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Background: Antibiotic combination is commonly used to treat multidrug-resistant patho-
gens. Reports have indicated that tigecycline use is associated with hypofibrinogenemia.
However, whether the bleeding risk of tigecycline is higher than that of other antibiotics
remains unknown. The aim of this study was to compare the bleeding risk between colistin—
tigecycline and colistin—carbapenem treatment.

Methods: This retrospective cohort study enrolled adult patients treated with colistin along
with tigecycline or carbapenems (doripenem, imipenem—cilastatin, or meropenem) for >72
hours during hospitalization. The primary outcome was major bleeding events, which were
determined by a hemoglobin drop of >2 g/d and receipt of blood transfusions with whole
blood or packed red blood cells. Multivariate logistic regression was applied to determine
risk factors for bleeding events.

Results: In total, 106 and 268 patients in the colistin—tigecycline and colistin—carbapenem groups
met the criteria for analysis, respectively. The two groups did not differ significantly in demographic
data, except for alanine aminotransferase (ALT), serum creatinine (Sc,) and ulcer disease. The
colistin-tigecycline group had a higher ALT, S, and a lower proportion of ulcer disease. Major
bleeding events did not differ significantly between the colistin—tigecycline and colistin—carbape-
nem groups (12.26% vs 9.33%, P = 0.40). Antibiotic duration [OR = 1.06 (1.02-1.11), P=0.007)]
and anticoagulant use [OR =2.16 (1.05-4.42), P=0.04] were associated with major bleeding events.
Conclusion: Colistin—tigecycline treatment was not associated with a higher bleeding risk.
Antibiotic duration and concurrent use of anticoagulant were the risk factors of bleeding
events.
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Introduction

Multidrug-resistant organisms (MDROs) such as multidrug-resistant Acinetobacter
baumannii (MDRAB), Extended-Spectrum B-lactamase Producing Enterobacterales,
carbapenem-resistant Enterobacterales (CRE), and Pseudomonas aeruginosa with
difficult to treat resistance pose a major threat in hospitals worldwide.' > Although
new antibiotic have been developed for these MDROs, it is still not available in many
countries.! Concurrent use of antibiotics with different target site could enhance the
bacterial killing effect and is a common strategy for MDRO treatment."® For
example, colistin—carbapenem and colistin—tigecycline has been demonstrated to
have synergic effect on MDRAB and CRE,”” and meta-analysis study showed

antibiotic combination therapy was significantly associated with better survival.'’
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Tigecycline is a glycylcycline antibiotic that binds to the
30S ribosomal subunit and inhibits protein synthesis in
bacteria.!' It has a broad spectrum of activity against aerobic
and anaerobic pathogens including multidrug-resistant bac-
teria such as MDRAB, methicillin-resistant Staphylococcus
aureus,vancomycin-resistant Enterococcus faecium, and
Mycobacterium species.'? However, it is not active against
Proteus mirabilis and Pseudomonas aeruginosa."> Because
of its broad antibacterial spectrum, it is commonly used to
treat community-acquired pneumonia, complicated skin
infections, and intra-abdominal infections.'* The most com-
mon adverse drug reactions (ADRs) of tigecycline are nau-
sea, vomiting, and diarrhea.'> Tigecycline-associated
hypofibrinogenemia was overlooked by clinicians until the
first case report in 2010." Tigecycline use could reduce
fibrinogen levels significantly, although the mechanism
underlying this reduction is unknown.'®"'” The occurrence
rate of tigecycline-associated hypofibrinogenemia is approxi-
mately 50%, and the risk factors are age, baseline fibrinogen
level, intra-abdominal infection, tigecycline dose, treatment
duration, and renal insufficiency.'”*° Only one randomized
controlled study was conducted to compare the influence on
fibrinogen level between tigecycline and imipenem-
cilastatin, and it reported that tigecycline was associated
with a significant decrease in fibrinogen levels since day 3
of treatment.”' Hypofibrinogenemia usually resolve within 1
week after the discontinuation of tigecycline use.'’
Fibrinogen, the precursor of fibrin, is an essential component
of the coagulation system for stopping bleeding.® Although
hypofibrinogenemia may increase the risk of bleeding,"
whether tigecycline use increases bleeding events compared
with other antibiotics such as carbapenem, which is also
a broad-spectrum antibiotic commonly used for treating
MDRO-induced infections, remains unknown. The aim of
this study was to explore the bleeding risk between colistin—

tigecycline and colistin—carbapenem combination therapy.

