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hypoperfusion.[7] Studies in resource‑limited settings 
show that early fluid boluses may increase mortality, 
highlighting uncertainty in optimal early resuscitation.[8,9] 
Excessive fluids poststabilization can lead to edema and 
organ dysfunction.[8,9] In resource‑limited settings where 
hemodynamic monitoring capabilities are restricted, fluid 
therapy should be guided by patient response to a fluid 
challenge, pulse pressure variation (PPV), tidal volume 
challenge, passive leg raise test  (used alongside pulse 
pressure or PPV), and ultrasonography if available.[8,9] 
Dynamic tools such as passive leg raise and peripheral 
perfusion index  (PPI) better predict hemodynamic 
response than static measures such as central venous 

INTRODUCTION

Sepsis remains a leading cause of morbidity and mortality 
in critically ill patients worldwide, posing a major 
challenge in intensive care units (ICUs).[1,2] Management 
of sepsis includes antibiotics, fluid resuscitation, and 
corticosteroids.[3] With effective fluid therapy crucial 
for restoring tissue perfusion and preventing organ 
dysfunction.[4] Traditional fluid protocols often lack 
individualized perfusion assessment.[5,6] However, 
excessive or insufficient fluid administration can lead to 
adverse outcomes, including fluid overload or persistent 
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pressure.[9,10] To address this, targeted fluid therapy based on 
dynamic perfusion parameters has gained attention, offering 
the potential to guide resuscitation more precisely.[10,11] 
Macrovascular indicators, heart rate (HR), respiratory rate, 
blood pressure (BP), and lactate, reflect cardiovascular status 
but may not capture microvascular perfusion.[12]

The PPI, a noninvasive, pulse oximetry‑derived measure, 
offers real‑time evaluation of tissue perfusion. [10,13] 
Several studies have indicated that PPI correlates with 
microcirculatory and hemodynamic changes, making it a 
valuable indicator in guiding fluid responsiveness in septic 
patient.[10,14] Despite its potential, comparative data between 
routine and PPI‑guided fluid therapy remain limited.[15]

This study evaluates and compares routine versus 
PPI‑guided targeted fluid therapy in ICU patients with 
sepsis at Al-Zahra Teaching Hospital, Isfahan, Iran, 
assessing the effectiveness of PPI‑guided resuscitation on 
clinical outcomes.

METHODS

This prospective, single‑center, randomized controlled 
trial was conducted in the ICU of Alzahra Hospital, 
between July and December 2024. The study was 
approved by the Ethics Committee of Isfahan University 
of Medical Sciences  (IR. MUI. PHANUT. REC.1403.061). 
The trial was registered in the Iranian Registry of Clinical 
Trials  (IRCT20240804062637N1) and approved by the 
local institutional review board. Written informed consent 
was obtained from all participants; when a patient lacked 
decision‑making capacity, consent was obtained from a 
legally authorized representative.

Enrollment occurred within 24  h of meeting Sepsis‑3 
criteria. Eligible patients were aged 18 years or older and 
admitted to the ICU with sepsis, defined as confirmed or 
suspected infection plus acute organ dysfunction, indicated 
by a  ≥2‑point increase in the Sequential Organ Failure 
Assessment (SOFA) score from baseline.[16] Baseline SOFA 
and Acute Physiology and Chronic Health Evaluation 
II  (APACHE II) scores were recorded at ICU admission. 
Sixty patients were enrolled and randomized equally into 
intervention and control groups (30 patients each).

Inclusion criteria
Adults aged 18 years or older diagnosed with sepsis defined 
as infection accompanied by new organ dysfunction, 
indicated by a SOFA score of 2 or higher admitted to the ICU.

Exclusion criteria
Pregnant women, conditions preventing reliable 
peripheral perfusion monitoring  (such as severe 

hypothermia, Raynaud’s phenomenon, advanced 
peripheral arterial disease, or scleroderma), Stage 5 
chronic kidney disease requiring dialysis, and patient or 
legal surrogate refusal.

