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ABSTRACT
Introduction: Hemodynamic instability is most common-
ly seen among critically ill patients in Intensive care units and 
it is essential to detect circulatory changes. As peripheral tis-
sues are sensitive to alterations in perfusion, the non-inva-
sive monitoring of peripheral circulation could be used as an 
early marker of systemic hemodynamic derangement. Hence, 
the current study was conducted to associate the peripheral 
perfusion status with the prognostic significance among me-
chanically ventilated patients. Methodology: A Descriptive re-
search design was conducted in Intensive care unit at Saveetha 
Medical College and Hospital with 60 samples selected using 
Convenience sampling technique who matched inclusion crite-
ria. Results: The study results had shown that, Prognosis had 
a significant association between level of peripheral perfusion 
among mechanical ventilated patients at p<0.001.The demo-
graphic variables of age (χ2=9.364, p=0.023), history of smok-
ing (χ2=4.220, p=0.040) and the clinical variables of ventilator 
mode (χ2=4.169, p=0.032), illness severity score on the day 
of admission (χ2=13.310, p=0.021), SPO2 (χ2=7.367, p=0.025), 
and Lactate levels (χ2=5.372, p=0.043) had shown statistically 
significant association with level of peripheral perfusion status 
at p<0.05.Conclusion: Monitoring peripheral perfusion not 
only provides a different point of reference to reflect a distur-
bance of the circulation but it also does not require invasive 
techniques and can be used directly at the bedside. Further-
more, peripheral perfusion status has an impact on prognosis 
of the patient. 
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INTRODUCTION
Mechanical ventilation is usually required and es-

sential in intensive care unit (ICU) patients with differ-
ent critical conditions. Although mechanical ventilator 
improves the outcomes in various diseases, patients 
receiving mechanical ventilator still have an increased 
risk for adverse events resulting in increased morbidi-
ty and mortality. Patients with mechanical ventilation 
not only die from hypoxia related to respiratory failure 
but also from the hemodynamic instability after me-
chanical ventilators. This is because the lung is both 
a hemodynamic organ and a respiratory organ, which 
includes lung circulation between the right ventricle 
and left atrium [1]. Inadequate tissue perfusion must 
be detected through hemodynamic monitoring in or-
der to stop organ failure and death. The movement of 
oxygenated capillary blood through bodily tissues is 
known as Perfusion. The central perfusion is created 
by the heart’s cardiac output, which is the volume of 
blood it pumps specifically to the brain, lungs, and 
kidneys. Blood flow to specific tissues through arter-
ies and capillaries is known as peripheral perfusion 
[2]. Skin becomes an easy location to detect changes 
in perfusion, and a number of techniques have been 
employed to identify hypo perfusion in critically ill 
patients. The reduced perfusion is defined by redistri-
bution of blood flow away from the peripheral organs 
to essential organs [3]. The peripheral perfusion sta-
tus can be used to assess the hemodynamic condition 
of critically ill patients. By monitoring the peripheral 
perfusion state, clinicians can begin life-saving treat-
ment more quickly and reduce the risk of shock-re-
lated death [4]. Examination of peripheral circulation 
is easily done by touching the skin, measuring capil-
lary refill time (CRT) or by even observing the skin 
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mottling pattern. The cutaneous vascular bed plays an 
important role in thermoregulation of the body, and 
this process can result in skin circulation alterations 
that have direct effect of skin temperature and color, 
i. e., cold, clammy, white and mottled skin. Different 
techniques can be used to evaluate the peripheral per-
fusion clinically. CRT is used clinically to assess pe-
ripheral circulation for signs of shock and dehydration 
[5]. Skin color is defined as the perceived pigmenta-
tion of the skin caused by the selective absorption and 
scattering of light from the body’s dermis. Skin color 
assessment and quantification are important in health 
care because color is an indicator of overall health and 
is linked to oxygenation, tissue perfusion, nutritional 
status, and injury [6]. Thermoregulatory status pro-
vides information about patients’ clinical conditions 
in intensive/critical care units. Blood flow is restrict-
ed to central/vital organs at the expense of peripheral 
organs in response to shock. The gradients in body 
temperature provide objective measures of peripheral 
perfusion status. The gradients are produced by calcu-
lating the temperature difference between two points, 
such as central-to-toe (Tc-toe), forearm-to-fingertip 
(Tskin-diff), and peripheral-to-ambient (Tskin-diff). 
Normalization of the gradient can be used to moni-
tor therapeutic efficacy and use abnormal gradients as 
early indicators of abnormal perfusion [7]. The tem-
perature gradient, which is related to blood flow, can 
reflect changes in cutaneous blood flow better than 
the absolute skin temperature. During vasoconstric-
tion, Tskin-diff increases. In critically ill patients, a 
threshold of 2°C has been shown to represent inter-
mediate vasoconstriction and a threshold of >4°C has 
been shown to represent severe vasoconstriction [8]. 
Perfusion index (PI) is defined as the ratio of pulsa-
tile to non-pulsatile blood flow in peripheral vascular 
tissue and the PI could be used in critically ill patients 
[9]. The Perfusion Index ranges between 0.02% (very 
weak pulse) and 20% (very strong pulse). The periph-
eral vasomotor tone is reflected in the perfusion in-
dex. A low perfusion index indicates vasoconstriction, 
whereas a high perfusion index indicates vasodilation. 
A PI value of 1.4 indicates that critically ill patients 
have poor peripheral perfusion [10]. The mottling 
score, which is defined by five areas above the knee, 
is used to assess tissue perfusion at the bedside. Skin 
mottling is a violaceous coloration caused by micro-
circulation changes and a reduction in heterogeneous 
blood flow in small vessels. Mottle skin is a clinical 

