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I n t r o d u c t i o n  
Sepsis is still a global health crisis because sepsis has 

a high rate of morbidity and mortality; therefore, 

sepsis is a very important issue specifically for low- 

and middle-income countries (LMICs) including 

Pakistan. According to recent reviews, systemic 

Gram-negative pathogens predominate in 

respiratory and urinary tract infections, which are 

the most common local foci of sepsis.1 In Pakistan's 

resource-constrained settings, adherence to 

internationally recommended sepsis protocols 

remain suboptimal despite improvements in 

awareness.1,2 Guidelines like the Surviving Sepsis 

Campaign emphasize the significance of prompt 

Objectives: To assess the effectiveness of point-of-care ultrasound in identifying sepsis at an early stage among 
patients presenting with suspected infection. 
Methodology: A prospective observational single-center clinical study was undertaken at the POF Hospital, Wah 
Cantt, Pakistan, from July to December 2024. A total of 150 adult patients presenting with suspected sepsis were 
enrolled. Point-of-Care Ultrasound (POCUS) examination took place during the first hour of presentation, which 
assessed volume status by evaluating collapsibility of the inferior vena cava (IVC) and included assessment for 
potential sources of infection (pneumonia, biliary tract infection, urinary tract obstruction, intra-abdominal fluid 
collection etc). The results were contrasted with traditional diagnostic techniques and the ultimate clinical diagnoses. 
Results Within the first hour of presentation, 117 patients (78%) out of 150 had a probable infectious source found 
by POCUS. The most commonly identified sources of infection were intra-abdominal fluid collections (12 cases, 8%), 
abnormal biliary function (21 cases, 14%), urinary tract obstruction (18 cases, 12%), and lung consolidation due to 
pneumonia (42 cases, 28%). The volume evaluations of IVC resulted in identifying that 64 of the patients studied 
(43%) were hypovolemic, 55 of them (37%) were euvolemic, and 31 of them (21%) hypervolemic. The sensitivity of 
POCUS for identifying sepsis-related conditions was calculated to be 89%, and the specificity was calculated to be 
82%, coinciding with the final clinical determination for 131 of the patients studied (87%). 
Conclusion: POCUS has shown to be an effective tool to rapidly identify infection sources and assess fluid status to 
aid in the early assessment and diagnosis of this condition. Incorporating the use of POCUS in initial sepsis diagnostic 
protocols for critical care and emergency physicians may lead to greater improvement in patient outcomes and care. 
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identification and treatment within the first hour 

(the "hour 1 bundle") in order to minimize 

unfavorable outcomes.3 However, traditional 

diagnostic techniques like imaging and laboratory 

testing frequently cause delays, particularly when 

expert interpretation or transportation to radiology 

is needed.4 According to clinician surveys conducted 

in Karachi, many physicians have little practical 

experience managing sepsis, and delays in diagnosis 

continue to be a major obstacle to prompt 

intervention.5 

In emergency and critical care settings, Point of Care 

Ultrasound (POCUS), which is defined as bedside 

ultrasonography carried out and interpreted by the 

treating clinician, has become a quick, non-invasive, 

and repeatable diagnostic technique.6 Worldwide, 

POCUS enables the prompt identification of 

common infectious sources, including intra-

abdominal fluid, biliary or urinary tract pathology, 

pneumonia, pleural effusions, and volume status 

estimation using Inferior Vena Cava (IVC) 

dynamics.6,7 According to a study conducted in 

Pakistan, POCUS significantly outperformed 

standard clinical assessment, identifying the source 

of sepsis in 94% of cases with a sensitivity of roughly 

74.5%.8  

Although clinicians' confidence in diagnosing 

undifferentiated shock and respiratory distress has 

increased recognition to POCUS training programs 

like the Point of Care Ultrasonographic Life Support 

in Emergency (PULSE) workshop in Karachi, the 

precise effect of POCUS on sepsis recognition is still 

poorly understood locally.9 Furthermore, surveys of 

physicians' perceptions carried out in Karachi 

revealed an ongoing gap between prompt diagnostic 

implementation and knowledge of the burden of 

sepsis.5 

The study aim was to assess the potential for 

improving sepsis care outcomes and timeliness, as 

well as the diagnostic accuracy and feasibility of 

integrating POCUS into early sepsis recognition 

protocols. 

