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Abstract

BACKGROUND

Coronavirus disease 2019 (COVID-19) pandemic unmasked the huge deficit in
healthcare resources worldwide. It highlighted the need for efficient risk strati-
fication in management of cardiovascular emergencies.

AIM

To study the applicability of the old, available and affordable nonconventional
biomarkers: albumin and fibrinogen in their ability to predict angiographic
severity and clinical outcomes in patients with acute coronary syndrome (ACS).

METHODS

In this prospective, observational study, 166 consecutive patients with ACS were
enrolled. Fibrinogen, albumin and their ratio were determined from serum.
Patients with underlying chronic liver disease, active malignancy, autoimmune
disease, active COVID-19 infection and undergoing thrombolysis were excluded.

RESULTS

Mean age of the population was 60.5 £ 1.5 years, 74.1% being males. ST elevation
myocardial infarction (STEMI) was most common presentation of ACS seen in
57% patients. Fibrinogen albumin ratio (FAR) = 19.2, had a sensitivity of 76.9%
and specificity of 78.9 % [area under the receiver operating characteristic curves
(AUROC) = 0.8, P = 0.001] to predict < thrombolysis in myocardial infarction
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(TIMI) 1 flow in culprit artery in STEMI patients. Even in non-STEMI patients, FAR > 18.85
predicted the same with 80% sensitivity and 63% specificity (AUROC = 0.715, P = 0.006).

CONCLUSION

Novel biomarkers, with their high cost, lack of availability and long turn over time are impractical
for real-world use. Identifying < TIMI 1 flow in the culprit artery has significant impact of
management and outcome. Our study has shown that readily available biomarkers like fibrinogen
and albumin can help identify these high-risk patients with good accuracy. This allows risk-strati-
fication and individualization of treatment in ACS.

Key Words: Acute coronary syndrome; Albumin; Fibrinogen; Fibrinogen to albumin ratio; Total occlusion of
culprit artery

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The study highlights the role of cost-effective, readily available biomarkers fibrinogen and
albumin in predicting angiographic severity and clinical outcomes in patients with acute coronary
syndrome. Fibrinogen to albumin ratio independently predicted outcomes with greater accuracy compared
to fibrinogen or albumin alone. Fibrinogen albumin ratio (FAR) > 19.2, had a sensitivity of 76.9% and
specificity of 78.9 % to predict < thrombolysis in myocardial infarction 1 flow in culprit artery in ST
elevation myocardial infarction (STEMI) patients. Even in non-STEMI patients, FAR > 18.85 predicted
the same with 80% sensitivity and 63% specificity.

Citation: Makkar K, Sharma YP, Batta A, Hatwal J, Panda PK. Role of fibrinogen, albumin and fibrinogen to
albumin ratio in determining angiographic severity and outcomes in acute coronary syndrome. World J Cardiol
2023; 15(1): 13-22
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INTRODUCTION

Tremendous progress has been made in the management of acute coronary syndrome (ACS) over last
six decades[1]. The success is attributed to be due to improved overall health care facilities, availability
of stronger antiplatelet agents and other cardioprotective medications, improved revascularization
strategies including both advances in thrombolytic therapy and the ever-improving stent design and
technologies which have led to drastic decrease in morbidity and mortality associated with ACS[2-4].
However, despite the obvious progress, gaps exists and ACS continues to be the leading cause of death
worldwide with considerable short and long-term mortality and morbidity. The situation is dismal in
the developing world where the health care resources are scarce[5]. The coronavirus disease 2019
(COVID-19) pandemic has highlighted the same and the need for efficient triaging and risk-assessment
for efficient patient management[6].

Prior to the availability of laboratory resources, the risk stratification was mainly based on the clinical
assessment and accordingly clinical risk scores were developed to predict outcomes. Next, with the
availability of various laboratory parameters, the risk stratification was further refined by incorporating
these biomarkers. Certain novel biomarkers have been recognized ranging from C-reactive protein
(CRP) to cysteine rich angiogenic inducer 61 to predict high-risk ACS[7]. Attempt has been made to
incorporate these biomarkers to traditional scoring systems to add to their prognostic value, however
risk stratification of ACS remains far from perfect[8]. The goal of risk stratification is not only to predict
outcomes but also to guide management and more importantly urgency of treatment needed. This is
even more relevant in a resource constrained setting. Hence, triaging of patients with ACS and guidance
as to which patient needs early intervention and who should be managed medically is a top priority.