sign of shock which can be caused by reduction in 
the flow of oxygenated blood to the skin [11]. It is de-
scribed as the discoloration over the knee and identi-
fied as an unfavorable outcome in critically ill patients 
[12]. An easy, non-invasive method for evaluating vas-
cular condition and peripheral artery disease is the an-
kle-brachial index (ABI). The aberrant ankle-brachial 
index is a potent independent indicator of compro-
mised vascular health [13]. Assessment of peripheral 
perfusion status is easier using non-invasive technique 
and has directly or indirectly great impact on the he-
modynamic status centrally. Therefore, the objective 
of the study was to associate the peripheral perfusion 
status with the prognosis of mechanical ventilator. 

MATERIAL AND METHODS
A Descriptive research design was conducted at In-

tensive care unit of Saveetha Medical College and Hos-
pital after obtaining an authorized setting permission 
to evaluate the prognosis of the patients on mechanical 
ventilator based on the peripheral perfusion status. A to-
tal of 60 samples who met the inclusion criteria were se-
lected using convenience sampling technique. The study 
included mechanically ventilated patients who were aged 
≥ 18 years of both male and female, irrespective use of 
vasoactive drugs and who were willing to participate. 
The patients who were intubated for the purpose of 
surgery and who were in the ICU for less than 24 hours 
were excluded from the study. The investigator described 
the purpose of the study in their regional language and 
addressed the concerns. Written informed consent was 
obtained after ensuring confidentiality. Demograph-
ic variables and Clinical variables were collected using 
multiple choice questionnaires. Peripheral perfusion sta-
tus was assessed using Peripheral perfusion assessment 
tool which was developed by the researcher after con-
sulting experts in the field of Critical care and Review 
of literature. It consists CRT (Capillary Refill time), skin 
color, temperature gradients -Tskin-diff, Oximetry-de-
rived Perfusion Index (PI), mottling score, and ABI In-
dex (Ankle Brachial Index). The peripheral perfusion 
assessment parameters were monitored from the day of 
admission and follow up done for 7 days. Simultaneously 
prognosis of the participants were assessed with the use 
of Checklist – consisting total number of survivors and 
non-survivors during the course of the treatment as well 
as the factors influencing the prognosis such as vasoac-
tive drugs, acute kidney Injury (based on the criteria), 
blood stream infections, ventilator Associated Pneumo-
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nia (VAP), Catheter Associated Urinary Tract Infection 
(CAUTI), Attempt of CPR influencing poor outcome. 
Data were tabulated and analyzed using descriptive and 
inferential statistics. 

RESULTS 
The Table 1 shows that, most of the mechanical 

ventilator patients in ICU- 28(46.6%) were aged be-
tween 60-64years, 36(60%) were male, 32(53.3%) had 
history of smoking, and 25(41.7%) were staying in 
hospital for 6-7days. 

