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ABSTRACT
Objective: To assess the impact of post-protamine neutralisation activated clotting time (ACT) values on postoperative outcomes
including chest drain output, transfusion requirements, and CICU stay, in patients undergoing cardiac surgery.
Study Design: Observational comparative study.
Place and Duration of the Study:  Department of Anaesthesiology, The Aga Khan University Hospital,  Karachi,  Pakistan, from
February to August 2023.
Methodology: Ethical approval was obtained to collect data from elective cardiac surgery patients’ charts. A sequential sampling
approach analysed the baseline and post-protamine neutralisation ACT values, categorising patients into two groups. Group A main-
tained ACT within 10% of baseline, while Group B deviated. The outcomes measured included transfusion needs, chest drain output,
additional protamine, cardiac intensive care unit (CICU) stay, and postoperative reopening. Statistical analysis included mean, median,
frequency, t-test / Mann-Whitney U test, and Chi-square test.
Results: The study comprised 101 patients (39 in Group A, 62 in Group B), with similar baseline health. No significant differences were
found in tranexamic acid use, CICU stay, chest drain output, or transfusion rates between the groups (p >0.05).
Conclusion: Maintaining ACT within 10% of baseline post-protamine neutralisation results in similar intraoperative and postoperative
outcomes, suggesting potential benefits in avoiding the aggressive protamine therapy and ensuring haemostasis in cardiac surgery.

Key Words: Coronary Artery bypass grafting, Cardiopulmonary bypass, Activated clotting time (ACT), Heparin, Postoperative bleeding,
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INTRODUCTION

Each year, more than 200,000 people undergo cardiac surg-
eries, including Coronary Artery Bypass Grafting (CABG) in the
United States of America, and 62 per 100,000 cases per annum
undergo  CABG  in  European  countries.1  On-pump  CABG
provides  better  survival  and  better  revascularization  at  3
months than off-pump CABG.2  Severe or extensive bleeding
after cardiac surgery is a critical issue.3  End-organ damage,
cardiovascular events, or death may occur if major bleeding is
not treated timely.4 Large-scale blood transfusions (defined as
>10 units of RBC) and the rate of re-exploration have decreased
from  4.6%  and  5.6%,  respectively,  to  3.4%,  specifically  in
patients undergoing on-pump cardiac surgeries, with no direct
comparison to off-pump procedures.5
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Before the patient is prepared to go on the bypass machine, an
activated clotting time (ACT) of 480 seconds, or 3 times the base-
line with a minimum dose of 300IU/Kg of heparin, is recom-
mended.6 Protamine reverses heparin's blood-thinning effects
during the cardiac surgery, which may include cardiopulmo-
nary  bypass  (CPB).  Protamine  dosing  should  not  exceed
a protamine-to-heparin ratio of 1:1 or 1 mg for every 100 units
of  heparin.  A  larger  dose  of  protamine  is  associated  with  a
greater risk of transfusion and postoperative bleeding.7  The
ACT evaluates how long it takes for activated whole blood to
coagulate after exposure to either celite or kaolin.8 The average
ACT range is 107 +/- 13 seconds.9

Current guidelines advise modest protamine dosage regimens,
but  these  recommendations  are  based  on  low-quality
evidence.10 Further evaluation is warranted as it is a standard
practice to provide additional doses of protamine as an artificial
safety net.11

The purpose of this research is to evaluate how variations in
post-protamine neutralisation ACT values affect postoperative
results, particularly blood loss and blood transfusion require-
ment in on-pump cardiac surgery. This study identified that
sticking to ACT values more than 10% from the initial surgery
level contributes to less postoperative bleeding and transfu-
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sions. The study aimed to determine the postoperative differ-
ences between the two groups according to post-neutralisation
ACT values such as the additional requirement of protamine,
length of cardiac intensive care unit (CICU) stay postoperations,
and the incidence of re-opening of the sternum during CICU
stay.

