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Background: Tigecycline-associated hypofibrinogenemia has been increasingly reported, but its clinical significance and predictors
of bleeding remain unclear. We assessed incidence, predictors, and bleeding outcomes in routine care.

Methods: We conducted a retrospective cohort study of adults receiving tigecycline at a tertiary medical center in 2022.
Hypofibrinogenemia was defined as fibrinogen less than 200 mg/dL during treatment. Major bleeding was defined using
International Society on Thrombosis and Haemostasis criteria. Patients were followed from treatment initiation until 7 days after
discontinuation. Multivariable logistic regression identified independent predictors of hypofibrinogenemia and major bleeding.
Receiver operating characteristic analyses determined optimal cut-offs using the Youden index.

Results: Among 231 included patients, 98 (42.4%) developed hypofibrinogenemia. Major bleeding occurred in 52 (22.5%) patients
and was more frequent in patients with hypofibrinogenemia (30.6% vs 16.5%, p = 0.01). Independent predictors of hypofibrinogen-
emia included baseline fibrinogen less than 350 mg/dL (aOR: 3.27, 95% CI: 1.73-6.19), hemodialysis (aOR: 2.34, 95% CI:
1.02-5.38), peptic ulcer disease (aOR: 7.10, 95% CI: 1.38-38.53), and cumulative tigecycline dose greater than 1125 mg (aOR:
2.60, 95% CI: 1.40-4.84). Hypofibrinogenemia was the only independent predictor of major bleeding (aOR: 2.25, 95% CI: 1.14-4.44).
Conclusion: Hypofibrinogenemia was common during tigecycline therapy and independently associated with major bleeding.
Baseline fibrinogen and cumulative exposure may help identify high-risk patients. Routine fibrinogen monitoring should be considered
during tigecycline treatment.

Plain Language Summary: Tigecycline is often used when infections are difficult to treat, especially when bacteria are resistant to
many standard antibiotics. However, this drug can sometimes lower fibrinogen, a clotting protein that helps prevent bleeding. This
change may not be noticed right away, but it can become clinically important during treatment.

We studied hospitalized adults who received tigecycline at a tertiary medical center. Our goal was to find out how often low
fibrinogen developed, which patients were at higher risk, and whether this complication was associated with bleeding. We found that
hypofibrinogenemia was common and was linked to major bleeding. Higher-risk groups included people with lower fibrinogen levels
before treatment, those undergoing hemodialysis, those with peptic ulcer disease, and those who received a greater total amount of
tigecycline.

Our results support the use of fibrinogen monitoring before and during tigecycline treatment. This may be particularly helpful when
longer treatment courses are expected or when patients already have factors that increase bleeding risk.
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Introduction
Tigecycline is a glycylcycline antimicrobial derived from minocycline that exhibits broad-spectrum activity against
multidrug-resistant (MDR) gram-positive, gram-negative, and anaerobic pathogens. Owing to its stability against
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common tetracycline resistance mechanisms, including efflux pumps and ribosomal protection proteins, tigecycline is
frequently used for severe infections caused by carbapenem-resistant Acinetobacter baumannii, extended-spectrum -
lactamase—producing Enterobacterales (ESBL), and vancomycin-resistant Enterococci (VRE)."* Its large volume of
distribution and prolonged half-life support use in deep-seated infections; however, systemic exposure may also
contribute to off-target effects.”

Beyond gastrointestinal intolerance and liver enzyme elevations, increasing post-marketing evidence has identified
coagulation abnormalities during tigecycline therapy.* Among these, hypofibrinogenemia has emerged as a clinically
relevant laboratory abnormality. A systematic review reported that tigecycline may be associated with decreased
fibrinogen levels and prolongation of prothrombin time and activated partial thromboplastin time, suggesting impaired
synthesis or altered regulation of coagulation factors. Recent observational and real-world studies have consistently
reported a high incidence of tigecycline-associated hypofibrinogenemia, generally ranging from approximately 38% to
more than 60% in treated patients.” '' In response, the tigecycline prescribing information was updated in 2021 to
recommend monitoring coagulation parameters, particularly fibrinogen, before and during therapy.’

