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Abstract: Prothrombin time (PT) and activated partial thromboplastin time (aPTT) are
common coagulation screening tests in any patient with bleeding or patients taking
warfarin or heparin (for therapeutic purpose). Characteristic features of bleeding
caused by coagulation pathways defects are large and few skin hemorrhages, deep
hematomas and hemarthroses and delayed bleeding is more common. Mixing studies
are done to differentiate between factor deficiency and presence of any circulating
inhibitors. In present study 150 cases of abnormal coagulations screening results
(INR>1.5 and aPTT > 45 sec.) were taken. Mixing studies on PT with 1:1 mix with
pooled normal plasma are done and patients divided in three groups based on
percentage correction in A, B and C. Various demographic details, clinical profiles
and history correlated with three groups and we reviewed the literature. The age range
of patients was from 1 day to 78 years. Male to female ratio was 2.06:1. The ratio of
patients from medicine side to surgical side was 1.35:1 (8:7). Out of 80 patients from
medical side 62.5% showed >75% correction, 32.5% showed <70% correction and 5%
showed 70-75% correction. Out of 70 patients from surgery side, 65.7% showed >75%
correction, 22.8% showed <70% correction, and 11.5% showed borderline correction.
Most patients of DIC or patients taking warfarin or heparin showed >75% correction.
Few patients didn’t show expected correction that might be caused by associated
metabolic disturbances like acidosis, sepsis, and severe factor deficiencies etc. In the
study we conclude that mixing studies may help us to decide that whether the case
belongs to factor deficiency or presence of circulating anticoagulant, therefore help to
rationalized use of FFP and Vit K. Non correction with known causes/etiologies of
factor deficiency needs correction of hidden comorbidities likes acidosis & other
metabolic disturbances. Further extensive studies are needed to standardize the cut off
criteria for correction so that further treatment plan can be decided in centers where
factor assays are not available.

Keywords: Prothrombin time (PT), activated partial thromboplastin time (aPTT),
mixing studies.

INTRODUCTION

Prothrombin time (PT) and activated partial

etc. Skin petechial is more in number and small, deep
hematomas and delayed bleeding is not

thromboplastin time (aPTT) are common coagulation
screening tests in any patient with bleeding or patients
taking warfarin or heparin. This helps to differentiate
the bleeding due to platelet related causes and
coagulation cascade pathway. Prothrombin time (PT)
assesses coagulation factors in extrinsic and common
pathway while activated partial thromboplastin time
(aPTT) assesses coagulation factors in intrinsic and
common pathway. The bleeding caused by
thrombocytopenia or platelet function defects usually
present with petechial, bleeding gums, nose bleeds

common. Characteristic features of bleeding caused by
coagulation pathways defects are large and few skin
hemorrhages, deep hematomas and hem arthroses and
delayed bleeding is more common. Mixing studies are
done to differentiate between factor deficiency and
presence of any circulating inhibitors. The common
circulating inhibitor is lupus anticoagulant which is an
antibody that binds to phospholipids and proteins
associated with the cell membrane. It is actually a
prothrombotic agent. These antibodies interfere with
phospholipids used to induce in vitro coagulation.
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Wide variety of etiologies is associated with
factor deficiency apart from some uncommon isolated
genetic factor deficiency. The most common cause is
DIC, caused by a wide variety of conditions and other
large group is therapeutic anticoagulation by warfarin
or heparin.

The method of doing mixing studies using 1:1
mix or 4:1 mix with pooled normal plasma and then
cut-off criteria for correction are differently
documented by studies from many authors. In the
present study which is basically a descriptive
observational study, we have tried to classify the
patients of abnormal coagulation screening test results
in three groups based on: correction >75% (group
A), <70% (group B) and 70-75% (group C, borderline
cases) and correlated the various demographic data and
etiologies to these groups and reviewed the literature to
find the pathogenic basis and mechanisms associated
with different etiologies.

