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ORIGINAL  ARTICLE

CORRELATION OF LABORATORY MARKERS WITH 
THROMBOTIC BURDEN ASSESSED BY QANADLI SCORE 

IN ACUTE PULMONARY EMBOLISM
I. N. Dimitrova1, L. Gaydarski2, G. Marinov3, V. Groudeva4
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Abstract. Objective. Acute pulmonary embolism (APE) is a life-threatening condition and 
represents the third most common cause of cardiovascular mortality. Computed tomography 
pulmonary angiography (CTPA) is considered the gold standard for the diagnosis of APE. 
The primary aim of this retrospective study was to investigate the association between ad-

a potential prognostic predictor. Materials and methods. This retrospective, single-center 

patients into non-massive, submassive, and massive APE. Statistical analyses were used to 
Results. A total of 78 patients 

LV >1) was strongly associated with higher clot burden severity (p = 0.0008). Glucose levels 

multivariate analysis, glucose remained an independent predictor of high-severity APE (OR 

-

across the severity groups. Conclusion.
-

ate predictive value, suggesting stress-induced hyperglycemia as an indirect marker of dis-

burden. Incorporating clot burden and glucose into prognostic models may facilitate early, 
indi vidualized management, although glucose should not be used in isolation. The optimal 
laboratory marker for prognostic prediction in APE remains debated.
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INTRODUCTION

Deep vein thrombosis (DVT) and pulmonary 
-

tions within the spectrum of venous thrombo-
embolism (VTE). PE is a potentially life-threatening 
condition and represents the third most common 
cause of cardiovascular deaths after myocardial in-
farction and stroke. The incidence ranges from 39 

-

mortality varies from <1% in normotensive patients 
without right ventricular dysfunction (RVD) to 30% 

-
tentially life-threatening complication of PE is chronic 
thromboembolic pulmonary hypertension (CTEPH). 

-

may be responsible for the increasing incidence of 
-

-
-

-

crucial in decision-making for further therapeutic stra-

risk categories based on predicted short-term mortal-
ity and early outcome. Initial risk assessment involves 

high-risk PE and requires urgent reperfusion therapy. 
Hemodynamically stable patients are further strati-

-

-

CTPA is considered the gold standard for the diag-

due to its excellent accuracy in detecting emboli in 

-

ratio >1 is associated with increased 30-day mortal-

Its prognostic value remains a subject of debate and 
Several small studies focused on 

the association between CTOI and prognosis. Some 
authors suggested that pulmonary artery obstruction 
index ( -
ity in PE patients who are hemodynamically stable 

. 
burden is an important predictor of mortality in the 
setting of PE. In a recent study by Rotzinger et al. 

with cardiopulmonary comorbidities or pulmonary 

burden alone is not a reliable predictor of adverse 

There is increasing interest in identifying non-inva-
sive predictors of clot burden in APE. Although no 

-

and imaging data are being actively investigated to 

particularly in situations where CT imaging is unavail-
able or contraindicated.

MATERIALS AND METHODS

-

2020. The diagnosis of APE was established based 

vant patient information was obtained from the hospi-
tal’s electronic database and subsequently analyzed.
Inclusion criteria were:

 
 
 Symptoms onset < 12 h
  
laboratory and echocardiographic data

Exclusion criteria included:
 Age < 18 years
 CTEPH
 Incomplete or missing diagnostic data
 Previous diagnosis of APE or chronic  
anticoagulation therapy
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-
SI) score was calculated incorporating clinical pa-

-

oxygen gradient was calculated according to the fol-
lowing formula: PAO2 – PaO2 gradient (mmHg) = 150 
– 1.25 (PaCO2 – PaO2

Transthoracic echocardiography was also performed 

on the pulmonary artery pressure (PAP). All patients 
underwent Doppler ultrasonography of the lower ex-
tremities to detect DVT.
All patients underwent CTPA using a 320-detector 

-
tems) with the following parameters: tube voltage 

-

a contrast-enhanced scan in the pulmonary angio-
graphic phase. Scan coverage extended from the 
lung apices to the diaphragm. For the pulmonary 

contrast (dose adjusted according to the Body Mass 
Index (BMI)) was administered via the cubital vein 

