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Desmopressin improves platelet function in uremic patients taking
antiplatelet agents who require emergent invasive procedures
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Abstract Uremia is associated with platelet dysfunction and
can cause a bleeding tendency resulting in a major bleeding
event after an invasive procedure or surgery that may be ag-
gravated by antiplatelet agents. We prospectively investigated
the potential of desmopressin to improve platelet dysfunction
and to lower bleeding risk after emergent invasive procedures
in uremic patients taking antiplatelet drugs. Twenty-three pa-
tients were enrolled with a mean age of 60.2±11.7 years.
Baseline blood urea nitrogen and creatinine were 70.5±29.4
and 10.02±4.52 mg/dL, respectively. Twenty-one patients
took aspirin. All patients were infused with desmopressin be-
fore their invasive procedures, which were a central catheter
insertion for emergent hemodialysis in 13 patients, percutane-
ous nephrostomy in 7 patients, and angiography through arm
or leg vessels in 3 patients. After desmopressin infusion, both
the hematocrit and platelet count were slightly decreased with-
out changes in prothrombin time or activated partial thrombin
time. Collagen/epinephrine-closure time was significantly
shortened from 252.7±40.7 to 144.6±51.0 s (p<0.001).
There were minimal bleeding in 20 patients and mild bleeding
in 3 patients. None experienced severe bleeding event or re-
quired additional intervention for bleeding control. There
were no adverse events including the decrease of serum sodi-
um concentration. In conclusion, a single infusion of
desmopressin before invasive procedures in uremic patients
on antiplatelet drugs appeared to be well tolerated and

improved platelet dysfunction measured by collagen/
epinephrine-closure time.
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Introduction

Bleeding associated with acquired platelet dysfunction is a
major cause of morbidity and mortality in uremic patients
[1]. The pathogenesis of platelet dysfunction is multifactorial,
including decreased platelet-vessel wall and platelet-platelet
interactions [2]. Because diabetes and hypertension are com-
mon causes of chronic kidney disease (CKD), most CKD
patients have concomitant cardiovascular or cerebrovascular
diseases, resulting in a higher necessity of taking antiplatelet
agents for secondary prevention. If uremic patients undergo
surgical or other invasive procedures that may cause bleeding
events, the cessation of antiplatelet therapy may be one of the
possible options after consideration for the risks and benefits.
Although low-dose aspirin alone does not substantially in-
crease the risk of clinically important bleeding after invasive
procedures, a 7- to 10-day interval is recommended in a
healthy population between the last dose and a procedure be-
cause of irreversible effects on cyclooxygenase inhibition [3].
In emergency situations, however, delaying procedures in or-
der to decrease the possibility of hemorrhagic complications is
realistically impossible, which can be further exacerbated in
uremic conditions with an underlying platelet dysfunction.

Previously, skin bleeding time was the best predictor of
clinical bleeding [4], but this estimate is highly operator-
dependent and poorly reproducible, indicating disadvanta-
geous characteristics for screening primary hemostasis [5, 6].
In vitro closure time (IVCT) using a platelet function analyzer
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(PFA-100) is an alternative test that has shown utility in
assessing abnormal primary hemostasis and monitoring anti-
platelet therapy, both of which were also proven in dialysis
patients [7]. Desmopressin (1-deamino-8-D-arginine vaso-
pressin, DDAVP) is a synthetic analogue of the antidiuretic
hormone vasopressin originally designed for the treatment of
diabetes insipidus [8]. Owing to its hemostatic properties,
desmopressin has been used prior to surgery in patients with
a major risk of bleeding [9]. DDAVP shortens the skin bleed-
ing time and significantly improves platelet dysfunction as
assessed by IVCT in uremic patients [10, 5]. However, its
efficacy in CKD patients taking antiplatelet agents, who have
both uremia and altered platelet function due to medications,
remains unknown.We therefore designed our current prospec-
tive trial to evaluate the ability of DDAVP to improve platelet
dysfunction and to lower the risk of post-procedural bleeding
events in uremic patients taking antiplatelet drugs.

