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Introduction
Uremic bleeding is multifactorial. Various 
abnormalities in platelet–platelet and 
platelet–vessel wall interactions have 
been described; however, abnormal 
primary hemostasis  (vasoconstriction, 
platelet adhesion, and aggregation) is 
believed to have a much greater role in 
its pathogenesis than defects in secondary 
hemostasis  (coagulation) or fibrinolysis.[1] 
While there are data on the prevalence of 
coagulation abnormalities in Indian chronic 
kidney disease  (CKD) patients,[2] primary 
hemostatic abnormalities have not 
previously been studied. This study aimed 
to describe the prevalence of primary and 
secondary hemostatic abnormalities in 
predialysis patients with Stages 4 and 5 
CKD at a tertiary center in South India.

Materials and Methods
All patients with confirmed Stages 4 and 
5 CKD based on clinical, laboratory, 
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Abstract
Abnormal primary hemostasis is believed to be the most significant contributor to uremic bleeding. 
This study aimed to describe the prevalence and profile of primary and secondary hemostatic 
disorders in patients with chronic kidney disease  (CKD) Stages 4 and 5 and to determine their 
association if any, with degree of uremia. Stages 4 and 5 predialysis CKD patients attending 
nephrology outpatient clinic were prospectively recruited and the following bleeding parameters 
were measured in all patients: platelet count, bleeding time (BT), Factor VIII assay, von Willebrand 
factor antigen  (vWF:Ag), vWF:ristocetin cofactor activity  (vWF:RCo), ratio of vWF:ristocetin 
cofactor activity to vWF antigen  (vWF:RCo/vWF:Ag), prothrombin time  (PT), and activated partial 
thromboplastin time  (aPTT). Forty‑five patients  (80%, males) with a mean age of 39.4  years, 
82%  (n  =  37) in Stage 5 CKD, were recruited for the study. The prevalence of thrombocytopenia 
was significantly higher among patients from West Bengal  (15/26, 57.7%) compared to other study 
patients  (2/19, 10.5%; P = 0.001); however, all had macrothrombocytes with normal BT, suggestive 
of the Harris syndrome. Factor VIII, vWF:Ag, vWF:RCo, vWF:RCo/vWF:Ag ratio, BT, PT, and 
aPTT were abnormal in 0  (0%), 0  (0%), 0  (0%), 4  (8.8%), 1  (2.2%), 7  (15.6%), and 5  (11.1%) 
patients, respectively. Except for thrombocytopenia, the prevalence of hemostatic abnormalities did 
not differ between CKD Stages 4 and 5. Hemostatic abnormalities are uncommon in Stages 4–5 
CKD and except for thrombocytopenia, are not associated with degree of uremia. Constitutional 
macrothrombocytopenia is associated with normal BT even in CKD.
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ultrasonographic, and, where available, 
histopathological reports, who attended 
the Nephrology Outpatient Department 
of our institution over a 5‑month period 
from September 2006 to January 2007 and 
consented to participate in the study, were 
included in the study. We excluded patients 
with a history of bleeding episodes in 
childhood, those receiving erythropoietin, 
anticoagulation, antiplatelet agents or 
antibiotics, those with an ongoing or 
recent  (<2  weeks) infection, those with 
abnormal liver function tests or known 
chronic liver disease, and those who had 
initiated dialysis. Informed consent was 
taken in the prescribed format from all 
study participants, and in the case of minors, 
from their parents. Apart from blood urea, 
serum creatinine, hemoglobin, 24  h urine 
protein, and serum albumin, the following 
tests for primary hemostasis were performed 
on all patients: platelet count by coulter 
method  (normal range: 1.5–4.5  ×  105/mm3), 
bleeding time  (BT) by Modified Ivy’s 
method  (normal range: 2–6  min) performed 
by a single technician, Factor VIII assay by a This is an open access article distributed under the terms of the 
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one‑stage clot‑based assay using the CA 1500 system (normal 
range: 50–150%), von Willebrand factor antigen  (vWF:Ag) 
using the immunoturbidimetric method on the automated 
ACL‑10000 system (normal range: 50–175 U/dl), and 
vWF:ristocetin Cofactor activity  (vWF:RCo) by the 
agglutination method using the nephelometric channel of 
the ACL‑10000 system  (normal range: 50%–175%). All 
patients also underwent basic evaluation for disorders of 
secondary hemostasis with prothrombin time  (PT, normal 
range: 10.3–13.4 s) and activated partial thromboplastin 
time (aPTT, normal range: 28–36.2 s) on the ACL advanced 
automated system. In patients with thrombocytopenia 
by coulter method, a peripheral blood smear for platelet 
morphology was performed. Estimated glomerular filtration 
rate was calculated using the 4‑variable abbreviated MDRD 
equation. The study was approved by the Institutional 
Review Board and Ethics Committee of our institution.

