in critically ill patients
is complex, and factors other than hypo-
perfusion may be involved (21). Never-
theless, our findings are in agreement
with those of Kaplan et al (6) showing
that patients with cold extremities are
associated with higher blood lactate lev-
els. The correlation between abnormal
peripheral perfusion and high blood lac-
tate levels in our patients is not surpris-
ing as hyperlactatemia in most cases
takes place in the presence of organ dys-
function (22-24). This prospective study
does not show a causal relation between
poor peripheral perfusion and organ dys-
function or tissue hypoperfusion, but
some reports indicate this relation (1,
25-27). Studies on measurements of
blood flow and oxygenation in peripheral
tissues suggest that compensatory vaso-
constriction results in maldistribution of
microcirculatory flow, which has been as-
sociated with organ dysfunction and mul-
tiple organ failure (1, 25-27).

In a recent consensus conference on
hemodynamic monitoring in shock, it
was recognized that the definition of
shock requires evidence of circulatory
and cellular dysfunction, manifested by
markers of hypoperfusion such as ele-
vated blood lactate levels, regardless of
the presence of hypotension (20). Be-
cause data were collected in the post-
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resuscitation period, our patients exhib-
ited_no other clinical signs of circulatory
shock apart from hyperlactatemia and_ab-
normal peripheral perfusion. Normoten-
sion with persisting hyperlactatemia fol-
lowing initial resuscitation has been
associated with a high incidence of organ
failure (28, 29). Our study is in agree-
ment with these findings, demonstrating
that abnormal peripheral perfusion in pa-
tients with no_other clinical signs of
shock is predictive of progressing organ
dysfunction. Thus, if the clinician stops
the resuscitation after the fraditional
endpoints have been normalized, a ma-
jority of patients will remain in a state of
compensated shock. The absence of ab-
normal peripheral perfusion after initial
resuscitation identifies patients with a
more favorable outcome. Therefore, clin-
ical assessment of peripheral perfusion
during resuscitation has the potential to
optimize resuscitation procedures. How-
ever, this was not the topic of this study.
The subjective inspection and palpation
of peripheral perfusion is safe, noninva-
sive, and easy to perform at the bedside
and enables physicians to identify those
patients with tissue hypoperfusion before
continuing to invasive procedures. The
subsequent potential of subjective assess-
ment of peripheral perfusion in a general
ICU population applied by multiple clini-
cians must be investigated further to ad-
dress whether aiming at normalization of
peripheral perfusion will have an impact
on outcome.

As the focus on our study was to ad-
dress the relationship between abnormal
peripheral perfusion and organ failure,
we minimized the variability of the sub-
jective assessment of peripheral perfusion
by having only one investigator collecting
the data. In addition, we compared this
subjective assessment of peripheral per-
fusion with three objective measure-
ments: g aictr 7 c-toer and PFL. These pa-
rameters are independent indicators of
peripheral blood flow (30). We found that
the subjective clinical assessment of pe-
ripheral perfusion was in agreement with
the gbjective measurements of T gif
T. 0., and PFI (Table 2).

This study has several limitations that
should be acknowledged. First, measure-
ments of_global blood flow (cardiac out-
put) were pot made in this study. The
main focus was to assess the relationship
between the presence of abnormal pe-
ripheral perfusion following our standard
hemodynamic optimization protocol and
organ dysfunction. Second, we did not

Crit Care Med 2009 Vol. 37, No. 3

include other methods of peripheral per-
fusion monitoring, such as cutaneous la-
ser Doppler flowmetry, transcutaneous
oximetry, or sublingual capnometry as
we emphasized the subjective assessment
of peripheral perfusion. In addition, we
speculate that these noninvasive methods
could have shown the same association
With Tein-dgite Te-toer @and PFL. Third, al-
though T_,,. is a well-validated method
to estimate peripheral blood flow, central
temperature in our study was obtained
using a tympanic thermometer, which
may not be a reliable representation of
core temperature. However, the impact of
central temperature in 7, calculation
is small compared with the skin temper-
ature of the great toe, as abnormalities in
T are a result mainly of changes in
peripheral vasoconstriction (30). Fourth,
changes in ambient temperature may
have influenced the subjective assess-
ment of the skin temperature. Differ-
ences in ambient temperature at each
patient’s bedside were not directly mea-
sured. However, the ICU consists of one-
person closed rooms and the ambient
temperature in each patient room was
individually controlled at 22°C. Further-
more, the differences in subjective skin
temperature were in agreement with dif-
ferences in Ty, g in our study. As a
change in ambient temperature similarly
affects forearm and fingertip temperature
producing little influence in the gradient
between forearm and fingertip (30), we
think the effect of ambient temperature
was small. Last, peripheral perfusion is
not static; it alters over time in a constant
dynamic situation, and our measure-
ments were made within 24 hours of ICU
admission.

CONCLUSION

In conclusion, we found that a clinical
assessment of peripheral perfusion by
physical examination following initial he-
modynamic optimization during the first
24 hours of admission could discriminate
hemodynamically stable patients with
more severe organ dysfunction. In addi-
tion, patients with abnormal peripheral
perfusion following this initial resuscita-
tion had significantly higher odds of
worsening organ failure and higher lac-
tate levels compared with patients with
normal peripheral perfusion at this time
point. The easy application of this clinical
assessment of peripheral perfusion at the
bedside has a potential as a simple and

inexpensive tool for early detection of
worsening organ dysfunction and possi-
bly the adequacy of treatment in critically
ill patients.
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