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ABSTR ACT  
Background: Thrombotic Thrombocytopenic Purpura (TTP) is a life-threatening 
thrombotic microangiopathy requiring rapid diagnosis and treatment. Although 
ADAMTS13 activity testing is the gold standard for diagnosis, it remains largely 
inaccessible in low-resource settings, necessitating alternative, cost-effective 
diagnostic markers. The proteinuria-to-creatinineuria (PU/CU) ratio has been suggested 
as a potential noninvasive surrogate for early TTP detection. Objective: This study aimed 
to evaluate the diagnostic accuracy of the PU/CU ratio (>1.5 g/g) for identifying TTP using 
ADAMTS13 activity (<10%) as the gold standard, and to assess its performance across 
different clinical subgroups. Methods: A cross-sectional validation study was conducted 
at Mayo Hospital, Lahore, with 290 patients aged 16–75 years presenting with clinical 
features of thrombotic microangiopathy. Patients with renal failure, liver disease, 
malignancy, HIV, or pregnancy-related TMAs were excluded. Blood and urine samples were 
analyzed for ADAMTS13 activity and PU/CU levels, respectively. Ethical approval was 
obtained, and informed consent was secured in compliance with the Helsinki Declaration. 
Data were analyzed using SPSS v27, with sensitivity, specificity, predictive values, and 
accuracy computed from 2×2 contingency tables. Results: The PU/CU ratio demonstrated 
a sensitivity of 83.3%, specificity of 78.4%, PPV of 85.3%, NPV of 75.8%, and diagnostic 
accuracy of 81.4% in detecting TTP. These findings remained consistent across stratified 
subgroups. Conclusion: The PU/CU ratio is a reliable and practical screening tool for early 
TTP diagnosis, particularly in settings lacking access to ADAMTS13 testing. Its integration 
into clinical protocols may improve early recognition and timely intervention. 
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INTRODUCTION
Thrombotic Thrombocytopenic Purpura (TTP) is a rare, life-
threatening thrombotic microangiopathy (TMA) characterized by 
the formation of platelet-rich thrombi in small arterioles and 
capillaries, resulting in thrombocytopenia, microangiopathic 
hemolytic anemia, and varying degrees of organ dysfunction, 
particularly involving the central nervous system and kidneys (1). 
Central to the pathogenesis of TTP is a severe deficiency in the 
metalloprotease ADAMTS13, which normally cleaves ultra-large 
von Willebrand factor (vWF) multimers. In the absence or 
inhibition of ADAMTS13, these multimers accumulate and 
promote platelet aggregation, leading to widespread 
microvascular thrombosis (2). Acquired TTP, often caused by 
autoantibodies against ADAMTS13, presents more frequently in 
adults, while hereditary forms, due to genetic mutations, are rare 

and typically manifest in childhood (3). Prompt recognition and 
treatment, primarily with plasma exchange, are essential to 
prevent fatal outcomes, as mortality without intervention can 
exceed 90% (4). 

The gold standard for diagnosing TTP is quantitative 
measurement of ADAMTS13 activity, with levels below 10% being 
highly specific for the condition (5). However, this test is 
technically complex, expensive, and not readily available in many 
low-resource or emergency settings, which leads to delays in 
diagnosis and treatment initiation. To address this diagnostic 
gap, surrogate biomarkers and clinical scoring systems such as 
the PLASMIC score have been proposed, yet they too have 
limitations in sensitivity and specificity, especially in atypical 
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cases (6). Among alternative markers, the proteinuria-to-
creatinineuria (PU/CU) ratio has emerged as a potential 
noninvasive and cost-effective indicator of TTP, based on its 
capacity to reflect glomerular endothelial injury and 
microvascular thrombotic activity—hallmarks of TTP 
pathophysiology (7). 

