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Tissue perfusion alterations correlate with
mortality in patients admitted to the intensive
care unit for acute pulmonary embolism
An observational study
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Abstract
We aimed to assess the relationship between alterations of tissue perfusion parameters at admission (highly predictive of
mortality in septic shock) and outcome in patients admitted to the intensive care unit (ICU) for acute pulmonary embolism (PE).
We conducted a retrospective study to analyze the association between arterial lactate level, skin mottling and urinary output,
and 28-day mortality.
Over a 22-year period, 317 patients with PE were identified but we finally analyzed 108 patients whose main diagnosis for ICU

admission was acute PE. At admission, the sequential organ failure assessment score was 2 (0–6) and the simplified acute physiology
score II was 29 (16–43). Thirty patients (28%) received vasopressors and 37 patients (34%) received thrombolytic therapy. Day 28
mortality rate was 25% (n=27). When compared to 28-day survivors, nonsurvivor patients had higher lactate level (4.5 [2.3–10.3]
mmol/L vs 1.4 [1–2.9]mmol/L, P< .0001), more frequent mottling around the knee area (56% vs 25%, P= .003) and a lower urinary
output (during the first 6hours) (0.35 [0–1]mL/kg/h vs. 0.88 [0.62–1.677]mL/kg/h, P= .0002). Mortality increased with the number of
tissue perfusion alterations present upon admission, 8% for none, 21% for 1, 28% for 2, and finally reached 85% for 3 tissue perfusion
alterations (P< .0001). In a multivariate analysis, the relationship between the number of tissue perfusion alterations and 28-day
mortality was maintained after adjustment on the presence of shock and right ventricular dilation at admission.
In ICU patients admitted for acute PE, tissue perfusion alterations correlated with 28-day mortality independently of blood pressure

and right ventricular dilation.

Abbreviations: ICU = intensive care unit, PE = pulmonary embolism, RV = right ventricle, SAPS II = simplified acute physiologic
score II, SOFA = sequential organ failure assessment, sPESI = simplified pulmonary embolism severity index.
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1. Introduction

Pulmonary embolism (PE) is the 3rd cause of cardiovascular death
worldwide. More than 600,000 patients suffering from PE are
admitted to the hospital every year in the United States but<5%of
them die within 3 months.[1–5] Based on these epidemiologic data,
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experts emphasize the importance of early stratification to identify
patients with PE at high risk of death, who may benefit frommore
intensive monitoring or aggressive therapy.[6,7]

Recent international guidelines defined “high risk” population
in the presence of persistent arterial hypotension (<90mmHg) or
shock. However, hemodynamic parameters defining shock status
in the context of PE remain unclear and their correlation to
outcome has never been evaluated. In critically ill patients
admitted in the intensive care unit (ICU) for septic shock or
myocardial infarction-related cardiogenic shock, several groups
have reported that alterations of microcirculation blood flow are
strongly predictive of mortality independently of arterial blood
pressure or cardiac output.[8–10] Microcirculatory perfusion
could be evaluated using computer-assisted devices but these
tools are not available at bedside. Tissue perfusion could also be
assessed with more simple tools including arterial lactate level or
noninvasive clinical parameters such as skin mottling or urinary
output. In our department, we are interested in clinical evaluation
of organ perfusion and we have showed that skin mottling,
reflecting skin hypoperfusion, correlated with organ failure and
predicted mortality in sepsis[11] and septic shock patients.[12] In
this study, we aimed at investigating the relationship between 28-
day mortality and tissue perfusion parameters, that is, arterial
lactate level, skin mottling and urinary output, in patients
admitted to ICU for acute PE.
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2. Materials and methods