 

M e t h o d o l o g y  

This prospective observational single-centre clinical 

study was conducted in the Emergency and Medical 

Departments of POF Hospital, Wah Cantt, Pakistan, 

from July to December 2024. A total of 150 adult 

patients aged 18 years or older who presented with 

clinical suspicion of sepsis were enrolled 

consecutively using non-probability purposive 

sampling. Sepsis was identified using the Sepsis-3 

criteria, which include suspected infection and organ 

failure symptoms like altered mental status, 

hypotension, tachycardia, tachypnea, or elevated 

serum lactate levels. Pregnant women, patients with 

documented end-stage organ failure, and patients 

already diagnosed with sepsis and receiving therapy 

were excluded from the study. 

The sample was determined using the WHO 

calculator for estimation of a single proportion. The 

expected proportion of successful identification of 

the infectious source using POCUS in suspected 

sepsis was taken as 94%.8 Keeping confidence level 

at 95%, alpha error at 4%, and anticipated 

population proportion at 0.94, the required sample 

was estimated as 135 patients. After adding a 10% 

contingency for incomplete scans, the final 

calculated sample was 150 patients.  

All eligible patients had a standardized diagnostic 

work-up utilizing POCUS at three predetermined 

time periods (T0, T1, and T2) following the 

acquisition of written informed consent. T0 stood 

for the first bedside ultrasonography performed 

during triage, right after arrival and prior to starting 

treatment. T1 referred to the POCUS evaluation that 

took place within the first hour of the patient's 

presentation, following initial stabilization but 

before the definitive diagnosis was confirmed. T2 

indicated a follow-up scan that was carried out 

within the first six hours of admission in order to 

track development, reassess volume status, or 

assess treatment response.  
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All POCUS examinations were conducted by trained 

emergency physicians or critical care fellows using a 

portable ultrasound machine (SonoSite M-Turbo). 

Curvilinear and phased array probes were used 

depending on the targeted area. The chest, 

abdomen, urinary system, hepatobiliary system, and 

inferior vena cava (IVC) were all specifically 

examined as part of the POCUS protocol. Lung 

ultrasound was done to assess for pneumonia, 

pleural effusion, or pulmonary edema. Abdominal 

ultrasound included scanning for hepatobiliary 

pathology such as cholecystitis or biliary obstruction, 

intra-abdominal fluid collections, hydronephrosis, 

and other signs of urinary tract obstruction. When 

possible, cardiac images were acquired to rule out 

severe heart dysfunction or pericardial effusion. IVC 

diameter and the collapsibility index were used to 

determine the volume status; a collapse of more 

than 50% indicated hypovolemia. 

A second experienced sonologist or departmental 

consultant cross-checked all results, which were 

recorded in a structured POCUS reporting form. 

Patients had routine laboratory and radiographic 

tests at the same time, such as a chest X-ray, blood 

cultures, serum creatinine, serum lactate, and 

complete blood counts. Determining the diagnostic 

value of POCUS in the early detection of the 

infectious source and volume status was the main 

outcomes. Based on a thorough clinical assessment, 

laboratory and imaging results, and the attending 

consultant's assessment of the patient's response to 

treatment, the final diagnosis of the source of sepsis 

was made. 