Patients were randomized 1:1 to control  (routine fluid 
therapy) or intervention  (PI‑guided therapy) via block 
randomization (block size = 4) using computer‑generated 
sequences; allocation was sealed in opaque envelopes 
and managed by the principal investigator. ICU clinicians 
were blinded to PI, which was measured by a trained 
investigator.

During the assessment, patients were positioned supine 
in a room with a controlled temperature of approximately 
22°C. The pulse oximeter probe was placed on an 
upper limb, typically on the index or middle finger, 
avoiding limbs with arterial lines to ensure accurate PPI 
measurements.

All patients received standard sepsis care as per the 
Surviving Sepsis Campaign guidelines,[17] including an 
initial 30 mL/kg isotonic crystalloid bolus and vasopressors 
as needed to maintain mean arterial pressure  (MAP) 
≥65 mmHg and urine output >0.5 mL/kg/h.[18]

Control group
In the control group, fluid management after the initial 
30  mL/kg crystalloid bolus followed standard sepsis 
care protocols and relied solely on conventional clinical 
markers rather than PI‑guided assessment. Treating 
physicians determined the need for additional fluid 
boluses based on traditional indicators of tissue perfusion 
and hemodynamic status, including BP, HR, urine output, 
lactate levels, capillary refill time, skin temperature, and 
overall fluid balance. When these parameters suggested 
ongoing hypoperfusion, patients received further aliquots 
of crystalloid fluids  (typically 250–500  mL), and if 
hemodynamic targets remained unmet, vasopressor therapy 
was initiated or titrated to maintain a MAP ≥65 mmHg. All 
therapeutic decisions were made according to standard 
bedside evaluations and physician judgment without the 
use of PI monitoring.

Intervention group
PI was measured with a fingertip pulse oximeter (Cardioline, 
China) every 30 s for 5  min postinitial bolus; the mean 
defined baseline PI. Measurements were repeated on days 
1–3. PI <1.4 indicated abnormal perfusion. Protocol steps 
are as follows:

If PI  <1.4, a 250–500  mL crystalloid bolus was infused 
over  30–60  min, considering age, comorbidities, fluid 
intolerance signs, and ultrasound if available.
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One‑hour postbolus, HR, MAP, and PI were reassessed.

Additional boluses were given until PI ≥1.4 when maintaining 
MAP ≥65 mmHg and urine output >0.5 mL/kg/h.

Vasopressors were initiated only if hypoperfusion persisted.

Baseline demographic and clinical data included age, 
sex, ICU admission diagnosis, infection source, and 
comorbidities. Illness severity was recorded using APACHE 
II and SOFA scores at enrollment. Patients were evaluated 
within 24 h of ICU admission or sepsis onset.

Measurements
Hemodynamic parameters (MAP and HR) and metabolic 
variables (arterial lactate) were assessed 6–24 h after initial 
resuscitation. Daily cumulative fluid balance was calculated 
as total intake (enteral + IV) minus output (urine, drains, 
and gastric aspirate). Renal function was monitored 
via serum creatinine, urine output, and cystatin C at 
baseline and on day 7. Patients were followed for up to 
28 days or until discharge. Lactate samples were collected 
6–24  h postresuscitation and converted from mg/dL to 
mmol/L (mg/dL: 9) for reporting.

The primary outcomes were incidence of peripheral 
hypoperfusion, hospital mortality (7 days), and incidence 
of acute kidney injury  (AKI) within 7  days. AKI was 
defined by any of the following criteria: increase in serum 
creatinine ≥0.3 mg/dL within 48 h, or ≥1.5 times baseline 
within 7 days, or urine output <0.5 mL/kg/h for 6 h (KDIGO 
criteria). Serum cystatin C was measured as an additional 
marker of glomerular filtration, and the secondary 
outcomes was correlation between cumulative fluid balance 
and PI in the intervention group; prognostic significance 
of serial PI changes during the first 72 h of sepsis in the 
intervention group; and multivariate analysis of peripheral 
perfusion parameters as independent predictors of clinical 
outcomes.