Starting from January 27, 2020, when the 1*case of COVID-19 was diagnosed in India, the pandemic
had pushed India to the brink, stretching the already thin health care resources. It unmasked the vast
deficiencies in our health care system and was a wake-up call to the country to ramp up its
preparedness before the next wave. All medical and surgical specialties suffered as result, and acute
cardiac care was perhaps the hardest hit[9,10]. Even before the pandemic the condition of cardiac care
facilities was suboptimal and registry data of ACS from India showed that only 20% of patients of ACS
undergo coronary angiography[11]. In comparison to developed nations, we have half the catheter-
ization labs to cater to our second largest population of world[12]. The morbidity and mortality of ACS
is significantly higher compared to the western world.
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Novel biomarkers used to prognosticate patients often are experimental and real-world use is often
not feasible[13]. Thus, we evaluated role of easily available inflammatory biomarkers like fibrinogen,
albumin along with fibrinogen albumin ratio (FAR) role in ACS. They were analyzed to assess if they
could predict angiographic severity or clinical outcomes among patients. The aim of the present study
was to analyze the role of old, readily available biomarkers, fibrinogen, albumin and FAR in
determining angiographic severity and clinical outcomes.

MATERIALS AND METHODS
Study design

This was a prospective, single center, observational study conducted between August 2019 and
December 2020. Consecutive patients with ACS presenting to Cardiology department were included.
The study protocol conforms to the ethical guidelines of the Declaration of Helsinki and was reviewed
and cleared by the Ethics committee of the Post Graduate Institute of Medical education and Research,
Chandigarh (ref no INT/IEC/2019/2750). Informed written consent was obtained from all patients or
appropriate legally authorized representatives.

ST elevation myocardial infarction (STEMI) was defined by patients presenting with acute chest pain
and electrocardiogram showing ST elevation in 2 1 mm in two contiguous leads in all leads other than
lead V2-V3. Cutoff point for lead V2-V3 was > 2 mm in males and > 1.5 mm in females[14]. Non-STEMI
(NSTEMI) and unstable angina (USA) was defined as per 2014 American Heart Association/ American
college of cardiology non-ST elevation ACS guidelines[15]. Patients were examined by cardiologists to
classify patients from Killip class 1 to 4 depending upon severity of heart failure and cardiogenic shock
(CS). Patients with CS were subcategorized as per definition of Society of Cardiovascular angiography
and Intervention (SCAI) into stage C to E[16]. Patients were excluded from study if they had undergone
fibrinolysis, had underlying chronic liver disease, active malignancy or any autoimmune disease.
Patients were followed up telephonically or in person visit at 1, 3 and 6 mo to assess their major adverse
cardiovascular and cerebral events (MACCE).

Coronary angiographies were assessed by two interventional cardiologists. Culprit artery was
identified by finding of angiography, 12-lead electrocardiogram and regional wall motion abnormality
on echocardiography. Coronary flow was classified according to thrombolysis in myocardial infarction
(TIMI) risk score[17]. Total occlusion was defined by pre percutaneous coronary artery (PCI) TIMI <1
and spontaneous recanalization (SR) was defined by TIMI score > 2.

Blood sampling and lab methods

Venous blood samples were taken within 24 h of admission and prior to angiography. Fibrinogen
samples were drawn in sodium citrate vacuum tubes and albumin samples in plain serum vials. FAR
ratio was calculated by ratio of fibrinogen (gm/dL) and albumin (gm/dL) and multiplying the ratio by
100. Albumin levels were calculated using bromocresol method on a Technicon RA-1000 automated
analyzer (Technicon Instruments, Tarrytown, NY, United States). Fibrinogen concentration was
measured with turbidimetric assay using ammonium sulphate. Care was taken to ensure all samples
collected were processed within 6 h of collection to ensure minimal alteration of the biomarker levels.