Despite growing recognition of tigecycline-associated hypofibrinogenemia, its clinical implications remain incom-
pletely understood. Some studies have identified hypofibrinogenemia as an independent predictor of bleeding,® whereas
others have observed marked declines in fibrinogen levels without a corresponding increase in clinically overt
hemorrhage.® These inconsistent findings may be attributable to variations in patient populations, illness severity,
baseline coagulation status, cumulative tigecycline exposure, concomitant medications, fibrinogen monitoring practices,
and definitions of bleeding outcomes across studies.'® Furthermore, the underlying mechanisms of tigecycline-associated
fibrinogen decline have not been fully illustrated. Proposed mechanisms include impaired hepatic protein synthesis,
inflammation-related fibrinogen consumption, and dose-dependent pharmacodynamic effects.'!

From both clinical and antimicrobial stewardship perspective, identifying patients at increased risk is important when
prolonged or high-dose tigecycline therapy is considered. Recent multicenter and retrospective studies have reported
several potential risk factors for tigecycline-associated hypofibrinogenemia, including older age, longer treatment
duration, greater tigecycline exposure, and impaired baseline hepatic or coagulation function.”*"'""'* However, most
prior studies have primarily focused on hypofibrinogenemia itself, while the relationship between these factors and
clinically important bleeding remains less well characterized. To our knowledge, data specifically evaluating tigecycline-
associated bleeding outcomes in Taiwanese populations are limited, and regional differences in comorbidity profiles and
antimicrobial utilization patterns may influence risk estimates. Therefore, we conducted a retrospective cohort study of
adults receiving tigecycline to determine the incidence and timing of hypofibrinogenemia and major bleeding using
prespecified criteria,'® and to identify independent clinical factors associated with these outcomes.

Materials and Methods
Study Design and Data Source

We conducted a retrospective cohort study at National Taiwan University Hospital (NTUH), a tertiary academic medical
center in Taipei, Taiwan. Electronic health record data were extracted from the NTUH Integrated Medical Database
(NTUH iMD) for patients treated between January 1 and December 31, 2022. The year 2022 was selected because the
tigecycline prescribing information was updated in 2021 to recommend routine monitoring of coagulation parameters,
including fibrinogen, before and during therapy, which increased the likelihood of systematic laboratory assessment
during clinical use.

The study protocol was approved by the NTUH Research Ethics Committee (approval number: 202302047RINC) and
conducted in accordance with the principles of the Declaration of Helsinki. Because this study used a retrospective
design with de-identified data, the requirement for informed consent was waived.

Study Population
Adult patients of 18 years or older who received at least one dose of intravenous tigecycline during the study period were
screened. Patients were excluded if tigecycline therapy lasted less than 72 hours, if baseline fibrinogen measurement
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Figure | Flowchart of patient selection.

within 48 hours prior to tigecycline initiation was unavailable, if no follow-up fibrinogen measurement was obtained
during therapy, or if baseline fibrinogen was less than 200 mg/dL. Figure 1 depicts the process of patient selection. The
index date was defined as the first day of tigecycline administration. Patients were followed from the index date until 7
days after tigecycline discontinuation, hospital discharge, or death, whichever occurred first.

Data Collection and Exposure Assessment

Baseline demographic characteristics, comorbidities, intensive care unit admission, and concomitant antithrombotic
therapy (ie., anticoagulants and/or antiplatelet agents) were recorded. Laboratory data collected within 48 hours before
tigecycline initiation included alanine aminotransferase (ALT), total bilirubin, serum creatinine (SCr), blood urea
nitrogen (BUN), hemoglobin, platelet count, albumin, and international normalized ratio, and fibrinogen.

