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Abstract.

INTRODUCTION: COVID-19 is a systemic infection with a significant impact on coagulation which manifests in throm-
boembolism. There is an unknown relationship of which coagulation profile parameter at presentation has an association
with poor outcome in COVID-19.

OBJECTIVE: This meta-analysis aimed to determine the relationship between fibrinogen and FDP with poor outcome in
COVID-19 patients.

METHODS: A systematic search of all observational studies or trials involving adult patients with COVID-19 that had any
data fibrinogen or FDP on admission was carried out using the PubMed, Science Direct, Scopus, ProQuest, and MedRxiv
databases. We assessed the methodological quality assessment using the NIH Quality Assessment Tool. We performed
random-effects inverse-variance weighting analysis using mean difference (MD).

RESULTS: A total of 17 studies (1,654 patients) were included in this meta-analysis. It revealed a higher mean of fibrinogen
levels on admission in patients with severe case compared to those with non-severe case (MD =0.69, [95% CI: 0.44 to 0.94],
p<0.05; 12=72%, p <0.05). Non-survivor group had a pooled higher mean difference of fibrinogen values on admission
(MD=0.48 [95% CI: 0.13 to 0.83], p<0.05; 12=38%, p=0.18). Higher FDP on admission was found in poor outcome
(composite of severity, critically ill, and mortality) compared to good outcome (4 studies, MD =4.84 [95% CI: 0.75 to 8.93],
p<0.05; 12=86%, p<0.05).

CONCLUSION: Elevated fibrinogen and FDP level on admission were associated with an increase risk of poor outcome in
COVID-19 patients.
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1. Introduction

COVID-19is asystemic infection with a significant impact on coagulation which manifests in throm-
boembolism. Furthermore, disseminated intravascular coagulopathy appeared in most of the deaths
[1]. At the late stages of COVID-19, a common coagulation activation and secondary hyperfibrinolysis
condition occurred and accompanied with elevated levels of fibrin-related markers (D-dimer and fibrin
degradation product [FDP]) and low fibrinogen level [2].

At initial presentation of coagulopathy, patients with COVID-19 presents with a prominent eleva-
tion of fibrinogen and FDP [3]. Some studies showed that significant coagulopathy was present in
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COVID-19 patients with elevated fibrinogen at presentation [4]. Nevertheless, there is an unknown
relationship of which coagulation profile parameter at presentation has an association with severity and
mortality in COVID-19. This meta-analysis aimed to determine the relationship between fibrinogen
and FDP with poor outcome in COVID-19 patients.

2. Methods

This study in accordance with the PRISMA guidelines (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) [5]. We selected all observational studies involving adult patients with
COVID-19 that had any fibrinogen and FDP data for comparison severe vs. non-severe, and survivor
vs. non-survivor. We excluded any study that had missing required data, fibrinogen and FDP data not
collected on admission, and data not presented in numerical variables.

A systematic search of the literature was carried out on May 15, 2020, after receiving approval from
the Institutional Review Board. Five different databases (PubMed, Science Direct, Scopus, ProQuest,
and MedRxiv) were used to perform a systematic search of all the literature using the keywords
“intensive” and “laboratory” and “fibrinogen” OR “fibrinogen degradation products OR FDP” and
“COVID-19” or “coronavirus 2019 or “2019-nCoV” or “SARS-CoV-2” in the title, abstract, and
medical subject heading (MeSH). Reference lists of the included studies were also screened to identify
additional relevant studies.

Three investigators independently screened and assessed titles and abstracts before full-text retrieval.
The full papers that potentially met the inclusion/exclusion criteria were reviewed by the two authors
for final inclusion. Subsequently, two investigators extracted the data, including authors, year of publi-
cation, location, study design, peer-reviewed publication status, severity measurement, and fibrinogen
and FDP level in each comparison group. All extracted data were recorded with a dedicated form on
an Excel spreadsheet.