Data were entered and analyzed using SPSS version 

25. Frequencies and percentages were used to 

summarize categorical factors such as sepsis source, 

volume status category, and concordance of POCUS 

findings. Sensitivity and specificity of POCUS were 

calculated by comparing POCUS findings at T1 with 

the final confirmed source of sepsis, which served as 

the reference standard. A POCUS result was 

considered positive when it correctly identified the 

infectious source later confirmed by clinical 

evaluation, laboratory findings, radiological imaging, 

and treatment response. A negative POCUS result 

was defined as failure to identify an infectious 

source that was subsequently confirmed. Based on 

these definitions, true positive, false positive, true 

negative, and false negative values were derived, 

and diagnostic accuracy indices including sensitivity, 

specificity, positive predictive value (PPV), negative 

predictive value (NPV), positive likelihood ratio (LR⁺), 

and negative likelihood ratio (LR⁻) were calculated. 

Ethical approval was taken from the institutional 

review board and ethics committee of POF Hospital, 

Wah Cantt (Ref. No. 4119/4/HOD_ER/Hosp) on 17-

06-2024. 

 

R e s u l t s  

A total of 150 patients with clinical suspicion of 

sepsis were included. The mean age was 52.4±16.2 

years with 91 males (60.7%) and 59 females (39.3%). 

Most patients (63.3%) presented within 6 hours of 

symptom onset. Most patients presented with 

clinical indicators of sepsis, including tachycardia 

and elevated respiratory rate. Laboratory analyses 

showed leukocytosis in 78% and elevated lactate 

levels in 69% of cases. Blood cultures were positive 

in nearly two-thirds of patients, with E. coli (29%), 

Klebsiella pneumoniae (22%), and Staphylococcus 

aureus (18%) as the most common isolates. While, 

chest X-rays revealed pneumonic infiltrates in 30.7% 

and pleural effusion in 8%. Demographic, clinical, 

laboratory, and radiological findings of all patients 

are summarized in Table-I. 

Point-of-care ultrasound (POCUS) was performed at 

three time points: T0 (at triage), T1 (within the first 

hour), and T2 (within 6 hours of admission). At T0, 

POCUS was feasible in 142 (94.7%) patients; 

technical limitations (e.g., poor windows due to 

obesity or agitation) limited complete scans in 8 

patients. A potential source of infection was 

identified in 89 patients (59.3%) at T0. This number 

increased to 117 patients (78%) at T1, after initial 
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stabilization and repeat scanning. 124 patients 

underwent focused re-evaluation at T2, and 122 

patients (98.3% of those scanned at T2) had 

confirmed or evolving infectious sources. The 

distribution of POCUS-identified infection sources at 

T1 is presented in Table-II. 

According to volume status evaluation utilizing IVC 

collapsibility, 47.3% patients were hypovolemic at 

T0. Due to fluid resuscitation and changing clinical 

status, this percentage dropped to 42.7% at T1 and 

37.1% at T2. Volume status across time points is 

summarized in Table-III. 

Diagnostic accuracy of POCUS at T1 was assessed 

using a contingency table, taking the final confirmed 

source of sepsis as the reference standard (Table IV-

A). Sensitivity was calculated as the proportion of 

patients in whom POCUS correctly identified the 

infectious source among all patients with a 

confirmed source (true positives / [true positives + 

false negatives]). Specificity was calculated as the 

proportion of patients in whom POCUS correctly 

excluded an infectious source among those without 

a confirmed source (true negatives / [true negatives 

+ false positives]). 

When compared with the final clinical diagnosis, 

POCUS at T1 exhibited a sensitivity of 88.5% and 

specificity of 81.8% in detecting the infectious 

source. In 77.3% patients, there was agreement 

between the final diagnosis and the POCUS results 

at T1 (Table IV-B). 

No adverse events related to ultrasound scanning 

were recorded. T2 scans were completed within a 

median of 4 hours (IQR: 3–5.5 hours) following 

admission, and the average time from patient 

presentation to T1 POCUS completion was 21±7 

minutes. POCUS at T1 showed a sensitivity of 88.5% 

(95% CI: 81.9–92.9) and specificity of 81.8% (95% CI: 

46.0–84.6) when compared to the final clinical 

diagnosis. A patient with sepsis was almost 2.8 times 

more likely to have a positive POCUS finding than a 

non-septic patient, according to the positive 

likelihood ratio (LR⁺) of 2.8. A negative POCUS result 

significantly decreased the likelihood of sepsis, 

effectively ruling it out in many cases, according to 

the negative likelihood ratio (LR⁻) of 0.17. These 

findings confirm POCUS's diagnostic value in 

identifying sepsis early. 

