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Abstract
Low-molecular-weight heparins (LMWHs) are the mainstay of the prophylaxis and treatment of venous thromboembolism 
(VTE). Due to their renal elimination, the risk of accumulation with the related bleeding risk may represent a limitation 
for the use of LMWHs in patients with chronic kidney disease (CKD) as the risk of major bleeding is increased in patients 
with creatinine clearance (CrCl) < 30 mL/min, especially in patients with cancer. LMWH structure and molecular weight 
(MW) are heterogeneous among available agents. The elimination of tinzaparin, which has the highest mean MW among 
LMWHs, is less dependent on renal function as it is also metabolized through the reticuloendothelial system. A subcutaneous 
therapeutic dose of tinzaparin (175 IU/kg) once daily has been shown to cause no accumulation of anti-factor Xa activity in 
patients with CrCl ≥ 20 mL/min. Clinical experience from randomized controlled studies has shown no significant impact 
of CKD on bleeding risk in cancer patients receiving treatment doses of tinzaparin. This suggests that in these patients the 
use of treatment doses of tinzaparin does not require anticoagulation monitoring or dose adjustment.

Key Points 

Renal elimination of low-molecular-weight heparins 
(LMWHs) limits their use in patients with venous 
thromboembolism and renal impairment due to the risk 
of accumulation and related bleeding.

Tinzaparin elimination is less dependent on renal func-
tion than other LMWHs, and it is not associated with 
a significant increase in the risk of bleeding in patients 
with chronic kidney disease; therefore, treatment doses 
do not require monitoring or dose adjustment in patients 
with creatinine clearance ≥ 20 mL/min.

1  Introduction

Low-molecular-weight heparins (LMWHs) are viewed as the 
mainstay for the prevention and treatment of venous throm-
boembolism (VTE) as they have been shown to be efficient, 
safe and convenient for short-term and long-term therapy 
in a large variety of clinical settings. This includes VTE 
prophylaxis for orthopedic, surgical and medical patients 
[1], treatment of VTE including cancer-associated throm-
bosis (CAT), and acute coronary syndromes [2, 3]. Over 
the past 2 decades, there has been growing evidence that 
pharmacokinetic (PK) properties of LMWH compounds 
are not superimposable, especially regarding their elimina-
tion by the kidney. Interestingly, tinzaparin elimination is 
less dependent on renal function than other LMWHs, with 
potential clinical implications in the management of patients 
with renal impairment. In the present paper, we focus on this 
important issue. A search was conducted on Medline for 
literature published between January 1998 and July 2019 for 
articles containing the following keywords: “tinzaparin” and 
“renal insufficiency,” “renal failure,” “renal impairment.” 
We excluded papers related to patients undergoing hemodi-
alysis or hemofiltration. Only original studies published in 
English during this period were selected. We also reviewed 
abstracts from major international meetings.
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2 � Tinzaparin Pharmacokinetic 
and Pharmacodynamic Properties

After subcutaneous injection, LMWHs have an excellent 
bioavailability of > 85%, with limited inter-individual 
variability compared with unfractionated heparin (UFH) 
[4]. Furthermore, LMWHs have linear elimination PK [5], 
which renders their pharmacodynamic (PD) effect highly 
predictable and therefore safe in most situations, without 
the need for monitoring hemostasis to assess efficacy or 
safety [6].

A variety of pharmaceutical preparations of LMWHs 
are available. LMWHs have different methods of prepara-
tion, resulting in variations in the mean molecular weight 
(MW) and in the distribution of MW chains, finally lead-
ing to different PK and PD profiles. LMWHs are obtained 
by chemical or enzymatic depolymerization of UFH. This 
results in the formation of fragments that have a mean MW 
of approximately one third of the mean MW of UFH. The 
mean MW of these LMWH compounds ranges from 4300 
to 6500 Da (Table 1). Differences in MW are related to the 
length of oligosaccharide chains resulting from UFH depo-
lymerization. A high degree of depolymerisation results 
in short chains (< 5400 Da) which are mainly eliminated 
by the kidney. On the other hand, a low degree of depo-
lymerization results in longer chains (> 5400 Da), which 
are eliminated by the kidney to a lesser degree, elimina-
tion being mainly via the reticuloendothelial system and 
the liver. A high proportion of short chains are present in 
nadroparin or enoxaparin, while a substantial proportion 
of long chains are still present in dalteparin or tinzapa-
rin preparations [7]. Even though LMWHs are obtained 
from different manufacturing processes, they have a set 

of common properties which make their antithrombotic 
activity comparable.