Table 1
Demographic variables of Mechanically Ventilated Patients 

Demographic Variables Frequency
(F) 

Percentage 
(%) 

Age
18–34years 7 11.7
35–59years 12 20.0
60–64years 28 46.6
≥65 years 13 21.7
Gender
Male 36 60.0
Female 24 40.0
History of smoking
Yes 32 53.3
No 28 46.7
Length of hospital stay
1–3days 18 30.0
4–5days 17 28.3
6–7days 25 41.7

The table 2 reveals that 15(25%) had admitted in 
the ICU for cerebrovascular disorders, 46(76.7%) had 
under pressure control mode of ventilator, 25(41.7%) 
had hypertension and diabetes mellitus as co-mor-
bidity, (46.7%) had heart rate between 60–100 bpm, 
23(38.3%) had systolic BP between 100 – 140 mm of 
Hg, 46(76.7%) had diastolic BP between 70 – 100mm 
of Hg, 18(30%) had the illness severity score between 
10 – 12 on the day of admission, 30(50%) had SPO2 
level <90 and 34 (56.7%) had high lactate levels. 

Table 2: Clinical variables of Mechanically Ventilated Patients 
Clinical Variables Frequency

(F) 
Percentage

(%) 
Primary etiology for admission to ICU
Sepsis and septic shock 9 15.0
Cardio vascular disorders 7 11.7

Clinical Variables Frequency
(F) 

Percentage
(%) 

Cerebrovascular disorders 15 25.0
Respiratory disorders 11 18.3
Others 18 30.0
Mode of mechanical ventilation
Volume control 14 23.3
Pressure control 46 76.7
Co-morbidities
Hypertension 4 6.7
Diabetes mellitus 8 13.3
Deep vein thrombosis 1 1.7
HT & DM 25 41.7
DM & DVT 2 3.3
DM & Peripheral artery disease 1 1.7
HT, DM & Peripheral artery disease 1 1.7
DM, HT & DVT 1 1.7
HT & Peripheral artery disease 1 1.7
Nil 16 26.7
Heart rate (bpm) 
Below 60 bpm 8 13.3
60– 100 bpm 28 46.7
Above 100 bpm 24 40.0
Blood pressure (mmHg) Systolic
Below100 mmHg 21 35.0
100 –140 mmHg 23 38.3
Above 140 mmHg 16 26.7
Diastolic
Below 60 mm of Hg 22 36.7
60 – 90 mm of Hg 23 38.3
Above 90 mm of Hg 15 25.0
Mean arterial pressure
Below 70 mm of Hg 14 23.3
70 – 100 mm of Hg 46 76.7
Illness Severity Score – SOFA Score on the day 
of admission
0 – 6 7 11.7
7 – 9 14 23.3
10 – 12 18 30.0
13 – 15 9 15.0
15 7 11.7
16 – 24 5 8.3
SPO2
<90 30 50.0
91 – 95 26 43.3
96 – 100 4 6.7
Lactate levels
0.6-2.0 mmol/L 26 48.3
Above 2.0 mmol/L 34 56.7
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The table 3 portrays, that 52 (86.7%) had capil-
lary refilling time at below 3 secs, 51 (85%) had nor-
mal skin color, 28 (46.7%) had Tskin-Diff at 3-4o C, 
31(51.7%) had Peripheral perfusion Index of below 
1.4, 59 (98.3%) had no mottling, and 20 (33.3%) had 
ankle brachial index score of above 1.2.

Table 3
Peripheral Perfusion Status of Mechanically ventilated patients. 
Peripheral Perfusion Status Frequency (%) 
Capillary refill time
3 Seconds and below 52 (86.7%) 
4 Seconds and above 8 (13.3%) 
Skin color
Pallor 8 (13.3%) 
Cyanosis -
Mottled skin 1(1.7%) 
Normal 51(85.0%) 
Tskin– diff
Below 2oC 21(35.0%) 
3 –4o C 28 (46.7%) 
Above 4oC 11(18.3%) 
Peripheral perfusion index (PPI) 
Below1.4 31(51.7%
Above1.4 29 (48.3%
Mottling score
0 no mottling 59 (98.3%) 
1 mild -
2 moderate -
3 modest -
4 severe -
5 grave 1(1.7%) 
Ankle Brachial Index (ABI) 
Above1.2 20 (33.3%) 
1.0– 1.2 7 (11.7%) 
0.9– 1.0 18 (30.0%) 
0.8– 0.9 11 (18.3%) 
0.5– 0.8 3 (5.0%) 
Under0.5 1 (1.7%) 

The table 4 depicts that, out of 60 participants, 36 
(60%) were survived and 24 (40%) were not survived. 
Of these 15(44.12%) were survived and 19(55.88%) 
were not survived with vasoactive agents. And among 
survivors, 2 (28.57%) were developed blood stream 
infection and CAUTI and 3(25%) were developed 
VAP. Among Non survivors, 11(64.71%), 5(71.43%), 
9(75.0%), 7(77.78%) were developed acute kidney in-
jury, blood stream infection, VAP and CAUTI respec-
tively and 21(88%) were tried to rescue with CPR. 

