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Abstract
Background Several adverse reactions to tigecycline, which is widely used in patients with severe infections, have been 
documented. Coagulopathy is a lesser known side effect of tigecycline. Aim of the review We summarize the characteris-
tics, possible mechanisms, and treatment of tigecycline-induced coagulopathy. Method PubMed, Ovid, Embase, ISI Web 
of Knowledge, CNKI, and Wanfang were searched up to March 5, 2019. All articles concerning coagulopathy induced by 
tigecycline were included. The article types and languages were not limited. The retrieved articles were screened by two 
experienced clinicians by reading the titles, abstracts, and full texts. Results Ultimately, 17 articles were targeted, including 
13 case reports and 4 retrospective observational studies. Tigecycline-induced coagulopathy usually manifests as the dose-
dependent prolongation of prothrombin time and activated partial thromboplastin time and a reduction in the fibrinogen level. 
Tigecycline and its metabolites may have multiple effects on coagulation, influencing the extrinsic or intrinsic pathway and 
even the common pathway. There is no specific treatment for tigecycline-induced coagulopathy, but it can be reversed by 
withdrawing tigecycline. Conclusion Tigecycline acts on the coagulation system in a dose-dependent manner, and the most 
severe adverse event is bleeding. Overdose and prolonged use should be avoided, suspected coagulopathy must be recognized 
in time, and tigecycline should be withdrawn to prevent severe adverse events. Also, drug clearance disorders can develop 
in patients with liver and/or renal dysfunction. For patients with severe hepatic or renal impairment, the maintenance dose 
should be reduced, and indicators of coagulation function should be closely monitored.
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Impact on practice

•	 Tigecycline-induced coagulopathy usually manifests as 
the dose-dependent prolongation of prothrombin time 
(PT) and activated partial thromboplastin time (APTT) 
and a reduction in the fibrinogen level.

•	 Tigecycline-induced coagulopathy may be due to inhi-
bition of the synthesis of coagulation factors, or direct 
effects on the coagulation cascade, or both.

•	 For patients with hepatic or renal dysfunction, the clear-
ance of tigecycline may be delayed, resulting in tigecy-
cline-induced coagulopathy.

Introduction

Tigecycline is a first-generation glycylcycline antibiotic 
with broad-spectrum activity, particularly against multi-
drug-resistant (MDR) bacteria (e.g., methicillin-resistant 
Staphylococcus aureus and vancomycin-resistant Enterococ-
cus). Tigecycline also has good antibacterial activity against 
Acinetobacter baumannii in vitro and in vivo [1–3]. Most 
patients in the intensive care unit (ICU) have complicated 
conditions, multiple basic diseases, immunosuppression, 
and tend to undergo invasive procedures more frequently 
and require broad-spectrum antimicrobial agents. Together, 
these factors make ICU patients prone to nosocomial MDR 
infections. Tigecycline is well tolerated, has minimal drug 
interactions, and does not require dose adjustment in patients 
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with renal impairment, making it suitable for patients with 
severe clinical infections. However, adverse reactions to tige-
cycline are well-established; nausea and vomiting [4–7] are 
the most common. Reports of tigecycline-induced coagu-
lopathy have been increasing gradually.

Tigecycline-induced coagulopathy refers to a condition in 
which the blood’s ability to coagulate is impaired; it occurs 
after tigecycline has been used for hours or days. In the 
absence of other factors, this condition may manifest as the 
prolongation of coagulation parameters or decreases in the 
fibrinogen level and platelet count. Bleeding may also occur 
but is rare. To date, few studies have investigated the role of 
tigecycline in coagulation abnormalities.

Aim

To summarize the characteristics, causes, possible mecha-
nisms, and treatment of tigecycline-induced coagulopathy.

Methods

Search strategy

The study was conducted according to Preferred Reporting 
Items for Systematic Reviews guidelines. We searched the 
literature using the PubMed, Ovid, Embase, and ISI Web of 
Knowledge databases up to March 5, 2019. We also searched 
the CNKI and Wanfang Chinese-language databases. Two 
investigators performed the literature search using the fol-
lowing search terms: tigecycline, coagulation, coagulopathy, 
and fibrinogenopenia.