Methods

This retrospective cohort study was conducted at the
National Taiwan University Hospital (NTUH), a 2600-
bed medical center in Taiwan. All data were retrieved
from electronic health records from January 1, 2006, to
December 31, 2018, from the NTUH Integrated Medical
Database (NTUH-iMD). Adult patients (>20 years) trea-
ted with colistin along with tigecycline or carbapenems
(doripenem, imipenem—cilastatin, or meropenem) for >72
hours during hospitalization were screened for inclusion.
Only the first combination therapy during hospitalization

was assessed. Index date was defined as the first day of
antibiotic combination. Patients who had coagulopathy
(INR > 1.5, aPTT > 60 s, or fibrinogen < 200 mg/L),
preexisting bleeding [hemoglobin (Hb) drop of = 2 g/dL
or receipt of whole blood or packed red blood cell
(pRBC) transfusions of = 2 units within 7 days before
the index date], and re-admission within 30 days were
excluded. This study was registered and approved by the
Research Ethics Committee of NTUH (202005025RINB).
Informed consent was waived for this study by the
Research Ethics Committee of NTUH because patient
identification in the database was removed. This study
was conducted in accordance with the Declaration of
Helsinki.

The primary outcome was major bleeding events
between the colistin—tigecycline and colistin—carbape-
nem groups. Major bleeding events were determined
by Hb drop of > 2 g/dL and receipt of blood transfu-
sions with whole blood or pRBCs, which referred to the
criteria made by International Society of Thrombosis
and Hemostasis (ISTH).>* Minor bleeding events were
also explored. Minor bleeding events were defined as
receipt of a transfusion [platelet (PLT), cryoprecipitate,
or fresh frozen plasma (FFP)] or new prescription of
tranexamic acid for >3 days.”> Because tigecycline-
associated hypofibrinogenemia usually resolves within
1 week after the discontinuation of tigecycline, bleeding
events were followed up for 1 week after the disconti-
nuation of the antibiotic combination.'”*® Demographic
data and associated clinical characteristics such as age,
sex, total bilirubin (T-bil), alanine aminotransaminase
(ALT), serum creatinine (Sc;), Hb, PLT, albumin, con-
comitant medications (anticoagulation, antiplatelet,
nonsteroidal anti-inflammatory drugs, and glucocorticos-
teroids), shock, and comorbidities were extracted from
electronic medical records. Shock was defined as the

presence of vasopressors or inotropic  agents.
Comorbidities, particularly those associated with
increased bleeding risk, were selected. Clinical
Classifications ~ Software  (Healthcare = Cost and

Utilization Project, https://www.hcup-us.ahrqg.gov/tools

software/ccs) was wused to identify International
Classification of Diseases, Ninth and Tenth Revision,
Clinical Modification (ICD-9-CM, ICD-10-CM) codes
for comorbidities of interest. These covariates were col-
lected during the period of combination treatment.
Pearson’s chi-square test or Fisher’s exact test was

employed to analyze categorical variables, and Student’s
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t-test or the Wilcoxon rank sum test was used for continuous
variables. A multivariate logistic regression model was con-
structed to identify the predictors of major bleeding events by
using variables for which the P value was <0.1 in the uni-
variate analysis. Sensitivity analysis was conducted by short-
ening the follow-up period for bleeding events to the date of
combination therapy discontinuation. Statistical results were
considered significant using a two-tailed P value of <0.05
and 95% CI. All statistical analyses were performed using
SAS (version 9.4) software (SAS Institute, Cary, NC, USA).