METHODOLOGY

It was an observational study done retrospectively at the Aga
Khan University Hospital between February and August 2023.
The number of patients in the sample size was controlled by the
available data, and 101 patients’ data were recorded. To ensure
all eligible patients were captured in the study period, sequen-
tial sampling was utilised. Patients aged between 18 and 80
years, undergoing elective cardiac surgeries, having haemo-
globin  baseline  level  greater  than  10  mg/dl  for  maintaining
haemodynamic balance, were included. Exclusion criteria were
patients with known hypersensitivity to heparin, patients who
required emergency surgery within the next 48 hours, patients
who had used antiplatelet or fibrinolytic agents within 12 hours
prior to the randomisation, patients with incomplete clinical
records, patients with renal failure or liver disorder. Further-
more, any patient who had ACT more than 10% of baseline after
protamine administration or those who required fresh frozen
plasma or cryoprecipitate in the postoperative period or who
received protamine in CICU within the first 24 hours, were also
eliminated from the study. Patients were pre-screened for any
history  of  protamine  allergies  before  any  surgery  was
performed and those who had protamine allergies were not
included in the study since such reactions could be fatal.

This study was conducted after taking permission from the Aga
Khan  University’s  Ethical  Review  Committee  (Reference
Number: 2023-8427-23967). All data collected were kept confi-
dential and anonymised so that only the principal investigator
had access to it.

Preoperative ACT values were captured on registration of the
patients in the operating room. ACT was monitored at three crit-
ical points: The measurements were taken before surgery (base-
line), before protamine sulfate administration during surgery,
and  after  the  protamine  neutralisation.  After  surgery,  the
patients were categorised into two groups based on their post-
protamine neutralisation ACT values. The first group was Group
A including patients with ACT levels that were close to the base-
line  within  10% above  the  baseline.  The  second  group  was
Group  B  including  patients  with  ACT  levels  exceeding  10%
above the baseline. Monitoring was conducted in the CICU for 24
hours during which physiological and operational observations
were recorded, including chest drain output, blood requisites,
and additional protamine requirements. The protamine dose
that was administered was based on a protamine / heparin ratio
of 1mg protamine to 100 units of heparin. Regarding transfu-
sion practice, the decisions were made by the clinical condition
such as ongoing bleeding, hypotension, and low Hb levels and
treated in a suitable way to avoid subsequent complications.

Data analysis was done using R Studio software version 4.1.2.
To display the results of the quantitative variables, mean (stan-
dard  deviation)  or  median  (interquartile  range)  were
computed  and  results  of  the  categorical  variables  were
presented in the form of frequencies (percentages). Compari-
sons of groups with transfusion requirement, CICU length of
stay, and the need for extra protamine were made by t-tests or
Mann-Whitney U test for parametric and non-parametric data,
respectively, and Chi-square test or Fisher’s exact test was
used for categorical variables. A p-value of ≤0.05 was used as a
level of significance for the present study.

RESULTS

In this study, patients were divided in two groups: Group A
included 39 patients and Group B included 62 patients with a
combined total of 101 patients. The mean age of the partici-
pants was 59.1 ± 9.61 years. The mean weight was 71.2 ± 11.6
kg, and the median height was 165 [IQR 170-160] cm. The
mean body max index was 25.5 [IQR 28.5-23.5] kg/m2. The
number of female patients was 14 (13.9%) and male was 87
(86.1%). Age, the ASA classification, weight, height, BMI, and
comorbidities such as diabetes, hypertension, and smoking
showed no  significant  differences  between the  two  groups
(Table I).

In terms of intraoperative factors, the mean CPB values and
median  cross-clamp  times  were  similar  between  the  two
groups. However, an important difference in the duration of
surgical procedures was observed between the groups when
categorised as ≤4 or >4 hours, with Group B undergoing longer
procedures  overall.  This  analysis  demonstrated  that  apart
from the duration of surgical procedures, there were no signifi-
cant  differences.  Hence,  confounding  factors  in  outcomes
observed  between  the  two  groups  were  less  likely  to  be
attributed to results.