Tigecycline exposure variables included loading dose, daily maintenance dose, treatment duration, and cumulative
dose, defined as the total administered dose during therapy, including the loading dose when applicable. Standard-dose
therapy consisted of a 100 mg loading dose followed by 50 mg every 12 hours, whereas high-dose therapy consisted of
a 200 mg loading dose followed by 100 mg every 12 hours, according to prescribing recommendations. High-dose
therapy was defined as a maintenance dose greater than 100 mg per day. For exposure-response analyses, cumulative
dose was further evaluated using receiver operating characteristic analysis to determine optimal discrimination thresh-
olds. When available, microbiological data, including pathogen identification and infection sites, were recorded to
characterize clinical indications for tigecycline therapy.

Outcomes

The primary outcome was development of hypofibrinogenemia, defined as fibrinogen less than 200 mg/dL at any time
during tigecycline therapy or within 7 days after discontinuation. The second outcome was major bleeding, defined
according to the International Society on Thrombosis and Haemostasis (ISTH) criteria as a hemoglobin decrease greater
than 2 g/dL accompanied by red blood cell transfusion or documented clinically significant bleeding occurring after
tigecycline initiation."> Minor bleeding was operationally defined as the initiation of new hemostatic therapy, including
proton pump inhibitors, tranexamic acid, or somatostatin, following tigecycline initiation. The timing of hypofibrino-
genemia and bleeding events was recorded relative to tigecycline initiation to assess temporal sequence.
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Secondary and Subgroup Analyses

Among patients who developed hypofibrinogenemia, severity was categorized according to the nadir fibrinogen level
during therapy as mild (100-200 mg/dL) or moderate-to-severe (less than 100 mg/dL). Subgroup analyses evaluated the
associations between hypofibrinogenemia severity and major bleeding, as well as transfusion of fresh frozen plasma or
cryoprecipitate.

Statistical Methods

Continuous variables were summarized as mean and standard deviation or median with interquartile range, as appro-
priate. Categorical variables were summarized as frequencies and percentages. Between-group comparisons were
performed using Student’s ¢ test or Mann—Whitney U-test for continuous variables and y*-test or Fisher’s exact test for
categorical variables. Multivariable logistic regression was performed to identify independent predictors of hypofibrino-
genemia and major bleeding. Candidate variables were selected primarily based on univariate analyses (p < 0.10), with
additional clinically relevant covariates included regardless of statistical significance. Multicollinearity was assessed
using variance inflation factors. Because treatment duration varied across patients, cumulative exposure and intensive
care unit admission were considered in adjusted models to mitigate potential time-at-risk bias. Sensitivity analyses for the
major bleeding model included a parsimonious model with clinically essential covariates and a clinically informed model
that additionally forced antithrombotic therapy and intensive care unit admission into the model irrespective of univariate
significance. Adjusted odds ratios with 95% confidence intervals were reported. Receiver operating characteristic (ROC)
curve analysis was conducted to assess discriminatory performance of continuous predictors. Optimal cut-off values were
determined using the Youden index. The area under the curve was calculated to evaluate model discrimination. All
statistical tests were two-sided, and p < 0.05 was considered statistically significant. Analyses were performed using
Microsoft Excel 2016 (Microsoft Corp., Redmond, WA, USA) and SPSS Statistics version 31.0 (IBM Corp., Armonk,
NY, USA).

Results

Study Population

During the study period, 479 adult patients received tigecycline and were screened for eligibility. A total of 231 patients
met inclusion criteria and were included in the analytic cohort (Figure 1). The mean age was 64.1 = 17.2 years, 38.5%
were male, and 64.9% required intensive care unit admission at the time of tigecycline initiation. The mean tigecycline
treatment duration was 13.7 £ 13.7 days, and the mean cumulative dose was 1,566.5 + 1,536.7 mg.

Incidence and Timing of Hypofibrinogenemia

Overall, 98 patients (42.4%) developed hypofibrinogenemia (fibrinogen less than 200 mg/dL) during tigecycline therapy
(Figure 1). The mean duration of therapy did not differ significantly between patients who developed hypofibrinogenemia
and those who did not (14.3£15.0 vs. 13.3+£12.7 days, p = 0.61). Among patients who developed hypofibrinogenemia, the
mean time from tigecycline initiation to first documented fibrinogen less than 200 mg/dL was 7.5 + 3.9 days, indicating
that fibrinogen decline typically occurred during the first week of therapy.

