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China, °Department of Clinical Pharmacy, Honghui Hospital, Xi'an Jiaotong University, Xi‘an, China,
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Background: Tigecycline was recently found to cause coagulation disorders,
especially hypofibrinogenemia, which may interfere with the administration of
antimicrobial therapy. This study aimed to investigate the incidence and clinical
characteristics  of and  risk  factors  for  tigecycline-associated
hypofibrinogenemia.

Methods: In this multicenter retrospective study, patients receiving tigecycline
or imipenem-—cilastatin to treat Gram-negative bacterial infections in nine
Chinese tertiary hospitals between January 2020 and December 2020 were
enrolled. Baseline data and coagulation variables were compared using cohort
and case-control studies.

Results: Totals of 485 patients treated with tigecycline and 490 patients treated
with imipenem-—cilastatin were included in this study. Compared with
imipenem—cilastatin, tigecycline was associated with reduced fibrinogen and
prolonged activated partial thromboplastin time and prothrombin time (all p <
0.001), with the most remarkable change in fibrinogen (down by 48.0%). The
incidence of hypofibrinogenemia in patients treated with tigecycline was >50%,
with propensity score-matched analysis or not. The relative risk of
hypofibrinogenemia with tigecycline versus imipenem-cilastatin was 2.947
(95% CI: 2151-4.039) at baseline balance. Tigecycline-associated
hypofibrinogenemia led to a higher incidence (12.1%) of bleeding events.
However, none of supplemental therapies after withdrawal had an effect on
the normalization of fibrinogen levels. The risk factors for tigecycline-
associated hypofibrinogenemia were treatment duration >6 days (odds ratio
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[OR] 5.214, 95% confidence interval [Cl] 2.957-9.191, p < 0.001), baseline
fibrinogen <4 g/L (OR 4.625, 95% Cl 2.911-7.346, p < 0.001), cumulative
dose >1,000 mg (OR 2.637, 95% Cl 1.439-4.832, p = 0.002), receiving CRRT
(OR 2.436, 95% Cl 1.179-5.031, p = 0.016), baseline PT > 14 s (OR 2.110, 95% CI
1.317-3.380, p = 0.002) and baseline total bilirubin >21 pmol/L (OR 1.867, 95%
Cl 1.107-3.147, p = 0.019), while the protective factor was skin and soft tissue
infection (OR 0.110, 95% CI 0.026-0.473, p = 0.003).

Conclusion: The clinical characteristics of and risk factors for tigecycline-
associated hypofibrinogenemia identified in this study can offer practical
reference for the clinical management of patients.

KEYWORDS

tigecycline (TGC), adverse event (AE), hypofibrinogenemia, coagulation-flocculation,
clinical characteristic, risk factor (RF)

Introduction

Tigecycline is a first-in-class glycylcycline antibiotic with
promising efficacy against a broad spectrum of microbes,
including aerobic and facultative Gram-positive bacteria and
Gram-negative bacteria (GNB) and anaerobic bacteria. It
inhibits the synthesis of bacterial proteins at the level of the
ribosome subunit (Qvist et al., 2012). Tigecycline was approved
by the US Food and Drug Administration for the treatment of
complicated intra-abdominal infections and complicated skin
and skin-structure infections in 2005 and for community-
acquired pneumonia in 2009. The authorized dose is 50 mg
every 12 h following a 100 mg loading dose, which has proven
to be effective and well tolerated. The most common adverse
events recorded in the package insert are nausea and vomiting.
Notably, tigecycline exhibited potent in vitro activity against
multidrug-resistant (MDR) bacteria, such as extended-
spectrum P-lactamase-producing Enterobacteriaceae and MDR
Acinetobacter baumannii, due to its specific anti-resistance
mechanism (Perez et al., 2007). Tigecycline is thus being
increasingly prescribed for difficult-to-treat infections caused
by MDR bacteria, especially MDR-GNB. However, off-label
indications, high-dose regimens and long-term treatment have
been frequently used in clinical practice, to ensure its
effectiveness in severe infections caused by MDR bacteria
(Leng et al, 2021), suggesting that the real-world adverse
events of tigecycline might actually be more frequent and
serious than those recorded in the package insert.

Tigecycline-associated  hypofibrinogenemia ~ was  first
reported in a case study by Pieringer et al. in 2010, which is
currently a documented adverse event (Pieringer et al., 2010). A
retrospective study in China found a decrease in fibrinogen in
patients treated with tigecycline (Zhang et al., 2015) and several
cases of potentially life-threatening coagulation disorders
induced by tigecycline have also been reported (Akalay et al.,
2021; Balfousias et al., 2019; Fan et al., 2020; Rossitto et al., 2014;
Routsi et al., 2015; Sabanis et al., 2015; Wu et al., 2017; Yilmaz
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Duran et al, 2018). However, although various reports have
demonstrated an association between tigecycline and
hypofibrinogenemia, the findings could not provide practical
reference for clinical administration of tigecycline due to
limitations such as small sample sizes, lack of a control group
and insufficient description. We therefore conducted multicenter
retrospective cohort and case-control studies to compare the
coagulation parameters between patients treated with tigecycline
and imipenem-cilastatin and to investigate the underlying
characteristics of and risk factors for tigecycline-associated
hypofibrinogenemia.

Materials and methods
Study design and patient selection

This was a multimethod, multicenter, retrospective
investigation of hospitalized Chinese patients receiving
tigecycline/imipenem-cilastatin at nine hospitals, including a
cohort study using propensity score-matched analysis and a
case-control study. All participating centers (viz., Shandong
Provincial Hospital Affiliated to Shandong First Medical
University, The Second Hospital of Shandong University,
Shandong Provincial Third Hospital, Shandong Second
Provincial General Hospital, Jining No. 1 People’s Hospital,
Xi’an Honghui Hospital, Zibo Central Hospital, The Second
People’s Hospital of Liaocheng and Qufu City People’s
Hospital) were tertiary care hospitals capable of diagnosing
and treating infectious diseases. Ethical approval was granted
by the medical ethics committee of Shandong Provincial Hospital
Affiliated to Shandong First Medical University and the
participating hospitals.

All hospitalized patients with definite or suspected GNB
infection who were administered either tigecycline or
imipenem-cilastatin between January 2020 and December
2020 at any of the nine included hospitals were eligible for
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The
duration <3 days; 2) congenital and acquired coagulation
with  prolongation  of partial
thromboplastin (aPTT) > 10s, of
prothrombin time (PT) > 3s or fibrinogen <2 g/L prior to

inclusion. exclusion criteria were: 1) treatment

disorders activated
time prolongation
initiation; and 3) lack of clinical data or laboratory data
before and during administration in medical records.

Cohort study and propensity score
matching

In this retrospective cohort study, we collected basic data for
the enrolled patients and compared the baseline characteristics
and coagulation data between patients treated with tigecycline
and patients treated with imipenem-cilastatin. There were
significant differences in some baseline characteristics between
the two cohorts, propensity score matching was therefore applied
to balance these variables.