The frequency of hemostatic abnormalities was expressed 
in percentage. Quantitative variables were expressed as 
mean  ±  standard deviation for normally distributed and 
median with range for skewed data. For continuous 
variables, means were compared using Student’s t‑test for 
normally distributed and Mann–Whitney U‑test for skewed 
data. Significance was determined by Chi‑square test, with 
the Yates continuity correction factor being used where at 
least one cell of the 2 × 2 table had an expected count <5.

Results
A total of 45  patients who met inclusion criteria and 
consented to take part in the study were included in the study. 
Of these, 36  (80%) patients were male. The mean age of 
the study participants was 39.4  years  (range: 13–66  years). 
Of the 45 study participants, 37  (82.2%) had Stage 5 
chronic kidney disease. The majority of patients  (46.6%) 
had unknown native kidney disease  [Table  1]. The mean 
hemoglobin was 8.4 g/dl with only 9 patients (20%) having 
a hemoglobin of 10 g/dl or above [Table 2].

Table 3 gives the results of tests for hemostasis performed 
on study participants.

Seventeen patients  (37.8%) had a platelet 
count  <1.5  ×  105  cells/mm3; however, only 1  patient 
had a platelet count  <1  ×  105  cells/mm3. As shown in 
Figure  1, a large proportion  (n  =  26, 57%) of our study 
population hailed from West Bengal, and this group had 
a much higher prevalence of thrombocytopenia compared 
to the other study patients  (15/26, 57.7% vs. 2/19, 10.5%, 
P  =  0.001). However, all patients with thrombocytopenia 
had macrothrombocytes on peripheral smear and all 
but one had a normal BT, suggestive of constitutional 
macrothrombocytopenia or the Harris syndrome.

No patient had low Factor VIII, vWF:Ag, or vWF:RCo. 
On the contrary, Factor VIII levels were elevated in 
88.8% of patients. Four patients  (8.8%) had an abnormal 
vWF:RCo/vWF:Ag ratio despite having normal values 

for vWF:RCo and vWF:Ag, suggesting a functional vWF 
abnormality.

The number of patients with abnormal  (above the normal 
range) PT and aPTT were 7  (15.6%) and 5  (11.1%), 
respectively. In all patients, the abnormality was corrected 
with addition of pooled normal plasma, indicating 
a factor deficiency. Table  4 gives the prevalence of 
isolated and combined hemostatic abnormalities and their 
likely inference. Figure  2a‑g graphically represents the 
distribution of test results in the study population.

Only one patient had an abnormal BT (6.5 s), and this patient 
also had macrothrombocytopenia (1.4 × 105 cells/mm3) and 
an abnormal aPTT  (42.2 s), which corrected with pooled 
normal plasma. vWF:Ag, vWF:RCo, and Factor VIII 
levels were elevated, ruling out von Willebrand disease. 
This picture was suggestive of a coagulation factor defect 

Table 1: Native kidney disease of study participants
Native kidney disease n (%)
Unknown 21 (46.6)
Chronic glomerulonephritis 8 (17.7)
Diabetic nephropathy 8 (11.1)
Tubulointerstitial disease (ADPKD, obstructive 
nephropathy, chronic interstitial nephritis)

5 (13.3)

Others (ischemic nephropathy, hypertensive 
nephrosclerosis, Alport’s syndrome)

3 (6.6)

ADPKD: Autosomal dominant polycystic kidney disease

Table 2: Biochemical parameters
Parameter Median (range) or 

Mean±SD
Blood urea (mg/dl) 143 (63-317)*
Serum creatinine (mg/dl) 6.8 (3-26.8)*
Estimated GFR by aMDRD equation 
(mL/min/1.73 m2)

9.6 (2.1-26.3)*

Serum albumin (g/dl) 3.5±0.6
24 h urine protein (g/day) 3.15 (0.23-11.1)*
Hemoglobin (g/dl) 8.4±1.7
*Median (range). GFR: Glomerular filtration rate, 
aMDRD: Abbreviated modification of diet in renal disease 
equation

Figure 1: Distribution of platelet count in West Bengal and non‑West Bengal 
study participants (expressed per mm3)
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involving the intrinsic pathway and a possible platelet 
function defect, though further tests are needed for 
confirmation, which were outside the scope of the study.