Scanning was performed in a caudal-to-cranial direc-

bolus tracking technique was used with a threshold 

placed in the pulmonary trunk. All CT examinations 
were analyzed using dedicated software on a Vitrea 
workstation.
A radiologist retrospectively reviewed the CT scans 
for clot burden assessment. The QS is a semi-quan-
titative tool that assigns points calculated by: The 
number of pulmonary artery segments involved (10 

-1 point for partial occlusion or 2 points for complete 

CTOI (CT Obstruction Index) or Qanadli index is the 
sum of the individual scores per artery divided by 40 

-

or complete obstruction and the maximum score is 

-

the original QS for severity assessment in APE. Ac-

STATISTICAL ANALYSIS

Continuous variables were expressed as mean ± 
standard deviation (SD) for normally distributed 
data or median (range) for non-normally distributed 
data. Categorical variables were expressed as n 
(%). Comparisons of continuous variables: normally 
distributed variables were compared using one-way 

-
uted variables were compared using the Kruskal–
Wallis test. Comparisons of categorical variables 
were performed using the Chi-square test. A p-value 

Univariate logistic regression was performed to eval-
uate the association of each factor with the outcome 

intervals (CIs) and p-values were reported. Multivari-
ate logistic regression was conducted to assess the 

potential confounders. Adjusted ORs with 95% CIs 
and p-values were reported. Variables with p-values 
<0.05 in univariate analysis were considered statisti-

-
ate model. Receiver Operating Characteristic (ROC) 
curve analysis was performed to evaluate the dis-
criminative ability of glucose for predicting the out-
come. The area under the curve (AUC) with 95% 

were reported.

RESULTS

submassive group (Group 2) and 54 (69.2%) – into 
the massive PE group (Group 3). The mean mQS in 
the study sample was 15.97 (± 5.57).
The mean age of the studied individuals was 64.43 ± 
15.52 years (the youngest was 18 years old and the 
oldest – 91 years old). The study included 37 (47.4%) 
men and 41 (52.6%) women. Age and gender 

respectively).

-

and 8.75% presented with SBP < 100 mmHg. As for 
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-
lignancy was present in 18 patients – 22.5%. The 
occurrence of the above-mentioned comorbidities 

severity (all p > 0.1). Regardless of the APE severity 

strongly associated with higher clot burden severity (p 

-

in patients with more severe APE (p = 0.014).
-

similar between groups. High-sensitivity troponin I 
showed a marked increase in Group 3 (median 0.289 

-

correlate with disease severity. Oxygen saturation 
(SpO2) and A-a O2

similar across groups (p = 0.375).

(3.7%) occurring in Group 3 (most severe APE).

-

evaluated using the Kruskal–Wallis test for continu-
ous variables and the Chi-square test for categorical 

Acute pulmonary embolism severity

Clinical characteristics

�
SII

Outcome

Abbreviations:

 – peripheral 
 gradient – alveolar–arterial oxygen gradient. Data are shown as the mean±standard deviation 

Table 1. Association between the variables and the acute pulmonary embolism severity
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Binary logistic regression was employed to identify 
independent predictors of severe PE (group 3 vs. 

-

odds of high-severity APE compared to those with an 

= 0.0044). Among laboratory and echocardiographic 
-

trend toward higher odds but did not reach statistical 

-
-

ings suggest that both right ventricular dilation and 
hyperglycemia are important markers of increased 
APE severity. In subsequent multivariate analysis 

-
cose remained an independent predictor of high-

-

– Table 2.

Table 2.  

predictors of massive acute pulmonary embolism.

Factor Univariate logistic  
regression

Multivariate logistic  
regression

OR
CI

p OR
CI

p

Abbreviations: 
PAP-pulmonary artery pressure

Receiver operating characteristic (ROC) curve anal-
ysis was performed to evaluate the discriminatory 
ability of admission glucose levels for predicting APE 

-
ated with APE severity. The AUC was 0.673 (SE = 

-
cose levels at admission as a moderate but useful 

Table 3. ROC analysis of glucose for predicting acute 
pulmonary severity according to clot burden.
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Fig. 1 Receiver operating characteristic (ROC) curve for 
glucose in predicting acute pulmonary embolism (APE) 

reference line

DISCUSSION

-
tic tool for patients with suspected APE as a fast and 

-

-

diagnoses.

the appropriate therapeutic approach and improving 
clinical outcomes. According to the current 2019 Eu-

-
-
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the pulmonary arterial system – is a subject of ongo-

the more recent clot volume and clot ratio provides 
an objective measure of the degree of pulmonary 

-
titative assessment of clot burden could be a sub-

integrating this assessment could lead to more pre-

and are at a high risk of future deterioration.