Case-control study

To explore the risk factors for tigecycline-associated
hypofibrinogenemia, a case-control study was used to analyze
data from all patients treated with tigecycline. Treating the
development of hypofibrinogenemia as an outcome, patients
receiving tigecycline were divided into a hypofibrinogenemia
and a non-hypofibrinogenemia group. We then assessed the
relationship between tigecycline-associated
hypofibrinogenemia and patient demographics, comorbidities,
medication regimens, combination therapies, important invasive
procedures and baseline laboratory tests, based on clinical

knowledge of potential risk factors.

Data collection

In this retrospective analysis, data pertaining to patient
demographics (age and sex), ward, comorbidities (diabetes
mellitus, hypertension, chronic heart failure, atrial fibrillation,
chronic obstructive pulmonary disease, chronic kidney disease,
chronic liver disease, malignancy and shock), microbiological
data, prescription of tigecycline and imipenem-cilastatin,
combination therapies (cefoperazone-sulbactam, sodium
valproate, asparaginase, vasopressors, anticoagulants and anti-
platelet aggregation drugs), invasive procedures (mechanical
ventilation and continuous renal replacement therapy
[CRRT]), bleeding events and laboratory data (fibrinogen,
aPTT, PT,

aminotransferase,

alanine aminotransferase,
total

creatinine) were acquired from patient medical records.

aspartate

bilirubin, albumin and serum

Hypofibrinogenemia was defined as a fibrinogen level <2.0 g/
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L. Alanine aminotransferase or aspartate
aminotransferase >120 U/L and total bilirubin >21 umol/L
were considered to be elevated. Serum albumin <30 g/L was
considered to be reduced. Serum creatinine >135 pumol/L in

males or >105 pmol/L in females was considered to be elevated.

Statistical analysis

Data are presented as rates for categorical variables and medians
(interquartile range [IQR]) for continuous variables. Categorical
variables were analyzed with x° or Fisher’s exact tests and continuous
data were evaluated using Mann-Whitney U tests. In the cohort
study, propensity score matching was used to adjust for significant
differences in baseline characteristics. In the case-control study,
baseline characteristics of patients with and without
hypofibrinogenemia were compared using yx*/Fisher’s exact tests
or Mann-Whitney U tests for univariate analysis. Variables that were
statistically significant in univariate analyses were entered into a
multivariate logistic regression model to identify risk factors for
tigecycline-associated hypofibrinogenemia, with odds ratios (ORs)
and 95% (CIs).

coagulation parameters were identified by Pearson’s correlation

confidence intervals Correlations  between
analysis where appropriate. A two-tailed p value < 0.05 was

considered significant for all studies.

Results
Demographics and clinical characteristics

In total, 2,685 inpatients with definite or suspected infections
caused by GNB in medical or surgical wards or intensive care units
(ICUs) were screened and 975 patients were ultimately enrolled,
including 485 patients treated with tigecycline and 490 patients
treated with imipenem-—cilastatin (Figure 1). The demographics
and clinical characteristics of these patients are summarized in
Table 1. The patient median age was 61.0 years and 32.0% were
female. The percentages of ICU admissions were similar in the
tigecycline and imipenem-cilastatin groups. Diabetes mellitus,
hypertension, chronic heart failure and atrial fibrillation were
significantly more prevalent in the tigecycline group, while
there were no significant differences in the incidences of other
comorbidities between the two cohorts. The types of infection
intra-abdominal infection,

mainly included pneumonia,

bloodstream infection and skin and soft tissue infection.
Patients treated with tigecycline were more likely to receive
mechanical ventilation (p < 0.001) and CRRT (p = 0.047) than
patients treated with imipenem-cilastatin. The median treatment
durations of tigecycline and imipenem-cilastatin were 11.0 and
8.0 days (p < 0.001), respectively.

The results of coagulation tests are described in Table 2.

There was no significant difference in baseline fibrinogen level
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Hospitalized patients receiving tigecycline or imipenem—cilastatin
to treat GNB infections

(n=2685)
g
I ] E
=
]
Treated with tigecycline Treated with imipenem—cilastatin 3
(n=1068) (n=1617)
Exclusion criteria
(i) Treatment duration <3 days
Tigecycline=106, Imipenem-—cilastatin=75
_ (ii) Congenital and acquired coagulation disorders =
n=583 . . . n=1127 2
with prolongation of aPTT > 10 s, prolongation z
> of PT >3 s, or fibrinogen <2 g/L prior to < 5

initiation

Tigecycline=40, Imipenem—cilastatin=71

(iii) Lack of clinical data or laboratory data before
and during administration
Tigecycline=437, Imipenem-—cilastatin=981

Tigecycline group
(n=485)

Non-hypofibrinogenemia

Hypofibrinogenemia
(n=272) (n=213)

]

FIGURE 1

Imipenem-—cilastatin group
(n=490)

Cohort study
(propensity score matching)

Case-control study

The detailed study process. 975 patients were enrolled from 2,685 hospitalized patients with definite or suspected infections of GNB into this
study. A cohort study was performed in 485 patients receiving tigecycline and 490 patients receiving imipenem-cilastatin. Propensity score-
matched analysis was used for balancing baseline characteristics. 272 patients with hypofibrinogenemia in the tigecycline treatment were compared
with 213 non-hypofibrinogenemia patients in the same cohort using the case-control study. aPTT: activated partial thromboplastin time; PT:

prothrombin time.

or PT (p = 0.978 and 0.339, respectively) between the
tigecycline and imipenem-cilastatin groups, but baseline
aPTT was significantly lower in the tigecycline group (p =
0.043). After administration of the antibiotics, fibrinogen was
significantly lower in the tigecycline group compared with the
imipenem-—cilastatin group (p < 0.001), while aPTT and PT
were both significantly higher in the tigecycline group (both
p < 0.001). The incidence of hypofibrinogenemia after
treatment was significantly higher in the tigecycline group
compared with the imipenem-cilastatin group (56.1% vs.
12.4%, p < 0.001).

Propensity score-matched analysis

The baseline characteristics of patients who received
tigecycline or imipenem-cilastatin (Table 1) were matched
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based on propensity scores to create two cohorts of
213 patients each and the balance of covariates was
substantially the
(Table 3). There was no significant difference in baseline
fibrinogen, aPTT, or PT (p = 0934, 0.814 and 0.796,
respectively) between the two matched antibiotic cohorts.

improved between matched cohorts

However, after antibiotic administration, fibrinogen levels
were significantly lower while aPTT and PT values were
significantly higher in the tigecycline group compared with
the imipenem-cilastatin group (all p < 0.001), in line with the
results prior to propensity matching (Table 2). The incidence of
hypofibrinogenemia remained significantly higher in the
tigecycline group compared with the imipenem-cilastatin
group after propensity matching (52.6% vs. 17.8%, p <
0.001). The
tigecycline versus imipenem-cilastatin was 2.947 (95% CI:
2.151-4.039).

relative risk of hypofibrinogenemia with
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TABLE 1 Patient characteristics.