The primary outcome in our meta-analysis was fibrinogen on admission based on severity. All
definition of severity was used in this meta-analysis. If the study categorized severity into 3 or 4
groups, we combined the data between mild and moderate groups into one group as non-severe; severe
and critical group into one group as severe. The average of their mean and standard deviation was
calculated using the formula in Table 7.7.a of the Cochrane Handbook [6]. The secondary outcomes
were fibrinogen on admission based on mortality and FDP level on admission based on composite
poor outcome that comprised of severity and mortality.

Two authors independently assessed the methodological quality assessment using the NIH Quality
Assessment Tool for Observational Cohort and Cross-Sectional Studies [7]. Publication bias assessed
using visual inspection of funnel plots and Egger’s regression test [8]. We conducted the meta-analysis
using mean difference (MD) for fibrinogen and FDP values. Mean and standard deviation were extrapo-
lated from sample size, median, and interquartile range (IQR), according to Wan et al. [9]. We employed
arandom-effects and inverse-variance weighting using Review Manager (RevMan v5.3 2014). We per-
formed subgroup analysis based on study design. Sensitivity analysis was done using leave-one-out
method to assess the cause of heterogeneity. We evaluated between and within-study heterogeneity
using the I? statistic.

3. Results

Initial search provided 161 records from the PUBMED, 100 records from Science Direct, 107
records from ProQuest, 82 records from Scopus database, 111 records from Medxriv database, and
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Fig. 1. Study flow chart (as per PRISMA guideline).

36 records from other sources as shown in Fig. 1. After removing the duplicate and screening of title
and abstracts, 106 full texts were then assessed for eligibility. A total of 89 were excluded because
of incorrect patient population (n=7), unavailability of data on fibrinogen or fibrin degradation prod-
uct (n=63), and irrelevant outcome (n=19). Totally, we included 17 studies (1,654 patients) for
analysis.

The baseline characteristics of the included studies are presented in Table 1. Fifteen studies were
retrospective, and two studies were prospective observational. Ten studies have already been undergone
peer-review [2, 10-18]. Most of the studies classified the severity according to the National Health
Commission of People’s Republic of China.

We assessed all studies’ quality based on NHLBI quality assessment resulting in good and fair
methodology qualities in all included studies (Table 1). None of the studies was considered to be
seriously flawed. The analyses were rigorous, and the conclusions drawn by the studies were credible.
However, most studies did not assess exposure prior to outcome measurement and might not have
sufficient timeframe for outcomes to occur due to their cross-sectional design.



Table 1
Baseline characteristics of included studies
No Author Study Hospital Town, Period Samples (n)  Male (%) Age,y Age Outcome /No. of  FIB (g/L) FDP (pg/ml) Time of HTN (%) CVD (%) DM (%) Study
design Country difference group Mean+SD  Mean=+SD  diagnosis quality
1 Zhang H, Retros.  Chongqing Public  Chongging, Feb 11-28, 43 (14vs29) 357vs58.6 61.7£9.22 p<0.001 Severity/2 based 4.70+1.98 n/a On 7.1vs103  n/a 21.4vs 10.3  Good
2020 [20] Health Medical China 2020 Vs on NHC China Vs admission
Center 443441584 3.50+1.35
2 Qian GQ, Retros.  Five hospitals in Zhejiang Jan 20-Feb 91 (9vs 82) n/a 66 (54-80) p<0.001 Severity/2 based  3.89+0.38 n/a On n/a n/a n/a Good
2020 [11] Zhejiang province  province, 11,2020 vs 49 on NHC China vs admission
China (35.3-56) 3.36+1.09
3 ChenX, Retros.  Hospital of Hunan, Jan 23-Feb 58 (12 vs 46) 54 vs 48.9 58.83 £18.31 p=0.001 Severity/3 based 4.59+1.07 n/a On 38vs 8.3 Tvs29 14 vs 6.2 Fair
2020 [21] Changsha and China 14, 2020 ' on NHC China ' admission
Loudi Central 4246+ 15.55 437+1.11
Hospital
4 ZhuZ,2020 Retros. Hwa Mei Hospital Zhejiang Jan 23-Feb 127 (16 vs 56.25 vs 57.50+£11.70 p=0.03 Severity/2 based  5.49+2.14 n/a n/a 50vs20.72 125vs3.6  0vs9.01 Good
[12] province, 20, 2020 111) 65.77 vs on NHC China vs445+1.4
China 49.95+15.52
5 Giamarellos- Pros Sotiria Athens Athens, March 3-30, 54 (28 vs 26) 89.3vs57.5 67.8+108 p<0.001 Severity(severe 6.94+1.89 n/a n/a n/a 17.9vs 7.7 21.4vs 154 Fair
Bourboulis General Hospital ~ Greece 2020 Vs respiratory Vs (CAD)
E, 2020 [13] and Attikon 59.24+10.3 failure)/2 5294153
University General
Hospital
6 Zheng C, Retros.  Wuhan Union ‘Wuhan, Feb 15,2020 55 (21 vs34) 38.1vs47.1 62(29-91)vs p=0.37 Severity/2 55+1.27vs 625+4.55 n/a n/a n/a n/a Good
2020 [14] Hospital China 59(29-77) 3734+0.79 vs
4.73+3.39
7 SunY, 2020 Retros. Chinese PLA Beijing, n/a 63 (19 vs 44) 52.8 vs 70.15 42.25+17.49 p=0.000 Severity/4 based  3.66+1.76 n/a On 21.1vs 182 10.5vs0 158 vs4.5  Good
[15] General Hospital China Vs on NHC China Vs admission (cardiac
59.36 £15.58 2.94+1.01 arrhythmia)
8 ZengL,2020 Retros. Third People’s Shenzhen, Jan 11-Feb 284 with FIB 61.8 vs43.9 58.7+11vs p<0.001 Severity/2 based 4.5+ 1vs n/a On 27.6vs11.5 342vs126 17.1vs4.6  Good
[4,5,22] Hospital of China 29,2020 (64 vs 220) 46.1+14.1 on NHC China 39+1.1 admission
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Table 1