Baseline Characteristics and Tigecycline Exposure

Baseline characteristics were generally comparable between the groups (Table 1). Patients who developed hypofibrino-
genemia had significantly lower baseline fibrinogen levels (379.6 + 136.0 vs. 465.9 + 164.8 mg/dL, p < 0.001), were
more frequently admitted to the intensive care unit (77.6% vs. 55.6%, p < 0.001), and more commonly required
hemodialysis (32.7% vs. 12.8%, p < 0.001). Concomitant use of antithrombotic agents was also more frequent in the
hypofibrinogenemia group (50.0% vs. 36.8%, p = 0.046). With respect to antimicrobial exposure, patients who developed
hypofibrinogenemia were more likely to receive high-dose tigecycline (greater than100 mg/day, p < 0.001) and had
a higher proportion of cumulative dose exceeding 1125 mg (59.2% vs 42.9%, p = 0.014).
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Table | Patient Characteristics Between Hypo- and Non-Hypofibrinogenemia Group

Characteristics Total (n = 231) HF (n = 98) NHF (n = 133) p-value
Sex (male) 89 (38.5%) 34 (34.7%) 55 (41.4%) 0.304
Age (years) 64.12 £ 17.16 65.5 + 17.08 63.1 £ 17.15 0.295
Baseline lab data
ALT (U/L) 35.43 + 50.95 32.7 £ 43.77 37.49 + 55.66 0.470
T-bil (mg/dL) 2.3+ 537 242 + 423 222 £ 6.07 0.774
Hb (g/dL) 8.37x1,40 8.44x1.30 8.32+1.48 0.509
PLT (K/pL) 153.57£144.78 137.51£126.34 165.25+156.27 0.154
Fibrinogen (mg/dL) 429.32 + 159.05 379.57 + 136 465.98 + 164.75 <0.001
FIB< 350 mg/dL * 79 (34.2%) 47 (48.0%) 32 (24.1%) <0.01
BUN (mg/dL) 3897 £ 29.16 45.44 £ 30.95 34.13 £ 26.75 0.004
Scr (mg/dL) 1.55 + 1.45 1.8+ 1.71 1.36 £ 1.18 0.031
ICU admission 150 (64.9%) 76 (77.6%) 74 (55.6%) < 0.001
Hemodialysis 49 (21.2%) 32 (32.7%) 17 (12.8%) <0.001
Comorbidities
Congestive heart disease 18 (7.8%) 9 (9:2%) 9 (6.8%) 0.621
Peripheral vascular disease 15 (6.5%) 7(7.1%) 8 (6.0%) 0.731
Cerebrovascular disease 20 (8.7%) 7 (7.1%) 13 (9.8%) 0.482
Chronic pulmonary disease 11 (4.8%) 6 (6.1%) 5 (3.8%) 0.405
Rheumatologic disease 8 (3.5%) 6 (6.1%) 2 (1.5%) 0.058
Liver disease 16 (6.9%) 8 (8.2%) 8 (6.0%) 0.525
Peptic ulcer disease 9 (3.9%) 7 (7.1%) 2 (1.5%) 0.029
Chronic kidney disease 32 (13.9%) 18 (18.4%) 14 (10.5%) 0.088
Solid tumor 72 (31.2%) 36 (36.7%) 36 (27.1%) 0.117
Hematologic malignancy 70 (30.3%) 21 (21.4%) 46 (34.6%) 0.029
Use of antithrombotic agents 98 (42.4%) 49 (50.0%) 49 (36.8%) 0.046
Tigecycline **
High dose (> 100 mg/day) ** 59 (25.5%) 37 (37.8%) 22 (16.5%) <0.001
Treatment duration (day) 13.7£13.7 14.3x15.0 13.3£12.7 0.611
Total course dose (mg) 1566.5+1536.7 1722.5+1682.8 1451.5+1415.0 0.186
Total course dose > 1125 mg* 115 (49.8%) 58 (59.2%) 57 (42.9%) 0.014

Notes: *Cut-off values for baseline fibrinogen (350 mg/dL) and tigecycline total course dose (I 125 mg) were derived from
ROC curve analysis using the Youden index. **Standard-dose tigecycline was defined as a 100 mg loading dose followed by
50 mg every 12 hours; high-dose tigecycline was defined as a 200 mg loading dose followed by 100 mg every 12 hours. Total
course dose was calculated as the total administered dose during therapy, including the loading dose.