MATERIALS AND METHODS

The present study was conducted in MG
hospital and MDM hospital, attached to Dr S N medical
college Jodhpur. We selected all cases with abnormal
PT and aPTT results (INR more than 1.5 and aPTT
more than 45 seconds).

All demographic and clinical data related to
them are collected. A total of 150 cases are included in
the study.

Instrument

All tests are done on automated coagulation
analyser Stago ST-art4. Reagent used for PT includes
Neoplastin (tissue thromboplastin CL plus), lot no
251133. For aPTT , CK Prest, Lot no 251776, expiry
date 02/2019 and CaCl, 0.025M, lot no 251137, expiry
09/2018. Controls for coagulation used are coag control
N (normal) and P (pathological), lot no 250835, expiry
06-2018.

Method
Patients sample taken in 3.2% sodium citrate
vacutainer. Sample centrifuged at 2000 RPM for. 15

minutes. For control of centrifuge speed, platelet poor
plasma is made and validated only when platelet counts
are below 10,000 /cumm. The 100 pl plasma is taken in
fresh cuvette and incubated in on-board incubator.
Reagent also is incubated in on-board incubator of
instrument. After that the cuvette is placed in test
compartment of instrument and a magnetic ball is
added. Then 200 pl neoplastin is added. The time taken
to clot plasma (stoppage of movement of magnetic ball)
from addition of neoplastin is PT. Same is with
aPTT, in that 100 pl reagent CK Prest and 100 ul CaCl;
is added.

The normal range of PT is 11-16 seconds, in
our centre MNPT (mean normal prothrombin time) is
12.3 seconds. The normal range for aPTT is 30-40
seconds.

Mixing studies

In patients with prolonged PT and
aPTT, mixing is done by adding equal amount of
pooled normal plasma and then this mixture is tested as
sample and test re-run.

Correction formula
Percent correction=Patients PT( or aPTT)--1:1 mix PT( or aPTT)
Patient PT (or aPTT)- Control normal plasma PT( or aPTT)

For evaluation of correction, original criteria by Chang
S et al. [1] were used. The cases were divided in three
groups.

Group A: where correction of PT on 1:1 mixing study
was more than 75%.

Group B: where correction less than 70%.
Group C: Correction between 70-75%.

OBSERVATIONS AND RESULTS

This 2 months study is carried out in a tertiary
care hospital. Total 150 cases presented for coagulation
profile in central lab where INR more than 1.5 and
aPTT more than 45 seconds were selected in this study.
Age range of patients was from 1 day to 78 years. Male
to female ratio was 2.06:1 (Table 1).

Table-1: Male to female ratio was 2.06:1

Male

Female

Total

101(67.33%)

49(32.67%)

150(100%)

Table-2: Speciality wise distribution of patients

Patients from medical specialities Patients from surgical specialities Total
Group A Group B Group C | Total | Group A Group B Group C | Total | Total
50(62.5%) | 26(32.5%) | 04(05%) | 80 46(65.7%) | 16(22.85%) | 08(11.4% | 70 150

In this study medicine and surgical speciality
patient’s distribution in group A and B is not very

different but borderline correction is more seen with
surgical patients.
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Table-3: Groupwise distribution of associated etiology

Etiology Group A Group B | Group C | Total
Trauma 18(51.4%) | 14(40%) | 3(8.6%) | 35(23.3%)
Cardiac surgery | 11 10 0 21(14%)
RHD 1 0 0 1

MI, CVA 15 3 2 20(13.3%)
Malnutrition 6 0 1 7

DVT 3 0 0 3

DIC 9 0 1 10

CLD 10 10 1 21(14%)
ICH 2 0 1 3
Acidosis 3 0 1 4
Hypothermia 1 0 0 1

Sepsis 13 3 1 17(11.3%)
Embolism 3 0 0 3
Malignancy 1 1 1 3

Snake bite 0 1 0 1

Total 96 42 12 150

In our study maximum 23.3% cases were from
Trauma ICU, followed by cardiac surgery and chronic
liver disease patients. Sepsis also contributed
significantly.