The sample size was determined based on a prior study 
examining peripheral hypoperfusion in septic patients with 
AKI and its association with mortality and fluid balance.[19] 
Assuming an expected survival rate of P1 = 65.5% in the 
intervention group and P2 = 35.5% in the control group, with 
a two‑sided α of 0.05 and power (1–β) of 0.80, the required 
sample size per group was calculated using the formula: 

N= (zα/2 + zβ)2 * [P1(1-P1) + P2(1-P2)] / (P1-P2)2

Substituting Z_{α/2} =1.96, Z_{β} =0.84, P1  =  0.655, and 
P2 = 0.355 yielded approximately 27 patients per group. 
Accounting for a 10% dropout rate, we planned to enroll 
30 patients per arm (n = 60).

Statistical analysis
Continuous variables were tested for normality using 
the Shapiro–Wilk test. Normally distributed data were 
presented as mean  ±  standard deviation and were 
compared between groups using the independent‑samples 
t‑test; within‑group comparisons over time were made 
using repeated‑measures ANOVA. Nonparametric 
data were presented as median  (interquartile range) 
and were compared between groups using the Mann–
Whitney U‑test and within groups using the Wilcoxon 
signed‑rank test. Categorical variables were expressed 
as counts  (percentages) and were compared using the 
Chi‑square test or Fisher’s exact test, as appropriate. All 
statistical analyses were performed using SPSS software 
(SPSS Inc; Chicago, IL, USA). A  two‑sided P  ≤  0.05 was 
considered statistically significant.

RESULTS

This prospective randomized study was conducted between 
July and December 2024, during which 180 patients were 
screened for eligibility. Following the application of 
inclusion and exclusion criteria (details shown in Figure 1), 
a total of 60 patients were enrolled in the ICU of Al‑Zahra 
Hospital and randomly assigned in equal numbers to either 
the routine fluid therapy group (n = 30) or the targeted fluid 
therapy group guided by PPI (n = 30).

Baseline demographic and clinical characteristics, including 
age, gender distribution, vital signs  (temperature, HR, 
respiratory rate, MAP, and oxygen saturation), and initial 
laboratory values, were well balanced between the two 
groups with no statistically significant differences [Table 1]. 
Both the groups received empirical broad‑spectrum 
antibiotics upon admission following ICU and Surviving 
Sepsis Campaign guidelines, with no significant difference in 
antibiotic regimens or sources of infection observed (P = 0.78).

The primary clinical outcomes included the incidence of 
peripheral hypoperfusion, in‑hospital mortality, and the 
development of AKI during the ICU stay. The secondary 
outcomes comprised cumulative fluid balance, urine output, 
and serum lactate levels evaluated at day 1 and day 7 
postadmission. As summarized in Table 2, the intervention 
group demonstrated significantly improved tissue PI values 
at three different time points compared to the control 
group (P = 0.001). However, within‑group analysis did not 
show significant temporal changes (P = 0.23). Mortality rates 
were lower in the intervention group, but did not reach 
statistical significance (P = 0.30).

AKI incidence was assessed using serum creatinine, cystatin 
C, and KDIGO criteria. No significant differences were 
found between groups based on creatinine levels at day 
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1 (P = 0.60) or day 7 (P = 0.10), nor in cystatin C‑based AKI 
diagnosis at either time point (day 1 P = 0.23; day 7 P = 1.00). 
Notably, the mean cystatin C levels differed significantly 
between groups over time (P = 0.0001), with a significant 
within‑group decrease observed in the intervention 
arm (P = 0.02) [Table 3]. In addition, creatinine and blood 
urea nitrogen levels showed no significant intergroup 
differences on days 1 and 7, although numerically lower 
values were noted in the PPI‑guided group.

Serum lactate concentrations did not differ significantly 
between groups  (P  =  0.26), yet a significant reduction 
over time was detected within both the groups, reaching 
statistical significance in the intervention group (P = 0.025). 
Fluid intake, cumulative fluid balance, and urine output, 
normalized per weight and time, were comparable between 
groups on both the 1st and 7th days  (all P > 0.2), with no 
significant within‑group variations.

DISCUSSION

PPI‑guided therapy improved microvascular perfusion, but 
showed no significant impact on mortality, AKI, or lactate 
clearance. This likely reflects limited statistical power, low 
event rates, and the short 7‑day follow‑up. While prior 
studies link better peripheral perfusion to improved sepsis 
prognosis, our findings should be viewed as short‑term 
physiological effects rather than evidence of long‑term 
benefit.