Results

During the study period, 1390 patients treated with colis-
tin—tigecycline and colistin—carbapenem combination ther-
apy were screened for inclusion, and 106 and 268 patients
in the colistin—tigecycline and colistin—carbapenem groups
met the criteria for analysis, respectively (Figure 1). The
two groups did not differ significantly in demographic
data, except for ALT, S¢, and ulcer disease. The colistin—
tigecycline group had a higher ALT (51 £ 85 vs 34 £ 29 U/
L, P =0.01), worse Scr (1.69 £ 1.62 vs 1.41 £1.44 mg/dL,
P =0.03) and a lower proportion of ulcer disease (1.89% vs
8.96%, P = 0.02; Table 1). The rates of major bleeding
events did not differ significantly between the colistin—
tigecycline and colistin—carbapenem groups (12.26% vs
9.33%, P = 0.40). Receiving FFP, cryoprecipitate, or PLT
transfusion and intravenous tranexamic acid also did not
exist significant difference (Table 2). Hypertension,

First episode of colistin-tigecycline or colistin-carbapenem
during hospitalization from 2006/01/01 to 2018/12/31 (N =
1390)

Re-admission within 30
days (N =116)

\ 4

Baseline coagulopathy
(N =237)

\ 4

Pre-existing bleeding
(N =663)

A\ 4

A 4

Major analysis
Colistin-tigecycline (N = 106)
Colistin-carbapenem (N = 268)

Figure | Flowchart of patient selection.

antibiotic duration, anticoagulant use, and gastrointestinal
bleeding met the enrollment criteria according to the mul-
tivariate logistical regression model. Antibiotic duration
[OR = 1.06 (1.02—-1.11), P=0.007)] and anticoagulant use
[OR = 2.16 (1.054.42), P=0.04] were associated with
increasing risk of major bleeding events (Table 3). In the
sensitivity analysis, we observed no difference in major
bleeding events between the colistin—tigecycline and colis-
tin—carbapenem groups (8.49% vs 5.97%, P = 0.38).

Discussion
According to our review of the literature, this study is the
first to compare bleeding risks between colistin-tigecycline
and colistin-carbapenem use. The results indicate that
patients who received colistin—tigecycline treatment did
not have a significantly higher bleeding risk than did
those who received colistin—carbapenem treatment.
Tigecycline is a broad-spectrum antibiotic that is active
against multidrug-resistant pathogens. The most common
adverse effects of tigecycline use are nausea, vomiting,
and diarrhea.'® Hepatotoxicity and coagulopathy are also
mentioned in the drug’s package insert. However, tigecy-
cline-associated hypofibrinogenemia was not established
until 2010. Pieringer et al reported the first case of severe
coagulation disorder with hypofibrinogenemia from tige-
cycline use, and more cases have since been reported.'>2°
All of the case reports have indicated that the fibrinogen
level recovered within 7 days after the discontinuation of
tigecycline use.”® A few retrospective studies have since
explored the risk factors for tigecycline-associated
hypofibrinogenemia.'® " These risk factors include age,
treatment dose, treatment duration, baseline fibrinogen
level, intra-abdominal infection, and renal failure.'®2°
Hakeam et al conducted a randomized controlled trial to
compare the impact of tigecycline on fibrinogen level with
imipenem-cilastatin, and demonstrated that tigecycline
was associated with a significant decrease in fibrinogen
since day 3 of treatment. Therefore, tigecycline use may
increase bleeding risk compared to carbapenems during
MDRO treatment due to its effect on fibrinogen.