DISCUSSION

Mixing studies have been used for the
evaluating prolongation of PT and aPTT. If a prolonged
PT or aPTT of patient plasma is reduced to normal
when mixed with normal pooled plasma, factor
deficiency is indicated [1,2] and if it is not corrected,
then a circulating anticoagulant is suspected. These
inhibitors can be further divided into (a) Drug induced
like Heparin, F Il a inhibitor and Xa inhibitor, (b)
Specific factor inhibitor like FVIII, FV and (c)
Nonspecific inhibitor like lupus anticoagulant [20].

The principle of mixing studies is simple, but
its result are difficult to interpret[3] because there is no
uniform criteria by which the correction is to be judged,
in addition, even if this strict criteria exists, there are
cases where a mildly prolonged PT or aPTT was
corrected in case of circulating anticoagulant with
1:1mix studies[3] and the cases with factor deficiency
with markedly prolonged PT and aPTT were not
corrected to normal 1:1 mix studies[4] .Various authors
have also used a 4:1 mix with pooled normal plasma.
Kaczor et al. [5] suggests 4:1 mix is more suggestive of
detection of a lupus anticoagulant, but in contrast study
by Brandt [4] found that 4:1 mix was unable to correct
aPTT prolongation and it might then be misclassified as
having circulating anticoagulant in factor deficiency
cases.

A study by Shang-hsiung Chang et al. [6]
found that a 4:1 mix with a correction cut off >50% on
immediate testing and correction cut off at >10% on
incubated mix show 100% sensitivity and 100%
specificity in both factor deficiency group and
anticoagulant group. However because of absence of

well-defined and strict criteria, we have taken only the
original criteria of 1:1 mix of PT and correction cut off
>75% for factor deficiency and <70% for anticoagulant.

Following above criteria, thereupon we
focused our study to classify our cases in three groups
A, B, C and then review the literature for pathogenesis
of different etiologies related to coagulopathy, so this
study is basically a descriptive observational study.

Coagulation abnormalities in chronic liver disease

Most coagulation factors are synthesized by
liver parenchyma cells and liver reticuloendothelial
system serves as important role in the clearance of
activation products. The extent of coagulation
abnormalities depends upon the degree of disturbed
liver function, acute on chronic hepatocellular disease
May results in reduction in Vit. K dependent factors
(Factor 2, 7, 9, 10, Protein C & S) while fulminant
hepatic failure may present with the pan-coagulation
factor deficiencies. And Patients with liver cirrhosis
have a wide spectrum of abnormalities Except for
Factor 8 & VWEF, all procoagulant and inhibitory
proteins are decreased [19]. In present study 47.6%
cases did not show correction, clinically also they did
not respond to FFP in the initial days of their
hospitalization, but gradually they started responding.
This might be explained by the fact that at least 30
ml/kg FFP needed to raise the level of factors to 20-30
% to reduce the INR, but in these patient two units of
FFP might not have raised the levels as more FFP could
not be given due to portal hypertension.

Trauma & coagulopathy

In patients with trauma of trunk and limbs,
excessive blood loss & fluid resuscitation cause dilution
of factors, but in case of head /brain injury which is the
major concern in RTA, with less blood loss and
restricted fluid resuscitation, dilution of factors is not
important. Brain and spinal cord are rich source of PAF
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than other tissues [7] and released during cerebral
ischemia and tissue hypoxia. PAF acts on target cells
through G-protein coupled seven transmembrane
receptor proteins. It contributes to hypoxia induced
breakdown of blood brain barrier [8], potentially
resulting in release of other brain derived prothrombotic
molecules to systemic circulation. In present study
51.4% trauma patient showed >75% correction while
40% cases showed <70% correction which could be
explained by involved acidosis, hypo perfusion or
mannitol infusion in these patients.