Abbreviations: HF, Hypofibrinogenemia; NHF, Non-hypofibrinogenemia; ALT, alanine aminotransferase; T-bil, total bilirubin;
SCr, serum creatinine; BUN, blood urea nitrogen; Hb, hemoglobin; PLT, platelet count; FIB, fibrinogen.
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Table 2 Bleeding Events in Tigecycline Users

Bleeding Events* | Total (n = 231) | Hypofibrinogenemia (n = 98) | Non-Hypofibrinogenemia (n = 133) | p-value

Major bleeding 52 (22.5%)

112 (48.5%)

30 (30.6%)
56 (57.1%)

22 (16.5%) 0.01
56 (42.1%) 0.02

Minor bleeding

Notes: *Definition of bleeding events: Major bleeding: Hb drop more than 2 g/dL with RBC transfusion or bleeding diagnosis after tigecycline use); Minor
bleeding: New hemostatic agents added after tigecycline use e.g proton-pump inhibitor, tranexamic acid, somatostatin.

Bleeding Events

Major bleeding occurred in 52 patients (22.5%), and minor bleeding occurred in 112 patients (48.5%) (Table 2). Both
major and minor bleeding events were significantly more frequent among patients who developed hypofibrinogenemia.
Major bleeding occurred in 30.6% of patients with hypofibrinogenemia compared with 16.5% those without (p = 0.01).
Minor bleeding occurred in 57.1% versus 42.1%, respectively (p = 0.02). Among patients who experienced major
bleeding, the events occurred a mean of 3.0 + 3.4 days after documentation of hypofibrinogenemia, supporting a temporal
association between fibrinogen decline and subsequent bleeding.

Risk Factors for Hypofibrinogenemia

In univariate analyses, baseline fibrinogen less than 350 mg/dL, renal dysfunction (elevated BUN or serum creatinine),
hemodialysis, peptic ulcer disease, and cumulative dose greater than 1125 mg were associated with hypofibrinogenemia
(Table 3). In multivariate logistic analysis independent predictors of hypofibrinogenemia were: baseline fibrinogen less
than 350 mg/dL (aOR: 3.27, 95% CI: 1.73-6.19, p < 0.01), hemodialysis (aOR: 2.34, 95% CI: 1.02-5.38, p = 0.05),
peptic ulcer disease (aOR: 7.10, 95% CI: 1.38-38.53, p = 0.02), and cumulative tigecycline dose greater than 1125 mg
(aOR: 2.60, 95% CI: 1.40-4.84, p < 0.01) were independent predictors of hypofibrinogenemia. After adjustment, high

daily dose and ICU admission were not independently associated with hypofibrinogenemia.

Table 3 Risk Factors Related to Hypofibrinogenemia in Tigecycline Users

Variable

Univariate Analysis

Multivariate Analysis

OR (95% CI)

p-value

OR (95% Cl) | p-value

Age (years)

1.01 (0.99-1.02) 0.29

Baseline ALT (U/L)

1.01(0.99-1.02) 0.49

Baseline T-bil (mg/dL)

1.01 (0.96—1.06) 0.78

Baseline FIB< 350 mg/dL

291 (1.66-5.10) <0.01

3.27 (1.73-6.19) <0.01

Baseline BUN (mg/dL)

1.01 (1.00-1.02) | <0.001

1.00 (0.99-1.02) 0.40

Baseline Sc, (mg/dL)

1.24 (1.02-1.50) 0.03

Hemodialysis

331 (1.71-6.41) <0.01

2.34 (1.02-538) | 0.5

ICU admission

2.75 (1.53-4.94) | <001

1.73 (0.86-3.49) | 0.12

Peripheral vascular disease

1.20 (0.42-3.43) 0.73

Cerebrovascular disease

071 (0.27-1.85) | 048

Chronic pulmonary disease

1.67(0.49-5.63) | 041

Rheumatologic disease

427(0.84-21.64) | 0.8

Liver disease

1.39 (0.50-3.84) 0.53

(Continued)
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Table 3 (Continued).