The mechanism underlying tigecycline-associated
hypofibrinogenemia remains unknown. Fibrinogen is
produced by hepatocytes, and it could be converted to
insoluble fibrin to form blood clots if the patient has
encountered trauma or a diagnosis of sepsis.”’ An
in vitro study demonstrated a rapid loss of mitochondrial
activity in hepatic cells with supra-therapeutic tigecy-
doses; this loss could decrease

cline fibrinogen
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Table | Patient Demographic and Clinical Characteristics

Characteristics Colistin-Tigecycline (n=106) Colistin-Carbapenem (n=268) P value
Sex (male) 76 (71.70%) 182 (67.91%) 0.48
Age (y/o) 69.00 + 15.80 69.40 + 15.50 0.43
Lab data
ALT (U/L) 51 £85 34+£29 0.01*
T-bil (mg/dL) 1.28 + 3.99 1.19 + 3.06 0.73
Hb (g/dL) 9.90 + 1.47 10.01 + .72 0.94
PLT (K/uL) 278 £162 243 £126 0.11
Scr (mg/dL) 1.69 + 1.62 141 +£1.44 0.03*
Alb (g/dL) 2,99 £ 0.52 3.00 £ 0.53 0.99
Shock 25 (23.58%) 73 (27.24%) 0.47
Comorbidities
Chronic kidney disease 23 (21.70%) 58 (21.64%) 0.99
Liver Disease 10 (9.43%) 36 (13.43%) 0.29
Stroke 3 (2.83%) 16 (5.97%) 0.21
Hypertension 34 (32.08%) 103 (38.43%) 0.25
Hematologic malignancy 11 (10.38%) 21 (7.84%) 0.43
Solid organ malignancy 29 (27.36%) 77 (28.73%) 0.79
Ulcer Disease 2 (1.89%) 24 (8.96%) 0.02*
Cerebrovascular bleeding 4 (3.77%) 12 (4.48%) 1.00
Gastrointestinal bleeding 11 (10.38%) 42 (15.67%) 0.19
Genitourinary bleeding 0 (0%) 3 (1.12%) 0.56
Concomitant medication
Antiplatelet 18 (16.98%) 39 (14.55%) 0.56
Anticoagulant 25 (23.58%) 70 (26.12%) 0.6l
NSAID 20 (18.87%) 34 (12.69%) 0.13
Steroid 52 (49.06%) 137 (51.12%) 0.72
Antibiotic duration (days) 10.54+6.05 10.15+6.44 0.20

Note: * p < 0.05.

Abbreviations: ALT, alanine aminotransferase; T-bil, total bilirubin; Hb, hemoglobin; PLT, platelet; Sc, serum creatinine; Alb, albumin; NSAID, nonsteroidal anti-

inflammatory drug.

Table 2 Major and Minor Bleeding Events of Colistin—Tigecycline and Colistin—Carbapenem Treatment

Outcome Colistin-Tigecycline Colistin-Carbapenem P value
(n=106) (n=268)

Major bleeding 13 (12.26%) 25 (9.33%) 0.40
Receiving whole blood or pRBC 43 (40.57%) 104 (38.81%) 0.75
Hb drop = 2 g/dL 24 (22.64%) 50 (18.66%) 0.38

Minor bleeding
Receiving FFP, cryoprecipitate or PLT 20 (18.87%) 35 (13.06%) 0.15
IV TXA = 3 days 12 (11.32%) 48 (17.91%) 0.12

Abbreviations: pRBC, packed red blood cells; Hb, hemoglobin; FFP, fresh frozen plasma; PLT, platelet; IV, intravenous; TXA, tranexamic acid.

production.”® Fibrinogen is also considered an acute
phase protein, and its production is regulated by cyto-
kines. For example, interleukin (IL)-6 enhances the bio-
and tigecycline has been

synthesis of fibrinogen,

demonstrated to reduce the levels of IL-6, which may
interfere with the production of fibrinogen.?® Fibrinogen
is an essential component of the coagulation system for

stopping bleeding,”® and lower level of fibrinogen may
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Table 3 Multivariate Logistic Regression Analysis with Major Bleeding Events as Dependent Variable