Some studies demonstrate a correlation between clot 
burden and the severity and outcome in APE. Irmak et 

on CTPA were positively associated with American 

PAOI in high-risk patients who presented with shock 

strong positive relationship between the RVD in the 
hemodynamically stable patient group and the PAOI 

the 2019 European Guidelines. They also reported 

although it did not demonstrate predictive value for 
-

tive study involving 201 patients reported that total 
embolic volume assessed by CT was independently 

patients demonstrated that QS was directly associ-

-
ing that patients with a clot burden exceeding 60% 
generally have a worse clinical prognosis regard-

-
ing could stratify mortality risk and guide the use of 

or higher had an 11.2-fold increased risk of death 

-

-

reco gnized as prognostic indicators in current clinical 
guidelines.

Our retrospective study aims to investigate the as-
sociation between laboratory markers at admission 

of clot burden described by the mQS. The use of 

-

imaging methods are not available. Plural studies in-
vestigate the predictive role of laboratory markers in 

and therapy strategies.

The ESC guidelines state that elevated cardiac tropo-

-

Numerous studies have demonstrated the negative 
prognostic role of high cTn levels in patients with 
APE. A prospective study demonstrated that elevated 
cardiac troponin T (cTnT) was strongly associated 

an independent predictor of 30-day mortality after 

-
ated with RVD on echocardiography (P = 0.001 and 

of either marker correlated with the major clinical 
endpoints of overall mortality and complicated in-
hospital course. A meta-analysis by Becattini et al. 

elevated cTn levels were strongly associated with 

-

increased risk of death.

-

with short-term and 3-month mortality in overall PE 
patients and in particular in hemodynamically stable 
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clinical disease. Other studies claimed that D-dimer 
3

as strong predictors for in-hospital hemodynamic in-

type-BNP and its aminoterminal portion-NT-proBNP) 
are due to increased myocardial shear stress and 
RVD. A meta-analysis evaluating the relation be-
tween elevated BNP or pro-BNP (NT-pro-BNP) and 
clinical outcome in patients with APE established that 
high levels were strongly associated with RVD (P < 

-

-
-

tory markers in determining disease severity across 
a range of conditions. In the pathogenesis of pulmo-

-
mains considerable interest in whether it represents 
a cause or merely a consequence of the thrombo-

-

-

and SII were not independently predictive in multi-

-

observed between elevated SII and fatal in-hospital 
-
-

-

analyzed the correlation between several laboratory 
markers in predicting RVD and 30-day mortality in PE 

-
tive value for A-a O2

-
gression regarding 30-day mortality.
Arterial blood gas (ABG) analysis remains a simple 
and rapid bedside test for patients with APE. The 
prognostic role of ABG analysis parameters in APE 

-
tors of 3-month all-cause mortality. In patients with 

2

of 92% for 30-day mortality and 84% for composite 
2 

2
PCO2 2 gradient seems to 

-
lationship between laboratory parameters and the 

ideal predictor remains unclear and is still a matter of 

markers and clot burden assessed by CT are more 
limited. The primary aim of our retrospective study 
was to investigate this relationship by comparing the 
relationship between several laboratory markers and 

unexpected.

-

-
cy toward a higher proportion of cancer patients in 

scores. Echocardiographic parameters demonstrat-
ed a clear association with disease severity. sPAP 

burden and presented in 75.9% of patients in group 
-

ventricular overload as a marker of poor outcome in 

between pulmonary vascular involvement and right 
ventricular burden remains controversial. Similar to 

-

between clot volume and several parameters of RV 

-
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tween clot volume and echocardiographic parame-
ters of RVD.

-
dency toward elevated values in patients with more 

-

While WBC count and SII tended to be higher in the 

-
ent across severity groups. Even more convincing 

markers and thrombotic burden was provided by 
-

with higher pulmonary arterial computed tomographic 

QS. These authors also emphasized that WBC count 
may have greater utility as a prognostic rather than 

be promising predictors of adverse clinical outcomes.

