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Abstract \
Rationale: Extensive off-label use may affect the safety profile of tigecycline. Tigecycline-associated hypofibrinogenemia is |
potentially life threatening, although the frequency of life-threatening reactions is unknown and their incidence is easily overlooked.
We report a case of 2 instances of treatment with high-dose tigecycline, each of which presented with hypofibrinogenemia.

Patient concerns: An 86G-year-old male patient was treated twice with high-dose tigecycline and presented with
hypofibrinogenemia both times. The decrease in fibrinogen occurred within 3 to 7 days of tigecycline treatment. Other coagulation
parameters had slightly prolonged values.

Diagnoses: Coagulopathy and hypofibrinogenemia.
Interventions: \We discontinued the tigecycline.

Outcomes: The fibrinogen level normalized within 5 days after the withdrawal of tigecycline. Following 80 days of hospitalization,
the patient was transferred to the rehabilitation hospital for further treatment.

Lessons: We suggest routine strict monitoring of coagulation parameters, particularly fibrinogen. Attention should be paid to
below-normal fibrinogen levels due to increased bleeding risk and severity of reaction at fibrinogen levels below 1g/L.

Abbreviations: APTT = activated partial thromboplastin time, ALT = alanine transaminase, AST = serum aspartate transaminase,
ALC = advanced liver cirrhosis, ICU = intensive care unit, INR = International Normalized Ratio, MDR = multidrug-resistant, PT =

prothrombin time.
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1. Introduction

Tigecycline, the first member of the glycylcycline antibiotics
group, has positive in vitro activity against most gram-positive
and gram-negative microbes and anaerobic organisms.!"! It is
active against carbapenem-resistant Enterobacteriaceae!®! and
multidrug-resistant (MDR) Acinetobacter baumannii.*>! Tige-
cycline is a bacteriostatic agent that inhibits protein synthesis by
binding to the 30S ribosomal subunit and preventing amino-
acylated tRNA from entering the A site of the ribosome.!*! It was
approved for the treatment of complicated intra-abdominal
infections, complicated skin and skin-structure infections, and
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community-acquired bacterial pneumonia (CAP) at a dose of 50
mg twice daily, following a 100mg loading dose. Due to the
scarcity of antimicrobials effective against resistant bacteria,
tigecycline has historically been utilized for off-label indications,
frequently in combination with other agents; such off-label uses
are increasing globally.”®! However, extensive off-label use may
affect the safety profile of tigecycline.

Current data suggest that tigecycline may be useful at higher
doses, but the safety of these applications remains in question.®!
The Food and Drugs Administration issued a warning of
increased mortality risk associated with the use of intravenous
tigecycline, the cause of which was unclear. The most common
adverse effects of tigecycline are gastrointestinal disorders
(nausea 26% and vomiting 18%).”) A user-reported adverse
event profile study using data from the Food and Drugs
Administration adverse event reports database from 2004 to
2009 indicated a relatively high incidence of nausea, vomiting,
pancreatitis, and increased hepatic function; an infrequent
increase in International Normalized Ratio (INR) was also
reported.’®! Coagulopathy was rarely reported in initial studies.
In a retrospective study analyzing the adverse events of 145
patients with ventilator-associated pneumonia who were treated
with tigecycline, 5 patients with abnormal coagulation were
observed, three of whom received a combined treatment with
cefoperazone/sulbactam.”! The concomitant antibiotic was
associated with coagulopathy.

The manufacturer’s prescribing information for tigecycline
suggests a relatively high incidence of activated partial
thromboplastin time (APTT) and prothrombin time (PT)
prolongation. However, the incidence of hypofibrinogenemia
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is unknown, and clinicians often ignore this adverse reaction.
Here, we present a case of hypofibrinogenemia in a patient
treated with high-dose tigecycline. Although severe coagulopathy
and hypofibrinogenemia have been previously reported during
tigecycline treatment,'%! our patient was treated with
tigecycline twice and in both instances presented with hypofi-
brinogenemia, which normalized following withdrawal. We
reviewed the literature to discuss the characteristics of the adverse
reaction. This study followed the Case Report Guidelines (CARE
guidelines)™®! with the patient’s informed consent.