Variable Univariate Analysis Multivariate Analysis

OR (95% Cl) | p-value | OR (95% ClI) | p-value

Peptic ulcer disease 5.04(1.02-24.8) 0.047 7.10 (1.38-38.53) 0.02

Chronic kidney disease 1.91 (0.90-4.06) 0.09

Solid tumor 1.56 (0.89-2.74) 0.12

Hematologic malignancy 0.52 (0.28-0.94) 0.03 0.52 (0.26-1.06) 0.07

Use of antithrombotic agents 1.71 (1.01-2.91) 0.046 0.86 (0.44-1.67) 0.66

Tigecycline High dose (> 100 mg/day) 3.06 (1.66-5.65) <0.01

Tigecycline treatment duration (day) 1.01 (0.99-1.02) 0.60

Tigecycline cumulative dose > 1125 mg | 1.93 (1.14-3.28) 0.01 2.6 (1.40-4.84) <0.01

Risk Factor Analysis for Bleeding

Major bleeding occurred more frequently among patients with hypofibrinogenemia than those without (30.6% vs. 16.5%,
p = 0.01). In multivariate analysis (Table 4), hypofibrinogenemia remained the only independent predictor of major
bleeding (aOR: 2.25, 95% CI: 1.14—4.44, p = 0.02). Renal dysfunction, hemodialysis, ICU admission, and antithrombotic
therapy showed numerical associations with bleeding risk but did not reach statistical significance after adjustment.

Table 4 Risk Factors Related to Major Bleeding in Tigecycline Users

Variable

Univariate Analysis

Multivariate Analysis

OR (95% Cl) | p-value

OR (95% Cl) | p-value

Age (years)

1.00 (0.98-1.02) 0.83

ALT (UIL)

1.00 (1.00-1.01) 0.10

1.01(0.99-1.01) 0.09

T-bil (mg/dL)

103 (0.98-1.08) | 023

Hypofibrinogenemia

2.26 (1.194.17) 0.01

225 (1.14-4.44) | 002

Baseline fibrinogen (mg/dL)

100 (1.00-1.00) | 0.04

Baseline FIB< 350 mg/dL

073 (037-143) | 036

Baseline BUN (mg/dL)

1.01 (1.00-1.02) | 0.04

101 (0.99-1.02) | 024

Baseline Sc, (mg/dL)

1.15 (0.94-1.40) 0.18

Hemodialysis

1.97 (0.98-3.96) 0.05

1.19 (0.48-2.94) 0.71

ICU admission

1.62 (0.82-3.22) 0.16

Congestive heart disease

0.67 (0.19-2.41) 0.54

Peripheral vascular disease

0.51 (0.11-2.34) 0.39

Cerebrovascular disease

0.58 (0.16-2.07) 0.40

Chronic pulmonary disease

0.33 (0.04-2.65) 0.30

(Continued)
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Table 4 (Continued).

Variable Univariate Analysis Multivariate Analysis

OR (95% Cl) | p-value | OR (95% Cl) | p-value

Rheumatologic disease 0.48 (0.06—4.01) 0.50
Liver disease 0.21 (0.03—1.66) 0.14 0.19 (0.02-1.56) 0.12
Peptic ulcer disease 0.42 (0.05-3.43) 0.42
Chronic kidney disease 0.96 (0.39-2.36) 0.93
Solid tumor 0.98 (0.50-1.90) 0.94
Hematologic malignancy 0.99 (0.50-1.96) 0.98
Use of antithrombotic agents 1.64 (0.88-3.06) 0.12 1.38 (0.68-2.80) 0.37