Methods

Study design and population

This study was a single-center, prospective, observational
clinical trial performed at Asan Medical Center in Seoul,
South Korea, and is registered at http://clinicaltrials.gov
(NCT01841515). Eligible patients were 20 to 75 years of
age with stage 5 CKD who required one or more antiplatelet
medications. We enrolled patients from May 1, 2011 to April
31, 2014. We selected patients whose treatment required
undergoing emergent invasive procedures, such as a central
catheter insertion for emergent hemodialysis, percutaneous
nephrostomy, or angiography via the arm or leg. Patients
with chronic liver disease, infectious disease, acute coronary
syndrome, hemophilia, nephrogenic diabetes insipidus, or
allergy against desmopressin were excluded. The
Institutional Review Board at Asan Medical Center
approved the registered protocol, and written informed
consents were obtained from all patients.

Study protocol

Patients enrolled in this study promptly stopped taking
antiplatelet agents, including aspirin, clopidogrel,
cilostazol, or beraprost and were infused with 0.3 μg/
kg DDAVP (Minirin) in 100 ml of normal saline over
30 min before their invasive procedures. There was no
control group in this study, in which DDAVP was not
administered, as we considered that it would be uneth-
ical not to provide DDAVP to uremic patients waiting
for invasive procedures, considering its hemostatic func-
tion and potential efficacy. Baseline blood sampling was
obtained immediately before the DDAVP infusion.

Before and 1 h after the infusion of DDAVP, we mea-
sured a complete blood count, prothrombin time (PT),
activated partial thrombin time (aPTT), and in vitro
collagen/epinephrine-closure time (CEPI-CT). PT was
measured using Neoplastine CL Plus (Diagnostica
Stago, Asnières-sur-Seine, France), and aPTT was
assessed by a STA-PTTA (Diagnostica Stago). The
CEPI-CT was measured with a PFA-100 device (Dade
Behring, Marburg, Germany) which functionally resem-
bles vessels. A blood sample was aspirated from the
sample reservoir through a capillary under a constant
negative pressure and contacted with a membrane coat-
ed with collagen and epinephrine (CEPI). At an aperture
in the membrane mimicking the injured vessel wall,
platelet aggregation occurs by this biochemical reaction,
resulting in the formation of a plug. Closure time (CT),
the time taken to occlude the aperture and to interrupt
blood flow, was recorded by the PFA-100 device. The
reference range for CEPI-CT was 82–182 s on the basis
of previous study data conducted in 120 healthy indi-
viduals at our center [11]. The invasive procedures were
performed by experienced interventional radiologists.
Severity of bleeding after an invasive procedure was
classified into grades 1, 2, and 3. Grade 1 was defined
as no additional surgical gauze change associated with
bleeding, grade 2 as a change of one or two surgical
gauze pads, and grade 3 as changes of more than three
surgical gauze pads or the need of manual compression
for bleeding control.

Statistical analysis

Statistical analyses were performed using commercially avail-
able software (IBM SPSS Statistics for Windows, version
21.0, Armonk, NY). The results are provided as the mean±
standard deviation. Data obtained at baseline and 1 h after
DDAVP infusion were analyzed with a Wilcoxon signed-
rank test. Differences were considered statistically significant
at a threshold of p<0.05.

Results

A total of 23 patients with uremia were enrolled in this trial.
The mean patient age was 60.2±11.7 years, and there were 16
(69.6 %) male patients. Twenty-one (91.3 %) patients took
aspirin as an antiplatelet agent, and aspirin plus clopidogrel
was used in six (26.1 %) patients. Triple combination therapy
with aspirin, clopidogrel, and beraprost was observed in one
(4.3 %) patient. Beraprost alone was administered in two
(8.7 %) patients. Central catheter insertion via right internal
jugular vein for emergent hemodialysis was performed in 13
(56.5 %) patients, who consisted of 11 patients for tunnel
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catheter and two patients for non-tunneled catheter as an in-
vasive procedure. Seven (30.4 %) patients underwent percu-
taneous nephrostomy or biopsy at any site, and angiography
through arm or leg vessels was conducted in three (13.0 %)
patients. The mean blood urea nitrogen (BUN) level was 70.5
±29.4 mg/dL and the mean creatinine was 10.02±4.52 mg/dL
indicating an estimated glomerular filtration rate (eGFR) of
6.10±3.33 mL/min/1.73 m2. The other clinical characteristics
of the patients are summarized in Table 1.