Table I: Demographic, clinical, laboratory, and 

radiological characteristics of patients, n= 150 

Variables 
Mean ± SD / 

Frequency (%) 

Demographic Characteristics 

Age (years) 52.4±16.2 

Male 91 (60.7%) 

Female 59 (39.3%) 

Clinical Characteristics 

Mean arterial pressure (mmHg) 68.5±12.1 

Heart rate (beats/min) 108±18 

Respiratory rate (breaths/min) 24.6±5.8 

Temperature (°C) 38.2±1.0 

Time from symptom onset (≤ 6 

hours) 
95 (63.3%) 

Time from symptom onset (> 6 

hours) 
55 (36.7%) 

Suspected infection on 

admission 
129 (86%) 

Confirmed sepsis (based on 

Sepsis-3 criteria) 
116 (77.3%) 

Laboratory Findings 

Total leukocyte count (×10⁹/L) 
15.4±4.3 (> 11 × 

10⁹/L in 117 [78%]) 

Hemoglobin (g/dL) 
11.2±1.8 (< 12 g/dL 

in 65 [43%]) 

Serum lactate (mmol/L) 
3.6±1.5 (> 2 mmol/L 

in 104 [69%]) 

Serum creatinine (mg/dL) 
1.5 ± 0.6 (> 1.2 

mg/dL in 62 [41%]) 

Positive blood culture 97 (64.7%) 

Radiological Findings 

Chest X-ray: Pneumonic 

infiltrates 
46 (30.7%) 

Chest X-ray: Pleural effusion 12 (8.0%) 
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Table II: Infectious sources identified by POCUS at 

T1, n=117 

Infectious source Frequency (%) 

Lung consolidation (pneumonia) 42 (35.9%) 

Biliary tract pathology 21 (17.9%) 

Urinary tract obstruction 18 (15.4%) 

Intra-abdominal fluid collection 12 (10.3%) 

Soft tissue abscess / cellulitis 9 (7.7%) 

Joint effusion / septic arthritis 5 (4.3%) 

Multiple simultaneous foci 6 (5.1%) 

Other 4 (3.4%) 

 

Table III: Volume status based on IVC ultrasound 
across time points 

Volume status 
T0 

(n=150) 
T1 

(n=150) 
T2 

(n=124) 

Hypovolemic 
71 

(47.3%) 
64 

(42.7%) 
46 

(37.1%) 

Euvolemic 
49 

(32.7%) 
55 

(36.7%) 
56 

(45.2%) 

Hypervolemic 
30 

(20.0%) 
31 

(20.7%) 
22 

(17.7%) 

 

Table IV-A: Contingency table for diagnostic accuracy 
of POCUS at T1 

 

Final 
Diagnosis: 

Sepsis Source 
Present 

Final 
Diagnosis: 

Sepsis Source 
Absent 

Total 

POCUS 
Positive 

104 (True 
Positive) 

13 (False 
Positive) 

117 

POCUS 
Negative 

13 (False 
Negative) 

20 (True 
Negative) 

33 

Total 117 33 150 

 

Table IV-B: Diagnostic accuracy of POCUS at T1 in 
identifying sepsis source 

Parameter Value 95% CI LR+ LR- 

Sensitivity 88.5% 
81.96 – 
92.94 

2.80 0.17 

Specificity 81.8% 
46.01 – 
84.64 

- - 

Concordant 
cases (TP + TN) 

124 
(82.7%) 

- - - 

Discordant 
cases (FP + FN) 

26 
(17.3%) 

- - - 

LR+: Positive likelihood ratio, LR-: Negative likelihood ratio, TP: 

True positive, TN: True negative, FP: False positive, FN: False 

negative. 