Study selection and data extraction

We found few studies on tigecycline-induced coagulopa-
thy, and most were case reports and retrospective studies. 
Therefore, the inclusion criteria were studies related to 
tigecycline-induced coagulopathy published in English and 
Chinese. The exclusion criteria were languages other than 
English or Chinese, irrelevant and unpublished articles, and 
articles that did not state the dosage, duration, and coagula-
tion parameters. The retrieved articles were de-duplicated, 
selected, and classified by two researchers independently 
by reading the titles and abstracts. Next, the full text of the 
articles was reviewed. A database was established, and infor-
mation was collected on the patients’ characteristics (e.g., 
age, sex, and nationality), use of drugs, adverse reactions, 
coagulopathy, and prognosis.

Results

Patients’ characteristics

In total, 770 relevant articles were retrieved; we identified 
17 articles on tigecycline-induced coagulopathy, includ-
ing 13 case reports and 4 retrospective studies. The age 
of the patients ranged from 42 to 90 (61 ± 17) years, with 
eight being male and five female. The study period was 
2010–2019. We analyzed a total of 184 patients, mainly 
from China, Greece, and Italy in the included articles. See 
Table 1 for details. 

All patients in the case reports had a variety of basic dis-
eases, and some had two or more. None of the patients had 
a history of hereditary hemorrhagic disease. One patient 
had autoimmune cirrhosis [9], one had acute liver injury 
[21], and the other patients did not have hepatic dysfunc-
tion. Finally, most of the patients had kidney disease. See 
Table 2 for details. 

In these articles, tigecycline was mainly used to treat 
MDR A. baumannii, methicillin-resistant Staphylococcus 
warneri, Proteus mirabilis, and Klebsiella pneumoniae. 
Only five cases [9, 10, 15, 18, 23] involved tigecycline mon-
otherapy; most of the patients were taking combinations of 
antibiotics and/or antivirals, including cefoperazone, sulbac-
tam, imipenem-cilastatin sodium hydrate, caspofungin, van-
comycin, piperacillin sulbactam, voliconazole, and linezolid.

Hemorrhage (5 of 13 cases) was the most severe adverse 
event, and included ecchymosis [15, 20, 22], rectal bleeding 
[9], and bloody stool [11]. One patient accepted a reduced 
dosage, and another took more than the recommended dose. 
See Table 2 for details.

Discussion

Few studies have investigated tigecycline-induced coagu-
lopathy. Tigecycline-induced coagulopathy manifests mainly 
as the progressive deterioration of blood hypocoagulability 
and is characterized by a slowly progressive deterioration of 
coagulation parameters. The abnormal coagulation param-
eters typically include prolongation of the prothrombin time 
and activated partial thromboplastin time, an elevated inter-
national normalized ratio, and a decreased fibrinogen level, 
with or without thrombocytopenia. The most severe adverse 
event caused by tigecycline is hemorrhage (e.g., bloody stool 
and subcutaneous ecchymosis).

Tigecycline is mainly metabolized in the liver, and is, 
together with its metabolites, secreted in bile. The liver 
plays an important role in coagulation by synthesizing clot-
ting factors [25, 26]. Acute or chronic liver disease may 
cause disorders in coagulation. The plasma clearance of 
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tigecycline was reduced by 25% and 55% by moderate and 
severe hepatic impairment, respectively. Therefore, the rec-
ommended maintenance dose [27] for severe hepatic impair-
ment is 25 mg, while no adjustment of the dosage is required 
for patients with mild or moderate hepatic impairment. In 
the case reports, two patients had liver insufficiency before 
using tigecycline and one patient had altered levels of liver 

enzymes after using tigecycline. One patient [9] had autoim-
mune cirrhosis and liver function of Child–Pugh class C but 
no changes in liver enzyme levels during tigecycline therapy, 
and experienced multiple rectal bleeding events. One patient 
[22] with mild hepatic impairment had no changes in the 
levels of liver enzymes, and developed patchy ecchymosis 
and bleeding while taking tigecycline. One patient [10] had 

Table 1   Age, sex, and prognosis of patients with tigecycline-induced coagulopathy

ADR adverse drug reaction, IV intravenous, nm not mentioned, VAP ventilator-associated pneumonia, Vk vitamin K
*Unclear

References Country Study type Sex Age Diagnosis Time of 
ADR 
(tigecycline 
administra-
tion)

IV Vk? Prognosis 
(days after 
tigecycline 
cessation)

Total time
(tigecycline 
administra-
tion)

Pieringer 
et al. [8]

Austria Case report Female 54 Peritonitis Day 5 Yes, ineffec-
tive

Within 
6 days

39 days

Rossitto 
et al. [9]

Italy Case report Female 43 Acute kidney 
injury

Day 5 Yes Within 
2 days

7 days

Sabanis et al. 
[10]