Variable

Age (years)
Sex, female (%)
ICU admission (%)
Comorbidities (%)
Diabetes mellitus
Hypertension
Chronic heart failure
Atrial fibrillation
Chronic obstructive pulmonary disease
Chronic kidney disease
Chronic liver disease
Malignancy
Shock
Type of infection (%)
Pneumonia
Intra-abdominal infection
Bloodstream infection
Skin and soft tissue infection
Others
Incidence of GNB isolated (%)
Mechanical ventilation (%)

CRRT (%)

Duration of administering antibiotics (days)

Total (n = 975)

61.0 (42.0-71.0)
312 (32.0%)
448 (45.9%)

158 (16.2%)
285 (29.2%)
63 (6.5%)
47 (4.8%)
30 (3.1%)
127 (13.0%)
150 (15.4%)
365 (37.4%)
280 (28.7%)

573 (58.8%)
262 (26.9%)
90 (9.2%)

33 (3.4%)

17 (1.7%)
521 (53.4%)
345 (35.4%)
109 (11.2%)
9.0 (7.0-14.0)

Tigecycline (n = 485)

62.0 (45.0-73.0)
139 (28.7%)
219 (45.2%)

91 (18.8%)
170 (35.1%)
46 (9.5%)
42 (8.7%)
20 (4.1%)
68 (14.0%)
76 (15.7%)
171 (35.3%)
146 (30.1%)

339 (69.9%)
81 (16.7%)

43 (8.9%)

15 (3.1%)

7 (1.4%)

317 (65.4%)
198 (40.8%)
64 (13.2%)
11.0 (8.0-15.0)

10.3389/fphar.2022.943674

Imipenem-cilastatin (n = 490)

60.0 (38.0-70.0)
173 (35.3%)
229 (46.7%)

67 (13.7%)
115 (23.5%)
17 (3.5%)

5 (1.0%)

10 (2.0%)
59 (12.0%)
74 (15.1%)
194 (39.6%)
134 (27.3%)

234 (47.8%)
181 (36.9%)
47 (9.6%)

18 (3.7%)

10 (2.0%)
204 (41.6%)
147 (30.0%)
45 (9.2%)

8.0 (6.0-12.0)

p value

0.001
0.026
0.621

0.031
<0.001
<0.001
<0.001
0.060
0.358
0.806
0.162
0.342
<0.001

<0.001
<0.001
0.047

<0.001

Data are expressed as medians (interquartile range), or number (percentage). ICU: intensive care unit; GNB: Gram-negative bacteria; CRRT: continuous renal replacement therapy.

TABLE 2 Comparison of coagulation tests between tigecycline and imipenem~—cilastatin groups in the original and matched data sets.

Variable Original data set
Tigecycline
(n = 485)

Baseline

Fibrinogen (g/L) 3.98 (3.10-4.81)
aPTT (s) 31.80 (28.50-37.80)
PT (s) 14.00 (12.80-15.50)
After administration

Fibrinogen (g/L) 1.84 (1.29-2.61)
aPTT (s) 42.50 (35.30-53.50)
PT (s) 16.90 (15.00-19.80)

Imipenem-cilastatin

(n = 490)

3.92 (2.94-5.02)
32.85 (29.50-38.40)
14.10 (12.60-16.00)

3.30 (2.49-4.31)
38.15 (31.20-46.90)
15.20 (13.70-17.40)

Matched data set

p value Tigecycline Imipenem-cilastatin
(n = 213) (n = 213)

0978 3.95 (3.09-4.92) 3.99 (3.00-5.08)

0.043 3230 (28.80-39.45) 32.90 (29.35-38.25)

0339 14.10 (13.00-15.65) 14.20 (12.60-16.20)

<0.001 1.92 (1.31-2.60) 3.20 (2.28-4.28)

<0.001 42.55 (34.55-55.83) 38.30 (31.70-47.75)

<0.001 17.30 (15.00-19.85) 1520 (13.70-17.50)

p value

0.934
0.814
0.796

<0.001
<0.001
<0.001

Data are expressed as medians (interquartile range). aPTT: activated partial thromboplastin time; PT: prothrombin time.

Effects of tigecycline treatment on

coagulation function

Given that tigecycline had a greater effect on coagulation
than imipenem-—cilastatin, we assessed the coagulation trends in

Frontiers in Pharmacology

485 patients receiving tigecycline. The median of change in
fibrinogen, aPTT and PT was 1.91 g/L (48.0%), 9.20 s (28.9%),
and 2.80 s (20.0%), respectively (Figure 2). Pearson’s correlation

05

analysis showed a weak but significant correlation between aPTT
prolongation and PT prolongation (r = 0.604, p < 0.001), but no
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TABLE 3 Patient characteristics after 1:1 propensity score matching.

Variable Total

(n = 426)

58.5 (39.0-69.0)
134 (31.5%)
200 (46.9%)

Age (years)

Sex, female (%)
ICU admission (%)
Comorbidities (%)

Diabetes mellitus 55 (12.9%)

Hypertension 108 (25.4%)
Chronic heart failure 16 (3.8%)
Atrial fibrillation 3 (0.7%)
Chronic obstructive pulmonary disease 9 (2.1%)

49 (11.5%)
66 (15.5%)
170 (39.9%)
123 (28.9%)

Chronic kidney disease
Chronic liver disease
Malignancy
Shock
Type of infection (%)
Pneumonia 247 (58.0%)
109 (25.6%)
48 (11.3%)
16 (3.8%)
6 (1.4%)
234 (54.9%)
155 (36.4%)
54 (12.7%)
9.0 (7.0-14.0)

Intra-abdominal infection
Bloodstream infection
Skin and soft tissue infection
Others
Incidence of GNB isolated (%)
Mechanical ventilation (%)
CRRT (%)

Duration of administering antibiotics (days)

Data are expressed as medians (interquartile range), or number (percentage).

correlation between fibrinogen reduction and aPTT/PT
prolongation (r = -0.096, p < 0.001 and r = —-0.050, p =
0.273, respectively).

A total of 272 (56.1%) patients treated with tigecycline met
the criteria for hypofibrinogenemia, which usually occurred a
of 6.0 (3.0-8.0)days the of
administration. 219 (80.5%) of these patients had fibrinogen
levels of 1.0-2.0 g/L and 53 (19.5%) had fibrinogen levels <1.0 g/

L. Compared with patients without hypofibrinogenemia, patients

median after initiation

with hypofibrinogenemia had a higher incidence of new bleeding
events during treatment (8/213 [3.8%)] vs. 33/272 [12.1%], p =
0.001), mainly gastrointestinal hemorrhage (19/33 [57.6%]) or
mucocutaneous hemorrhage (7/33 [21.2%]). 44 patients with
hypofibrinogenemia who received fibrinogen concentrate during
tigecycline administration, only 10 (22.7%) patients of them
returned to normal levels of fibrinogen.