Table 4
Prognosis of Mechanically ventilated patients. 

Prognosis Total Survivors 
36 (60%) 

Non–Survivors 
24 (40%) 

F % F %
Vasoactive drugs 34 15 44.12 19 55.88
Acute kidney injury 17 6 35.29 11 64.71
Blood stream infections 7 2 28.57 5 71.43
VAP 12 3 25.0 9 75.0
CAUTI 9 2 22.22 7 77.78
CPR 21 0 0 21 88.0

Table 5 shows that prognosis factors had a signifi-
cant (p<0.0001) association between level of peripher-
al perfusion of mechanically ventilated patients. 

Table 5
Association of Prognosis with the perfusion status of Mechani-
cally ventilated patients. 
Factors influencing Prognosis Prognosis 

Status
Chi-

Square 
Test

P -Value
Sur-
vived

Not 
Sur-
vived

 Vasoactive Drugs 15 0
Vasoactive Drugs, Acute Kidney 
injury

1 1

X2=57.917
df=22

p=0.0001
S***

Vasoactive Drugs, Acute Kidney 
injury, Blood stream infections, 
CPR

0 1

Vasoactive Drugs, Acute Kidney 
injury, VAP, CPR

0 2

Vasoactive Drugs, Acute Kidney 
injury, CAUTI

0 2

Vasoactive Drugs, Acute Kidney 
injury, CAUTI, CPR

0 2

Vasoactive Drugs, Blood stream
infections, CAUTI, CPR

0 1

Vasoactive Drugs, Blood stream
infections, CPR

0 1

Vasoactive Drugs, VAP, CAUTI, 
CPR

0 1

Vasoactive Drugs, VAP, CPR 0 4
Vasoactive Drugs, CAUTI, CPR 0 1
Vasoactive Drugs, CPR 0 1
Vasoactive Drugs, Acute kidney 
injury, CPR

0 1

Acute Kidney Injury 4 0
Acute Kidney Injury, Blood 
stream infections, VAP, CPR

0 1

Acute Kidney Injury, CPR 0 2
Blood stream infections 2 0
Blood stream infections, CPR 0 1
VAP 4 0
VAP, CPR 0 1
CAUTI 3 0
CPR 0 1
Nil 7 0

***p<0.001, S – Significant
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The selected demographic variable of age, history 
of smoking and clinical variables mode of mechanical 
ventilator, illness severity score on the day of admis-
sion, SpO2 and Lactate levels had shown statistically 
significant (p<0.05) association with level of periph-
eral perfusion status among mechanical ventilator pa-
tients as depicted in table 6.

Table 6
Association of Peripheral perfusion status with the selected 
demographic and clinical variables of Mechanically ventilated 
patients
Demographic 
Variables

Frequency Chi-Square Test
P -Value

Age
18–34years 7 X2=9.364

df=3
p=0.023

S*

35–59years 28
60–64years 13
≥65 years 12
History of smoking
Yes 26  X2=4.220 

df=1, 
p=0.040 

S*

No 34

Mode of mechanical ventilation
Volume control 14 X2=4.169

df=1
p=0.032

S*

Pressure control 46

Illness Severity Score – SOFA Score on the day of admission
0 – 6 7

X2=13.310
df=5

p=0.021
S*

7 – 9 14
10 – 12 18
13 – 15 9
15 7
16 – 24 5
SPO2

<90 30 X2=7.367
df=5

p=0.025
S*

91– 95 26
96–100 4

Lactate levels
0.6-2.0mmol/L 26 X2=5.372

df=1
p=0.043

S*

Above2.0mmol/L 34

*p<0.05, S–Significant

DISCUSSION
Critical care monitoring involves observation, mea-

surement, and recording of physiological parameters, 
which allows for the calculation of critically ill patient’s 
physiological reserve and guides therapy, improving 