Statistical analysis

Statistical analysis was performed with Statistical Package for the Social Sciences version 26 (SPSS Inc.,
Chicago, IL, United States). Variables are presented as mean * SD or median (inter-quartile range).
Variable were checked for outliers and normalcy using the Shapiro-Wilk test. Continuous variables with
normal distribution were compared with the independent samples Student’s #-test and those with non-
normal distribution with the Mann-Whitney U test. Comparison between categorical variables was done
using chi-square test or Fisher exact test. A two-sided P value < 0.05 was considered to be significant for
all variables.

RESULTS

Baseline characteristics

A total of 166 patients of ACS were included in this study. The mean age of patients was 60.5 + 10.5
years, with majority of patients being males (74%). Ninety-five (57.2%) patients presented with STEMI
while NSTEMI ACS (NSTEACS) patients constituted the remaining 42.8%. Among risk factors of CAD
most common was hypertension present in 63% followed by diabetes mellitus in 50% of the cohort. Rest
angina was presenting complaint in over 90% patients while new onset shortness of breath was present
in 18%. The mean duration of presentation to our hospital after chest pain onset was 12.8 + 9.9 h. The
mechanical complications of ACS were also assessed and patients presenting with severe left ventricular
systolic dysfunction (Ejection fraction < 30%) or significant ischemic mitral regurgitation (MR) were
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more common in patients with STEMI compared to NSTEACS (44.2% vs 21%, P = 0.005 and 31.6% vs
15%, P = 0.014 respectively). Patients with classical CS (SCAI stage-C) or worse was present in 26
(15.6%) patients. Angiography was done in around 88% while 62% underwent PCI. The detailed
demographic details and key investigation details are presented in Table 1.

Inflammatory biomarkers

Fibrinogen levels were significantly elevated in patients with STEMI compared to NSTEMI and USA
(6.3+£1.2vs53+1.1and 5.3 £1.3in gm/L, respectively; P = 0.001). FAR was found to be significantly
higher in patients with STEMI (19.1 + 4.8) compared to NSTEMI (15.4 + 4) and USA (15.1 £4.3), P =
0.001. Patients with significant ischemic MR and classical CS or worse at presentation had significantly
higher levels of fibrinogen and FAR and lower level of albumin as shown in Table 1.

Role of biomarkers to predict outcomes

Angiography showed complete occlusion of culprit artery more commonly in patients with STEMI
compared to NSTEACS 41% vs 21%, P = 0.019. Among patients with STEMI, a fibrinogen value of > 6.55
gm/dL predicted TIMI <1 flow in the culprit artery with a sensitivity of 74.4% and specificity of 74.2%
[area under the receiver operating characteristic curves (AUROC) = 0.805, P < 0.001]. FAR also predicted
total occlusion of culprit artery with a higher accuracy compared to fibrinogen. A FAR value > 19.2 had
a 76.9% sensitivity and 78.2% specificity in predicting TIMI < 1 flow in the culprit artery (AUROC =
0.808, P < 0.001). Similar to STEMI patients in NSTEACS too, both fibrinogen and FAR were able to
predict total occlusion of culprit artery as shown in Figure 1. Fibrinogen > 6.10 gm/dL had a 75.3%
sensitivity and 55.6% specificity (AUROC of 0.68, P = 0.024) in predicting < TIMI -1 flow in the culprit
artery in NSTEMI patients, while fibrinogen alone was not able to predict complete occlusion in patients
with USA. Likewise, FAR 2> 18.85 predicted < TIMI -1 flow in the culprit artery with a greater accuracy
than fibrinogen [80% sensitivity and 63% specificity (AUROC of 0.715, P = 0.006)] in patients with
NSTEMI. FAR 2 17.3 predicted < TIMI -1 flow in culprit artery with 76.4 % sensitivity and 54.3%
specificity in patients with USA. Further FAR correlated with angiographic severity as determined by
the SYNTAX scores. FAR increased significantly with increasing SYNTAX scores. Accordingly, the FAR
values in low SYNTAX (< 22), intermediate SYNTAX (22-33) and high SYNTAX (> 33) groups were 15.8
+£29,18.4+3.3 and 22.9 + 4.2 respectively (P < 0.001).