The data showed that 59.0% of patients in Group A and 58.1%
in Group B were administered tranexamic acid. The statistical
analysis  revealed  no  substantial  disparity  in  the  usage  of
tranexamic acid among the groups (p-value >0.900). When
examining the length of stay in the CICU, both groups demons-
trated  a  median  duration  of  1.00  day,  accompanied  by  an
interquartile range of 1.00. There is no statistically significant
difference between the two groups in terms of their length of
stay in the CICU (p-value = 0.166, Figure 1).

In addition, the output of chest drains had a mean value of 533
± 225 ml in Group A, whereas Group B had a mean value of 551
±  224  ml,  showing  no  statistically  significant  distinction
between the groups (p = 0.166, Figure 2). The overall mean for
all groups combined was found to be 544 ± 223 ml.

Similarly, the examination of transfusion needs indicated no
notable differences, as 64.1% of the individuals in Group A and
67.7% in Group B were administered transfusions (p = 0.829,
Figure 3).
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Table I: Patients’ preoperative, intraoperative, and postoperative characteristics.

Variable Group A (n = 39) Group B (n = 62) Overall (n = 101) p-value
Age (years) 58.6 ± 10.0 59.3 ± 9.39 59.1 ± 9.61 0.738a

Weight (kg) 69.5 ± 9.99 72.3 ± 12.4 71.2 ± 11.6 0.203a

Height (cm) 167 [170 - 161] 165 [169 - 160] 165 [170 - 160] 0.345b

BMI (kg/m²) 25.7 [28.1 - 22.6] 25.1 [29.0 - 23.6] 25.5 [28.5 - 23.5] 0.643b

BSA (m²) 1.78 ± 0.158 1.80 ± 0.174 1.79 ± 0.168 0.450a

Gender - Female 6 (15.4%) 8 (12.9%) 14 (13.9%) 0.772c

Gender - Male 33 (84.6%) 54 (87.1%) 87 (86.1%)  
With diabetes mellitus 24 (61.5%) 38 (61.3%) 62 (61.4%) >0.900c

Having hypertension 24 (61.5%) 46 (74.2%) 70 (69.3%) 0.192c

Smokers 6 (15.4%) 20 (32.3%) 26 (25.7%) 0.066c

Other comorbidities 6 (15.4%) 9 (14.5%) 15 (14.9%) >0.900c

CPB Time (hours) 1.67 [135 - 87.5] 1.67 [129 - 90.0] 1.67 [130 - 90.0] 0.801b

CC Time (hours) 1.0 [82.5 - 47.5] 1.0 [70.0 - 47.0] 1.0 [80.0 - 47.0] 0.609b

Procedure (hours) 5.50 [6.00 - 4.50] 5.50 [5.50 - 4.50] 5.50 [6.00 - 4.50] 0.918b

Temp at induction (°C) 36.7 [36.5 - 36.8] 36.6 [36.8 - 36.5] 36.7 [36.8 - 36.5] 0.773b

Min. Temp (°C) 32.0 [32.0 - 32.0] 32.0 [32.0 - 32.0] 32.0 [32.0 - 32.0] 0.838b

Total Heparin (Units) 25000 [25000 - 24000] 25000 [25000 - 25000] 25000 [25000 - 24000] 0.278b

Temp CICU (°C) 34.5 (0.66) 34.6 (0.77) 34.5 (0.73) 0.604a

Protamine (mg) 262 (29.5) 263 (35.2) 262 (32.9) 0.867a

Tranexamic acid used intraoperatively
(mg)

23 (59.0%) 36 (58.1%) 59 (58.4%) 0.900c

Stay in CICU (days) 1.0 [1.0 - 1.0] 1.0 [2.0 - 1.0] 1.0 [2.0 - 1.0] 0.166b

Chest drain (ml) 495 [628 - 395] 500 [620 - 410] 495 [620 - 405] 0.837b

ACT baseline (seconds) 120 ± 10 125 ± 15 123 ± 13 0.05a

ACT post-protamine (seconds) 130 ± 10 140 ± 12 135 ± 11 0.03a

Blood units transfused (median) 2 3 2.5 0.04b

Number of patients reopened 3 5 8 0.02b

Transfusion performed 25 (64.1%) 42 (67.7%) 67 (66.3%) 0.829c

BMI = Body mass index, BSA= Body surface area, DM = Diabetes mellitus, HTN = Hypertension, CPB = Cardiopulmonary bypass, CC = Cross clamp, Temp = Temperature,
Min = Minimum. a: Independent test; b: Mann-Whitney U test; c: Chi-square or Fisher’s exact test.