Greece Case report Female 74 Infection Day 5 No Within 
10 days

19 days

Zhang et al. 
[13]

China Case report Male 43 Chronic diar-
rhea

Day 5 No Within 
7 days

28 days

Routsi et al. 
[12]

Greece Retrospec-
tive study

31 Male/14 
female

48 ± 20 VAP et al. Day 1 nm Within 
10 days

*

Zhang et al. 
[13]

China Retrospec-
tive control 
study

16 Male/4 
female

62.5 ± 22.1 Pneumonia, 
sepsis et al.

nm No nm *

Bourneau-
Martin 
et al. [14]

France Case report Male 83 Post-fracture 
infection

nm nm Died 8 days

Zhong et al. 
[15]

China Case report Male 50 Severe acute 
pancreatitis

Day 4 Yes Within 
2 days

5 days

Sun et al. 
[16]

China Retrospec-
tive control 
study

70 Male/51 
female

61 ± 15 Infection, 
shock et al.

Days 1–25 Yes, ineffec-
tive

nm *

McMahan 
et al. [17]

USA Case report Male 63 Decubitus 
infection

Day 6 No Within 
6 days

32 days

Giryes et al. 
[18]

Israel Case report Male 70 Recurrence 
of liver 
abscess

Day 8 Yes, ineffec-
tive

Within 
6 days

24 days

Wu et al. 
[19]

China Case report Male 47 Severe acute 
cholangitis

Day 1 No Within 
5 days

3 days

Wu and Wu 
[20]

China Case report Male 87 VAP Day 7 No Within 
5 days

14 days

Pan et al. 
[21]

China Case report Male 42 Severe heat-
stroke and 
respiratory 
failure

Day 1 No Within 
3 days

10 days

Dai et al. 
[22]

China Case report Female 50 Pneumonia Day 10 Yes Within 
6 days

17 days

Yilmaz et al. 
[23]

Turkey Case report Female 90 Respiratory 
failure

Day 10 No Within 
8 days

10 days

Leng et al. 
[24]

China Retrospec-
tive study

40 Male/10 
female

57.20 ± 17.58 Bacterial 
infection

nm Yes, ineffec-
tive

* *
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no liver disease but increased transaminase and total biliru-
bin levels after taking tigecycline. The liver function of the 
remaining 10 patients was not impaired during tigecycline 
treatment, but 3 suffered bleeding events [11, 15, 20], all of 
whom took the recommended dose. Regarding the retrospec-
tive studies, Routsi et al. [12] reported that the bilirubin level 
did not change significantly, while Zhang et al. [13] and 
Leng et al. [24] showed that there was no change in alanine 
aminotransferase (ALT), aspartate aminotransferase, and 
creatinine (Cr) levels during therapy. However, Sun et al. 
[16] found that 33 of 59 patients had an elevated ALT or 
total bilirubin level.

Based on the above, we inferred that tigecycline-
induced coagulopathy may be a result of affecting the syn-
thesis of clotting factors. Tigecycline may influence the 
levels of liver enzymes and/or bilirubin, as well as the syn-
thesis of coagulation factors, but the levels of coagulation 

factors cannot be assessed by routine testing. Also, the 
FDA reports that tigecycline may inhibit the synthesis of 
vitamin K by destroying the intestinal microflora, result-
ing in vitamin K-dependent coagulopathy, or may directly 
affect the coagulation cascade. However, vitamin K sup-
plementation is reported not to improve coagulopathy, 
and the coagulation parameters recover after the infusion 
of blood products. These results suggest that tigecycline-
induced coagulopathy is not caused by alteration of the 
gastrointestinal flora or vitamin K synthesis. Hence, addi-
tional studies are needed.

Almost all patients in the case reports had acute or 
chronic kidney disease, but no deterioration of renal function 
after tigecycline administration. In the small study by Zhang 
et al. [13] there was no change in the Cr level after using 
tigecycline. Also, the dosage did not need to be adjusted 
in patients with impaired renal function or undergoing 

Table 2   Liver and kidney function

ALT alanine aminotransferase, AST aspartate aminotransferase, CHE cholinesterase, γ-GT gamma-glutamyl transferase

References Liver injury Kidney injury Dosage (mg) Hemorrhage Time of bleed-
ing (tigecycline 
administration)Before tigecy-

cline therapy
During tigecy-
cline therapy

Before tigecy-
cline therapy

During tigecy-
cline therapy

Pieringer et al. 
[8]