A total of 108 patients with hypofibrinogenemia in this study
were fully followed-up for coagulation parameters after
withdrawal of the drug, with a median time to normalize
fibrinogen levels of 4.0 (3.0-6.0) days. However, the other
patients with hypofibrinogenemia were discharged, died, or
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Tigecycline Imipenem-cilastatin p value
(n =213) (n =213)
54.0 (37.0-69.0) 61.0 (45.0-70.0) 0.196
70 (32.9%) 64 (30.0%) 0531
96 (45.1%) 104 (48.8%) 0.437
32 (15.0%) 23 (10.8%) 0.193
60 (28.2%) 48 (22.5%) 0.181
9 (4.2%) 7 (3.3%) 0.610
0 (0.0%) 3 (1.4%) 0.248
4 (1.9%) 5 (2.3%) 1.000
27 (12.7%) 22 (10.3%) 0.448
34 (16.0%) 32 (15.0%) 0.789
86 (40.4%) 84 (39.4%) 0.843
62 (29.1%) 61 (28.6%) 0915
0.072
126 (59.2%) 121 (56.8%)
45 (21.1%) 64 (30.0%)
26 (12.2%) 22 (10.3%)
11 (5.2%) 5 (2.3%)
5 (2.3%) 1 (0.5%)
115 (54.0%) 119 (55.9%) 0.697
78 (36.6%) 77 (36.2%) 0.920
26 (12.2%) 28 (13.1%) 0.771
9.0 (8.0-13.0) 9.0 (6.0-14.0) 0356
had no coagulation parameters measured after drug

discontinuation. Fifty of the followed-up patients (46.3%)
received supplemental therapy after discontinuation, but their
recovery times were similar to the 58 (53.7%) patients without
supplementation (3.5 [3.0-5.0] vs. 4.5 [2.8-7.3] days, p = 0.211).
The three commonly used supplemental therapies were vitamin
K1, plasma/cryoprecipitate and fibrinogen concentrate, with no
significant difference in recovery times of fibrinogen with or
without these supplements (vitamin K1: 4.0 [3.0-5.0] vs.
3.0 [2.0-6.0] days, p = 0.671; plasma/cryoprecipitate:
3.0 [2.0-5.3] vs. 4.0 [3.0-5.0] days, p = 0.342; fibrinogen
concentrate: 4.0 [2.0-5.0] vs. 3.0 [3.0-5.5] days, p = 0.835).

Risk factors for tigecycline-associated
hypofibrinogenemia

We compared the 272 patients with hypofibrinogenemia in
the tigecycline group with 213
hypofibrinogenemia in the same group using a case-control

patients  without

study design. The characteristics of the patients are listed in
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FIGURE 2

Trend of coagulation function during tigecycline administration and after withdrawal. Fibrinogen (A) showed a downward trend during
administration and a rebound after withdrawal, while aPTT (B) and PT (C) rose during treatment and fell after withdrawal. Horizontal bars represent
the median value, boxes represent the interquartile range, whiskers represent the 5th and 95th percentiles and hollow circle and asterisk indicate the
outlier. (Due to the different course of administration and the relatively few data at the late stage of administration and withdrawal, we only
showed trend of coagulation for the first 14 days of administration period and the first 7 days after withdrawal).
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TABLE 4 Comparison of demographic and clinical characteristics of patients with hypofibrinogenemia and non-hypofibrinogenemia during
tigecycline administration.

Variables Total of Hypofibrinogenemia Non- Univariate Multivariate
patients (n =272) hypofibrinogenemia analysis logistic regression
(n = 485) (n = 213) analysis
p value OR

P
(95%CI) value

Age (years) 62.0 62.0 (44.0-74.0) 62.0 (46.0-72.5) 0.866
(45.0-73.0)
Sex, female (%) 139 (28.7%) 87 (32.0%) 52 (24.4%) 0.067
ICU admission (%) 219 (45.2%) 126 (46.3%) 93 (43.7%) 0.559
Comorbidities (%)
Diabetes mellitus 91 (18.8%) 49 (18.0%) 42 (19.7%) 0.633
Hypertension 170 (35.1%) 90 (33.1%) 80 (37.6%) 0.306
Chronic heart failure 46 (9.5%) 27 (9.9%) 19 (8.9%) 0.707
Atrial fibrillation 42 (8.7%) 29 (10.7%) 13 (6.1%) 0.076
Chronic obstructive pulmonary 20 (4.1%) 12 (4.4%) 8 (3.8%) 0.718
disease
Chronic kidney disease 68 (14.0%) 40 (14.7%) 28 (13.1%) 0.623
Chronic liver disease 76 (15.7%) 44 (16.2%) 32 (15.0%) 0.729
Malignancy 171 (35.3%) 105 (38.6%) 66 (31.0%) 0.081
Shock 146 (30.1%) 86 (31.6%) 60 (28.2%) 0.411

Type of infection (%)

Pneumonia 339 (69.9%) 190 (69.9%) 149 (70.0%) 0.981
Intra-abdominal infection 81 (16.7%) 54 (19.9%) 27 (12.7%) 0.038 1.377 0.339
(0.714-2.655)
Bloodstream infection 43 (8.9%) 23 (8.5%) 20 (9.4%) 0.720
Skin and soft tissue infection 15 (3.1%) 3 (1.1%) 12 (5.6%) 0.006 0.110 0.003
(0.026-0.473)
Others 7 (1.4%) 2 (0.7%) 5 (2.3%) 0.249
Bleeding event before 45 (9.3%) 33 (12.1%) 12 (5.6%) 0.014 2.300 0.061
treatment (%) (0.964-5.489)

Baseline laboratory tests (%)

Fibrinogen<4 g/L 246 (50.7%) 174 (64.0%) 72 (33.8%) <0.001 4.625 <0.001
(2.911-7.346)

aPTT >34 s 181 (37.3%) 103 (37.9%) 78 (36.6%) 0.778

PT > 145 239 (49.3%) 153 (56.3%) 86 (40.4%) 0.001 2.110 0.002
(1.317-3.380)

Alanine 33 (6.8%) 17 (6.3%) 16 (7.5%) 0.582

aminotransferase >120U/L

Aspartate 38 (7.9%) 24 (9.0%) 14 (6.7%) 0.359

aminotransferase >120U/L

Total bilirubin >21 pmol/L 152 (31.7%) 105 (38.9%) 47 (22.4%) <0.001 1.867 0.019
(1.107-3.147)

Albumin <30 g/L 160 (33.4%) 98 (36.4%) 62 (29.5%) 0.112

Serum creatinine >135 pmol/L 66 (13.8%) 42 (15.6%) 24 (11.4%) 0.187

(male)/>105 pmol/L (female)

Therapeutic regimen (%)

First dose 0.997
50 mg 71 (14.6%) 40 (14.7%) 31 (14.6%)

100 mg 384 (79.2%) 215 (79.0%) 169 (79.3%)

200 mg 28 (5.8%) 16 (5.9%) 12 (5.6%)

<50 mg* 2 (0.4%) 1 (0.4%) 1 (0.5%)

(Continued on following page)
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TABLE 4 (Continued) Comparison of demographic and clinical characteristics of patients with hypofibrinogenemia and non-hypofibrinogenemia

during tigecycline administration.