2. Case report

An 86-year-old male patient was intubated and admitted to the
intensive care unit (ICU) because of respiratory failure following
a traffic accident. He had a history of hypertension and chronic
kidney disease, had no history of blood transfusion, and had no
hepatitis B infection. He was unconscious and displayed
pinpoint-sized bilateral pupils at admission. CT indicated
cerebral hemorrhage in the right frontal lobe, and the white
matter area and basal ganglia area of both cerebral hemispheres
were thought to be ischemic because of cerebral infarction. On
day 3 of hospitalization, the patient was weakly responsive to
external stimulation and began to open his eyes in response to
verbal command. However, he developed an infection, displaying
C-reactive protein of 161 mg/L and a temperature of 38.9°C.
Cefoperazone/sulbactam was administered empirically, follow-
ing which his markers of systemic inflammation decreased and his
general condition improved. After 20 days of treatment, the
patient was awake and able to open his eyes autonomously.

New onset fever occurred on day 28 of hospitalization, and
ventilator-associated pneumonia was diagnosed. Sputum cul-
tures identified MDR Acinetobacter baumannii that was sensitive
only to tigecycline. The patient was prescribed a new antibacte-
rial regimen of high-dose tigecycline (initiated with a 200 mg
loading dose, followed by 100 mg every 12 hour) in combination
with cefoperazone/sulbactam. Fever subsided 2 days after the
antibacterial regimen change, but the patient’s fibrinogen levels
continued to decline. After 7 days of antibiotic treatment with
tigecycline and cefoperazone/sulbactam, his fibrinogen concen-
tration had decreased below the normal level (1.79g/L). We
discontinued tigecycline on day 14 of therapy. Fibrinogen
eventually decreased to 1.18g/L. Notably, no signs of hepatic
dysfunction as reflected by liver enzymes and liver function tests
were detected before or after beginning tigecycline treatment.
Serum alanine transaminase (ALT) level was 14U/L, serum
aspartate transaminase (AST) level was 24U/L, alkaline
phosphatase level was 171 U/L, and total bilirubin level was
13.0 pmol/L. No clinically significant bleeding event was detected
at that time. The antimicrobial regimen was then switched to
ceftizoxime as signs of inflammation improved. After discontin-
uation of tigecycline and cefoperazone/sulbactam, fibrinogen
levels normalized within § days.

The patient was transferred from the ICU to the department of
neurology on day 41 of hospitalization. He presented with
myasthenia of limbs because of the cerebrovascular accident and
displayed a mild fever. After 9 days of antibiotic treatment with
ceftizoxime, the patient’s condition suddenly deteriorated, with
symptoms of hypotension and respiratory failure. The patient
was transferred to the ICU and reintubated and given
norepinephrine to maintain blood pressure. Concurrently,
ceftizoxime was treatment was stopped, and the anti-infective
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regimen was switched back to high-dose tigecycline (100 mg q12
hours) and cefoperazone/sulbactam. At this time, the coagulation
parameters were normal with the exception of the slightly
elevated fibrinogen level (4.9g/L).

After 7 days, a slow but progressive decline in fibrinogen was
noted, with concurrently elevated PT and INR. We suspected that
cefoperazone/sulbactam had an effect on coagulation function,
and the antibiotic was, therefore, switched to piperacillin/
tazobactam; tigecycline was continued. On day 18 following
the start of tigecycline, progressive worsening of hypofibrinoge-
nemia (0.66g/L) was noted, and prolonged APTT, INR, PT,
and thrombin time were observed. The fecal occult blood test was
strongly positive. No changes in ALT, AST, and alkaline
phosphatase levels were noted, and signs of inflammation
were improving (decreased from 104-10mg/dL). At this point,
we strongly suspected an association of fibrinogen decline with
the use of tigecycline, and we discontinued the drug. Fibrinogen
then improved, and baseline levels were restored (normalized
within 5 days, Fig. 1). The patient was transferred to the
rehabilitation hospital for further treatment.

This study was approved by the Ethics Committee and
institutional review board of The First Affiliated Hospital of
Zhejiang Chinese Medical University. Written and informed
consent was obtained from the patient for publication of this
report.