Patients with chronic kidney disease (CKD) are challeng-
ing since they are at high risk of both VTE and bleeding [8]. 
The risk of bleeding may be further increased with the use of 
LMWHs due to their renal elimination, which may result in 
their accumulation in renally impaired patients. Elimination 
is exclusively renal (by glomerular filtration) for LMWHs 
of low mean MW, such as enoxaparin, and their half-life 
increases in patients with CKD. The reticuloendothelial sys-
tem and the liver contribute to the metabolism of LMWHs 
of higher MW, such as tinzaparin and dalteparin, which are 
therefore less influenced by renal function [9]. The ratio of 
renal clearance with respect to total drug clearance is lower 
for LMWHs with higher mean MW. Compared to enoxa-
parin, the renal excretion of tinzaparin has been shown to 
be significantly lower (p < 0.001) in rats with normal renal 
function [10]. The clearance of LMWHs with larger oligo-
saccharide chains, such as dalteparin or tinzaparin, has been 
shown to be less dependent on renal function than it is for 
LMWHs of lower mean MW, such as enoxaparin or nadro-
parin [11]. Since tinzaparin has the highest average MW of 
available LMWHs, it is less likely to accumulate in patients 
with CKD compared with LMWHs with lower MW.

3 � Low‑Molecular‑Weight Heparins (LMWHs) 
in Patients with Chronic Kidney Disease 
(CKD)

Decreased LMWH clearance has been associated with 
increased bleeding risks in patients with severe CKD. In 
a meta-analysis of 18 studies using three preparations of 
LMWHs, Lim and associates [12] compared the risk of 
major bleeding and anti-factor Xa (anti-Xa) activity levels 
in patients receiving LMWH who had severe CKD (creati-
nine clearance [CrCl] ≤ 30 mL/min) with those in patients 
without severe renal insufficiency (RI) (CrCl > 30 mL/min). 
In 12 studies involving 4971 patients, LMWH was associ-
ated with a statistically significant increase in the risk for 
major bleeding in patients with a CrCl of 30 mL/min or less 
compared with those with a CrCl greater than 30 mL/min 
(5.0% vs. 2.4%; odds ratio 2.25; 95% confidence interval 
[CI] 1.19–4.27; p = 0.013) [12]. When analyzed accord-
ing to LMWH preparation, major bleeding was increased 
when a standard therapeutic dose of enoxaparin was used 
(8.3% vs. 2.4%; odds ratio 3.88; 95% CI 1.78–8.45), but 
may not have been increased when an empirically reduced 
dose of enoxaparin was used (0.9% vs. 1.9%; odds ratio 0.58; 
95% CI 0.09–3.78; p = 0.23 for heterogeneity). There were 
insufficient data to assess the risk for major bleeding with 
tinzaparin (two studies), dalteparin (one study), and prophy-
lactic doses of enoxaparin. In a more recent meta-analysis 

Table 1   Summary of LMWHs PK and PD characteristics (adapted 
from Rey et al. [9])

Cmax maximal plasma concentration, IIa factor IIa, LMWH low-
molecular-weight heparin, PD pharmacodynamic, PK pharmacoki-
netic, SD standard deviation, t½ elimination half-life, Xa factor Xa

Nadroparin Enoxaparin Dalteparin Tinzaparin

Molecular 
weight (Da)

4300 4500 6000 6500

t½ (h) 3.5 4.5 3–5 3–4
Bioavailability 

(%)
~ 100 ~ 100 90 86.7

Time to peak of 
anti-Xa activity 
(h)

2–3 3–5 4 4–5

Anti-Xa/anti-IIa 
ratio

2.5–4.0 3.6 2.5 1.8

Cmax 
(mean ± SD)

1.01 ± 0.18 1.20 ± 0.17 0.59 ± 0.25 0.87 ± 0.15
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of 20 controlled trials, enoxaparin was associated with a 
significant increased risk of major bleeding complications in 
patients with a glomerular filtration rate (GFR) ≤ 60 mL/min 
compared with other anticoagulants (risk ratio [RR] 1.67; 
95% CI 1.12–2.50; p = 0.01), suggesting that only patients 
with a GFR > 60 mL/min can be safely treated with enoxa-
parin [13]. In an observational study in a limited number of 
patients with either VTE or acute coronary ischemia treated 
with therapeutic doses of enoxaparin (n = 99) or tinzaparin 
(n = 28), a CrCl < 20 mL/min was associated with an RR of 
2.8 (95% CI 1.0–7.8) for bleeding complications with both 
LMWHs [14].