SEPSIS AND COAGULATION

In septicemia, toxin cause direct activation of
coagulation via the effect of chemical mediators on the
endothelium and monocytes leading to up regulation of
tissue factor [9]. Tissue factor then activates Factor VII
of extrinsic pathway & subsequently activated Factor
VII of extrinsic pathway activates Factor IX. It leads to
prothrombotic environment and ultimately DIC.

In our study 76.4% cases showed >75%
correction on mixing studied while 17.6% cases showed
<70% correction and 6% cases shoed borderline
correction which can be explained by the associated
anemia and pH abnormalities.

ACIDOSIS AND COAGULATION

Mens et al. [10] reported that the activities of
factor Vlla and FVIHa/TF complex on phospholipid
vesicles decreased by more than 90% and 60%
respectively, when pH was reduced from 7.4 to 7.1 in
pigs, Martin et al. [11] showed that thrombin generation
decreases to 47% of control values and fibrinogen
concentration decreased by 18%.

HYPOTHERMIA AND COAGULATION

In article by Kees H Poldermann mild
hypothermia (upto 35 degree C)-No effect on any part
of coagulation. Temp. Below 35 degree C induce mild
platelet dysfunction & sometimes mild decrease in
platelet count. Temp. Below 33 degree C, other steps in
coagulation cascade such as synthesis and Kinetics of
clotting enzymes plasminogen activator inhibitor
affected [12-16].

Snake bite: vicc (venom induced consumption
coagulopathy)

VICC results from activation of the clotting
pathway by procoagulant toxins in the venom. The
snake venom components that act on the coagulation
system are classified according to the part of one
coagulation pathway where they act and induce Factor
V activators, Factor X activators, prothrombin
activators and thrombin like fibrinogenases [17].
Almost all of these toxins cause activation of one or
more clotting factors and lead to low or undetectable
concentration of fibrinogen following envenoming [18].
In our study only 1 case registered showed <70%
correction on mixing study which might be explained

by the fact that patient was brought to hospital 4hr after
bite and also assumed that is factor level might be
decreased to such an extent that upon mixing factor
activities might not have reaches 20-30% so the
correction was inadequate.

The patients of cardiac surgery, DVT,
embolism, RHD, MI, CVA in our study was on
therapeutic anticoagulation. So most patient i.e. 52.4%
in cardiac surgery, 100% of RHD, 75% of MI and
CVA, 100%DVT, 90% of DIC due to obstetric cases
showed >75% correction on mixing studies. In rest of
the patient it is assumed that often comorbid metabolic
abnormalities might be cause for less than expected
correction.

ACQUIRED FVIII INHIBITORS

Collin PW et al. [21] and Knoebl P et al. in
their study found that Factor VIII inhibitor can be
acquired in number of conditions that include Idiopathic
(51.9%), Malignancy(11.8%), autoimmune
diseases(11.6%), Pregnancy(8.5%), Infections (3.8%),
Drug induced(3.4%) and MGUS(2.6%). In our study,
cases which show less than 70% correction which
otherwise are expected to have factor deficiencies,
might have developed these antibodies which interfere
with clotting mechanism even after adding normal
plasma as a source of factors.

LIMITATION OF OUR STUDY

o Factor assays was not available to confirm the
cases assigned as having factor deficiencies.

e No anticoagulant profile like for lupus available to
confirm the presence of circulating anticoagulant.

e The study done and groups formed based on 1:1
mix study only.

CONCLUSION

In the study we include that mixing studies
may help us to decide that whether the case belongs to
factor deficiency or presence of circulating
anticoagulant, therefore help to rationalized use of FFP
and Vitamin K. Non correction with known
causes/etiologies of factor deficiency need correction of
hidden comorbidities likes acidosis & other metabolic
disturbances as well as acquired inhibitors which are
associated with many conditions, also seen in our
cases.. Further extensive studies are needed to
standardize the cut off criteria for correction so that
further treatment plan can be decided in centers where
factor assays are not available.
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