Tigecycline high dose (> 100 mg/day) 0.73 (0.35-1.54) 0.41

Tigecycline treatment duration (day) 1.00 (0.98-1.02) 0.92

Tigecycline cumulative dose > 1125 mg | 1.23 (0.66-2.29) 0.51

Tigecycline dosing parameters, including daily dose, treatment duration, and cumulative dose, were not independently
associated with major bleeding, with effect estimates similar to those of the primary analysis. Sensitivity analyses
demonstrated consistent findings (Supplementary Table S1). Hypofibrinogenemia remained independently associated
with major bleeding in both the parsimonious model (aOR 2.04, 95% CI 1.06-3.93, p = 0.034) and the clinically
informed model that included antithrombotic therapy and ICU admission regardless of univariate significance (aOR 2.01,
95% CI 1.03-3.92, p = 0.040). Inclusion of antithrombotic therapy did not materially alter the effect estimate for
hypofibrinogenemia.

Hypofibrinogenemia Severity and Transfusion

Among the 98 patients who developed hypofibrinogenemia, 90 had mild (100-200 mg/dL) and 8 had moderate-to-severe
(less than 100 mg/dL) fibrinogen decline (Table 5). The incidence of major bleeding was numerically higher in patients
with fibrinogen levels less than 100 mg/dL compared with those with levels 100200 mg/dL (37.5% vs. 30.0%, p = 0.70).
Fresh frozen plasma transfusion (75.0% vs. 40.0%, p = 0.07) and cryoprecipitate use (87.5% vs. 57.8%, p = 0.14) also
trended in the same direction. However, given the small number of patients with fibrinogen nadir below 100 mg/dL, these
subgroup comparisons should be considered exploratory and descriptive only and interpreted with caution.

Discussion

In this retrospective cohort of hospitalized adults, hypofibrinogenemia occurred in 42% of patients receiving tigecycline
and was independently associated with subsequent major bleeding. Baseline fibrinogen less than 350 mg/dL, hemodia-
lysis, peptic ulcer disease, and higher cumulative tigecycline exposure were independent predictors of

Table 5 Major Bleeding and Transfusion Patterns Across Hypofibrinogenemia Severity

Hypofibrinogenemia Severity | Major Bleeding | FFP Infusion | Cryoprecipitate Infusion

FIB 100-200 mg/dL (n = 90) 27 (30.0%) 36 (40.0%) 52 (57.8%)
FIB < 100 mg/dL(n = 8) 3 (37.5%) 6 (75.0%) 7 (87.5%)
p-value 0.70 0.07 0.14
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hypofibrinogenemia. Of note, hypofibrinogenemia was the only independent predictor of major bleeding in adjusted

analysis, supporting its role as a clinical meaningful intermediate event rather than an isolated laboratory abnormality.
The incidence of hypofibrinogenemia observed in our study is consistent with prior reports describing rates

approaching 40—-60% in critically ill populations.®"'

However, the reported clinical consequences of tigecycline-associated hypofibrinogenemia have varied across studies.

%11 whereas others

Some studies have found hypofibrinogenemia to be independently associated with bleeding events,
have reported substantial fibrinogen decline without a corresponding increase in clinically overt hemorrhage.'®'* Our
findings support the clinical relevance of hypofibrinogenemia to major bleeding. Differences across studies may reflect
variation in patient populations, baseline severity of illness, fibrinogen monitoring practices, concomitant

medications, >

and definitions of bleeding outcomes. Our study applied prespecified criteria for major bleeding and
also captured treatment-related minor bleeding, which may account for higher event detection compared with studies
relying solely on diagnostic codes or spontaneous reporting. Notably, a recent self-controlled analysis demonstrated
increased hypofibrinogenemia during tigecycline exposure but did not detect a difference in bleeding risk, underscoring
ongoing uncertainty regarding clinical consequences. Our findings provide additional evidence that fibrinogen decline is
temporally associated with bleeding events.'®

The temporal sequence observed in our cohort strengthens this association. Hypofibrinogenemia typically developed
within the first week of therapy and preceded major bleeding by several days. This pattern suggests that declining
fibrinogen may serve as an early warning signal rather than a coincidental finding in critically ill patients. Although
bleeding events were numerically more frequent in patients with more severe fibrinogen depletion, statistical power was
limited in subgroup analyses.