3.1 � Tinzaparin Pharmacokinetics in Patients 
with CKD

PK data on tinzaparin from clinical studies in patients 
with CKD and the possible consequences on PD were sys-
tematically considered and included in this review. When 
medications were used at full therapeutic doses, nadroparin 
clearance, but not tinzaparin clearance, was shown to be 
correlated with CrCl (R = 0.49, p < 0.002) [15]. According 
to a population PK analysis, the clearance of subcutaneous 

tinzaparin, based on anti-Xa activity, did not appear to be 
altered by age, gender or race [16]. However, the analysis 
predicted a reduction in clearance of 22% in patients with 
severe CKD (CrCl < 30 mL/min) versus those with normal 
renal function (CrCl > 80 mL/min) [16]. Despite this, no 
accumulation (of anti-Xa activity) effect was observed in 
elderly patients with CKD in several clinical studies [17–19], 
with no correlation between anti-Xa activity and CrCl in this 
patient group [19, 20]. Tinzaparin has been safely used for 
up to 10 days with treatment doses (175 IU/kg once daily) 
without bioaccumulation in patients with severe CKD (CrCl 
20– 29 mL/min, n = 8) even when the CrCl was as low as 
20 mL/min [19, 21] (Fig. 1).

In a comparative study conducted in 55 elderly patients 
with CKD (CrCl between 20 and 50 mL/min) receiving 
prophylactic doses of enoxaparin (4000  IU once daily) 
or tinzaparin (4500  IU once daily), bioaccumulation of 
enoxaparin, but not of tinzaparin, was seen after 8 days of 
treatment, which is likely to expose patients to enoxaparin 
overdosing [17] (Table 2). In a sub-study of the Innohep 
in Renal Insufficiency Study (IRIS), peak plasma anti-Xa 
activity was measured in 87 elderly patients (mean age of 
83 ± 5 years) with acute VTE and moderate-to-severe CKD 
receiving a treatment dose of tinzaparin (175 IU/kg once 
daily) for a mean treatment duration of 8.4 days [18]. Peak 
plasma anti-Xa activity was measured on day 2/day 3 and 
on day 5 or at visit S (VS) (end of tinzaparin treatment). An 
absence of accumulation was considered if the 90% CI of 
the (anti-Xa day 5/VS)/(anti-Xa day 2/3) ratio did not exceed 
the predefined limit of 1.25. No significant accumulation 
was detected: the mean accumulation ratio was 1.06 (90% 
CI 1.01–1.11). The accumulation ratios of anti-Xa activities 
were close in severe and moderate CKD patients (1.05 and 
1.07, respectively), suggesting that tinzaparin may not accu-
mulate more in CKD patients with CrCl (Cockcroft formula) 
between 20 and 30 mL/min (Table 3). 

The potential accumulation of subcutaneous thera-
peutic doses of tinzaparin (175 IU/kg once daily) in 148 
patients with VTE with different degrees of CKD was 
measured in TRIVET, a prospective multicenter study [22]. 

Fig. 1   Plasma anti-factor Xa (anti-Xa) activity over a 10-day treat-
ment period according to creatinine clearance (CrCl) value in patients 
receiving treatment doses of tinzaparin of 175  IU/kg once daily. IU 
international units (adapted from Siguret et al. [19])

Table 2   Main anti-Xa PK data in elderly patients with RI receiving prophylactic doses of enoxaparin and tinzaparin (adapted from Mahé et al. 
[17])

AUC​ area under the curve, Cmax maximal plasma concentration, IU international units, PK pharmacokinetic, RI renal impairment, Xa factor Xa
a Day 1 vs. day 8

Enoxaparin Tinzaparin Between-group 
comparison 
P valueD1/D8 variation P valuea D1/D8 variation P valuea