Variables Total of Hypofibrinogenemia
patients (n =272)
(n = 485)

Maintenance dose

50 mg q12h 196 (40.4%) 95 (34.9%)
100 mg q12h 239 (49.3%) 143 (52.6%)
50 mg q12h/100 mg q12h° 48 (9.9%) 33 (12.1%)
<50 mg q12h* 2 (0.4%) 1 (0.4%)

Treatment duration >6 days® 351 (72.6%) 238 (87.5%)

Cumulative dose >1000 mg* 339 (69.9%) 225 (82.7%)

Combination therapies (%)
Cefoperazone-sulbactam 189 (39.0%)
6 (1.2%)

14 (2.9%)

109 (40.1%)
3 (1.1%)
6 (2.2%)

Asparaginase/L-Asparaginase

Sodium valproate

Vasopressor 139 (28.7%) 78 (28.7%)
Norepinephrine 113 (23.3%) 64 (23.5%)
Dopamine 43 (8.9%) 27 (9.9%)
Others 37 (7.6%) 18 (6.6%)
Anticoagulant 206 (42.5%) 113 (41.5%)
Heparin 99 (20.4%) 58 (21.3%)

Low-molecular-weight heparin 125 (25.8%) 65 (23.9%)

Warfarin 2 (0.4%) 1 (0.4%)
Others 10 (2.1%) 5 (1.8%)
Anti-platelet aggregation drugs 31 (6.4%) 13 (4.8%)
Aspirin 17 (3.5%) 8 (2.9%)
Clopidogrel 17 (3.5%) 7 (2.6%)

198 (40.8%)
64 (13.2%)

115 (42.3%)
47 (17.3%)

Mechanical ventilation

CRRT

Non- Univariate Multivariate

hypofibrinogenemia analysis logistic regression

(n = 213) analysis

p value OR
(95%CI) value
0.028 1.268 0.223

(0.866-1.856)

101 (47.4%)

96 (45.1%)

15 (7.0%)

1 (0.5%)

113 (53.1%) <0.001 5214 <0.001
(2.957-9.191)

114 (53.5%) <0.001 2.637 0.002
(1.439-4.832)

80 (37.6%) 0.573

3 (1.4%) 1.000

8 (3.8%) 0312

61 (28.6%) 0.993

49 (23.0%) 0.892

16 (7.5%) 0353

19 (8.9%) 0.343

93 (43.7%) 0.640

41 (19.2%) 0.574

60 (28.2%) 0.286

1 (0.5%) 1.000

5 (2.3%) 0.755

18 (8.5%) 0.101

9 (4.2%) 0.445

10 (4.7%) 0.207

83 (39.0%) 0.461

17 (8.0%) 0.003 2436 0.016

(1.179-5.031)

Data are expressed as medians (interquartile range), or number (percentage). OR: odds ratio; 95% CI: 95%confidence interval.

“Patients received <50 mg of tigecycline for their small body weight.
“There was a dose change between 50 mg q12h and 100 mg q12h during the treatment.

“The period of tigecycline administration during coagulation monitoring was considered as treatment duration.

dCumulative dose was based on treatment duration during coagulation monitoring.

Table 4. There were no significant differences between the two
groups in terms of demographics or baseline comorbidities.
However, there were significant differences in the proportions
of intra-abdominal infection and skin and soft tissue infection
between the two groups (19.9% vs. 12.7%, p = 0.038; 1.1% vs.
5.6%, p = 0.006). Bleeding events before treatment were
with
hypofibrinogenemia than in those without hypofibrinogenemia
(12.1% vs. 5.6%, p = 0.014). Patients with hypofibrinogenemia
had higher rates of baseline fibrinogen <4 g/L (64.0% vs. 33.8%,

significantly =~ more  prevalent  in  patients
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p < 0.001), baseline PT > 14 s (56.3% vs. 40.4%, p = 0.001) and
baseline total bilirubin >21 pmol/L (38.9% vs. 22.4%, p < 0.001)
compared with patients without hypofibrinogenemia, but there
were no significant differences in other baseline laboratory tests.

Therapeutic strategies involving treatment duration >6 days
(87.5% vs. 53.1%, p < 0.001) and cumulative dose >1,000 mg
(82.7% vs. 53.5%, p < 0.001) were more likely to cause
Notably, the effect of
duration tigecycline-associated

hypofibrinogenemia. to evaluate

treatment on

hypofibrinogenemia accurately, we considered the period of
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tigecycline administration during coagulation monitoring as
treatment duration (median 8.0 days; 10.0 days in patients
with hypofibrinogenemia vs. 6.0 days in patients without
hypofibrinogenemia, p < 0.001). Maintenance dosage regimens
between the
hypofibrinogenemia and non-hypofibrinogenemia groups (p =

of tigecycline were significantly different
0.028), whereas the first dosage regimens were similar (p = 0.997).
Combined

asparaginase, sodium valproate, vasopressors, anticoagulants

drugs, including cefoperazone-sulbactam,
and anti-platelet aggregation drugs, were used in similar
proportions in both groups of patients. In addition, CRRT
(17.3% vs. 8.0%, p = 0.003) rather than mechanical ventilation
(p = 0461) affected the of

hypofibrinogenemia.

significantly occurrence

All the rational variables that were significant at p < 0.05 in
univariate analyses were incorporated into multivariate
analysis. ~ Ultimately,  multiple  logistic  regression
analysis indicated that treatment duration >6 days (OR
5214, 95% CI 2.957-9.191, p < 0.001), baseline
fibrinogen <4 g/L (OR 4.625, 95% CI 2.911-7.346, p <
0.001), cumulative dose >1,000mg (OR 2.637, 95% CI
1.439-4.832, p = 0.002), receiving CRRT (OR 2.436, 95%
CI 1.179-5.031, p = 0.016), baseline PT > 14s (OR 2.110,
95% CI 1.317-3.380, p = 0.002) and baseline total
bilirubin >21 umol/L (OR 1.867, 95% CI 1.107-3.147, p =
0.019) were identified as risk factors for tigecycline-associated
hypofibrinogenemia, while skin and soft tissue infection (OR
0.110, 95% CI 0.026-0.473, p = 0.003) was identified as a

protective factor (Table 4).