We conducted a retrospective observational study in a 16-bed ICU
in a tertiary teaching hospital. All consecutive patients older than
18 years admitted for acute PE from January 1993 to December
2015 were included. Patients were identified by querying the
electronic health records with the following keywords (in French):
“pulmonary embolism,” “acute respiratory failure,” “anti-
coagulant,” “deep venous thrombosis,” “cardiac arrest,” “hepa-
rin,” “vitamin K antagonists,” “cava filter,” or “thrombolysis.”
General characteristics of patients were recorded: demographic

data, diagnoses, severity of illness evaluated by the sequential
organ failure assessment (SOFA) score and simplified acute
physiology score II (SAPS II). Global hemodynamic variables,
right ventricle (RV) dilation and tissue perfusion parameters were
collected at ICU admission. RV dilation was defined as a right to
left ventricle diameter ratio superior or equal to 1 on
echocardiography or computed tomography (CT) scan. We
recorded 3 tissue perfusion parameters at admission: arterial
lactate level, the presence/absence of skin mottling around the
knee area, and mean urinary output (within the first 6hours).
An ethical approval was not necessary because it was a

monocenter retrospective study using anonymous data.

2.1. Statistical analysis

Data were summarized as median (25th–75th percentiles) for
skewed distributions and percentages as appropriate. Association
of tissue perfusion parameters with 28-day mortality was tested
using Mann–Whitney nonparametric test for continuous varia-
bles, Fischer exact test, and the Chi-squared test for categorical
data according to sample size. Finally, we used logistic regression
for multivariable analysis. All statistical analyses were performed
using the R software (v 2.12.0; http://cran.r-project.org).
Significance was defined as 2-sided P-value <.05.
Table 1

General characteristics of the studied population.

Patients (n=108) 28-d

Demographic data
Median age, y (IQ range) 72 (61–81)
Female sex,no. (%) 52 (48)

Medical history
Chronic pulmonary disease, n (%) 13 (12)
Chronic heart disease, n (%) 15 (14)
Previous venous thromboembolism, n (%) 19 (18)
Active cancer, n (%) 32 (30)
Provoking factor, n (%) 61 (56)

Severity evaluation at admission
Median SOFA score (IQ range) 2 (0–6)
Median SAPSII (IQ range) 29 (16–43)

sPESI
Median (IQ range) 2 (1–2)
>0, n (%) 100 (93)
Shock, n (%) 28 (26)
Median SBP, mm Hg (IQ range) 129 (107–151)
Medan heart rate, bpm (IQ range) 107 (89–120)
Right ventricular dilation, n (%) 56 (52)

Treatment
Thrombolysis, n (%) 37 (34)
Vasopressors, n (%) 30 (28)
Dobutamine, n (%) 13 (12)
Mechanical ventilation, n (%) 31 (29)

P-value for t test for continuous variables, and Chi-squared or Fischer exact test for qualitative variables. Sho
pulmonary embolism severity index; SAPS, simplified acute physiologic score; SOFA, sequential organ f
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3. Results

3.1. Studied population

Over a 22-year period,we identified 317patientswith PE admitted
inour intensive caredepartmentbyquerying the electronic records.
After reviewing medical charts, 122 patients were excluded
because PE was not the main diagnosis for ICU admission and 87
patients were excluded because of missing data, leaving 108
patients for study (Supplemental Figure 1, http://links.lww.com/
MD/C445). PEwas routinely diagnosed using nuclear planarV/Q-
imaging during the 1993 to 2008 period, whereas CT pulmonary
angiographybecame the diagnosis test of choice between2008 and
2015. Echocardiography use in the context of acute severe PE also
increased between the 2 time periods (Supplemental Figure 2,
http://links.lww.com/MD/C445).
Characteristics of the studied population are summarized in

Table 1. The median age was 72 (61–81) years with no gender
predominance. The median length of stay was 4 (2–7) days in the
ICUand14 (8–21) days in the hospital.At admission,median SOFA
score was 2 (0–6) and median SAPS II was 29 (16–43). Thirty-nine
patients (36%) required support organ therapy including vasopres-
sor infusion (n=30, 28%) and mechanical ventilation (n=31,
29%). Thirty-seven patients (34%) received thrombolytic therapy.
Day 28 mortality rate was 25% (n=27). Nonsurvivor patients had
higher organ failure severity and received more frequently both
support therapy and thrombolytic treatment.
3.2. Tissue perfusion parameters