Cmax 0.55/0.67 < 0.001 0.44/0.46 0.3 < 0.001
AUC IU/mL·min 354/447 < 0.001 252/273 0.11 < 0.001
Anti-Xa accumulation 1.22 < 0.001 1.05 0.29 –
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Using CrCl > 60 mL/min as the comparison, mean trough 
anti-Xa levels were significantly higher in patients with 
CrCl < 30 mL/min and in hemodialysis-dependent patients 
(p < 0.005). The mean (± standard deviation) anti-Xa levels 
after up to 7 days of tinzaparin administration in patients 
with CrCl between 20 and 29 mL/min was 0.29 (0.18) IU/
mL, compared with 0.15 (0.12) IU/mL in patients with 
CrCl > 60 mL/min (Table 4). However, mean trough anti-Xa 
levels remained below 0.5 IU/mL, considered as the bioac-
cumulation threshold. Furthermore, there was no accumu-
lation in patients with CrCl < 30 mL/min and < 20 mL/min 
over time with a stable anti-Xa level: 0.29 (0.19) and 0.30 
(0.24), respectively. The authors concluded that therapeu-
tic weight-based doses of tinzaparin can be used in VTE 
patients with severe renal impairment (CrCl < 30 mL/min) 
for up to 7 days.

Tinzaparin PK was assessed in patients with severe CKD 
in STRIP, a prospective observational study [23]. Twenty-
eight patients with a median estimated glomerular filtration 
rate (eGFR) (using the Chronic Kidney Disease Epidemi-
ology Collaboration [CKD-EPI] formula [24]) of 20 mL/
min/1.73 m2 received thromboprophylaxis with tinzaparin 

up to 8 days at the median dosage of 44 IU/kg (interquar-
tile range 42–54) once daily; 19 patients received 3500 IU 
daily, while nine patients with a body mass index ≥ 30 kg/
m2 received 4500 IU daily. A proportion of 54% of patients 
had an eGFR ≤ 20 mL/min/1.73 m2. The study showed that 
short-term tinzaparin in patients with severe CKD was not 
associated with excessive anticoagulation, with peak anti-
Xa levels below 0.5 IU/mL and undetectable trough anti-Xa 
levels.

3.2 � Tinzaparin Safety in Cancer Patients with CKD

More than half of cancer patients are known to have abnor-
mal renal function with a higher bleeding risk [25]. Patients 
with CAT are therefore at the highest risk of bleeding 
when receiving an anticoagulant treatment. The impact of 
renal impairment on safety in patients with CAT receiv-
ing 6-month treatment doses of tinzaparin (175 IU/kg once 
daily) was assessed from the Comparison of Acute Treat-
ments in Cancer Haemostasis (CATCH) trial, a randomized 
control study [26, 27]. Patients with CKD (GFR < 60 mL/
min/1.73 m2) on tinzaparin showed no difference in recurrent 

Table 3   Peak anti-Xa activity in the 87 patients with moderate-to-severe RI receiving a treatment dose of tinzaparin of 175 IU/kg once daily 
(adapted from Siguret et al. [18])

CKD chronic kidney disease, CrCl creatinine clearance, IU international units, RI renal impairment, SD standard deviation, VS visit S (last day 
of tinzaparin dosing), Xa factor Xa

Anti-Xa activity (IU/mL)  
on day 2/3
Mean ± SD (range)

Anti-Xa activity (IU/mL)  
on day 5/VS
Mean ± SD (range)

Anti-Xa activity 
accumulation ratio
Mean ± SD (range)

Patients with severe CKD 
(CrCl ≤ 30 mL/min); n = 21

0.97 ± 0.47
(0.32–2.08)

0.96 ± 0.36
(0.38–1.69)

1.05 ± 0.25
(0.64–1.49)

Patients with moderate RI 
(30 < CrCl ≤ 60 mL/min); n = 66

0.82 ± 0.28
(0.39–1.89)

0.84 ± 0.29
(0.32–1.81)

1.07 ± 0.31
(0.37–1.73)

Total (n = 87) 0.86 ± 0.34
(0.32–2.08)

0.87 ± 0.31
(0.32–1.81)

1.06 ± 0.30
(0.37–1.73)

Table 4   Mean trough anti-Xa levels according to renal function (adapted from Lim et al. [22])

CrCl creatinine clearance, IU international units, Xa factor Xa
a Number of patients included for 1st measurement/2nd measurement

No.a Mean (± standard deviation) trough anti-Xa (IU/mL) P value

1st measurement (day 3–5) 2nd measurement (day 5–7)

CrCl (mL/min)
 > 60 55/56 0.16 (0.11) 0.15 (0.12) 0.40
 30–60 34/33 0.20 (0.17) 0.17 (0.09) 0.28
 < 30, non-dialysis dependent 29/26 0.29 (0.23) 0.29 (0.19) 0.90
  20–29 22/19 0.25 (0.19) 0.29 (0.18)
  < 20 7/7 0.41 (0.32) 0.30 (0.24)