Recent studies have shown that proteinuria, traditionally 
associated with renal pathologies such as diabetic nephropathy 
or hypertensive nephrosclerosis, may also be a manifestation of 
endothelial injury in thrombotic microangiopathies, including 
TTP (8). Burguet et al. reported that a PU/CU ratio threshold of 1.5 
g/g offered high specificity and acceptable sensitivity for TTP 
diagnosis in patients with TMA, highlighting its promise as an 
adjunct to conventional diagnostic strategies (9). However, 
existing evidence remains limited, with few studies 
systematically validating PU/CU against ADAMTS13 activity in a 
statistically powered population. Moreover, the diagnostic 
performance of this marker across diverse clinical subgroups—
such as individuals with comorbid hypertension, diabetes, or 
dyslipidemia—has not been thoroughly explored. 

Given the clinical urgency of diagnosing TTP and the limitations 
associated with ADAMTS13 testing, there is a compelling need to 
evaluate the diagnostic accuracy of PU/CU as a rapid, 
accessible, and reliable screening tool. This study seeks to fill 
this knowledge gap by validating the PU/CU ratio against 
ADAMTS13 activity in a cohort of patients with suspected TTP. 
The findings aim to inform clinical decision-making in resource-
constrained environments where delays in diagnosis may prove 
fatal. Therefore, this study was designed to determine whether 
the PU/CU ratio can serve as an effective diagnostic indicator for 
TTP, hypothesizing that a PU/CU threshold of >1.5 g/g is 
significantly associated with ADAMTS13 deficiency and can be 
used to accurately screen for TTP in clinical practice. 

MATERIAL AND METHODS  
This was a cross-sectional diagnostic validation study 
conducted over a six-month period at the Department of 
Hematology, Mayo Hospital Lahore, a major tertiary care center 
receiving high volumes of patients with thrombotic 
microangiopathies. The study aimed to assess the diagnostic 
accuracy of the proteinuria-to-creatinineuria (PU/CU) ratio for 
the early detection of Thrombotic Thrombocytopenic Purpura 
(TTP), using ADAMTS13 activity levels as the reference standard. 
The study population consisted of 290 patients, aged 16–75 
years, who presented with clinical signs suggestive of 
thrombotic microangiopathy, including microangiopathic 
hemolytic anemia, thrombocytopenia (platelet count 
<150,000/μL), and evidence of organ dysfunction due to 
ischemia. A non-probability consecutive sampling technique 
was used to recruit all eligible patients who met the inclusion 
criteria during the study period. Patients with hematological 
malignancies, chronic liver disease, HIV, pregnancy-related 
TMAs, severely deranged renal function (serum creatinine >1.2 
mg/dL), or coagulopathy (INR >2.0) were excluded to eliminate 
confounding clinical conditions that could influence urinary 
protein or creatinine levels. Ethical approval was obtained from 
the institutional review board of King Edward Medical University 

(Ref: KEMU/IRB/2023/114), and written informed consent was 
secured from all participants prior to enrollment, in accordance 
with the principles outlined in the Declaration of Helsinki. 
Confidentiality was maintained by anonymizing all patient data 
through coded identifiers. 

The primary outcome of interest was the diagnostic accuracy of 
the PU/CU ratio (threshold >1.5 g/g) for identifying TTP, as 
confirmed by ADAMTS13 activity levels <10%, which served as 
the gold standard diagnostic criterion. Secondary outcomes 
included subgroup analyses of the PU/CU ratio’s sensitivity, 
specificity, and predictive values across different patient 
demographics and comorbid conditions. For each participant, a 
5 mL peripheral blood sample was collected in an EDTA tube and 
processed to measure ADAMTS13 activity using enzyme-linked 
immunosorbent assay (ELISA)-based methods, performed in the 
hospital’s central pathology laboratory. In parallel, urine samples 
were obtained as midstream clean-catch spot samples, and the 
PU/CU ratio was calculated by determining total urinary protein 
(g/g) and creatinine concentration (g/g) using standardized 
spectrophotometric assays. Clinical data, including age, sex, 
BMI, duration of symptoms, history of diabetes (defined as blood 
sugar random >200 mg/dL), smoking status (>5 pack-years), 
hypertension (systolic BP ≥140 mmHg or diastolic BP ≥90 mmHg), 
dyslipidemia (total cholesterol >200 mg/dL), and anemia 
(hemoglobin <10 g/dL), were collected using a structured 
proforma at the time of admission. 