Discussion

Tigecycline has become one of the most powerful antibiotics
for the treatment of on-label and off-label infections, including
complicated intra-abdominal infections, complicated skin and
skin-structure infections, community-acquired pneumonia, and
hospital-acquired pneumonia. However, its recent widespread
highlighted the of
coagulopathies, mainly characterized by hypofibrinogenemia,

clinical application has occurrence
as an emerging adverse event. To avoid confounding factors
such as region, comorbidities and disease severity, we therefore
conducted a multicenter, retrospective, controlled study to assess
the coagulopathy associated with tigecycline.

In this cohort study, we evaluated the effect of tigecycline on
coagulation using imipenem-cilastatin as a comparator, given
that both tigecycline and imipenem-cilastatin were the primary
antibiotics for the treatment of GNB infections, especially
MDR-GNB

differences in the demographic and clinical characteristics

infections. However, there were still some
between two groups. We carried out a propensity score-
matched analysis to correct for selection bias. Analyses of

the original and propensity score-matched datasets both
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demonstrated that tigecycline was associated with reduced
fibrinogen and prolonged aPTT and PT, with the most
remarkable change in fibrinogen. At baseline balance, the
incidence of hypofibrinogenemia in patients receiving
tigecycline was >50% and tigecycline had an approximately
3-fold risk of developing hypofibrinogenemia compared to
imipenem-—cilastatin, which mean hypofibrinogenemia was
probably caused by tigecycline. This was consistent with
previously published incidences of hypofibrinogenemia of
56% and 50.5% in patients with tigecycline in two Chinese
reports (Hu et al., 2020; Zhang et al., 2020), but differed from
the results of Hakeam et al. and Campany-Herrero et al., who
reported incidences of hypofibrinogenemia of only 5% and
19.4%, respectively (Hakeam et al., 2018; Campany-Herrero
et al.,, 2020). This difference may be explained by differences in
the study subjects, given the high incidence in China and the
low incidence in other countries. However, it need to be
validated in more studies in different regions and different
ethnic groups.

In our study, patients treated with tigecycline developed
hypofibrinogenemia after a median of 6.0 days and most of
them (80.5%) had a of 1-2g/L.

Hypofibrinogenemia led to an increased risk of bleeding,

fibrinogen nadir

especially gastrointestinal and mucocutaneous hemorrhage.
In addition, hypofibrinogenemia can even be life-threatening,
Ciftciler et al. (2019) found that low level of fibrinogen was a
risk factor for acute promyelocytic leukemia-induced early
deaths. Therefore, once hypofibrinogenemia occurs, it is very
important to take timely measures to reverse it. However, of
the 44 patients who received fibrinogen concentrate during
treatment, only 10 patients returned to normal levels of
fibrinogen. Fibrinogen levels became normalized in patients
with hypofibrinogenemia at a median of 4.0 days after

withdrawal = of  tigecycline, with  46.3%  receiving
supplementation after withdrawal. By evaluating the
commonly used supplemental therapies (vitamin K1,

plasma and/or cryoprecipitate and fibrinogen concentrate),
it was found that the use and type of supplemental therapy
after withdrawal had no effect on the normalization of
fibrinogen levels. Given that there was currently no known
method to remarkably reverse hypofibrinogenemia during or
after treatment, discontinuation of tigecycline is considered to
be the preferable option when hypofibrinogenemia is detected.

A previous retrospective study of 127 patients suggested that
tigecycline-induced hypofibrinogenemia was linked to intra-
abdominal infection, fibrinogen levels at tigecycline initiation,
maintenance dose and treatment duration (Hu et al., 2020). In
another study, treatment duration >4 weeks, high-dose
tigecycline and high protein C were identified as independent
variables associated with fibrinogen reduction >1.7 g/L
(Campany-Herrero et al,, 2020). In the present study we came
to the different results. Skin and soft tissue infection was

identified as a protective factor for tigecycline-associated
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hypofibrinogenemia, although we are currently unable to
speculate on a possible cause. Treatment duration >6 days was
identified as a strong risk factor for tigecycline-associated
hypofibrinogenemia. This cut-off value for treatment duration
was much shorter than the previous study, but we believe that it is
more appropriate, given that the half-life of fibrinogen is only
3-4 days. Contrary to the earlier studies, we found cumulative
dose, rather than first dose and maintenance dose, to be a risk
factor for tigecycline-associated hypofibrinogenemia. Thus, we
believe that the potential risk of hypofibrinogenemia does not
justify limiting the first or maintenance dose of tigecycline. In this
study, baseline fibrinogen <4 g/L, baseline PT > 14 s and baseline
total bilirubin >21 umol/L were identified as risk factors for
tigecycline-associated hypofibrinogenemia. This is the first
time that a cut-off value has been introduced in the baseline
coagulation parameter, which is very useful for the timely
identification of at-risk patients. However, it is unclear why
baseline PT but not aPTT was linked to the development of
hypofibrinogenemia. Baseline total bilirubin >21 umol/L as a
newly identified risk factor may be related to increased
concentrations of tigecycline induced by its limited biliary
excretion.

Regarding concomitant therapy, a retrospective study
that
promoted the occurrence of hypofibrinogenemia (Zhang
et al., 2020). However, CRRT, but not a history of chronic
kidney disease or elevated serum creatinine, was a risk factor

using univariate analysis showed renal failure

for hypofibrinogenemia in this study. This association may be
caused by the potential adsorption of fibrinogen to the CRRT
membrane (Urbani et al., 2012), thus increasing the incidence
of tigecycline-associated hypofibrinogenemia. Among the
with

valproate

drugs combined

cefoperazone-sulbactam,

commonly tigecycline,

sodium and
asparaginase were reported to be associated with abnormal
coagulation (Kumar et al, 2019; Wang et al, 2020;
Vittayawacharin & Khuhapinant, 2021). In this study we
did not observe an increased risk of hypofibrinogenemia
with combination drugs.

The mechanism responsible for tigecycline-associated
unclear.

coagulopathy is The poor correlation among

coagulation parameters suggests that the coagulopathy
associated with tigecycline may involve multiple pathways
and mechanisms. It has been suggested that inhibition of
vitamin K-producing flora in the gut by tigecycline plays an
important role in coagulation disorders (Sabanis et al., 2015).
However, this cannot explain the reduction in plasma
fibrinogen because vitamin K is not required for fibrinogen
synthesis. The reduction in fibrinogen in general is likely to be
due to its increased consumption and impaired synthesis. Two
previous studies based on in vitro and clinical evidence,
respectively, excluded the possibility that tigecycline’s effect
on fibrinogen was related to its consumption (Leng et al., 2019;

Brandtner et al., 2020). Fibrinogen is synthesized in the liver
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and Treml et al. (2021) attributed decreased fibrinogen levels to
of
mitochondrial activity in hepatic cells was observed after the
addition of tigecycline (Brandtner et al, 2020). Further
laboratory studies are required to elucidate the mechanism

impaired liver synthesis. Moreover, a rapid loss

by which tigecycline affects fibrinogen and other coagulation
parameters.