Continued
No Author Study Hospital Town, Period Samples (n) Male (%) Age, y Age Outcome /No. of  FIB (g/L) FDP (pg/ml) Time of HTN (%) CVD (%) DM (%) Study
design Country difference group Mean+SD Mean+SD  diagnosis quality
9 HanH, 2020 Pros. Renmin Hospital Wauhan, Jan 11-Feb 94 (45vs49) n/a n/a n/a Severity/3 based 4.94+1.87 62.04+ n/a n/a n/a n/a Fair
[10] of Wuhan China 10, 2020 on NHC China vs5.1+1.16 112.28 vs
University 792+11.38
10 HanY, 2020 Retros. Renmin Hospital ‘Wuhan, Feb 1-18, 47 (24 vs 23) 70.83 vs 65.08 p=0.926 Severity/2 based  5.19+041 n/a On 41.67 vs 16.67 vs 4.35 16.67 vs Good
[23] of Wuhan China 2020 39.13 (31-87) vs on ATS ' admission 34.78 13.04
University 64.74 4.43+0.67
(41-81)
11 ShiP, 2020 Retros. Xi’an, Ankang, Shaanxi, Jan 134 (46 vs 543 vs45.5 56(46-66) vs p<0.000 Severity/2 based  3.540.38 vs n/a On 21.7vs11.4 87vs23 8.7vs5.7 Good
[19] Baoji, Hanzhong,  China 23-March 7, 88) 41(29-50) on NHC China 3.15+0.31 admission
Weinan, Xianyang, 2020
Shangluo, Yan’an,
Tongchuan
Hospital
12 Gao Y,2020 Retros. Fuyang Second Fuyang, Jan 23-Feb 2 43 (15 vs 28) 60 vs 60.7 4520+7.68 p=0.503 Severity/2 3.84+£1.00 n/a n/a 40.00 vs 6.67 vs 8.00  40.00 vs 3.57 Good
[16] People’s Hospital ~ China 2020 vs vs 25.00
42.96 & 14.00 3.11+0.83
13 Tang N, Retros.  Tongji Hospital ‘Wuhan, Jan 1-Feb3 183 (21 vs 76.19 vs 64.0+£20.7 p<0.001 Mortality/2 494+036 10.65+£3.59 On n/a n/a n/a Good
2020 [2] China 2020 162) 50.61 Vs Vs 'S admission
524+15.6 444+027 4.08+0.06
14 Zhang F, Retros.  Wuhan No.1 Wuhan, Dec 25 48 (17 vs 31) 70.6vs 67.7 78.65+8.31 p=0.001 Mortality/2 440+148 n/a On 70.6 vs 64.5 23.5vs29.0 29.4vs16.1 Good
2020 [24] Hospital China 2019-Feb 15 vs vs admission
2020 66.16 £ 13.66 4.66+1.49
15 HuC, 2020 Retros. Sino-French New  Wuhan, 28 Jan 183 (68 vs 73.53 vs 68.44+9.94 p<0.001 Mortality/2 538+2.04 n/a On 44.12 vs n/a 20.59 vs Good
[25] City Branch of China 2020-11 115) 49.57 vs vs admission 37.39 18.26
Tongji Hospital March 2020 60.54+£13.19 4.50+1.44
16 YanY, 2020 Retros. Tongji Hospital ‘Wuhan, 10 Jan 48(39vs9) 769vs333 705+10vs p=0.112 Mortality/2 5.08+£250 n/a On 52.8vs 18.8 25vs4.7 36.1vs 10.6  Good
[17] China 2020-24 Feb 64.7+7.3 Vs admission
2020 4.80+1.38
17 Zheng Y, Retros.  Chengdu Public Chengdu, 16 Jan 99 (31 vs 68) 19.19 vs 63.8+16.51 p<0.001 Critically ill/2 n/a 6.724+8.36 On n/a n/a n/a Fair
2020 [18] Health Clinical China 2020-20 Feb 3232 Vs vs admission
Medical Center 2020 42.5+15.51 2.65+2.33
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Fig. 2. Funnel plot shows no publication bias for (A) fibrinogen and severity [p =0.154], but there are publication biases for
(B) fibrinogen and mortality, and (C) fibrin degradation product and composite poor outcomes in patients with COVID-19.