Figure 1: Box plot showing median duration of stay in CICU in Group
A and Group B.

The subgroup analysis of the data indicated no statistically
significant disparities in the median duration of hospitalisa-
tion in the CICU, occurrences of chest drain placement, and
rates of transfusion between Group A and B among the
cohort of patients aged 60 years or younger. It is important
to note that chest drains are typically necessary in such
procedures  to  manage  excess  fluid  and  prevent  complica-
tions. Likewise, there were no statistically significant varia-
tions  in  patient  outcomes  within  each  age  group  when
comparing  BMI  categories,  specifically  normal  and  over-
weight.

Figure 2:  Box plot  showing chest  drain output in  Group A and
Group B.

Furthermore,  the  outcomes  were  not  significantly  influenced
by  additional  characteristics  such  as  body  surface  area
(BSA),  gender,  diabetes  mellitus  (DM)  status,  smoking
behaviours,  and  the  existence  of  other  comorbidities.
Although  there  was  an  observed  tendency  indicating  a
longer stay in the CICU for patients without hypertension in
Group B, this trend did not retain its statistical significance
after  adjusting for  multiple tests.  There were no significant
connections  observed  between  patient  outcomes  within
each age group and factors such as CPB time, creatinine
clearance, procedural complexity, temperature in the CICU,
and the intraoperative use of tranexamic acid.
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Figure 3: Need of transfusion between the two groups.

Overall,  intraoperative factors, such as the use of tranex-
amic acid, CPB time or cross-clamp duration, and postopera-
tive outcomes including the length of stay in the CICU, chest
drain  output,  and  transfusion  rates,  showed  no  significant
differences  between  the  groups.

DISCUSSION

The  study  aimed  to  assess  the  impact  of  post-protamine
neutralisation ACT values on postoperative outcomes in on-
pump cardiac surgeries that includes bleeding, transfusions,
and CICU stay. The findings showed that there were no statis-
tically significant distinctions observed between Group A (con-
sisting of patients whose ACT values returned to within 10%
of baseline levels) and Group B (comprising the patients with
deviations  from baseline  ACT values)  in  terms of  utilising
tranexamic  acid,  length  of  stay  in  the  CICU,  chest  drain
output,  and  transfusion  requirements.  This  indicates  that
these  factors  did  not  exert  a  meaningful  influence  on  out-
comes  observed  between  the  two  groups.

These  findings  of  this  study  are  divergent  from  prior  resear-
ches suggesting a potential impact of these variables on intra-
operative  and  postoperative  outcomes.  For  instance,  the
results of Wang et al.’s study showed that lower postopera-
tive transfusions and bleeding are associated with the group
having  their  final  ACT  values  lesser  than  pre-heparinisation
ACT values.12 A randomised controlled trial revealed a poten-
tial association between the dosing ratio of protamine and
heparin and coagulation status after the cardiac surgery.5 The
group with a higher protamine-to-heparin dosing exhibited
greater blood loss and transfusion rates compared to their
counterparts in the low-dosing group. In addition, differences
were observed in intrinsic clotting times and maximum post-
protamine thrombin generation between these two groups.5

This  present  study  did  not  yield  significant  differences  in

outcomes  based  on  ACT  values  used  for  the  stratification
into high and low-dosing groups. This may indicate that the
dosing ratio alone may not be a decisive factor in coagula-
tion status post-surgery. It should also be mentioned that
the current study did not consider the dosing ratio of the
applied  medications,  and  the  possible  effects  of  this  differ-
ence need to be investigated in the future.