Among the laboratory parameters before and after DDVAP
infusion, hematocrit was decreased from 25.7±4.1 to 24.5±
3.2 % (p=0.042), and platelet count was similarly decreased
from 235.4±40.7×109 to 225.3±86.0×109/L (p=0.086).
There were no changes in PT or aPTT. CEPI-CT was signifi-
cantly shortened after DDVAP infusion from 252.7±40.7 to
144.6±51.0 s (p<0.001). Serum sodium concentration in 24 h
after DDAVP infusion was not changed compared with that
before DDAVP infusion (134.96±4.9 vs. 133.65±5.0, respec-
tively, p=0.117). In ten patients who did not undergo central
catheter insertion and hemodialysis, the difference of serum
sodium concentration was also not observed at before and
after DDAVP infusion (134.0±3.3 vs. 134.4±4.6, p=0.613).
Parameters are summarized in detail in Table 2.

No severe bleeding events (grade 3) were observed, and no
patients underwent additional interventions for bleeding con-
trol. Twenty (87.0 %) patients experienced minimal bleeding
(grade 1), and mild bleeding (grade 2) was found in three
(13.0 %) patients (Table 3). There were no significant side
effects observed during or after DDAVP infusion.

Discussion

The risk of uremic hemorrhage has decreased with the advent
of modern dialysis techniques that eliminate uremic toxins and
the use of erythropoietin to correct anemia, but complications
related to bleeding diathesis still limit invasive procedures and
surgery in patients with uremia [12]. Despite the number of
advanced CKD patients who are taking antiplatelet agents that
can significantly increase the bleeding risk and who may ex-
perience invasive procedures, recommendations for reversal
of platelet function remain uncertain. Thus, we here focused
on demonstrating the efficacy of DDAVP in uremic patients to
improve platelet dysfunction and to reduce post-procedural
bleeding risk.

It is well-established that uremia increases the risk for
bleeding complications for several reasons, including comor-
bid conditions predisposing to bleeding, medications that af-
fect hemostasis, and bleeding diathesis due to uremia, which
mainly results from the crucially important impairment of
platelet hemostasis [12, 13]. There is still no unifying patho-
physiologic mechanism to explain the platelet defects, but
they are partly associated with several uremic toxins, such as
urea, creatinine, phenol, phenolic acids, or guanidinosuccinic
acid (GSA) [12, 14, 15]. Several therapies aimed at correcting
the coagulation defect include red blood cell transfusion, di-
alysis, cryoprecipitate, estrogen, and DDAVP [15].

Despite the various clinical indications for the use of
DDAVP, the mechanism by which this hormone analogue
improves bleeding tendency remains incompletely understood

Table 1 Baseline patient characteristics

Parameters

Age, years 60.2±11.7

Gender, male, n (%) 16 (69.6)

BMI, kg/m2 24.3±2.87

Systolic blood pressure, mmHg 137.4±21.4

Diastolic blood pressure, mmHg 77.6±15.1

BUN, mg/dL 70.5±29.4

Creatinine, mg/dL 10.02±4.52

eGFR, mL/min/1.73 m2 6.10±3.33

Procedure, n (%)

Central catheter insertion 13 (56.5)

Percutaneous nephrostomy or biopsy 7 (30.4)

Angiography (arms or legs) 3 (13.0)

Antiplatelet agent, n (%)

Aspirin only 13 (56.5)

Aspirin+clopidogrel 6 (26.1)