Variables Univariate Multivariate

OR (95% CI) P value OR (95% CI) P value

Sex (Male) 0.58 (0.29-1.16) 0.12

Age 1.00 (0.98-1.02) 0.97

ALT 1.00 (0.99-1.01) 0.89

T-bil 1.04 (0.97-1.11) 0.25

Hb 1.09 (0.90-1.32) 0.40

PLT 1.00 (0.99-1.00) 0.77

Scr 1.13 (0.94-1.37) 0.20

Alb 0.92 (0.49-1.72) 0.79

Shock 1.34 (0.65-2.78) 0.43

Chronic kidney disease 0.96 (0.42-2.19) 0.92

Liver disease 1.09 (0.40-2.95) 0.87

Stroke 1.29 (0.43-3.91) 0.64

Hypertension 1.85 (0.94-3.63) 0.07% 1.67 (0.82-3.39) 0.16

Hematologic malignancy 2.52 (0.79-8.02) 0.12

Solid organ malignancy 1.36 (0.67-2.77) 0.40

Ulcer disease 0.72 (0.16-3.18) 0.67

Cerebrovascular bleeding 0.58 (0.07—4.51) 0.60

Gastrointestinal bleeding 2.06 (0.91-4.64) 0.08% 1.99 (0.86-4.61) 0.11

Antiplatelet 1.05 (0.42-2.63) 0.92

Anticoagulant 2.37 (1.19-4.73) 0.01% 2.16 (1.05-4.42) 0.04*

NSAID 0.48 (0.14-1.62) 0.23

Steroid 1.78 (0.89-3.55) 0.10

Antibiotic regimen (tigecycline) 1.36 (0.67-2.77) 0.40

Antibiotic duration 1.06 (1.01-1.10) 0.01* 1.06 (1.02—1.11) 0.007*

Note: *p < 0.05. *Variables employed in multiple logistic regression.

Abbreviations: OR, odds ratio; Cl, confidence interval; ALT, alanine aminotransferase; T-bil, total bilirubin; Hb, hemoglobin; PLT, platelet; Sc,, serum creatinine; Alb,

albumin; NSAID, nonsteroidal anti-inflammatory drug.

increase the risk of bleeding.'”>° Campany-Herrero et al
found that 5 of 12 patients with tigecycline-associated
hypofibrinogenemia had bleeding events and that 4 of
them received blood transfusions.”’ In Zhang et al’s
study, patients with hypofibrinogenemia had more bleed-
ing events compared to those with normal fibrinogen
level although it did not achieve clinical significance
(12.09% vs 8.06%, P = 0.17).'"® Similar finding was
also reported by Hu et al that severe bleeding was more
common in patients with tigecycline associated hypofi-
brinogenemia (11.3% vs 3.6%, P = 0.13)."” Liu et al
reported that bleeding risk was higher in patients with
hypofibrinogenemia (13.3% vs 1.7%, P = 0.01), and
hypofibrinogenemia was independently associated with
bleeding [OR 8.96 (1.132-70.946, p = 0.038)]."
However, the definition of bleeding events was not men-
tioned in these studies, and this lack created a non-robust
conclusion. In this study, we clearly defined the major
bleeding events by ISTH criteria, and did not demon-
strate a significantly higher bleeding risk in the

tigecycline-based regimen. However, major bleeding
events were numerically higher in the colistin—tigecy-
cline group. This discrepancy could be attributed to the
relatively small sample size of our study that prevented
the necessary power to detect the difference. Based on
the result of our study, we calculated that 3644 patients
would need to be enrolled to provide 80% power to reject
the null hypothesis of no difference between the groups
in bleeding risk, at a two-sided alpha level of 0.05.
Additional studies are warranted to confirm our results.
This study has several limitations. First, because of its
retrospective nature, selection bias and confounding fac-
tors may still exist. Second, we did not include fibrinogen
level in our analysis. During our study period, fibrinogen
level was not routinely followed up in our institution, and
only six and two patients had pretreatment and post-
treatment fibrinogen levels followed up, respectively.
Although two patients in the colistin—tigecycline group
had considerable decreases in fibrinogen levels, further
analysis was not possible because of missing data. Our
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study was an exploratory study comparing the bleeding

risk of a tigecycline-based regimen with that of other

regimens. Additional studies that analyze fibrinogen levels

and have a definitive definition of bleeding events are still

required.

In conclusion, colistin—tigecycline treatment was not

associated with a higher bleeding risk than that of colis-

tin—carbapenem treatment.
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