We analyzed tissue perfusion parameters at ICU admission
according to 28-day outcome. When compared to survivors,
nonsurvivor patients had higher arterial lactate level (4.5 [2.3–
10.3]mmol/L vs 1.4 [1–2.9]mmol/L, P< .001), more frequent
skin mottling around the knee area (56% vs 25%, P= .003) and
ay nonsurvivors (n=27) 28-day survivors (n=81) P-value

77 (64–83) 70 (60–79) .12
13 (48) 39 (48) .9

3 (11) 10 (12) 1
7 (26) 8 (10) .052
5 (19) 14 (17) 1
11 (41) 21 (26) .14
19 (70) 42 (52) .09

5 (2–9) 1 (0–3) .0004
42 (0–70) 27 (17–38) .02

2 (2–3) 1 (1–2) .005
27 (100) 74 (89) .19
19 (70) 15 (18) <.0001
112 (91–152) 129 (110–151) .26
110 (85–116) 107 (90–120) .69
19 (73) 37 (57) .13

15 (56) 22 (27) .007
19 (70) 11 (14) <.0001
9 (33) 4 (5) <.0001
19 (70) 12 (14) <.0001

ck defined as systolic blood pressure (SBP)< 90mm Hg or vasopressor infusion at admission. PESI=
ailure assessment.
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Table 2

Analysis of tissue perfusion parameters at admission according to 28-day outcome.

Patients (n=108) 28-day nonsurvivors (n=27) 28-day survivors (n=81) P-value

Skin mottling, n (%) 35 (32) 15 (56) 20 (25) .003
Diuresis at 6 h
Median, mL/kg/h (IQ range) 0.8 (.4–1.38) 0.35 (0–1) 0.88 (0.62–1.68) .0002
Oliguria, <0.5 mL/kg/h, n (%) 30 (28) 16 (59) 14 (17) <.0001

Arterial plasma lactate level
Median, mmol/L (IQ range) 1.9 (1–4.1) 4.5 (2.3–10.3) 1.4 (1.0–2.9) <.0001
Hyperlactatemia, >2 mmol/L, n (%) 53 (49) 22 (81) 31 (38) .0001

P-value for Mann–Whitney test for diuresis in mL/kg/h and lactate in mmol/L. P-value for Chi-squared test for skin mottling, oliguria, and hyperlactatemia.

Figure 1. Day 28 mortality according to the number of tissue perfusion
alterations. Tissue perfusion alterations were defined as the presence of skin
mottling around the knee area, arterial hyperlactatemia >2mmol/L and oliguria
(mean 6-hour urinary output <0.5mL/kg/h). Chi-squared test for a trend.
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lower mean 6-hour urinary output (0.35 [0–1] mL/kg/h vs 0.88
[0.62–1.68] mL/kg/h, P= .0002) (Table 2).
To assess the cumulative predictive value of tissue perfusion

parameters, we analyzed the relationship between 28-day
mortality and the number of tissue perfusion abnormalities at
admission, that is, skin mottling, hyperlactatemia (>2mmol/L),
and oliguria (<0.5mL/kg/h). Interestingly, 28-day mortality
increased with the number of tissue hypoperfusion parameters at
8%, 21%, 28%, and 85% in the presence of 0, 1, 2, and 3
Table 3

Multivariable logistic regression analysis of risk factors for 28-day
ventricular dilation.

Univariate crude OR (95%

Number of hypoperfusion parameters
0 Ref
1 2.29 (0.51–10.29)
2 3.11 (0.71–13.72)
3 40.0 (5.78–277.04)

Shock (SBP < 90mm Hg or vasopressors) 7.07 (2.58–19.37)
Right ventricular dilation 2.05 (0.76–5.56)

OR= odds ratio, Ref=Reference value, SBP= systolic blood pressure.