 

D i s c u s s i o n  

In this study, integration of POCUS at multiple time 

points (T0, T1, T2) demonstrated strong diagnostic 

performance in early sepsis identification. At T1, 

POCUS achieved sensitivity of 88.5%, specificity of 

81.8%. These results support POCUS as a useful 

supplement to early sepsis strategies and are in line 

with international studies. 

In a systematic review of POCUS in undifferentiated 

shock, inclusion of clinical assessment plus POCUS 

increased diagnostic accuracy from 45–60% 

(standard care alone) to 80–89%, comparable to our 

88.5% sensitivity and 81.8% specificity.10 Those 

studies emphasized that while specificity remained 

high (80–100%) for causes like distributive shock, 

sensitivity varied from moderate to good (63–

75%).11,12 In contrast, this study results showed 

slightly higher sensitivity, likely due to multimodal 

scanning (lungs, biliary, urinary, IVC) and the serial 

nature (T0–T2) enhancing detection rates.  

This study findings also compare favorably with the 

study by Khalid et al, where POCUS identified the 

source in 94% of cases with sensitivity around 

74.5%.8 This study, higher sensitivity may reflect 

stronger concordance via training and early T1/T2 

scanning. Importantly, their study and this study 

support the utility of POCUS in resource-limited 

settings. 

A meta-analysis of multi-organ POCUS for 

pulmonary embolism in critically ill patients found 

diagnostic accuracy of 90% sensitivity and 69% 

specificity, with a diagnostic odds ratio of 25.3.13 

Though focused on PE rather than sepsis, this 

supports the effectiveness of combined lung, 

cardiac, and venous scanning in acutely ill patients, 

similar in concept to our multimodal approach in 

sepsis evaluation.  

This study, LR⁺ of 2.8, while moderate, indicates that 

a positive POCUS finding increases the likelihood of 
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true sepsis, but is not definitively confirmatory. The 

LR⁻ of 0.17 is particularly useful: a negative result 

substantially lowers risk, supporting clinical 

exclusion in many cases. Tests with LR⁻ <0.2 are 

powerful rule-out tools (e.g. in POCUS for acute 

renal damage), which is in line with more general 

diagnostic reasoning studies.14,15 

Clinically, developing identification was made 

possible by the serial acquisition at T0, T1, and T2: 

59% at T0, increasing to 78% at T1, and 98% at T2. 

The results demonstrate that although immediate 

POCUS performed at triage may 

underestimate/ignore an early moderate result, 

performing repeat scans after initial resuscitation 

improves the sensitivity of POCUS for diagnosing 

sepsis. This supports the suggestions made by the 

RUSH protocol for serial POCUS in cases of suspected 

sepsis.16 The findings of this study suggest that there 

are dynamic variations in the Inferior Vena Cava 

(IVC) over time regarding their size in conjunction 

with fluid-responsiveness—a critical factor in 

directing early management of sepsis. These finding 

support previously published studies that 

demonstrate the value of POCUS in diagnosing 

sepsis and in monitoring response to therapy, 

hydration status, and resuscitation guidance. 

The limitation of this study includes operator 

dependency and single-center design. When 

interpreting positive scans in patients with low pre-

test probability, care must be used because this 

study's moderate LR⁺ suggests the possibility of false 

positives. 

 

C o n c l u s i o n  

The findings of this study add to and support 

previous studies showing that serial multi-system 

POCUS greatly improves the early detection of sepsis 

causes with high sensitivity and robust rule-out 

capability. The progressive change in the size of the 

IVC was observed between T0, T1, and T2 scans 

demonstrated the importance of periodic scrutiny 

and evaluation based on time. These results support 

the inclusion of POCUS as part of an early-Sepsis 

protocol in resource-poor environments. 
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