All data were entered and analyzed using SPSS version 27. 
Quantitative variables such as age, BMI, duration of symptoms, 
proteinuria, creatinineuria, and PU/CU ratio were tested for 
normality using the Shapiro-Wilk test. Means and standard 
deviations were reported for normally distributed variables, 
while medians and interquartile ranges were used where 
appropriate. Categorical variables were presented as 
frequencies and percentages. A 2 × 2 contingency table was used 
to calculate diagnostic parameters of the PU/CU ratio including 
sensitivity, specificity, positive predictive value (PPV), negative 
predictive value (NPV), and overall diagnostic accuracy. 
Subgroup analyses were performed across stratified variables 
such as age group, sex, and presence of comorbidities (e.g., 
diabetes, hypertension) to assess the consistency of PU/CU 
performance across clinical subpopulations. Confounding 
variables were explored through stratification rather than 
regression due to the diagnostic focus of the study. Cases with 
missing or incomplete data were excluded from the final analysis 
to maintain the validity of statistical estimates. 

RESULTS  
The study evaluated 290 patients presenting with clinical 
features of thrombotic microangiopathy to assess the 
diagnostic utility of the proteinuria-to-creatinineuria (PU/CU) 
ratio in identifying Thrombotic Thrombocytopenic Purpura 
(TTP), using ADAMTS13 activity levels as the gold standard. The 
mean age of participants was 45.2 ± 12.1 years, and the cohort 
had a near-equal gender distribution with a slight male 
predominance. The average BMI was 24.8 ± 3.9 kg/m², indicating 
a largely normoweight to overweight population. Symptom 
duration averaged 7.1 ± 2.8 days, and the PU/CU ratio had a mean 
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value of 1.93 ± 0.51 g/g, which was notably higher than the 1.5 g/g 
threshold associated with TTP suspicion, indicating that a 
substantial number of patients had proteinuria exceeding 
normal limits. Normality testing using the Shapiro-Wilk test 
showed that variables such as age, proteinuria, and 
creatinineuria were normally distributed, while BMI, duration of 
symptoms, and PU/CU ratio did not follow a normal 
distribution.These findings informed the selection of 
appropriate statistical tests in subsequent subgroup and 

sensitivity analyses. In terms of categorical variables, the most 
prevalent comorbidities included diabetes (30%), smoking 
(40%), hypertension (34.8%), and dyslipidemia (24.8%). Notably, 
58.6% of patients were PU/CU-positive based on the >1.5 g/g 
criterion, suggesting a significant overlap between high urinary 
protein levels and suspected TTP in the studied cohort. This 
aligns with current hypotheses suggesting PU/CU elevation as a 
surrogate of microvascular endothelial damage in TTP. 

Table 1: Descriptive Statistics of Quantitative Variables 

Variable Mean ± SD 
Age (years) 45.2 ± 12.1 
BMI (kg/m²) 24.8 ± 3.9 
Duration of Symptoms (days) 7.1 ± 2.8 
Proteinuria (g/g) 1.78 ± 0.48 
Creatinineuria (g/g) 0.92 ± 0.21 
PU/CU Ratio 1.93 ± 0.51 

Table 2: Shapiro-Wilk Normality Test Results 

Variable W Statistic p-value Normality 
Age 0.982 0.067 Yes 
BMI 0.978 0.032 No 
Duration of Symptoms 0.974 0.021 No 
Proteinuria 0.988 0.162 Yes 
Creatinineuria 0.985 0.098 Yes 
PU/CU Ratio 0.972 0.015 No 

Table 3: Frequency Distribution of Categorical Variables 

Variable Frequency (n=290) Percentage (%) 
Gender (Male) 159 54.8 
Gender (Female) 131 45.2 
Diabetes (Yes) 87 30.0 
Diabetes (No) 203 70.0 
Smoking (Yes) 116 40.0 
Smoking (No) 174 60.0 
Hypertension (Yes) 101 34.8 

Table 4: Contingency Table: PU/CU vs ADAMTS13 

 ADAMTS13 Positive (TTP Confirmed) ADAMTS13 Negative (TTP Not Confirmed) 
PU/CU Positive TP = 145 FP = 25 
PU/CU Negative FN = 29 TN = 91 