3

alterations, respectively (P< .0001, Chi-squared for a trend test)
(Fig. 1).
In a multivariate analysis, the relationship between the number

of tissue perfusion alterations and 28-day mortality was
maintained after adjustment on the presence of shock and RV
dilation at admission (Table 3)
4. Discussion

In this study, we found that 3 tissue perfusion parameters
measured at admission, arterial lactate level, skin mottling, and
urinary output were synergistically associated with 28-day
mortality in ICU patients admitted for PE, independently of
global hemodynamic status and right ventricular dilation.
In patients with PE, current guidelines recommend the

evaluation of systolic blood pressure and RV injury to identify
patients at high risk of death.[7] However, both parameters fail to
fully identify patients who would benefit from more aggressive
treatment (thrombectomy or fibrinolysis) with a substantial
reduction on mortality without a major incidence of hemorrhagic
complications.[13,14] Recently, the pathophysiology of severe PE
has been extended beyond simple RV obstruction. Several studies
highlighted the role of inflammation[15] and endothelial dysfunc-
tion[16] in the alteration of organ perfusion at the microcircula-
tion level in the context of acute circulatory failure related to
infection[17] or myocardial infarction.[18] In this study, we
evaluated microcirculatory hypoperfusion parameters available
at bedside and found these “easy to use and easy to learn” tools
are helpful to identify high-risk patients in acute PE.
First, we investigated arterial lactate level the measurement of

which is widely available in routine laboratories. Hyperlactate-
mia is a hallmark characteristic of shock states[19] and predicts
organ failure and mortality[20] in the ICU, even more than
refractory hypotension.[21] In patients with PE, Vanni et al
reported that arterial lactate level measured in the emergency
mortality, including tissue perfusion alterations, shock, and right

CI) Multivariate adjusted OR (95% CI) P-value

2.1 (0.43–10.33)
1.77 (0.34–9.26)
21.39 (2.49–183.93) .01
4.45 (1.3–15.26) .01
0.74 (0.21–2.58) .63

http://www.md-journal.com
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department was significantly associated with in-hospital
mortality independently of systolic blood pressure and right
ventricular dysfunction.[22,23] Here we confirmed these results
in critically ill patients admitted to the ICU. We found that
nonsurvivor patients had significantly higher lactate levels
when compared to survivors. Mortality rate was higher in our
study when compared to Vanni’s study probably because ICU
patients had more frequent comorbidities and more severe
organ failure.
Next, we analyzed skin mottling, an old clinical sign, readily

available at bedside. Skin mottling is characterized by locally
reduced blood flow[24] and decreased tissue oxygen content. In
several prospective observational studies in sepsis patients, we
have showed that mottling extension is strongly predictive of
mortality.[11,12] Here, for the first time, we found that the
presence of skin mottling is significantly associated with 28-day
mortality in patients with PE, corroborating data from the severe
infection context.
Urinary output can also be routinely measured. In sepsis,

urinary output monitoring is recommended to assess hemody-
namic status and to guide treatment.[25] Guidelines are based
on seminal studies that reported an association between
oliguria and pejorative outcome.[26,27] Here, we showed that
in critically ill patients with PE, urinary output was significantly
lower over the first 6hours in nonsurvivors when compared to
survivors.
We have previously reported a significant relationship between

these tissue perfusion parameters. Indeed, in septic shock
patients, mottling extension correlates negatively with urinary
output and positively with arterial lactate levels.[12] Here, we
found that these parameters could be combined as the risk of
mortality increased with the number of tissue perfusion
alterations. In light of all these data, we believe that combining
arterial lactate level, mottling and urinary output could be helpful
at the bedside to improve risk stratification of patients with PE.
Our study has several limitations. First, it is a retrospective

study and the predictive value of these tissue perfusion
parameters has to be confirmed prospectively in a larger cohort
of patients with PE. The next step would be to evaluate if clinical
detection of tissue perfusion disorders could have an impact on
the therapeutic management of patients with PE. Second, we did
not investigate the variations of tissue perfusion parameters
during resuscitation, although a reduction of lactate arterial level
or a decrease in mottling skin areas over time have been both
reported to be correlated with better outcome.[28,29] Third,
because a large number of patients were included before 2008
international guidelines, circulating markers of RV injury,
including troponin and B-type Natriuretic peptide (BNP) were
not measured and not included in the risk stratification for death.
5. Conclusion

In this retrospective study, we found that 3 tissue perfusion
parameters, arterial lactate level, mottling, and urinary output are
significantly associated with 28-day mortality in ICU patients
admitted for acute PE independently of shock and right
ventricular dilation. These tissue perfusion parameters could
be helpful to improve risk stratification of patients with PE.
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