The mean platelet count was lower in CKD Stage 
5  (P = 0.008). Apart from thrombocytopenia, there was no 
association between hemostatic abnormalities and degree of 
uremia [Tables 5 and 6].

Discussion
More than half of Indian CKD patients present to a 
nephrologist in CKD Stage 5,[3] making them the ideal 

population to study the prevalence and severity of 
uremic hemostatic abnormalities. In keeping with data 
from the CKD registry of India, our study population 
was predominantly male and presented in CKD Stage 5, 
but they were younger than the average CKD patients 
described in the registry. This may be related to the 
high prevalence of CKD of unknown etiology in this 
group, an entity that is associated with younger age at 
presentation.[4]

Various defects in primary hemostasis have been described 
in uremia. These include abnormalities in platelet number, 

Table 3: Tests of hemostasis
Test (normal range) Patients with abnormality, n (%) Mean±SD Range
Platelet count (1.5-4.55×10 cells/mm3) 17 (37.8) 1.79×105* 0.8-5.84×105

Bleeding time (2-6 min) 1 (2.2) 3.3±1.0 2-6.5
Factor VIII assay (50-150 IU) 0 314.1±130.8 89.9-596
vWF:Ag (50-175 U/dl) 0 151.3±33.0 54.8-201
vWF:RCo (50%-175%) 0 148.1±41.4 50-200
vWF:RCo/vWF:Ag ratio (>0.6) 4 (8.8) 0.9±0.2 0.4-1.4
PT (10.3-13.4 s) 7 (15.6) 12.5±1.9 9.1-17.6
INR 1.0±0.1 0.84-1.35
aPTT (28.0-36.2 s) 5 (11.1) 31.2±3.9 23.5-42.2
*Median. PT: Prothrombin time, aPTT: Activated partial thromboplastin time, vWF:Ag: von Willebrand factor antigen, vWF:RCo: von 
Willebrand factor:ristocetin cofactor activity, INR: International normalized ratio, SD: Standard deviation

Table 4: Prevalence of isolated and combined hemostatic test abnormalities in the study population
Abnormality Affected 

patients (%)
Further testing Possible inference

Isolated prolongation of PT 6 (13.3) Correcting with addition of pooled normal plasma Factor VII deficiency
Isolated prolongation of 
aPTT

2 (4.4) Correcting with addition of pooled normal plasma
Elevated Factor VIII levels

Factor IX, XI or XII deficiency

Isolated thrombocytopenia 15 (33.3) Macrothrombocytes on peripheral smear
No granulocyte inclusion bodies
Normal BT

Harris syndrome ‑ constitutional 
macrothrombocytopenia

Isolated abnormal 
vWF:RCo/vWF:Ag ratio

4 (8.8) Not done Indicates depressed vWF‑platelet 
binding relative to vWF level, 
suggesting a functional defect. 
Needs further testing with vWF 
multimer analysis and RIPA

Prolongation of aPTT and 
thrombocytopenia

2 (4.4) aPTT correcting with addition of pooled normal 
plasma
Elevated Factor VIII levels
Macrothrombocytes on peripheral smear
Normal BT

Factor IX, XI, or XII 
deficiency with constitutional 
macrothrombocytopenia

Prolongation of PT and 
thrombocytopenia

1 (2.2) PT correcting with addition of pooled normal 
plasma. Macrothrombocytes on peripheral smear
Normal BT

Factor VII deficiency 
with constitutional 
macrothrombocytopenia

Prolongation of aPTT, BT 
and thrombocytopenia

1 (2.2) aPTT correcting with addition of pooled normal 
plasma
Macrothrombocytes on peripheral smear
Elevated vWF:Ag, vWF:RCo and Factor VIII

Factor IX, XI or XII deficiency 
with probable platelet function 
defect (needs further testing for 
confirmation)