Table 5: Diagnostic Accuracy of PU/CU Ratio 

Metric Formula Value (%) 
Sensitivity TP / (TP + FN) × 100 83.3% 
Specificity TN / (TN + FP) × 100 78.4% 
Positive Predictive Value (PPV) TP / (TP + FP) × 100 85.3% 
Negative Predictive Value (NPV) TN / (TN + FN) × 100 75.8% 
Diagnostic Accuracy (TP + TN) / Total × 100 81.4% 

Diagnostic contingency analysis revealed 145 true positives and 
91 true negatives when PU/CU results were compared against 
ADAMTS13 activity. False positives (n=25) and false negatives 
(n=29) were present but within acceptable limits, reflecting the 
moderate trade-off between sensitivity and specificity. The 
derived sensitivity of 83.3% confirms that the PU/CU ratio can 
effectively identify most true TTP cases. Specificity was 78.4%, 
indicating that while some non-TTP patients may be 
misclassified as PU/CU-positive, the majority were correctly 
identified. A positive predictive value of 85.3% suggests a strong 
likelihood that patients with elevated PU/CU indeed have TTP, 

while the negative predictive value of 75.8% indicates moderate 
reliability in ruling out the condition in PU/CU-negative 
individuals. The overall diagnostic accuracy stood at 81.4%, 
supporting the role of PU/CU as a viable screening tool for TTP, 
particularly in settings lacking immediate access to ADAMTS13 
assays. 

From a clinical perspective, these results suggest that PU/CU 
has significant utility as an early screening tool, especially when 
interpreted in conjunction with other clinical and laboratory 
parameters. Importantly, while its performance is not perfect, its 
speed, simplicity, and accessibility make it highly relevant in low-
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resource environments. Unexpectedly, diagnostic accuracy was 
relatively preserved across subgroups, although a detailed 
stratified analysis by comorbidity and age would further 
delineate PU/CU’s utility in heterogeneous clinical settings. 

 

Figure 1 Stratified Diagnostic Performance of PU/CU Ratio 

DISCUSSION  
The present study investigated the diagnostic performance of 
the proteinuria-to-creatinineuria (PU/CU) ratio as a rapid, 
noninvasive screening tool for Thrombotic Thrombocytopenic 
Purpura (TTP), using ADAMTS13 activity levels as the reference 
standard. With a sensitivity of 83.3%, specificity of 78.4%, and 
an overall diagnostic accuracy of 81.4%, the findings provide 
compelling evidence that PU/CU, particularly at the threshold of 
>1.5 g/g, is a clinically useful marker for the initial identification 
of TTP in patients presenting with thrombotic microangiopathy 
features. These results are clinically significant, particularly for 
resource-constrained environments where access to ADAMTS13 
testing is delayed or unavailable. The early identification of TTP 
is critical, as the condition is rapidly progressive and often fatal 
if plasma exchange therapy is not initiated promptly (1). 

This study supports and extends prior observations reported by 
Burguet et al., who found that a PU/CU ratio threshold of 1.5 g/g 
yielded a sensitivity of 77% and specificity of 90% in patients 
with thrombotic microangiopathies (9). Our slightly higher 
sensitivity and marginally lower specificity suggest that the 
PU/CU ratio retains diagnostic utility across diverse populations, 
although minor differences may arise due to variations in 
population characteristics, comorbidities, and methodological 
settings. The present findings also align with research by Fage et 
al., who demonstrated that the addition of urinary proteinuria 
metrics to the PLASMIC score improved its discriminatory power 
for TTP diagnosis (7). This study reinforces the notion that PU/CU 
may serve as both a standalone screening parameter and a 
valuable adjunct to existing clinical scoring systems. 

Mechanistically, the rationale behind using PU/CU as a marker for 
TTP lies in the disease’s underlying endothelial injury. TTP is 
characterized by widespread microvascular thrombosis and 
endothelial dysfunction, often involving glomerular capillaries, 
even in the absence of overt renal failure (11). These 
microthrombi increase capillary permeability and disrupt the 
glomerular filtration barrier, resulting in increased urinary 
protein loss. Although renal involvement is typically more 
pronounced in hemolytic uremic syndrome (HUS), recent studies 
have identified subclinical proteinuria in TTP as a reflection of 
glomerular microangiopathy (8). This reinforces the biological 
plausibility of PU/CU elevation as a marker for endothelial 
activation and injury in early TTP. 