The Egger’s test showed there was no publication bias for fibrinogen in severity outcome (p =0.154).
We did not conduct Egger’s test for other outcomes because there were less than ten included studies.
Figure 2 shows that all funnel plots showed an asymmetrical appearance indicating publication bias
in fibrinogen for mortality outcome and FDP for composite poor outcomes.

Random-effects meta-analysis revealed a higher mean of fibrinogen level on admission in patients
with severe case compared to those with non-severe case as shown in Fig. 3A (12 studies, MD =0.69,
[95% CI: 0.44 t0 0.94], p<0.05;12=72%, p < 0.05). Subgroup analysis based on study design showed
no difference result in prospective design subgroup. Sensitivity analysis using leave-one-out method
showed that removal of Shi et al. [19]. reduced the heterogeneity with similar result (MD =0.75, [95%
CI: 0.47 to 1.04], p<0.05; 12=64%, p <0.05).

Non-survivor group had a pooled higher mean difference of fibrinogen level on admission than
survivor group as shown in Fig. 3B (4 studies, MD =0.48 [95% CI: 0.13 to 0.83], p <0.05; 12=38%,
p=0.18). There was no substantial heterogeneity found across the studies. We did not perform subgroup
analysis based on study design because all included studies were retrospective observational.

Higher FDP on admission was found in poor outcome (composite of severity, critically ill, and
mortality) compared to good outcome as shown in Fig. 3C (4 studies, MD =4.84 [95% CI: 0.75 to
8.93], p<0.05; 12=86%, p <0.05). Subgroup analysis of retrospective design showed similar results.
Sensitivity analysis showed that removal of Zheng et al. [14]. reduced the heterogeneity with similar
result (MD =6.49, [95% CI: 1.45 to 11.53], p<0.05; 12=81%, p<0.05).
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A severe non-severe Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 Prospective

Giamarellos-Bourboulis E, 2020 6.94 1.88 23 529 153 26 5.0% 1.65[0.74, 2.56)
Han H, 2020 494 187 45 51 1.186 43 77% -0.16[-0.80, 0.48] h——

Subtotal (95% ClI) 73 75 12.7% 0.71 [-1.06, 2.49] -.—
Heterogeneity: Tau==1.48; Chi*= 10.15, df=1 (P = 0.001); F=30%
Testior overall effect: Z=0.78 (P=0.43)