PT: Prothrombin time, aPTT: Activated partial thromboplastin time, vWF:Ag: von Willebrand factor antigen, vWF:RCo: von Willebrand 
factor:ristocetin cofactor activity, BT: Bleeding time, RIPA: Ristocetin induced platelet aggregation
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dense granule content, concentration of intracellular ADP, 
serotonin and cyclic AMP, release of platelet α granules, 
calcium ion mobilization, arachidonic acid metabolism, 
cyclooxygenase activity, GPIIbIIIa binding, platelet 
aggregation and adhesion, vWF activity, prostaglandin I2 
and nitric oxide production by the vessel wall, and altered 
blood rheology due to anemia.[1]

Hemostatic abnormalities

Platelet count

Platelet count in uremia has been found to be decreased 
in 16%–50%; however, thrombocytopenia is usually mild 
and rarely below 80,000  cells/mm3.[1] Platelet volume 
has also been reported to be low, a factor contributing to 

Table 5: Hemostatic parameters in CKD Stage 4 and 5
Bleeding parameter CKD stage 4 (n=8) CKD Stage 5 (n=37) P
Platelet count (cells/mm3) 2.8×105 1.8×105 0.008
Bleeding time ( min) 3.1±0.8 3.4±1.0 0.422
Factor VIII assay (IU) 209* 336.6* 0.154#

vWF:Ag (U/dl) 148.5±37.7 151.8±32.5 0.796
vWF:RCo (%) 132.0±59.3 151.5±36.6 0.229
vWF:RCo/vWF:Ag ratio 0.8±0.2 1.0±0.2 0.055
PT (s) 12.4±2.4 12.5±1.8 0.902
aPTT (s) 31.0±3.8 31.2±4.0 0.891
*Median, #Mann–Whitney U‑test. CKD: Chronic kidney disease, PT: Prothrombin time, aPTT: Activated partial thromboplastin time, 
vWF:Ag: von Willebrand factor antigen, vWF:RCo: von Willebrand factor:ristocetin cofactor activity

Table 6: Frequency of hemostatic abnormalities in CKD Stage 4 and 5
Bleeding parameter CKD Stage 4 (n=8), n (%) CKD Stage 5 (n=37), n (%) P
Abnormal PT 1 (12.5) 6 (16.2) 0.999
Abnormal aPTT 1 (12.5) 4 (10.8) 0.999
Thrombocytopenia 0 17 (45.9) 0.017*
Prolonged bleeding time 0 1 (2.7) 1*
Abnormal vWF:RCo/vWF:Ag ratio 2 (25) 2 (5.4) 0.077
*Yates continuity correction method. CKD: Chronic kidney disease, PT: Prothrombin time, aPTT: Activated partial thromboplastin time, 
vWF:Ag: von Willebrand factor antigen, vWF:RCo: von Willebrand factor:ristocetin cofactor activity

Figure 2: Distribution of hemostatic test abnormalities in the study population. (a) Platelet count expressed per mm3 (horizontal bars represent normal 
range of values).  (b) Bleeding time in minutes (horizontal bars represent normal range of values).  (c) Factor VIII concentration in IU (horizontal bars 
represent normal range of values). (d) von Willebrand Antigen concentration in U/dl (horizontal bars represent normal range of values). (e) Ristocetin 
cofactor activity in % (horizontal bars represent normal range of values). (f) Activated partial thromboplastin time in seconds (horizontal bars represent 
normal range of values). (g) Prothrombin time in seconds (horizontal bars represent normal range of values)
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prolonged BT.[5] Our study population had a high prevalence 
of thrombocytopenia  (17/45, 37.8%); however, all had 
macrothrombocytes on peripheral smear. This constitutional 
macrothrombocytopenia, also called the Harris platelet 
syndrome, was first described in blood donors from West 
Bengal[6] and is autosomal‑dominant inherited.[7] In West 
Bengal, Nepal, Bhutan, and Bangladesh, the population 
incidence of this platelet abnormality exceeds 30%[8] but 
is much less common in North India.[9] It is distinguished 
from other hereditary macrothrombocytopenias such as 
Bernard–Soulier syndrome and MYH9‑related disease 
by the absence of childhood bleeding episodes and 
granulocyte inclusion bodies on peripheral smear, normal 
platelet aggregation, and normal BT,[7] as was the case in 
our patients. This condition is important to recognize in 
order to avoid unnecessary investigations and inappropriate 
treatment.