This study had several limitations. First, it was a
retrospective study and was thus susceptible to selection
bias. Although propensity score-matched methods can
reduce bias in estimates due to observed differences, there
may still have been potential sources of biases from
unobserved differences. Second, we could not exclude other
factors that may affect the accuracy of the study, such as
uncertainty in the timing and number of laboratory tests.
Third, information on certain indicators was not available,
such as Acute Physiology and Chronic Health Evaluation II,
which is not routinely used to evaluate non-ICU patients.
Fourth, many cases were excluded due to incomplete
laboratory data (e.g., some non-critically ill patients were
excluded from the study because no laboratory tests were
performed on these patients during the administration),
which may introduce selection bias.

Conclusion

This study revealed that tigecycline is associated with a higher
with
imipenem-cilastatin. The characteristics identified in the

incidence  of  hypofibrinogenemia  compared

development and  recovery of tigecycline-associated
hypofibrinogenemia could help us understand this adverse
event. The risk factors, including treatment duration >6 days,
baseline fibrinogen <4 g/L, cumulative dose >1,000 mg, receiving
CRRT, baseline PT > 14 s and baseline total bilirubin >21 pmol/
L, can offer useful early predictors to guide the management of
infected patients receiving tigecycline. However, further large
prospective studies are needed to validate and expand on these

findings.

Data availability statement

The original contributions presented in the study are
the further
inquiries can be directed to the corresponding author.

included in article/Supplementary Material,

Ethics statement

The studies involving human participants were reviewed and
approved by Medical Ethics Committee of Shandong Provincial
Hospital Affiliated to Shandong First Medical University, Ethics

frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.943674

Leng et al.

Committee of The Second Hospital of Shandong University,
Ethics Committee of Shandong Provincial Third Hospital, Ethics
Committee of Shandong Second Provincial General Hospital,
Ethics Committee of Jining No. 1 People’s Hospital, Ethics
Committee of Xi’an Honghui Hospital, Ethics Committee of
Zibo Central Hospital, Ethics Committee of The Second People’s
Hospital of Liaocheng, Ethics Committee of Qufu City People
Hospital. Written informed consent from the participants’ legal
guardian/next of kin was not required to participate in this study
in accordance with the national legislation and the institutional
requirements.

Author contributions

Concept and design: GY, CGS, BL, and XZ. Acquisition,
analysis, or interpretation of data: KZ, YG, JW, JY, WE, JZ, YZ,
CHS, LD, JH, and YQ. Drafting of the manuscript: BL and TG.
Critical revision of the manuscript: All authors. Statistical
analysis: BL, TG, and KZ.

Funding

This work was funded by Wu Jieping Medical Foundation
(Project No. 320.6750.2020-04-29) and Bethune Medical Science
Foundation (Grant No. B19307AT). The funders had no role in
study design, data collection, interpretation, or the decision to
submit the article for publication.

References

Akalay, S., Vanassche, T., and De Munter, P. (2021). Tigecycline-induced life-threatening
coagulopathy in a patient with a Mycobacterium abscess: a case report and step-by-step
diagnostic approach. Acta. Clin. Belg. 76 (5), 410-414. doi:10.1080/17843286.2020.1747197

Balfousias, T., Apostolopoulos, A. P., Angelis, S., Maris, S., and Papanikolaou, A. (2019).
Spontaneous Knee Hemarthrosis Due to Hypofibrinogenemia Following Tigecycline
Treatment for Periprosthetic Joint Infection. Cureus 11 (10), €5883. doi:10.7759/cureus.5883

Brandtner, A., Bachler, M., Fries, D., Hermann, M., Ruehlicke, J., Fux, V., et al.
(2020). Tigecycline interferes with fibrinogen polymerization independent of
peripheral interactions with the coagulation system. Antibiot. (Basel) 9 (2), E84.
doi:10.3390/antibiotics9020084

Campany-Herrero, D., Larrosa-Garcia, M., Lalueza-Broto, P., Rivera-Sanchez, L.,
Espinosa-Pereiro, J., Mestre-Torres, J., et al. (2020). Tigecycline-associated
hypofibrinogenemia in a real-world setting. Int. J. Clin. Pharm. 42 (4),
1184-1189. doi:10.1007/s11096-020-01072-7

Ciftciler, R. H., Haznedaroglu, I. C., Aksu, S., Ozcebe, O., Saymnalp, N., Malkan,
U., et al. (2019). The factors affecting early death in newly diagnosed APL patients.
Open Med. 14, 647-652. doi:10.1515/med-2019-0074

Fan, Q., Huang, W., Weng, Y., Xie, X., and Shi, Z. (2020). Hypofibrinogenemia
induced by high-dose tigecycline-case report and review of literature. Med.
(Baltimore) 99 (43), €22638. doi:10.1097/MD.0000000000022638

Hakeam, H. A, Al Duhailib, Z, Salahuddin, N., and Amin, T. (2018). Impact of
tigecycline versus imipenem-cilastatin on fibrinogen levels following cytoreductive surgery
(CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC): A randomized-
controlled study. J. Chemother. 30 (4), 224-232. doi:10.1080/1120009X.2018.1452333

Hu, J., Xiao, Y. H,, Zheng, Y., Lai, Y. X,, Fang, X. L., and Fang, Q. (2020). Clinical
characteristics and risk factors of tigecycline-associated hypofibrinogenaemia in critically
ill patients. Eur. J. Clin. Pharmacol. 76 (7), 913-922. doi:10.1007/s00228-020-02860-w

Frontiers in Pharmacology

12

10.3389/fphar.2022.943674

Acknowledgments

We are grateful to our colleagues for their invaluable help
with the data collection. We would also like to thank Xiaoyun Ma
for her technical assistance in data statistic.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fphar.
2022.943674/full#supplementary-material

Kumar, R, Vidaurre, J., and Gedela, S. (2019). Valproic acid-induced
coagulopathy. Pediatr. Neurol. 98, 25-30. doi:10.1016/j.pediatrneurol.2019.04.019

Leng, B., Xue, Y. C,, Zhang, W., Gao, T. T,, Yan, G. Q.,, and Tang, H. (2019). A
retrospective analysis of the effect of tigecycline on coagulation function. Cherm.
Pharm. Bull. 67 (3), 258-264. doi:10.1248/cpb.c18-00844

Leng, B., Yan, G., Wang, C,, Shen, C., Zhang, W., and Wang, W. (2021). Dose
optimisation based on pharmacokinetic/pharmacodynamic target of tigecycline. J.
Glob. Antimicrob. 25, 315-322. doi:10.1016/j.jgar.2021.04.006

Perez, F., Hujer, A. M., Hujer, K. M., Decker, B. K,, Zhou, S., Rather, P. N,, and
Bonomo, R. A. (2007). Global challenge of multidrug-resistant Acinetobacter baumannii.
Antimicrob. Agents Chemother. 51 (10), 3471-3484. doi:10.1128/AAC.01464-06