The mean FAR and fibrinogen was significantly higher and mean serum albumin was significantly
lower in patients with CS and significant ischemic mitral regurgitation as shown in Table 2 and Figure 2.
The overall, 30-d mortality among patients of ACS was higher in patients with was 9.5% in STEMI
compared to NSTEACS 2.8%, P = 0.004. Among inflammatory markers albumin was significantly less in
patients who succumbed to illness compared to survivors (3.2 £ 0.33 vs 3.4 £ 0.33, P = 0.03). Another
inflammatory biomarker assessed in our study was the CRP. CRP levels were significantly higher in
non-survivors compared to survivors (56.4 £ 24.3 vs 35.2 £ 18.4, P = 0.04). However, there was no
correlation of CRP with angiographic severity or the TIMI flow in our study. Thirty-day mortality of the
cohort was 6.6%. MACCE occurred in 10.3% patients at a mean follow up of 6.6 1.5 mo.

DISCUSSION

In last sixty years, since first biomarkers of ACS were identified, their role has undergone drastic change
and are now integral to management of ACS patients. They not only have a role in early diagnosis but
also provide means to gain insights to underlying causes and consequences of ACS. Novel biomarkers
are coming up at a rapid rate including myeloperoxidase, pregnancy-associated plasma protein-A,
matrix mettaloproteinases, tissue inhibitor of mettaloproteinases, various interleukins and the novel
exosomal micro RNAs[18]. However, the long turn-around time and easy accessibility besides the high
cost makes them impractical for real-world use.

Pre procedural TIMI flow in culprit artery is strongly related to patient outcomes[19,20]. SR of culprit
artery in STEMI patients occurs in 26% those undergoing primary PCI[21]. SR of culprit artery results
from endogenous fibrinolytic system leading to dissolution of arterial thrombi. The ST resolution on 12-
lead electrocardiogram is not a reliable marker to predict SR, thus necessitating the development of
other biomarkers which can help in early identification of the recanalization status of the vessel and
guide in patient management and prognostication[22]. Various biomarkers have been tested to predict
SR; however, the results are dismal. In our study fibrinogen and FAR were able to predict total
occlusion of culprit artery in STEMI with reasonably good accuracy.

The statistics on revascularization by thrombolysis or primary PCI are dismal in the country.
Thrombolysis is performed in around 50% patients of STEMI while primary PCI is performed in less
than 15% patients in our country[12]. COVID-19 deepened the crises further and these figures are likely
to get worse during and post pandemic[6,23,24]. Moreover, the number of patients presenting late to
medical facilities after STEMI are likely to increase. It has been seen that patient presenting with STEMI
and occluded artery TIMI flow < 1 fear worse as compared to those who have SR and benefit most from
early invasive strategy[19,20]. Hence, the importance of early identification of TIMI flow in culprit
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Table 1 Baseline characteristics and laboratory profile of patients with acute coronary syndrome, n (%)