The mechanisms underlying tigecycline-associated hypofibrinogenemia remain incompletely understood. Proposed
explanations include impaired hepatic synthesis of coagulation factors, inflammation-mediated consumption, and phar-
macodynamic effects related to prolonged systemic exposure.'” Tigecycline has a large volume of distribution and
prolonged elimination half-life,”> which may contribute to cumulative exposure, particularly in patients with organ
dysfunction. Potential biological mechanisms include suppression of interleukin-6 leading to reduced hepatic fibrinogen
synthesis and mitochondrial toxicity associated with high tigecycline exposure, resulting in impaired hepatic synthetic
function.”'”'® Vitamin K deficiency due to disruption of intestinal flora has also been proposed; however, the limited
response to vitamin K supplementation makes this explanation less convincing.”'® The independent association between
cumulative dose and hypofibrinogenemia observed in our study supports a potential exposure-response relationship.
However, cumulative exposure was not independently associated with major bleeding after adjustment, suggesting that
bleeding risk is mediated primarily through development of hypofibrinogenemia rather than direct dose effects.

Hemodialysis was independently associated with hypofibrinogenemia.'® A previous retrospective study also identified
renal failure, regardless of dialysis requirement, as a risk factor for tigecycline-induced hypofibrinogenemia. Although
tigecycline is not primarily eliminated renally, patients undergoing hemodialysis often have altered albumin binding,
chronic inflammation, and multiple comorbid conditions that may predispose them to coagulation abnormalities.”® These
findings support careful fibrinogen monitoring in patients with advanced renal impairment, especially those receiving
hemodialysis.

From a clinical and antimicrobial stewardship perspective, our findings suggest that measuring baseline fibrinogen
before tigecycline initiation and monitoring fibrinogen during therapy may help identify patients at increased risk of
bleeding. This may be particularly relevant in patients with lower baseline fibrinogen levels or greater cumulative
tigecycline exposure. As tigecycline is increasingly used for multidrug-resistant infections, such risk stratification may be
especially useful when prolonged treatment is anticipated.

Several limitations should be considered. First, this was a single-center retrospective study, which may limit the
generalizability. Inclusion required available fibrinogen measurements, potentially introducing selection bias because
testing was performed based on clinical judgment rather than a standardized protocol. Second, minor bleeding was
defined using an operational, treatment-based definition derived from the available database and may not fully capture
clinically adjudicated minor bleeding events. Therefore, these findings should be interpreted with caution. Third, the
subgroup with fibrinogen nadir below 100 mg/dL was small, limiting the reliability of severity-based subgroup analyses.
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Residual confounding related to illness severity may persist despite multivariable adjustment. In addition, baseline
nutritional status, subclinical vitamin K deficiency, and sepsis-related consumption coagulopathy were not systematically
evaluated and may have influenced fibrinogen levels and bleeding risk. The high proportion of patients required intensive
care (64%) may also have contributed to the observed bleeding incidence. Furthermore, dynamic fibrinolytic markers and
other coagulation factors were not evaluated, and that might limit mechanistic interpretation. Finally, the observational
design precludes causal inference.

Despite these limitations, this study provides clinically relevant evidence that hypofibrinogenemia is common during
tigecycline therapy and independently associated with major bleeding. Baseline fibrinogen level, hemodialysis, peptic
ulcer disease, and cumulative tigecycline exposure help identify patients at increased risk. Routine monitoring of
fibrinogen, particularly during the first week of therapy and in high-risk individuals, may support earlier intervention
and mitigation of bleeding complications.

Conclusion

In conclusion, hypofibrinogenemia frequently occurred in patients receiving tigecycline and was independently asso-
ciated with major bleeding. These findings highlight the importance of awareness and fibrinogen monitoring during
tigecycline therapy, particularly in higher-risk patients. Nevertheless, given the retrospective single-center design, the
findings should be interpreted cautiously and require confirmation in larger prospective studies.
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