Dialysis-dependent 26/21 0.38 (0.36) 0.33 (0.20) 0.61
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VTE, clinically relevant bleeding (CRB), major bleeding or 
mortality rates versus those on warfarin. Major bleeding did 
not significantly differ between tinzaparin patients with or 
without CKD (4.3% vs. 2.5%, respectively; RR 1.72; 95% 
CI 0.48–6.17) as well as CRB (14.5% vs. 12.7%, respec-
tively; RR 1.14; 95% CI 0.61–2.16). These findings are con-
sistent with results from a post-hoc analysis of the CLOT 
study in which dalteparin, an LMWH compound with long 
chains, compared with vitamin K antagonist, significantly 
reduced the risk of VTE recurrence in patients with cancer 
and renal impairment (hazard ratio 0.15; 95% CI 0.03–0.65; 
p = 0.01), while bleeding rates were similar with both treat-
ments (p = 0.47) [28].

4 � Clinical Practice Implications

The use of LMWHs requires prior assessment of renal func-
tion since CKD tends to be underdiagnosed [29]. Since some 
LMWHs are mainly eliminated by the kidney, any renal 
dysfunction is likely to cause their accumulation, resulting 
in an increased bleeding risk. The assessment of anti-Xa 
activity at peak level has been proposed as a biomarker to 
detect an accumulation and/or an overdosage in specific 
situations including CKD. Given the various PD profiles of 
LMWH compounds, physicians should be aware of specific 
overdosage values that have been shown to be associated 
with an increased risk of bleeding, especially in phase 2/
phase 3 studies; for instance, 1.5 IU/mL as the therapeutic 
dose of tinzaparin and 1.8 IU/mL as the therapeutic dose of 
nadroparin.

Although there is no specific CrCl threshold at which the 
risk for LMWH accumulation becomes clinically signifi-
cant, an estimated CrCl of about 30 mL/min is a reasonable 
cut-off value based on the available literature; however, this 
depends on the LMWH. If an LMWH with low mean MW 
(i.e., nadroparin or enoxaparin) is used in patients with an 
estimated CrCl of < 30 mL/min, anti-Xa activity monitoring 
and/or dose reduction should be considered to ensure that 
there is no accumulation. The recommended treatment dos-
age of enoxaparin for patients with a CrCl < 30 mL/min who 
have acute coronary syndromes or VTE is 50% of the usual 
dosage (i.e., 1 mg/kg once daily) [30].

The LMWHs have different metabolic pathways, and 
tinzaparin, despite its renal elimination, does not cause 
any accumulation of anti-Xa activity in patients with 
CrCl ≥ 20 mL/min and therefore does not require dosage 
adjustment.

The apparent difference in tinzaparin clearance in patients 
with severe CKD may reflect metabolism by hepatic mecha-
nisms, possibly due to the higher mean MW of tinzaparin 
compared with other LMWHs. Anti-Xa activity moni-
toring in patients treated with tinzaparin is not generally 

necessary, but some authorities suggest that monitoring be 
done in obese patients and in those with CKD. The Cancer 
and the Kidney International Network (C-KIN) states that, 
“Among LMWHs, tinzaparin presents with the clearest data 
on its use in CKD patients, demonstrating no accumulation 
at the usual dosage, and thus there is no need for dosage 
adjustment.” The same network recommended that among 
LMWHs, tinzaparin should be the treatment of choice in 
cancer patients with CKD [31]. This is consistent with the 
absence of significant impact of CKD on the bleeding risk in 
cancer patients treated with tinzaparin based on the clinical 
experience from randomized controlled trials.

5 � Conclusions

The risk of bleeding is an essential component of the surveil-
lance of patients treated with LMWHs. Patients with CKD 
may have an increased bleeding risk due to LMWH accu-
mulation, which may be detected by the increase in anti-Xa 
activity. LMWHs with relatively high mean MW are asso-
ciated with a low risk of accumulation of anti-Xa activity 
given the prominent participation of the reticuloendothelial 
system in their metabolism.

Based on available PK data, there is consistent evidence 
that standard therapeutic doses of tinzaparin (175 IU/kg 
once daily) cause no clinically significant accumulation of 
anti-Xa activity in patients with a CrCl ≥ 20 mL/min. This 
suggests that there is no need for systematic anti-Xa activ-
ity monitoring or dosage adjustment of tinzaparin in these 
patients.
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