von Willebrand factor antigen

vWF is a multimeric protein that mediates platelet adhesion 
to the injured vessel and is released from endothelial 
cells and megakaryocytes. Its deficiency, as seen in von 
Willebrand disease Type 1, is associated with prolonged BT 
and a bleeding diathesis.[10,11] None of our patients had low 
vWF:Ag concentration, and 10 patients (22.2%) had values 
above the normal range. Other authors have also found the 
concentration of vWF:Ag to be normal[12,13] or elevated[14,15] 
in renal failure. The structure of vWF multimers has also 
been shown to be normal in renal failure.[16]

von Willebrand factor: ristocetin cofactor activity

vWF:RCo is a functional assay that measures the ability 
of vWF to bind to platelets. A  value below the normal 
range, as seen in von Willebrand disease Type  2, results 
in a bleeding diathesis even if vWF:Ag concentration 
is normal. The positively charged antibiotic ristocetin 
causes a conformational change in platelet GP1b receptor, 
promoting vWF binding, resulting in platelet agglutination. 
None of our patients had low vWF:RCo activity and 
12  patients  (26.6%) had values above the normal range. 
Other investigators have also found vWF:RCo to be 
elevated in uremia.[15,16]

von Willebrand factor:  ristocetin cofactor activity/von 
Willebrand factor: antigen ratio

The ratio of vWF:RCo/vWF:Ag indicates the efficiency of 
vWF platelet binding relative to the vWF concentration; 
hence, a value <0.6 indicates a vWF function defect even if 
vWF:RCo and vWF:Ag are in the normal range and results 
in a bleeding diathesis, as seen in von Willebrand disease 
Type  2.[17] Four patients had an abnormal ratio, despite 
having individual values of vWF:RCo and vWF:Ag in the 
normal range and all had normal BT. None of these had 
low Factor VIII levels or thrombocytopenia. This finding 
indicates either a selective deficiency of high molecular 
weight multimers of vWF, a condition analogous to that 

seen in von Willebrand disease Type 2A, or a vWF mutation 
that impairs its binding to the platelet GP1b, analogous 
to von Willebrand disease Type  2M.[17] A defect in the 
platelet binding site of vWF has not been demonstrated in 
CKD; hence, the former is the most likely explanation.[16] 
Three points need to be noted here. First, vWF function is 
specifically attributed to larger multimers of vWF[10] and a 
selective defect in the in  vivo release of the largest vWF 
multimers has been described in CKD.[16] Second, this 
defect can exist despite normal vWF:Ag concentration, 
vWF:RCo activity, and BT and requires measurement 
of the vWF:RCo/vWF:Ag ratio. Third, its management 
involves administration of cryoprecipitate[13] or 
deamino‑8‑D–arginine vasopressin  (DDAVP).[18] The 
former directly supplies, and the latter stimulates release 
of, large vWF multimers.

Factor VIII assay

Factor VIII is measured as part of the assessment of the 
functional status of vWF, which binds and stabilizes it in 
circulation. Its deficiency is associated with hemorrhagic 
disease as seen in hemophilia A. None of our patients 
had low Factor VIII activity. On the contrary, we found 
markedly elevated levels of Factor VIII in 88.8% 
of our patients. This has been corroborated by other 
investigators.[15,19] Factor VIII and vWF are secreted by 
endothelial cells and platelets.[20] High Factor VIII levels 
in uremia are related to high vWF  (which increases 
Factor VIII half‑life) and endothelial damage secondary 
to oxidative stress, uremic chronic inflammatory state, 
and shear stress[21] since Factor VIII is also an acute phase 
reactant.[22] The clinical relevance of elevated Factor VIII in 
uremia lies in its link to accelerated atherosclerosis, arterial 
and venous thrombosis, which are important causes of 
morbidity and mortality in CKD.[23]