STEMI (n = 95) NSTEMI (n = 38) USA (n=33) P value
Risk factors
Age, yr (mean + SD) 61.2+10.1 60.2+£11.0 60.5+10.5 0.5
Males 73 (76.8) 25 (65.8) 25 (75.8) 0.5
Diabetes 49 (52) 20 (52.6) 14 (42.4) 0.5
Hypertension 61 (64) 22 (58) 21 (64) 0.8
Smoking 31 (32.6) 12 (31.6) 10 (30.3) 0.9
Prior history of CAD 2(2.2) 6(16.2) 9(27.3) 0.001
Clinical features on presentation
Rest angina 89 (93.6) 36 (94.7) 26 (78.8) 0.013
Ejection fraction < 30% 42 (44.2) 10 (26.3) 5(15.2) 0.005
Significant ischemic MR 30 (31.6) 9(23.7) 2(6.1) 0.014
Killip class > 2 24 (25.3) 7 (18.4) 2 (6) 0.057
SCAI stage C 11 (11.6) 7 (18.4) 0 0.04
SCAI stage D 3(3.2) 0 0 03
SCAI stage E 5(5.3) 0 0 0.14
Key investigations
Creatinine, mg/dL (mean + SD) 117 £ 0.6 1.2+0.6 1.05 +0.47 0.42
CK-MB, (mean * SD) 112+ 98 7157 25+24 0.001
Fibrinogen, gm/L (mean + SD) 63+1.2 53+1.1 53+13 0.001
Albumin, gm/dL (mean * SD) 3.3+£0.33 34+0.36 3.5£30 0.075
FAR (mean + SD) 19.1+4.8 154 +4.0 151+43 0.001

CAD: Coronary artery disease; MR: Mitral regurgitation; CK-MB: Creatinine kinase; FAR: Fibrinogen to albumin ratio; SCAI: Society of Cardiovascular
angiography and Intervention; STEMI: ST elevation myocardial infarction; NSTEMI: Non-ST elevation myocardial infarction; USA: Unstable angina.

arteries.

In NSTEACS complete occlusion of culprit artery varies from 19% to 30%. These patients are at
increased risk of mortality and adverse events. Risk scoring systems and electrocardiogram are not able
to identify these high-risk patients[25]. In our study similar to STEMI, both fibrinogen and FAR were
able to identify patients with total occlusion in NSTEACS with reasonable accuracy. Identification of
this high-risk group is rather difficult with the currently available tools. Easily accessible, readily
available, cost-effective biomarkers can help better manage these patients.

High thrombus burden has remained Achilles-heel of coronary intervention since its advent in 1977
[26]. Fibrinogen being precursor of fibrin has been shown to be precursor of thrombosis, inflammatory
response during ACS often leads to structural changes in fibrinogen rendering it resistant to fibrinolysis
[27]. Albumin also apart from being a reflection of ongoing inflammation has pathophysiological role in
thrombosis[28]. In our study only albumin amongst inflammatory biomarkers could predict short term
mortality, this was similar to earlier studies showing hypoalbuminemia to be predictor of poor
prognosis in patients with ACS and other cardiovascular diseases[29,30]. Thus, these inflammatory
biomarkers are not merely bystanders of ongoing inflammation but have potential role in
pathophysiology of ACS. The pandemic has made a call for an efficient triage system for better
management of cardiac emergencies to avoid putting a strain on already this health care resources in the
country. Accordingly, low risk (those who have SR) NSTEACS and STEMI should be managed
medically initially while the high-risk group should receive an early invasive strategy. Using fibrinogen,
albumin and their composite (FAR) could enable us to better understand and identify these high-risk
ACS patients as was shown in the index study.

Study limitations

Our study is a single center study, with a small sample size. Thus, to generalize our results to a large
population is not feasible. Serial sampling of these biomarkers was not done to assess their change in
level with clinical improvement or deterioration.
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Table 2 Comparison between patients with total occlusion of culprit artery compared to patients with > thrombolysis in myocardial

infarction 2 flow

Patients with TIMI- < 1 flow (n = 54) Patients with TIMI- 2 2 flow (n=98) P value

Age, yr 60.5£10.2 60.5£10.7 0.9
Time of presentation to hospital after chest pain onset  13.4+11.2 123+88 0.24
()