1.2.2 Retrospective

ChenX, 2020 458 107 12 437 111 46 71%  022[0.47,081] —_
Gao, 2020 384 1 15 311 083 28 82% 0.73[0.14,1.32) —_—
Han 'Y, 2020 518 041 24 443 067 23 121% 0.76 [0.44,1.08] —

Qian 6Q, 2020 389 0.33 9 336 1.09 82 117% 0.531(0.18,0.87] —_

Shi P, 2020 35 038 46 315 031 88 145% 0.35[0.22, 0.48] -

sun', 2020 366 176 18 284 101 44 58%  072[-0.13,157 1

Zeng L, 2020 45 1 84 38 11 220 126% 0.60 [0.32, 0.88] ——
Zhang H, 2020 47 198 14 35 135 23 35% 1.20[0.05, 2.35)

Zheng C, 2020 55 127 21 373 079 34 80% 1.77 117, 2.37) —_—
Zhu Z, 2020 543 214 16 445 14 111  40%  1.04[-0.04,212 —
Subtotal (95% Cl) 240 705 87.3%  0.70[0.46, 0.95] <

Heterogeneity: Tau®= 0.08; Chi*= 29.18, df= 8 (P = 0.00086); = 69%
Test for overall effect: Z=5.53 (P < 0.00001)

Total (95% Cl) 313 780 100.0% 0.69 [0.44, 0.94] L 2

Heterogeneity: Tau== 0.11; Chi*= 38.38, df= 11 (P < 0.0001); F=72% 54 52 o é 45
Testior overall efiect: Z=5.41 (P < 0.00001) Favours severe Favours non-severe
Testjor subaroup difierences: Chi*= 0.00, df=1 (P =0.89), F=0%

non-survivor survivor Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Hu C, 2020 5.38 2.04 63 45 144 115 243% 0.88(0.33,1.43] A E—
Tang N, 2020 494 036 21 4.44 027 162 558% 0.50 [0.34, 0.66] -
Yan', 2020 508 25 39 48 1.38 9 74% 0.28-0.92,1.48)
Zhang F, 2020 44 148 17 466 1.48 31 125%  -0.26[1.14,0.62] e
Total (95% Cl) 145 317 100.0% 0.4810.13,0.83] P
Heterogeneity: Tau®= 0.05; Chi*= 4.83, df= 3 (P=0.18); F=38% t 1 t

2 1 0 1 P

Testior overall efiect: Z=2.72 (P = 0.007) Favours non-survivor Favours survivor

C

poor outcome good outcome Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.2.1 prospective
Han H, 2020 62.04 112.28 45 792 11.38 43 15% 5412(21.186,87.08] e
Subtotal (95% CI) 45 49 1.5% 54.12[21.16, 87.08] ol

Heterogeneity: Not applicable
Test for overall effect: Z= 3.22 (P = 0.001)

3.2.2 retrospective

Tang N, 2020 10.65 3.59 21 408 006 162 348% 6.57 [5.03, 8.11] ]
Zheng C, 2020 6.25 4.55 21 473 339 34 33.0% 1.52[-0.74,3.78) o
Zheng Y, 2020 6.72 8.26 31 265 233 68 30.6% 4.07 [1.08, 7.08] =
Subtotal (95% CI) 73 264 98.5% 4.13[0.83,7.43] ¢
Heterogeneity: Tau®= 7.15; Chi*= 13.46, df= 2 (P = 0.001); F=85%
Test for overall effect: Z=2.45 (P =0.01)
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Fig. 3. (A) Forest plot of fibrinogen for severity; (B) Forest plot of fibrinogen for mortality; (C) Forest plot of fibrinogen
degradation product for poor outcome.

4. Discussion

This meta-analysis showed that high fibrinogen levels on admission were significantly associated
with severity and mortality. In addition, elevated FDP was significantly associated with composite poor
outcome. Our results are in line with previous studies about the association between poor prognosis
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of COVID-19 and coagulation profile as appeared in early reports from China [3].