Our findings align with those of Hernández et  al., 
who reported that targeted fluid therapy improved 
microvascular indices with significant intergroup 
differences, while mortality decreased without statistical 
significance.[20] Similarly, Marik et  al. showed that 
excessive fluid administration increased mortality, 
organ failure, and ICU stay, underscoring the need for 
individualized strategies and continuous monitoring 
of vascular indices.[21] Consistent with these results, our 
study demonstrated that using the PPI reduced mortality 
in the intervention group.

The European Society of Critical Care Medicine 
recommends guiding ICU fluid therapy with hemodynamic 
or clinical indicators, such as Capillary refilling time 
(CRT), rather than relying solely on BP or fixed volumes.[22] 
Given resource constraints in Iran, we used the PPI, a 
simple, cost‑effective tool compatible with CRT, which 
may enhance treatment, reduce complications, and lower 
mortality.

Narayanan et al. demonstrated that the PPI is a practical 
tool for predicting fluid therapy responses in ICU patients, 
supporting its role in evaluating therapeutic adequacy.[10] 
Our findings similarly highlight PPI’s value in guiding fluid 
management, showing improvements in microvascular 
parameters. While Narayanan et  al. reported effects 
primarily on macrovascular indicators, our study found 
that PPI‑guided therapy influenced markers such as MAP 

Assessed for eligibility (n = 180)

Excluded (n = 106)
• Perfusion index≥ 1.4 (n = 90)
• Perfusion index≤ 0.4 (n = 7)
• Age≤18 (n = 3)
Dissatisfaction with participation in the 
study (n = 6)

Randomized (n = 74)

Allocation

Follow-Up

Analysis

Allocated to intervention (n = 36)
• Received allocated intervention (n = 36)
• Did not receive allocated intervention (n = 0)

Allocated to intervention (n = 38)
• Received allocated intervention (n = 38)
• Did not receive allocated intervention (n = 0)

Lost to follow-up (n = 6)
• Discontinued intervention (Inability to 
 record the peripheral perfusion index) (n = 3)
• Inability to obtain blood(n = 3)

Lost to follow-up (n = 8)
• Discontinued intervention (Inability to record 
 the peripheral perfusion index) (n = 3)
• Inability to obtain blood(n = 5)

Analyzed (n = 30)
• Excluded from analysis (n = 0)

Analysed (n = 30)
• Excluded from analysis (n = 0)

Enrollment

Figure 1: The CONSORT flow diagram of the study
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and HR, though intergroup differences were not statistically 
significant.

Multiple studies have linked positive fluid balance to higher 
sepsis mortality.[23,24] In our study, although more patients in 
the intervention group had positive fluid balance, this was 
not statistically significant, and mortality was higher in the 
control group.[23-27] A contributing factor to this discrepancy is 
the difference in the length of the mortality assessment period, 
with Kharadi et al.[27] evaluating up to 90 days compared to 
the 7-day assessment in the current study. Additionally, 
variations in sample size may have influenced the conflicting 
results, as Sakr et al.[26] included 1,808 participants whereas 
the present study involved only 60.

The Sepsis‑3 guidelines highlight tissue perfusion as 
a key measure of treatment response and follow‑up. 
Consistent with these recommendations, our study used 
the PPI to evaluate fluid therapy adequacy, emphasizing 
simple, cost‑effective alternatives to complex, expensive 
techniques.[23]

Abraham et al.  reported that higher serum cystatin C levels 
at ICU admission predict AKI occurrence and renal recovery 
in sepsis, offering greater sensitivity than creatinine. As 
sepsis‑related AKI markedly increases mortality, early 
and accurate detection is critical.[28] In our study, cystatin 
C levels differed significantly between groups on days 
1 and 7  (P  =  0.0001): intervention group  1.73  ±  0.35 and 
1.53  ±  0.32  vs. control group  2.14  ±  0.47 and 2.01  ±  0.46. 
However, AKI incidence by cystatin C showed no significant 
difference (P = 0.23 on day 1, P = 1 on day 7). These findings 
diverge from Abraham et  al.,   likely due to our smaller 
sample size.