Hypertension 33 (61) 71 (65) 0.3
Active smokers 16 (29.6) 36 (32.4) 0.3
EF <30% 23 (42.6) 33(29.7) 0.1
Cardiogenic shock 10 (18.5) 15 (13.5) 0.4
Complete heart block 8 (14.8) 7 (6.3) 0.07
Time to initiation of medical treatment, h 77.3 £ 63 74.5 £ 66 0.87
Time to angiography, h 107 £79 113 £141 0.84
CK-MB 101.2+90 75+83.4 0.11
Platelet (x 10%/L) 1.89+0.7 2.0£091 0.17
Procalcitonin (ng/mL) 0.59 0.7 1.0+2.6 0.27
TLC (x 10°/L) 10.6£3.8 10.7 £3.9 0.8
CRP (mg/dL) 472+343 39.7+£284 0.16
Fibrinogen (gm/L) 6.9 £1.04 54+12 0.001
Albumin (gm/dL) 33+0.35 3.4+0.32 0.014
FAR 21.1£39 15.6 +4.1 0.001

EF: Ejection fraction; CK-MB: Creatinine kinase; TLC: Total leukocyte count; FAR: Fibrinogen to albumin ratio; CRP: C-reactive protein; TIMI:

Thrombolysis in myocardial infarction.
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Figure 1 Receiver operating characteristic curve demonstrates the good accuracy of fibrinogen and fibrinogen to albumin ratio in
predicting total occlusion in culprit artery. A: ST elevation myocardial infarction; B: Non-ST elevation myocardial infarction acute coronary syndrome. FAR:
Fibrinogen to albumin ratio.

CONCLUSION

To efficiently manage cardiovascular emergencies in a resource constrained setting like ours, there is an
ardent need to identify patients at high risk and prioritize resource allocation. Our study shows that by
using old, easily available biomarkers we can effectively triage and identify this high-risk subgroup.
This should pave way for further large-scale studies to affirm role of fibrinogen and FAR in predicting
total occlusion of the culprit artery in patients with ACS.
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Figure 2 Bar graphs showing the differences in mean levels of fibrinogen, albumin and fibrinogen to albumin ratio in patients. A: Patients
with and without cardiogenic shock; B: Patients with and without significant ischemic mitral regurgitation. FAR: Fibrinogen to albumin ratio; MR: Mitral regurgitation.
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Research background

Despite the obvious progress in our management of acute coronary syndrome (ACS), it continues to be
the leading cause of death worldwide with considerable short and long-term mortality and morbidity.
The situation is dismal in the developing world where the health care resources are scarce. There is dire
need for resource sensitive, readily available, realiable and easlity affordable biomarkers to enable
appropriate resource allocation in cardiac emergencies.

Research motivation

The coronavirus disease 2019 (COVID-19) pandemic has highlighted the huge deficit in health care
resources worldwide and made a strong case developing efficient triaging and risk-assessment for
effective patient management.

Research objectives

The present study aimed to study the applicability of the old, available and affordable nonconventional
biomarkers: albumin and fibrinogen in their ability to predict angiographic severity and clinical
outcomes in patients with ACS.

Research methods

In this prospective, observational study, 166 consecutive patients with ACS were enrolled. Fibrinogen,
albumin and their ratio were determined from serum. Patients with underlying chronic liver disease,
active malignancy, autoimmune disease, active COVID-19 infection and undergoing thrombolysis were
excluded.

Research results

Mean age of the population was 60.5 + 1.5 years, 74.1% being males. ST elevation myocardial infarction
(STEMI) was most common presentation of ACS seen in 57% patients. Fibrinogen albumin ratio (FAR) >
19.2, had a sensitivity of 76.9% and specificity of 78.9 % [area under the receiver operating characteristic
curves (AUROC) = 0.8, P = 0.001] to predict < TIMI 1 flow in culprit artery in STEMI patients. Even in
non-STEMI patients, FAR 2 18.85 predicted the same with 80% sensitivity and 63% specificity
(AUROC=0.715, P = 0.006).

Research conclusions

Our study has shown that readily available biomarkers like fibrinogen and albumin and their ratio can
help identify these high-risk patients with good accuracy. This allows risk-stratification and individual-
ization of treatment in ACS.

Research perspectives
Our study makes a strong case for the readily available and cost-effective biomarkers: Fibrinogen,
albumin and their ratio (FAR) to guide appropriate clinical decision making in real world setting. It
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showed excellent accuracy for predictive angiographic severity and outcomes which are the most
valuable piece of Information any clinician needs.
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