One study by Tang et al. reported that non-survivors had higher fibrinogen and FDP level than
survivors on early stage of disease. In the late course of the disease, non-survivors had a significantly
lower level of fibrinogen than survivors [2]. Another study reported that COVID-19 patient had high
level of fibrinogen while DIC patient had low fibrinogen level [26].

The normal plasma concentration of fibrinogen is between 2 and 4 g/1; however, this concentration
can rapidly increase under pathological conditions such as injury, infection, or inflammation [27]. Viral
infections may induce severe complications such as acute respiratory distress syndrome and multi-
organ failure which are often accompanied by hypercoagulation and DIC [28, 29]. The laboratory
features of DIC vary widely depending on the stage encountered. In early DIC, there is compensated
activation of the hemostatic system, however with progression to decompensated hemostatic activa-
tion, characteristic findings are observed. Fibrinogen levels vary; however, in advanced stages of DIC,
fibrinogen levels decrease [26]. The exact mechanism for coagulopathy in COVID-19 is not yet iden-
tified. COVID-19 is able to directly attack vascular endothelial cells expressing high levels of ACE2,
leading to abnormal coagulation and sepsis. The virus enters endothelial cells by endocytosis via the
binding of its spike glycoprotein to a cellular receptor which facilitates viral attachment to the surface
of target cells [30, 31].

The prevalence of VTE, particularly in critically ill/severe patients suffering from COVID-19, was
reported as much as 25-27% [32]. VTE is often associated with plasma hypercoagulability. An elevated
plasma fibrinogen level significantly increases the risk of VTE. These findings suggest hyperfibrino-
genemia is not merely a biomarker of thrombotic risk, but is causative in the etiology of venous
thrombosis [33].

Hyperfibrinolysis was present in 97% of COVID-19 patients [34]. Fibrin and FDP are formed during
intravascular clotting [35]. A study observed an increase of activated plasmin and fibrinolytic activity
in COVID-19 patients which resulted in the elevated FDP [36]. At late stages of COVID-19, FDP were
reported to be moderately or markedly elevated in all COVID-19 deaths [37].

Lung computed tomography (CT) scan shows an important role in the detection of thromboem-
bolic events in COVID-19. Abdominal microcirculatory disorders, as well as central or peripheral
pulmonary embolism was also found in severe cases of COVID-19. As the disease worsened, the labo-
ratory parameter of fibrinogen was increased to some varying degree, and multiple lesions in CT scan
were progressively noticed [38, 39]. Imaging modality which is greatly beneficial in detecting throm-
botic events occurrence in these cases in addition to lung CT scan, is contrast-enhanced ultrasound
(CEUS). Peripherally accentuated consolidation with irregular hyperemia was found in the CEUS and
also in the CT examination in cases of pulmonary thrombus embolism [40]. CEUS can dynamically
record the mesenteric arterial and venous blood flow, thus enabling us to quickly rule out abdominal
infarction [41].

Our meta-analysis suggests that elevated fibrinogen on admission can also be a marker of poor
prognosis in patients with COVID-19. During a pandemic, risk stratification in triage is necessary,
and fibrinogen levels can be one of potential indicators of high-risk patients. While D-dimer level is
often used to aid the decision of starting an anticoagulant, fibrinogen level might direct the physician
to stop anticoagulation. It should be noted that, like all cases of DIC, patients may progress to a
hypercoagulable state when fibrinogen levels begin to decrease. At this point, stopping anticoagulation
should be considered.

To the best of authors knowledge, our meta-analysis comprising of 17 studies is the largest meta-
analysis evaluating the prognostic role of fibrinogen on admission in COVID-19. However, several
limitations should be noted in our study. First, there was substantial heterogeneity across studies. Most
of included studies were retrospective with a relatively small sample size. Second, the presence of
publication bias. The analysis of this study was performed during pandemic; many areas affected by
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COVID-19 have not published the data yet. Most of the studies included were from mainland China.
The ethnic and geographical differences might distort the results.

5. Conclusions

Our meta-analysis demonstrated that elevated fibrinogen and fibrin degradation products on admis-
sion were associated with an increased risk of poor outcome in COVID-19 patients.
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been cited.
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