The present study’s results also imply that ACT can be main-
tained close to baseline and aggressive protamine therapy is
not  required.  Hence,  patients  can  be  protected  from the
potential  side  effects  of  high  doses  of  protamine.  Protamine
administration observed to result in immunological and inflam-
matory changes, potentially leading to anaphylactic reactions
presenting  with  hypotension,  bradycardia,  bronchoconstric-
tion, and allergic responses.13,14  A systematic review found
that protamine exposure led to adverse events in about 0.06 -
10.6% of cases.15 Other possible risk factors include known
abnormal pulmonary haemodynamics, severe left ventricular
dysfunction, and sensitivity to fish.16

Initially,  Berger  et  al.  proposed a  modification of  protamine
in view of heparin's half-life dynamics and intraoperative utili-
sation  patterns.17  When  administered  through  sequential
dosages, the initial protamine dose was often adequate for
promoting coagulation, while subsequent doses led to contin-
uous  bleeding  episodes.18,19  Contrary  to  the  findings  in  this
study, two studies have demonstrated a positive correlation
between higher protamine dosing ratios and improved clin-
ical outcomes as compared to lower protamine doses.20,21

This  study  found  no  significant  differences  in  postoperative
outcomes such as chest drain output, transfusion require-
ments, and CICU stay between patients categorised based
on their ACT values after protamine neutralisation, despite
concerns  about  the  heparin  rebound  effect,  and  potential
bleeding following CBP procedures. However, it is important
to  note  that  thromboelastographic  and  heparin  assays
exhibit  greater  sensitivity  in  detecting  residual  effects  of
heparin  anticoagulation  compared  to  the  ACT.22,23

Despite the fact that the total operating time was similar in
both groups, data from other studies indicate that surgery
procedures lasting longer than 4 hours have worse results
accompanied by complications.24 This current study also indi-
cated that age, BMI, BSA, gender, and presence of comorbidi-
ties  did  not  yield  significant  differences  in  outcomes
between Group A and B within each subgroup. Overall, this
research contributes to a comprehensive understanding of
the correlation between post-protamine ACT values and post-
operative outcomes in on-pump cardiac surgeries.

The results of this study are subjected to potential selection
bias  due  to  its  retrospective  design.  In  addition,  a  single
centre cohort design restricts the generalisability of results
due to  the  possibility  of  varying  surgical  practices  across
different institutions affecting the external validity.25 The rela-
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tively moderate sample size also serves as another notable
limitation. The present study utilised ACT values as a means
of  categorising  patients.  However,  this  approach  may not
possess the same level of sensitivity as alternative tests in
detecting the residual heparin anticoagulation.21  Lastly, the
brief follow-up period of only 24 hours may prevent a compre-
hensive  assessment  of  longer-term  coagulation-related
outcomes  and  bleeding  complications.

This  study’s  results  demonstrate  several  practical  implica-
tions  in  a  clinical  setting.  The  identified  correlation  between
maintaining post-protamine ACT values within 10% of base-
line and similar outcomes suggest the possibility of keeping
the  ACT  values  near  the  baseline  and  avoid  aggressive
protamine therapy. Furthermore, similar transfusion require-
ments among groups imply that adherence to certain ACT
thresholds may not compromise haemostasis, providing valu-
able insights for reducing blood product usage after cardiac
surgery.  The  study’s  limitations  include  a  retrospective
design,  single-centred  setting,  selection  bias,  ACT  values’
sensitivity, and a short 24-hour follow-up period, potentially
limiting generalisability and long-term outcomes evaluation.

CONCLUSION

ACT values remain within  10% of  baseline after  protamine
neutralisation are similar to intraoperative and postoperative
outcomes,  such  as  chest  drain  output  and  CICU  stay,  as
compared to patients with ACT values exceeding 10% above
the baseline. The patients with higher ACT values require more
blood transfusions and more frequently underwent postopera-
tive re-opening, underlining the necessity of an appropriate
and  strict  control  of  ACT.  This  study  has  significant  implica-
tions  for  highlighting practical  aspects  to  avoid  overuse of
protamine  and  yet  achieving  adequate  haemostasis.  It  offers
important  information  to  fine-tune  the  guidelines  addressing
ACT management and transfusion in cardiac surgical settings.
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