Aspirin+clopidogrel+beraprost 1 (4.3)

Aspirin+cilostazol 1 (4.3)

Beraprost only 2 (8.7)

Table 2 Laboratory parameters before and after DDAVP infusion

DDAVP infusion

Before After P value

Hematocrit, % 25.7±4.1 24.5±3.2 0.042

Platelet, ×109/L 235.4±40.7 225.3±86.0 0.086

PT, INR 1.2±0.8 1.1±0.1 0.109

aPTT, s 32.8±2.7 33.6±2.0 0.180

CEPI-CT, s 252.7±40.7 144.6±51.0 <0.001

Serum Na, mmol/L 133.65±5.0 134.96±4.9 0.117

DDAVP desmopressin, PT prothrombin time, INR international normal-
ized ratio, aPTTactivated partial thromboplastin time, CEPI-CTcollagen/
epinephrine-closure time

Table 3 Severity of bleeding after an invasive procedure

Grade 1 Grade 2 Grade 3

Severity of bleeding 20 (87.0 %) 3 (13.0 %) 0

Grade 1 refers to no additional surgical gauze change; grade 2, change of
one or two surgical gauze pads; and grade 3, changes of more than three
surgical gauze pads or the need of manual compression
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[5, 8]. DDAVP increases plasma concentrations of von
Willebrand factor (VWF) and factor VIII (FVIII), which
may underlie its hemostatic effect [8, 9]. These changes relat-
ed to clotting action have also been in the uremic condition.
Lee et al. reported that VWF and FVIII are significantly in-
creased after infusion of DDAVP, indicating that this treatment
could improve platelet dysfunction in patients with uremia [5].
Administration of DDAVP also shortens the bleeding time in
uremia, suggesting a temporary correction of bleeding time to
prevent uremic bleeding complications [10]. Likewise, DDAV
P has been used in a number of inherited and acquired hem-
orrhagic conditions and in patients undergoing percutaneous
procedures and surgery [8, 9, 16]. Because a randomized con-
trolled study design could be unethical considering the effec-
tiveness of DDAVP in high-risk patients, we chose an obser-
vational clinical trial with single treatment group.

Besides its hemostatic properties, DDAVP is relatively in-
expensive, is safer than blood products because it has no pos-
sibility of transmitting blood-borne viruses, and has the ad-
vantage of minimizing the exposure to alloantigens in patients
who are anticipating kidney transplantation [8]. In contrast,
cryoprecipitate can shorten bleeding time in uremia; however,
it is rarely used in CKD patients because it is derived from
blood and carries the risk of infection. Although serious side
effects are uncommon, DDAVP is reported to cause facial
flushing, nausea, headache, tachycardia, thrombocytopenia,
water retention, and hyponatremia, which are almost always
mild and transient [2, 8]. In our current study, almost the same
serum sodium concentrations before and after DDAVP infu-
sion were observed, and there was no other significant side
effect associated with DDAVP. Similar results have been re-
ported in uremic patients [5]. In study patients who had poor
renal function with stage 5 CKD, subsequent hyponatremia
mainly caused by water retention did not happen, indicating
that the use of DDAVP may be safe in patients with near end-
stage renal disease.

Previously, bleeding time (BT) was the most commonly
used test for measurement of overall platelet function.
However, the usefulness of BT is questionable because it is
invasive and highly operator-dependent [6, 17]. CEPI-CT
measured by a PFA-100 machine is an in vitro test that could
substitute for BT in the diagnosis of primary hemostasis de-
fects [17]. Recent studies have shown the utility of CEPI-CT
in patients with uremia or taking antiplatelet agents [7, 18, 19].
Moreover, CEPI-CT is significantly associated with the sever-
ity of bleeding [17], and its prolongation was observed in
patients with aspirin ingestion despite a normal BT [6].