Bleeding time

BT is influenced by vessel wall contractility, vWF 
concentration and function, platelet number, and function. 
It is prolonged in uremia and corrected by dialysis.[24] 
Apart from abnormalities in the vWF‑platelet‑vessel wall 
axis, the critical role of anemia in prolonging BT has been 
demonstrated.[25] In the presence of adequate hematocrit, 
red cells occupy the axial center of the blood vessel, 
pushing platelets to the periphery, thus promoting easy 
adhesion at the site of vessel injury.[26] In addition, red 
blood cells release ADP, a powerful platelet aggregator,[27] 
and hemoglobin has a scavenging effect on nitric oxide, 
a vasodilator and inhibitor of platelet function whose 
synthesis is upregulated in renal failure.[28] In uremic 
patients, BT can be normalized by raising hematocrit 
to 30%.[29] Although BT is invasive, time consuming, 
and difficult to standardize, it is the best in  vivo test for 
assessment of primary hemostasis in uremia and correlates 
better with clinical bleeding than platelet aggregation 
tests.[30]
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It is noteworthy that BT in our study was normal in 
all but one patient, despite the high prevalence of 
thrombocytopenia  (37.8%) and mean hemoglobin of 
8.4  g/dl. There are several explanations for this. First, 
the degree of thrombocytopenia observed was mild  –  no 
patient had a platelet count  <80,000  cells/mm3, a level 
considered adequate for hemostasis.[1] Second, all patients 
with thrombocytopenia had macrothrombocytopenia, 
a condition associated with normal BT because giant 
platelets are distributed away from the axial center, near 
the vessel wall. Third, it has been suggested that the high 
concentration of vWF and Factor VIII in uremic plasma is 
able to compensate for defective platelet adhesion.[31] The 
high mean vWF:Ag and Factor VIII concentration in our 
study population supports this theory. Fourth, while the 
KDIGO guidelines on anemia management in CKD define 
anemia as hemoglobin level <13 g/dl in males and <12 g/dl 
in females,[32] this guideline needs to be revisited in the 
Indian context, where healthy adults have a hemoglobin 
cutoff value  (corresponding to the 5th  percentile of 
population values) at least 1  g/dl lower than their Western 
counterparts,[33] a difference that is likely to be aggravated 
in CKD patients.

Prothrombin time

The PT, which is a measure of the integrity of the extrinsic 
and final common pathways of the coagulation cascade, 
was abnormal in 7  patients. In all cases, PT corrected 
with addition of pooled normal plasma, and aPTT was 
normal, suggesting a factor VII deficiency.[34] Factor VII is 
synthesized in the liver and its deficiency may be associated 
with liver disease, Vitamin K deficiency, anticoagulation, 
sepsis, malignancy, or antiphospholipid syndrome,[34] 
which had been ruled out in our patients. It is likely that 
the Factor VII deficiency was congenital and related to 
genetic polymorphisms, previously described in the Indian 
population.[35] Clinical manifestations of congenital Factor 
VII deficiency vary greatly depending on genotype, with up 
to 47% of heterozygotes being asymptomatic.[36]

Activated partial thromboplastin time

Five patients had a prolonged aPTT, and in all cases, PT 
was normal and aPTT corrected with addition of pooled 
normal plasma, suggesting a Factor VIII, IX, XI, or XII 
deficiency.[34] Since Factor VIII levels were elevated in 
all these patients, further testing for Factor IX, XI, or 
XII deficiency was required, which was not done in our 
patients. Out of these, Factor XII deficiency does not result 
in increased bleeding risk.[34]

Comparison of  hemostatic abnormalities in patients 
with Stage 4 and 5 CKD

Mean platelet count was lower, and frequency 
of thrombocytopenia is higher in Stage 5 CKD. 
CKD is associated with thrombocytopenia due to 
decreased thrombopoietic activity[37] and the inherited 

thrombocytopenia of Harris syndrome is therefore 
exacerbated by CKD.

The frequency of abnormalities in PT and aPTT did not 
vary between the two groups, since these were most likely 
due to factor deficiencies that are congenital. The frequency 
of low vWF:RCo/vWF:Ag ratio was also not different 
between the groups, indicating a genetic predisposition that 
is made manifest by CKD.

The bleeding diathesis of uremia – Does it exist?

Gastrointestinal bleeding is more common and has a higher 
mortality in CKD patients than in the general population.[38] 
The increased risk for, and severity of, bleeding in these 
patients has been attributed to the hemostatic abnormalities 
of CKD, yet our study showed that both primary and 
secondary hemostasis are largely normal even in advanced 
kidney disease. How can this be explained?