-
-

ables like WBC and CRP. The exact relationship be-
tween CRP levels and the clot burden is complex and 
may not be a direct one-to-one correlation. There is a 
lack of information concerning this correlation.

widely regarded as promising predictors of disease 
-

-
ity of troponin and D-dimer may be inconsistent and 

a retrospective study consisting of 200 patients with 
APE strong correlation is described between several 

-
-

served for elevated cTn or D-dimer levels.

It is hypothesized that DVT and APE are not two com-
-

sentations of the same underlying condition – VTE 
with a similar pathophysiological background. By re-

-

-

Several studies stated that cardiac TnI and plasma 

-

-
ate analysis and found that higher D-dimer levels 

duration. Both D-dimer and cTnT demonstrated a 

-
-

neous and inconclusive.

Hypoxemia in APE results primarily from the degree 

 
-

cantly discriminate between severity groups. On the 
-

gen gradient and PAOI measured with the QS was 

as a prognostic indicator of PE morphological sever-

all blood gazes values and obstruction index PaO2 
2

2 

The association between hyperglycemia and worse 

-

with the incidence rising to 80% among those under-

(80%) had no prior history of DM before admission. 
Whether hyperglycemia is responsible for a more 

-
-

rectional. The mechanism of stress hyperglycemia in 
hospitalized patients is complex and is driven by met-
abolic and hormonal stress. Counterregulatory hor-

-

-
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promote insulin resistance by disrupting insulin sig-
naling. These processes collectively diminish insulin 

-

-
-

tion by reducing nitric oxide availability and impairing 
vasodilation. It can trigger cardiac myocyte apoptosis 

disturbs hemostasis by enhancing platelet activation 

a potential predictive value with respect to clot bur-
-

tients with higher glucose levels are more likely to 
-

strating a moderate predictive value for adverse clini-
cal outcomes in patients with APE. The ROC analy-

glucose levels can serve as a useful but not highly 

-
tory ability is fair but not strong.

-

and rapid bedside test. This provides it with potential 

limited settings.

Due to chronic hyperglycemia in diabetic patients 

should be interpreted with greater caution. Due to the 

-
vide patients into subgroups based on the presence 

-

is not predictive of a higher thrombotic burden. So 
the diabetic patients were not analyzed separately. 
Most of the studies have focused on the impact of 

rather than on the anatomical clot burden in patients 
Scherz

higher admission glucose levels in patients with APE 
were independently related with increased 30-day 
mortality – cumulative 30-day mortality increased 

progressively with rising serum glucose levels: 5.6% 

-

association was observed in diabetic patients. Such 
correlation was not observed regarding the 30-day 

-

between the higher stress hyperglycemia ratio and 

in current literature reports describing the associa-
tion between SH and clot burden assessed by CTPA. 

-
bolus size and location in APE in an observational 
cohort study that included 190 patients. They found 
that SH was independently associated with embolus 

-

revealed that SH was independently associated with 
in-hospital mortality in non-diabetic patients and re-

Due to the very low number of events (hemodynamic 

intubation) and the absence of deaths in two of the 

and potentially misleading.

Several limitations must be acknowledged. It is a 

ability to establish causal relationships) study with 

-

clot burden assessment based on imaging may be 
subject to interobserver variability. Patients with dia-
betes were not analyzed separately in all analyses due 
to small numbers and unexpected results. In addi-

information on BNP and pro-BNP values at admis-

-
looked. These limitations could be addressed by con-
ducting multicenter studies with larger sample sizes.

CONCLUSIONS

several laboratory markers in determining the se-

I
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PE. Incorporating clot burden into prognostic models 
-

tional parameters and supporting a more personal-
ized approach in cardiology.

correlation with sQS. This suggests a possible role 
for hyperglycemia as an indirect marker of PE sever-

-
tween metabolic stress and thromboembolic disease 

moderate predictor of clot burden may provide clini-
cians with an easily accessible and inexpensive tool 

be used as a standalone marker. While it should not 

settings or when imaging is delayed.
Although aggressive therapeutic strategies are in-

optimal management of those who are hemodynami-
cally stable but exhibit RVD remains uncertain. Addi-

and laboratory predictors could help identify patients 
at higher risk and guide management decisions.

an extensive comparison between all available bio-

the best prognostic value.
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