patient’s outcome and the effectiveness of interventions. 
Peripheral perfusion status monitoring is a central el-
ement of patient care. Peripheral biomarkers of tissue 
perfusion are used clinically as a substitute or alterna-
tive for hemodynamic status [14] as it is essential to 
identify decreased tissue perfusion, thereby preventing 
organ dysfunction and death [15]. Hence the current 
study measured the peripheral perfusion status, includ-
ing capillary refill time, skin temperature, temperature 
gradients -Tskin-diff, Oximetry-derived Perfusion In-
dex, mottling score, and ankle-brachial index among 
patients on mechanical ventilation in both volume con-
trol and pressure control mode in ICU. Prognosis and 
the factors influencing prognosis were also assessed 
and found to have a significant association with the 
peripheral perfusion status. The present study finding 
is supported by the study findings of Longxiang Su et 
al., who explored the relationship between circulatory 
perfusion and the variables of mechanical ventilation 
related to ICU mortality on the first day of mechanical 
ventilation in a retrospective cohort study. The study 
findings provided with a higher mean airway pressure, 
and lower perfusion index had a worse prognosis [16]. 
Similarly, another study by Romain Jouffroy et al. found 
that prehospital skin mottling score and capillary refill 
time are significantly associated with the prognosis of 
septic shock patients in mobile intensive care unit and 
suggested using these parameters for triage in the emer-
gency unit to decide ICU admission [17]. The present 
study did not measure the particular condition, yet in-
cluded whoever was admitted to the ICU and treated 
under mechanical ventilation. Jian Feng Liang et al. 
investigated the factors associated with the prognosis 
of mechanically ventilated patients in ICU. They found 
that ICU mortality was associated with APACHE-II 
score, nosocomial infection, acute kidney injury, inva-
sive hemodynamic monitoring, MV for cardiopulmo-
nary resuscitation, duration of MV, successful weaning 
from MV, and renal replacement therapy. The current 
study also assesses the prognostic influencing factors, 
including acute kidney injury, bloodstream infection, 
catheter-associated infections, ventilator-associated 
infection, vasoactive agents, and cardiopulmonary 
resuscitation [18]. Josef Peter Guggenbichler et al. re-
viewed the literature on causes, frequency, and preven-
tive measures against healthcare-associated infections. 
They mentioned that those infections are associated 
with intravascular and implantable devices, urinary 
catheter-related, and ventilator-associated [19]. Alan E 
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Jones et al. examined the SOFA score for assessing the 
outcome of patients with severe sepsis with evidence of 
hypo perfusion at the time of emergency department 
(ED) and proved that the SOFA score is potentially 
valuable prognostic information on in-hospital surviv-
al [20]. The present study also assessed the SOFA score, 
which is statistically associated with the prognosis of 
mechanically ventilated patients. Wilmer W Nich-
ols et al. calculated the augmentation index, which is 
measured by augmented pressure and divided by pulse 
pressure, which is associated with vascular disease and 
aging [21]. The current study analyzed the peripheral 
perfusion index using a pulse oximeter and correlated it 
with peripheral vasoconstriction. YaliJia et al. suggested 
that optical micro-angiography (OMAG) is a promis-
ing tool for in vivo monitoring of functional macro- or 
micro-vascular responses within peripheral vascular 
beds. They also demonstrated in Mice that OMAG 
could show acute hypoxia and hyperoxia, including the 
changes in macro vascular caliber, microvascular den-
sity, and flux regulation within different-sized vessels 
within skeletal muscle in response to hemodynamic 
activities [22]. Many clinical studies proved and sup-
ported the parameters assessed the peripheral vascular 
status and significantly associated with the prognosis 
of the patients in ICU. However, this prospective ob-
servational study may conduct with large samples by 
incorporating the invasive parameters for better clini-
cal practice and for guiding management decisions for 
therapeutic intervention. 

CONCLUSION
The rationale for monitoring peripheral perfusion 

is based on the concept that the peripheral circulation 
is the first to reflect a disturbance of the circulation 
that may lead to shock. Monitoring peripheral circula-
tion not only provides a different point of reference for 
patient circulation but it also does not require invasive 
techniques and can be used directly at the bedside. 
Moreover, it is a simple approach that can be rapidly 
applied throughout the hospital, including the emer-
gency department, operating room, general wards and 
ICU. Furthermore, peripheral perfusion status has an 
impact on prognosis of the patient. 
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