The most common sites of bleeding in uremic 
patients are from puncture sites, mucosal and serosal 
surfaces  (epistaxis, gastrointestinal and genitourinary 
bleeds, hemorrhagic pericarditis and pleuritis), and 
subdural hematomas.[39] CKD patients have risk factors 
for injury to all these sites  –  frequent venepuncture; 
increased prevalence of peptic ulcers, angiodysplasia, 
mesenteric ischemia and diverticulosis; glomerular disease, 
acquired cystic, and polycystic kidney disease; pleural and 
pericardial inflammation; hypertension and head trauma due 
to falls.[39] The risk is compounded by age, anticoagulation, 
antiplatelet agents, and anemia. Likewise, post kidney 
biopsy bleeds have been linked to hypertension, the gauge 
of the biopsy needle, depth of needle insertion, number of 
needle passes, and degree of arteriosclerosis in the biopsy 
tissue rather than BT.[40] Uremic hemostatic abnormalities, 
though clinically insignificant in themselves, acquire 
importance when superimposed on this conglomeration of 
pathologies. We therefore suggest that greater attention be 
paid to these risk factors, which are far more likely to cause 
bleeding in uremic patients than primary or secondary 
hemostatic abnormalities.

Practical implications for the clinician

Our findings suggest that Factor VIII and vWF  (vWF:Ag) 
concentration and vWF functional activity  (vWF:RCo) 
are preserved in uremia and do not contribute to uremic 
bleeding. A  small proportion of CKD patients (8.8% 
in this study) have a selective defect in large vWF 
multimers, resulting in an abnormal vWF:RCo/vWF:Ag 
ratio, which can be corrected with cryoprecipitate or 
DDAVP. It is important to note that such patients may 
also have a normal BT and thus may not be diagnosed 
before a procedure. Thrombocytopenia in a CKD patient, 
especially those from West Bengal and the North East, 
should prompt examination of a peripheral smear to look 
for giant platelets, which is not associated with a bleeding 
diathesis provided clotting factor deficiency has been ruled 
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out. Because CKD patients may have inherited clotting 
factor deficiencies, PT and aPTT should be tested before 
an invasive procedure and any clinically significant factor 
deficiency should be managed by administration of the 
appropriate factor concentrate or fresh frozen plasma. 
The BT is the best in  vivo test to assess bleeding risk in 
CKD patients, and though cumbersome and requiring a 
skilled technician, may help to identify the rare patient 
with a clinically significant platelet function defect  (one 
patient, in this study). While a hematocrit of 30% has been 
shown to aid in adequate hemostasis in CKD patients, our 
patients had a normal BT with much lower hemoglobin 
concentrations, suggesting that invasive procedures may 
be safe in anemic Indian CKD patients, in the absence of 
other hemostatic defects.

Our study showed that platelet function, as assessed by BT, 
is normal in the vast majority of predialysis CKD patients, 
and therefore, antiplatelet agents can be safely prescribed. 
Yet, antiplatelet agents have been shown to increase the 
risk of major bleeding in CKD patients, irrespective of 
the type of antiplatelet agent used or stage of CKD.[41] 
This indicates that it is not the degree of uremia or type 
of antiplatelet agent that is the culprit, but the presence of 
predisposing factors for major bleeds, such as peptic ulcers 
and uncontrolled hypertension which nephrologists should 
screen their patients for, before starting antiplatelet agents. 
When CKD patients on single or dual antiplatelet agents 
require emergency invasive procedures, platelet concentrate 
with or without DDAVP may be administered.[42,43]

Limitations

Although our center is situated in Southern India, a large 
proportion of our patients hail from West Bengal, North 
East, and Central India. This may account for the high 
proportion of patients with macrothrombocytopenia, which 
may not be true of studies from other parts of India. Our 
study population was small, and it is likely that a higher 
frequency of disorders of primary hemostasis may have 
been detected if a larger number were studied. We did not 
perform platelet function tests such as platelet aggregation 
in response to ADP, collagen, epinephrine, or platelet 
function analyzer 100, which may have been more sensitive 
for the detection of specific platelet function abnormalities. 
However, the clinical relevance of in  vitro tests versus an 
in vivo test such as the BT, especially in CKD, where there 
are multiple defects in hemostasis, is debatable.[30] Finally, 
our study cohort did not undergo any invasive procedure, 
and so the correlation between the bleeding risk, as 
determined by the tests performed, and clinical bleeding 
episodes, could not be determined.

Conclusion
Our study did not demonstrate any major defects of primary 
hemostasis in predialysis Stages 4 and 5 CKD. Our study 
population had a high prevalence of constitutional macro 

thrombocytopenia (Harris syndrome), which was associated 
with normal BT but exacerbated by CKD. Coagulation 
factor deficiency was demonstrated in 26.6% but was likely 
congenital and unrelated to the degree of uremia.
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