Pieringer, H., Schmekal, B., Biesenbach, G., and Pohanka, E. (2010). Severe
coagulation disorder with hypofibrinogenemia associated with the use of
tigecycline. Ann. Hematol. 89 (10), 1063-1064. doi:10.1007/s00277-010-0911-7

Quvist, N., Warren, B., Leister-Tebbe, H., Zito, E. T., Pedersen, R., McGovern, P.
C., et al. (2012). Efficacy of tigecycline versus ceftriaxone plus metronidazole for
the treatment of complicated intra-abdominal infections: Results from a
randomized, controlled trial. Surg. Infect. (Larchmt) 13 (2), 102-109. doi:10.
1089/sur.2011.048

Rossitto, G., Piano, S., Rosi, S., Simioni, P., and Angeli, P. (2014). Life-threatening
coagulopathy and hypofibrinogenaemia induced by tigecycline in a patient with
advanced liver cirrhosis. Eur. J. Gastroenterol. Hepatol. 6 (6), 681-684. doi:10.1097/
MEG.0000000000000087

Routsi, C., Kokkoris, S., Douka, E., Ekonomidou, F., Karaiskos, I., and
Giamarellou, H. (2015). High-dose tigecycline-associated alterations in
coagulation parameters in critically ill patients with severe infections. Int. J.
Antimicrob. Agents. 45 (1), 90-93. doi:10.1016/j.ijjantimicag.2014.07.014

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fphar.2022.943674/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2022.943674/full#supplementary-material
https://doi.org/10.1080/17843286.2020.1747197
https://doi.org/10.7759/cureus.5883
https://doi.org/10.3390/antibiotics9020084
https://doi.org/10.1007/s11096-020-01072-7
https://doi.org/10.1515/med-2019-0074
https://doi.org/10.1097/MD.0000000000022638
https://doi.org/10.1080/1120009X.2018.1452333
https://doi.org/10.1007/s00228-020-02860-w
https://doi.org/10.1016/j.pediatrneurol.2019.04.019
https://doi.org/10.1248/cpb.c18-00844
https://doi.org/10.1016/j.jgar.2021.04.006
https://doi.org/10.1128/AAC.01464-06
https://doi.org/10.1007/s00277-010-0911-7
https://doi.org/10.1089/sur.2011.048
https://doi.org/10.1089/sur.2011.048
https://doi.org/10.1097/MEG.0000000000000087
https://doi.org/10.1097/MEG.0000000000000087
https://doi.org/10.1016/j.ijantimicag.2014.07.014
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.943674

Leng et al.

Sabanis, N., Paschou, E., Gavriilaki, E., Kalaitzoglou, A., and Vasileiou, S. (2015).
Hypofibrinogenemia induced by tigecycline: A potentially life-threatening
coagulation disorder. Infect. Dis. 47 (10), 743-746. doi:10.3109/23744235.2015.
1043942

Treml, B., Rajsic, S., Hell, T., Fries, D., and Bachler, M. (2021). Progression of
fibrinogen decrease during high dose tigecycline therapy in critically ill
patients: A retrospective analysis. J. Clin. Med. 10 (20), 4702. doi:10.3390/
jem10204702

Urbani, A., Lupisella, S., Sirolli, V., Bucci, S., Amoroso, L., Pavone, B., et al.
(2012). Proteomic analysis of protein adsorption capacity of different
haemodialysis membranes. Mol. Biosyst. 8 (4), 1029-1039. doi:10.1039/
c2mb05393d

Vittayawacharin, P., and Khuhapinant, A. (2021). A five-year retrospective study
of treatment outcomes using the L-asparaginase-based regimen as a first-line
chemotherapy protocol for patients diagnosed with extranodal NK/T-cell
lymphoma, nasal-type, in Thailand. Hematology 26 (1), 75-82. doi:10.1080/
16078454.2020.1867783

Frontiers in Pharmacology

13

10.3389/fphar.2022.943674

Wang, W,, Liu, Y., Yu, C,, Tan, ], Xiong, W., Dong, D., et al. (2020). Cefoperazone-
sulbactam and risk of coagulation disorders or bleeding: A retrospective cohort study.
Expert Opin. Drug Saf. 19 (3), 339-347. doi:10.1080/14740338.2020.1713090

Wu, X,, Zhao, P., Dong, L., and Zhang, X. (2017). A case report of patient with
severe acute cholangitis with tigecycline treatment causing coagulopathy and
hypofibrinogenemia. Med. (Baltimore) 96 (49), €9124. doi:10.1097/MD.
0000000000009124

Yilmaz Duran, F., Yildirim, H., and Sen, M. (2018). A Lesser Known Side Effect of
Tigecycline: Hypofibrinogenemia. Tigesiklinin Daha Az Bilinen Bir Yan Etkisi:
Hipofibrinojenemi. Turk. J. Hematol. 35 (1), 83-84. doi:10.4274/tjh.2017.0310

Zhang, Q., Zhou, S., and Zhou, J. (2015). Tigecycline treatment causes a decrease
in fibrinogen levels. Antimicrob. Agents Chemother. 59 (3), 1650-1655. doi:10.1128/
AAC.04305-14

Zhang, Q., Wang, J., Liu, H., Ma, W., Zhou, S., and Zhou, J. (2020). Risk factors for
tigecycline-induced hypofibrinogenaemia. J. Clin. Pharm. Ther. 45 (6), 1434-1441.
doi:10.1111/jcpt.13250

frontiersin.org


https://doi.org/10.3109/23744235.2015.1043942
https://doi.org/10.3109/23744235.2015.1043942
https://doi.org/10.3390/jcm10204702
https://doi.org/10.3390/jcm10204702
https://doi.org/10.1039/c2mb05393d
https://doi.org/10.1039/c2mb05393d
https://doi.org/10.1080/16078454.2020.1867783
https://doi.org/10.1080/16078454.2020.1867783
https://doi.org/10.1080/14740338.2020.1713090
https://doi.org/10.1097/MD.0000000000009124
https://doi.org/10.1097/MD.0000000000009124
https://doi.org/10.4274/tjh.2017.0310
https://doi.org/10.1128/AAC.04305-14
https://doi.org/10.1128/AAC.04305-14
https://doi.org/10.1111/jcpt.13250
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.943674

	Incidence, characteristics and risk factors of hypofibrinogenemia associated with tigecycline: A multicenter retrospective  ...
	Introduction
	Materials and methods
	Study design and patient selection
	Cohort study and propensity score matching
	Case-control study
	Data collection
	Statistical analysis

	Results
	Demographics and clinical characteristics
	Propensity score-matched analysis
	Effects of tigecycline treatment on coagulation function
	Risk factors for tigecycline-associated hypofibrinogenemia

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