Antiplatelet agents including aspirin and clopidogrel are
commonly used for primary prevention of cardiovascular or
cerebrovascular diseases and after a percutaneous coronary
intervention with a stent. Aspirin alone is not a significant
problem for the majority of surgical procedures, although
there can be a modest increase in blood loss [20]. Similarly,

continuing to take antiplatelet agents before a native renal
biopsy did not increase the rate of major bleeding complica-
tions despite the observation that a significantly higher pro-
portion of patients experienced a >1.0 g/dL reduction in he-
moglobin after the biopsy [21]. Because there is no specific
antidote for antiplatelet agents, protocols for their reversal in
the setting of acute intracranial hemorrhage have proposed
platelet transfusion and/or DDAVP infusion [22]. Although
the clinical utility of DDAVP has not been fully assessed,
several studies suggest that it can accelerate the normalization
of in vitro platelet dysfunction induced by glycoprotein IIb/
IIIa inhibitors and aspirin and can antagonize antiplatelet ac-
tivities in healthy subjects [23–25]. However, the effects of
antiplatelet agents are quite different in patients with uremia.
Aspirin prolongs BT in uremic patients compared to healthy
controls [26]. Aspirin and clopidogrel combination therapy is
associated with a significantly increased risk of bleeding in
hemodialysis patients [27].

After DDAVP infusion, both the hematocrit and platelet
count were slightly decreased, showing statistical significance
in the hematocrit (p=0.042). However, because the absolute
difference of hematocrit level was very small, about 1.2 % on
average, clinical meanings remain unclear. Desmopressin has
been shown to shorten the prolonged aPTT by the increase of
factor VIII [5, 8]. However, we observed no decrease of aPTT
together with maintained PT level. These results are similar to
those of a previous study performed in uremic patients not
taking antiplatelet agents [5].

In our present trial, we evaluated the effect of DDAVP to
improve platelet dysfunction by measuring CEPI-CT follow-
ing DDAVP treatment and to decrease the risk of post-
procedure bleeding complications in uremic patients with an-
tiplatelet medications who required an emergent invasive pro-
cedure, primarily central catheter insertion for hemodialysis.
DDAVP administration significantly decreased CEPI-CT
followed by no major bleeding events. There has been no
published evidence on the effectiveness of DDAVP in uremic
patients with antiplatelet drugs. To the best of our knowledge,
our current study is the first to demonstrate that DDAVP ac-
celerates normalization of platelet dysfunction induced by
both antiplatelet agents and uremia, suggesting the possibili-
ties that this pretreatment may lead to a low rate of bleeding
events after invasive procedures in uremic patients.

There are several limitations to this study. First, this trial
was designed as a single treatment group without controls in
spite of its prospective observational method. As shown
above, DDAVP can decrease the risk of bleeding in patients
with uremia or antiplatelet agents. We did not assign patients
to a control group without DDAVP based on ethical consid-
erations. Second, a relatively small number of patients were
enrolled. There are no clinical data on this issue, so we had
planned to conduct our study with 20 patients, similar to a
pilot study. Third, we did not check the levels of coagulation
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factors, such as VWF and FVIII whose plasma concentrations
can be increased by DDAVP treatment. Fourth, various inva-
sive procedures and combinations of antiplatelet agents which
could have different bleeding risks were included. Fifth,
prolonged CEPI-CT can result from a low hematocrit which
was observed in our results [5, 18]. However, CEPI-CT was
significantly decreased along with decrease of hematocrit fol-
lowing DDAVP infusion, indicating the change of CEPI-CT
was not associated with hematocrit.

In conclusion, our results showed that DDAVP can im-
prove platelet dysfunction measured by CEPI-CT in patients
with uremia and current antiplatelet agents. These findings
suggest that DDAVP pretreatment before invasive procedures
should be considered in uremic patients taking antiplatelet
drugs with prolonged CEPI-CT, with the expectation to reduce
blood complication and the need for unnecessary blood trans-
fusion. In addition, these results will be able to give beneficial
information for preoperative management in uremic patients.
Additional large-scale studies with a proper control group are
needed to more fully evaluate the advantages of DDAVP.
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