Jones et  al. reported no mortality difference in severe 
sepsis or septic shock patients resuscitated using lactate 
clearance versus ScvO2‑guided protocols.[29] Similarly, our 
study found no significant differences in serum lactate 
over 3 days (P = 0.26) or mortality between intervention 
and control groups  (P  =  0.30), though mortality was 
numerically lower in the intervention group. A  key 
strength of our study is its randomized design combined 
with simple, cost‑effective monitoring for fluid therapy 
management.

A key strength of this randomized clinical trial is the use 
of accessible, cost‑effective monitoring for fluid therapy 
management.

Limitations include a small sample size, short follow‑up, 
limited postdischarge clinical data, and incomplete PI 
measurements due to extremity coldness.

Table 1: Baseline characteristics of the study population
Intervention 

group
Control 
group

Pa

n 30 30
Age  (years) 0.66±0.22 0.66±0.22 0.98
Gender

Female 14 13 0.50
Male 16 17

CRP 0.8±0.05 0.63±0.05 0.19
ESR 0.49±0.04 0.52±0.04 0.76
Lactate‑1  (mg/dl) 0.21±0.01 0.25±0.01 0.26
SOFA score 0.08±0.03 0.07±0.02 0.22
APACHE Ⅱ Score 0.18±0.05 0.19±0.07 0.68
SPO2 1.2±0.04 1.19±0.04 0.37
HR 1.16±0.03 1.15±0.03 0.89
FiO2 0.52±0.03 0.51±0.04 0.93
MAP  (mmHg) 1.12±0.02 1.05±0.02 0.19
Use of vasopressor 0 0 1
Past medical history

CNS disease 6 2 0.44
Cardiovascular disease 4 1
Diabetes 1 2
Dyslipidemia 1 1
Kidney disease 1 2
Cancer 1 2
Pulmonary disease 1 0
Other 2 2
Pneumonia  (community‑ or 
hospital‑acquired), n  (%)

12  (40.0) 13  (43.3) 0.9

Urinary tract infection, n  (%) 9  (30.0) 8  (26.7)

Intra‑abdominal infection, n  (%) 4  (13.3) 5  (16.7)

Skin/soft tissue infection, n  (%) 2  (6.7) 2  (6.7)

Bloodstream infection  (primary), n  (%) 2  (6.7) 1  (3.3)

Other/undetermined, n (%) 1 (3.3) 1 (3.3)
aData were analyzed by ANOVA test. MAP=Mean arterial pressure; HR=Heart rate; 
SpO2=Peripheral oxygen saturation; SOFA=Sequential Organ Failure Assessment; 
APACHE II=Acute Physiology and Chronic Health Evaluation II; CRP=C‑reactive 
protein; ESR=Erythrocyte sedimentation rate; FiO2=Fraction of inspired oxygen; 
CNS=Central nervous system

Table 2: Peripheral hypoperfusion, mortality, acute 
kidney injury in both randomization arms during the 
study period

Intervention 
group

Control 
group

Pa

PI1* 0.88±0.28 0.98±0.34 0.001
PI2** 1.48±0.66 1.05±0.46
PI3*** 2.07±0.6 1.34±0.63
Mortality

Death 1 3 0.50
Alive 29 27

Number of AKI based on creatinine# 2 4 0.60
Number of AKI based on creatinine## 0 1 1
Number of AKI based on Cystatin c# 0 3 0.23
Number of AKI based on Cystatin c## 0 0 1
*PI at first day; **PI at second day; ***PI at third day; aIndependent‑samples t‑test; 
#First day; ##7th day. Data are presented as mean±SD. AKI=Acute kidney injury; 
SD=Standard deviation; PI=Perfusion index
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CONCLUSION

Based on the findings, it is recommended that targeted 
fluid therapy guided by the PPI is incorporated into sepsis 
treatment protocols, alongside more traditional assessment 
methods such as capillary refill time. In addition, further 
research involving larger patient cohorts and extended 
follow‑up periods is necessary to validate these findings 
and optimize sepsis management strategies.
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