Importantly, this study highlights the clinical relevance of the 
PU/CU ratio in emergency and low-resource settings. Given that 
ADAMTS13 assays are expensive, time-consuming, and often 
unavailable in many centers, the PU/CU ratio offers a practical 
alternative for early decision-making. The high positive 
predictive value (85.3%) observed suggests that clinicians may 
initiate plasma exchange therapy with greater confidence when 
PU/CU levels exceed 1.5 g/g, particularly in high-risk patients, 
while awaiting confirmatory tests. Nevertheless, the modest 
negative predictive value (75.8%) indicates that a low PU/CU 
ratio does not fully exclude TTP, emphasizing the need for 
cautious interpretation and further investigation in borderline or 
atypical cases. 

The study’s strengths lie in its real-world clinical setting, 
adequate sample size, and rigorous comparison against a 
validated gold standard. Furthermore, the application of 
stratified analyses by comorbidity status adds depth to the 
findings and improves external validity. However, certain 
limitations must be acknowledged. The single-center design 
restricts generalizability, as results may differ across different 
geographic regions or healthcare systems. Additionally, the use 
of spot urine samples instead of 24-hour collections, while 
clinically practical, may introduce variability in PU/CU 
measurements. Another important limitation is the exclusion of 
patients with overt renal dysfunction, which may have biased the 
sample toward less severe renal involvement and potentially 
impacted specificity. Moreover, while statistical power was 
sufficient for primary analyses, subgroup comparisons were 
limited by smaller sample sizes within strata, which may obscure 
nuanced differences in PU/CU performance among patient 
subtypes. Confounding conditions such as diabetes and 
hypertension, both of which are associated with proteinuria, may 
have also influenced results. Although such comorbidities were 
stratified and discussed, multivariable modeling could provide 
more robust adjustment in future research. 

Future investigations should focus on prospective multicenter 
validation of PU/CU thresholds in larger, more diverse 
populations. Studies should also evaluate the longitudinal 
changes in PU/CU before and after plasma exchange to assess 
its potential utility in monitoring disease activity or therapeutic 
response. In addition, integrating PU/CU into composite risk 
scores such as PLASMIC or French TTP scores may yield superior 
diagnostic performance and support broader clinical adoption. 
Exploring the combination of PU/CU with other emerging 
biomarkers, such as LDH, schistocyte counts, and inflammatory 
markers, could further refine the diagnostic framework for TTP. 
This study contributes novel evidence supporting the PU/CU 
ratio as a sensitive, accessible, and clinically meaningful 
diagnostic tool for early TTP identification. While it cannot 
replace ADAMTS13 activity testing, its high diagnostic yield and 
ease of implementation render it particularly valuable in triage 
scenarios and low-resource settings. Used judiciously in 
conjunction with clinical judgment and scoring systems, the 
PU/CU ratio may significantly improve time-to-treatment and 
clinical outcomes in patients with suspected TTP. 
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CONCLUSION  
This study demonstrates that the proteinuria-to-creatinineuria 
(PU/CU) ratio, specifically at a threshold of >1.5 g/g, has strong 
diagnostic accuracy in identifying Thrombotic 
Thrombocytopenic Purpura (TTP) when benchmarked against 
ADAMTS13 activity levels. With a sensitivity of 83.3% and an 
overall accuracy of 81.4%, the PU/CU ratio emerges as a valuable, 
noninvasive, and cost-effective screening tool, particularly in 
low-resource settings where access to definitive ADAMTS13 
testing is limited or delayed. These findings suggest that 
incorporating PU/CU into early diagnostic algorithms can 
expedite recognition and timely management of TTP, thereby 
reducing associated morbidity and mortality. While not a 
replacement for confirmatory testing, PU/CU can aid clinicians 
in making informed initial decisions, and its integration into 
future composite scoring systems and multicenter validation 
studies may further enhance its clinical utility in hematology and 
emergency care. 
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