No No Chronic kidney 
disease

No change Not mentioned No

Rossitto et al. 
[9]

Autoimmune 
cirrhosis

No change in 
ALT, AST, 
γ-GT, CHE

Acute kidney 
injury

No change 100 mg/25 mg bid Rectal bleeding Day 6

Sabanis et al. 
[10]

No Transaminase 
and total 
bilirubin 
increased

Chronic kidney 
disease

No change 100 mg/50 mg q12h No

Zhang et al. 
[13]

No No Chronic kidney 
disease

No change 50 mg q12h Bloody stool Day 24

Bourneau-
Martin et al. 
[14]

No No No No 100 mg bid No

Zhong et al. 
[15]

Not mentioned Not mentioned Not mentioned Not mentioned 100 mg/50 mg q12h Patchy ecchy-
mosis

Day 4

McMahan et al. 
[17]

No No Acute renal 
failure

Not mentioned 100 mg/50 mg q12h Suspicious

Giryes et al. 
[18]

No No Acute or 
chronic kid-
ney injury

Kidney func-
tion improved

100 mg/50 mg bid Suspicious

Wu et al. [19] No No No No 100 mg/100 mg bid No
Wu and Wu 

[20]
No No Chronic kidney 

disease
No 100 mg/50 mg q12h Patchy ecchy-

mosis
Day 9

Pan et al. [21] No No Acute kidney 
injury

Not mentioned 100 mg q12h No

Dai et al. [22] Acute liver 
injury (AST 
42.4 U/L)

AST 34.6 U/L, 
ALT 40.6 
U/L, γ-GT 
48.4 U/L

No No 100 mg q12h Patchy ecchy-
mosis and 
bleeding 
point

Day 17

Yilmaz et al. 
[23]

No No No No Not mentioned No



1412	 International Journal of Clinical Pharmacy (2019) 41:1408–1413

1 3

hemodialysis [27, 28]. Also, the clearance of tigecycline 
in patients with severe renal impairment was reduced by 
20%, and the concentration–time curve increased by about 
30%. Thus, tigecycline may have no influence on renal func-
tion but a reduction in its clearance prolongs the duration 
of drug activity, increasing the risk of tigecycline-induced 
coagulopathy.

Coagulopathy occurred after using tigecycline alone 
or in combination with another agent. Also, the relation-
ship of tigecycline with coagulopathy is time- and dose-
dependent: the higher the dose or the longer the course, the 
more severe the coagulopathy [8–11, 18–20, 23]. Coagu-
lopathy can occur 1–39 days after tigecycline administra-
tion. Finally, a duration of tigecycline therapy of > 14 days 
was a risk factor for tigecycline-induced coagulopathy 
[16].

Vitamin K supplementation [8, 9, 15, 18, 22] does not 
reverse coagulopathy, while the abnormal indicators typi-
cally recover within 10 days of tigecycline discontinuation. 
Also, the infusion of plasma, blood factors, fibrinogen, 
and cryoprecipitate can temporarily correct or improve 
coagulation abnormalities. So, when the fibrinogen level 
decreases to < 1.2 g/L, an infusion of clotting factors 
should be considered [13]. Once a bleeding event occurs, 
the best response is to stop using tigecycline and to infuse 
blood products.

This study has several limitations. First, it was based on a 
literature review that yielded few articles and may have been 
subject to publication bias. Second, the data may be incom-
plete, and so unsuitable for in-depth analysis. Third, due to 
the lack of basic research and large-scale studies, the mecha-
nisms of tigecycline-induced coagulopathy are unclear.

Conclusion

In conclusion, tigecycline can cause coagulopathy, but the 
mechanisms are unclear; possible causes include altering 
the synthesis of clotting factors. In addition, tigecycline may 
not significantly damage the liver and kidneys. However, in 
patients with abnormal liver and kidney function, drug clear-
ance may be prolonged and the area under the blood con-
centration–time curve is increased, leading to an increased 
drug concentration. Therefore, we recommend that the dos-
age should be adjusted patients with liver and kidney dys-
function. During tigecycline treatment, blood coagulation 
function, routine blood parameters, and stool occult blood 
should be monitored. If there is no bleeding but the course of 
tigecycline is > 2 weeks and the fibrinogen level is < 1.2 g/L, 
it is recommended to infuse clotting factors and continue to 
monitor the coagulation function. If blood stasis and bloody 
stools occur, tigecycline should be stopped immediately.
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