3. Discussion

Tigecycline has a broad spectrum of antibacterial activity. It
appears to overcome the major mechanisms conferring resistance
to tetracyclines (ribosomal protection and efflux pumps) due to
the steric hindrance afforded by its large 9-t-butyl-glycylamido
side chain." Bacterial resistance to currently available antibiotics
is spreading, but tigecycline remains potently active against MDR
bacteria. According to 2018 China Antimicrobial Surveillance
Network (CHINET) data, 5% of Acinetobacter baumannii
isolates were found to be resistant to tigecycline; however, 73.9%
were resistant to meropenem. Tigecycline has a long half-life and
post-antibiotic effect. The area under the inhibitory curve (AUC/
MIC) is considered to most accurately describe the pharmacoki-
netic and pharmacodynamic properties of a drug!”!; accordingly,
some authors have found that as dosage increased, tigecycline
showed positive pharmacokinetic characteristics and better
clinical outcomes."®'”! A high-dose tigecycline regimen consist-
ing of a 200 mg loading dose and a maintenance dose of 100 mg
every 12hours has been proposed for treating severe infections
due to MDR bacteria.!*°! Data reported to date suggest that high-
dose tigecycline is associated with better outcomes and is well
tolerated in the treatment of critically ill patients.[*!]

The most common adverse effects of tigecycline (nausea and
vomiting) had little effect on critically ill patients who were sedated
and mechanically ventilated. Instead, clinicians should be alert to
the development of hepatic and coagulation dysfunction. Few
reports in the literature address tigecycline-associated coagulop-
athy and hypofibrinogenemia (Table 1)."°73 The first case report
described a patient with end-stage renal disease who received
prolonged tigecycline therapy while experiencing a life-threatening
coagulation disorder."®! After 35 days of tigecycline treatment,
fibrinogen levels decreased to 0.38 g/L. This may have occurred due
to a lack of regular follow up. Fibrinogen recovered within 5 days
after tigecycline withdrawal. In addition to a few case reports,
four small clinical studies have addressed tigecycline-associated
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Figure 1. Trends in coagulation lab results during hospitalization. Please note the marked decrease in fibrinogen on days 29 to 40 following tigecycline
administration, reversed by its discontinuation (days 41-49). Other coagulation parameters (activated partial thromboplastin time, international normalized ratio, and
prothrombin time) had slightly prolonged values. After the second administration of tigecycline during days 50 to 69, coagulation parameters deteriorated again, and

fibrinogen level continued to decline.

coagulopathy and hypofibrinogenemia.?*°! Karaiskos et all**!
found that 10% of patients developed hypofibrinogenemia during
treatment with standard dose tigecycline, with a median onset of 8
days of treatment. Routsi et al'**! described decreased fibrinogen
levels in ICU patients following high-dose tigecycline treatment.
Zhang et al**! evaluated 20 patients treated with tigecycline and
found a reduction in fibrinogen levels that was proportional to the
dose, not to age. In contrast, Leng et al'®**! found that the level of
fibrinogen was not significantly influenced by dosage, but patients
with more severe illnesses in the ICU were not included in their
study.

In our case, the patient received high-dose tigecycline therapy,
which was prescribed off label. Before the initiation of tigecycline
therapy, fibrinogen level was slightly elevated. On day 7 following
the start of tigecycline, a marked progressive worsening of
hypofibrinogenemia (0.66g/L) was noted. The fibrinogen level
recovered to within the normal range of 2 to 4g/L 5 days after
tigecycline was discontinued. A similar pattern was observed with
the second use of tigecycline. Fibrinogen levels continued to
deteriorate as cefoperazone/sulbactam was replaced by piper-
acillin/tazobactam. However, sepsis contributed to the develop-
ment of coagulopathy.?®! It is notable, however, that the general

condition of the patient and his inflammatory markers were
improving at the time of onset of the coagulation disorder. The
Naranjo Adverse Drug Reaction Probability Scale?”! score of 10
points categorizes this adverse drug reaction as definite (Table 2),
indicating with certainty that tigecycline caused the severe
hypofibrinogenemia.

Tigecycline causes coagulation disorders and hypofibrinoge-
nemia, and these adverse reactions display common character-
istics. The decrease in fibrinogen generally occurred within 3 to 7
days of tigecycline treatment, and the decrease was sustained
throughout the course of the day. The half-life of circulating
fibrinogen is approximately 3 to 4 days.[8! Fibrinogen is involved
in several important physiological functions, including triggering
of platelet adhesion and forming of fibrin polymers in hemostasis
and thrombosis. Fibrinogen levels normalized within 5 days after
tigecycline withdrawal. Other coagulation parameter abnormal-
ities, including prolongation of APTT and PT, were not
consistent with the reduction of fibrinogen, and there was no
change in AST, ALT, total bilirubin, or creatinine levels.
Therefore, hepatic and renal function could not be correlated
with fibrinogen reduction. The influence of tigecycline dosage on
fibrinogen levels is still controversial, and both the standard dose

Cases regarding tigecycline-associated hypofibrinogenemia that have been reported.

Age Onset FIB™ Duration FIB2 Hepatic Bleeding Recover
(yr) Sex Comorbidity Dosage (d) (g/L) (days) (g/L) APTT function sign VK (d)
Pieringer et al'® 54  F ESRD NA 35 038 39 0.3 >160 s NA NA Yes 5
Rossitto et al'"? 43 F ALC/CKD 25mg 5 NA 7 Undetectable NA High bilirubin Rectal bleeding  Yes 3
Sabanis et all'? 74 F ESRD 50mg 15 199 19 0.42 57's  High transaminase/  Ecchymoses ~ / 4
bilirubin
Wu XQ et all™® 47 M AC/CWH  100mg 2 - 3 0.69 945s NA No bleeding ~ NA 3
Wu PC et al' 87 M CKD 50mg 7 1.6 14 1.41 NA NA Ecchymosis / 5
FD Yimazetal'™ 90  F CKD / 10 1.15 10 1.15 62 s High bilirubin NA NA 5

AC=acute cholangitis, ALC=advanced liver cirrhosis, CKD = chronic kidney disease, CVVH=continuous veno-venous hemofiltrationhead, ESRD = end-stage renal disease, F=female, M=male, NA=not

available.
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Naranjo Adverse Drug Reaction Probability Scale.

Yes No Do not know Score

1. Are there previous conclusive reports on this reaction? +1 0 0 +1
2. Did the adverse event appear after the suspected drug was administered? +2 —1 0 +2
3. Did the adverse reaction improve when the drug was discontinued or a specific antagonist was administered? +1 0 0 +1
4. Did the adverse reaction reappear when the drug was re-administered? +2 —1 0 +2
5. Are there alternative causes (other than the drug) that could on their own have caused the reaction? —1 +2 0 +2
6. Did the reaction reappear when a placebo was given? —1 +1 0 0
7. Was the drug detected in the blood (or other fluids) in concentrations known to be toxic? +1 0 0 0
8. Was the reaction more severe when the dose was increased or less severe when the dose was decreased? +1 0 0 0
9. Did the patient have a similar reaction to the same or similar drugs in any previous exposure? +1 0 0 +1
10. Was the adverse event confirmed by any objective evidence? +1 0 0 +1

Total score 10

and high-dose tigecycline can result in a reduction in fibrinogen
levels. A prospective study or a larger sample retrospective study
is needed to identify the specific risks inherent to reduction in
fibrinogen level.

The main mechanism by which tigecycline induces hypofi-
brinogenemia is ambiguous. Vitamin K deficiency due to
antimicrobial effects on the flora of the intestine is a possible
mechanism underlying coagulation disorders, but this can be
excluded in some patients who received vitamin K supplementa-
tion.["®"! Fibrinogen is a hexamer composed of 3 polypeptide
chains (Aa, BB, and +y) that are centrally connected by disulfide
bonds.?*! All three polypeptides are synthesized by hepatocytes
and assembled into fibrinogen in the liver.*® Fibrinogen
circulates in the plasma at a concentration of approximately 2
to 4g/L.1*! Reduced synthesis should be examined as a cause of
fibrinogen decrease. An impairment in hepatic fibrinogen
synthesis can cause reduced levels of fibrinogen, and hypofi-
brinogenemia has been reported in association with medications
that impair the synthetic functions of the liver (eg, L-
asparaginase, valproic acid, and possibly allopurinol).[3273%!
However, hepatic dysfunction was not implicated in this patient
because transaminase and other liver tests were normal;
regardless, fibrinogen synthesis is controlled at the transcription
level.®! As an acute-phase reactant, fibrinogen biosynthesis is
increased by interleukin (IL)-6-mediated increases in the
transcription of the fibrinogen mRNAP” IL-1 and tumor
necrosis factor-alpha suppress fibrinogen synthesis.*®! There is,
however, room for speculation that tigecycline may interfere
with the production of fibrinogen by influencing the level of
cytokines or by directly influencing the transcription of
fibrinogen mRNA.

In conclusion, tigecycline may induce coagulation disorders
and hypofibrinogenemia. Further study is needed to identify the
risks of reduced fibrinogen levels. In light of the increased use of
tigecycline due to the emergence of MDR bacteria, we suggest
routine, strict monitoring of coagulation parameters, particularly
fibrinogen levels. Attention should be paid to below-normal
fibrinogen levels because fibrinogen levels below 1g/L are
associated with increased risk and severity of bleeding.
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