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ABSTRACT

Background: Efficacy of minimal acute Normovolemic Hemodilution
(ANH) in avoiding homologous blood transfusion during cardiovascular
surgery remains controversial. Postoperative bleeding and transfusion
remain a source of morbidity and cost after open heart operations. To
better understand the role of acute normovolemic hemodilution (ANH)
in coronary artery bypass grafting (CABG), we compared ANH with
standard intraoperative care in a retrospective cohort study. Methods:
This retrospective cohort study is based on 572 patients who underwent
on-pump CABG in the cardiac operating room of Imam Khomeini Hospital
from June 2016 till March 2022. 221 patients (38.6%) were in the ANH
group and 351 patients (61.4%) were in the control group. This study
was based on patients documented information. P<0.05 was significant.
Result: The prevalence of short-term complications was bleeding
(74.96%), AKI (7.38%), CVA (1.92%) and HF (1.05%), respectively. In
general, bleeding was more in the ANH group. There was no significant
relationship between ANH and days of hospitalization in ICU (P=0.291),
CVA (P=0.748), HF (P=1.000), AKI (P=0.411), bleeding rate on the second
day (P=0.180), platelet transfusion (p= 0.158) and FFP transfusion
(p=0.776). There was a significant relationship between ANH and the
reduction of bleeding (P=0.000), the increase in bleeding on the first
day (P=0.006), the reduction of mortality (P=0.007), the reduction of
transfusion packed cell (p=0.000). Conclusion: It seems that ANH leads
to a decrease in mortality and bleeding, and as a result, a decrease in the
allogenic blood transfusions and an increase in bleeding on the first day,
but it have no effect on the days of hospitalization in the ICU, CVA, HF, AKI,
platelet and FFP transfusion. Therefore, ANH is an effective technique in
reducing mortality and bleeding and the allogenic blood transfusion.
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INTRODUCTION

Allogeneic blood is a scarce and expensive resource and
its use continues to raise concerns, including but not
limited to latent viral or transfusion-transmitted infectious
disease, for both the patient and physician [1,2]. Allogeneic
transfusions are associated with worse short- and long-
term outcomes, that are dose-dependent, with patients
receiving even 1 unit of red blood cells (RBCs) having a
77% increased adjusted odds of mortality compared with
those not receiving transfusions [3]. Mortality in cardiac
surgery increases by 0.5% for every unit of blood infused
and allogeneic transfusions are also associated with an
overall increase in the length of hospital stays [18] [4].
The 2011 National Blood Collection and Utilization Survey
Report states that cardiac surgery is still one of the largest
users of RBCs and utilize 50% of all platelet use in surgery
in the US, accounting for 10-15% of the nation’s blood
supply [5,6]. Acute normovolemic hemodilution (ANH)
could be a viable option to allogeneic blood transfusion. It
was introduced in the 1970s and is a method of autologous
blood transfusion used mainly in cardiac surgical specialties,
but is now being used in other surgical areas [7]. Following
anesthesia induction and prior to heparinization, a specific
amount of whole blood volume is removed from the patient
and stored at the bedside. This is followed by replacement
with sufficient volumes of crystalloid or colloid solutions to
maintain intravascular (stroke) volume [1,8,9]. The stored
autologous blood is then administered either intra- or
post-operatively as required [10]. If an adequate volume of
blood is removed and there is no profound RBC loss during
surgery, it is possible to achieve an acceptable hemoglobin
concentration without the administration of allogeneic
transfusion [1]. There are many possible beneficial effects
of ANH including reduced risk of adverse transfusion-
related reactions and infections, lower erythrocyte damage,
less negative impact on coagulation, preservation of RBC
mass and platelets, as well as improved perfusion during
cardiopulmonary bypass (CPB) resulting in increased tissue
oxygen delivery [7,10]. The few contraindications to the use
of ANH include anemia, sepsis and bacteremia [7]. Despite
the possible benefits of ANH, there is little conclusive
evidence as to its effectiveness in reducing the number
of allogeneic transfusions and decreasing morbidity and
mortality. The latest blood management guidelines from
the American Society of Anesthesiologists recommend
to consider the use of ANH to “reduce allogeneic blood
transfusion in patients at high risk for excessive bleeding
(e.g., major cardiac, orthopedic, thoracic, or liver surgery),
if possible” [11]. However, these guidelines provide no

specific methods to ensure a standardized approach to the
implementation and performance of ANH, nor do they detail
the specific patient populations who will benefit from this
technique. Further guidance and clarification are required to
enable ANH to be accepted by the wider medical community
as a practical tool in Patient Blood Management (PBM).
ANH is an under-recognized and under-utilized viable tool
in PBM. There is significant heterogeneity, variability in
performance and publication bias in the existing literature,
making it difficult to reliably interpret results and generate
conclusive guidelines [12]. The blood conservation effect and
the degree of ANH were still controversial. The purpose is to
investigate the allogenic blood transfusion and the mortality
and morbidity of ANH compared to previous methods
[13]. The benefits of this study include reducing mortality
and morbidity, reducing the allogenic blood transfusion in
CABG, and reducing complications from allogeneic blood
transfusions.

METHODS AND MATERIALS

This retrospective cohort study was on 572 patients who
underwent on pump CABG in the cardiac operating room
of Imam Khomeini Hospital from June 2016 till March
2022. A simple sampling method has been available. The
age, sex, acute normovolemic hemodition (ANH) and pump
time were the independent variables, and the dependent
variables included short-term postoperative complications
(including bleeding, cardiovascular accident (CVA), acute
kidney injury (AKI) and heart failure (HF)), bleeding on the
first day, bleeding on the second day, total bleeding on the
first and second day, days of hospitalization in ICU, hours of
intubation and mortality were extracted by referring to the
patients’ records. After collecting the data, it was entered
into SPSS software version 26. Then quantitative data were
reported as mean and standard deviation separately for two
groups. Also, qualitative data were reported in the form of
frequency and percentage separately for two groups. T-test
or Mann-Whitney and chi-square tests were used to compare
the case and control groups based on the normality test. In
this study, we compared the amount of bleeding and short-
term complications after on pump CABG in two groups.
These complications include bleeding, cardiovascular
accident (CVA), acute kidney injury (AKI) and heart failure
(HF). Two groups were matched in terms of age and sex. In
this study, we considered the KDIGO criteria (kidney disease
improving global outcomes) for acute kidney injury (AKI).
Our case groups were patients who underwent ANH and
the control group was patients who received standard care
during surgery and allogeneic blood transfusion.

RESULTS

In this study, 572 patients were included based on the
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inclusion criteria, of which 411 (71.9%) were male and 161 (28.1%) were female. The
average age of the patients was 59.64 years with a standard deviation of 8.578. 11.9%
of patients were 270 years old. 88.1% of patients were <70 years old. In this study, 221
patients (38.6%) were in the ANH group and 351 patients (61.4%) were in the control
group. 74.96% of the patients suffered bleeding complications. 67.3% of patients received
pack cells, 28.7% of patients received FFP, and 38.2% of patients received platelets.

7.38% of patients had AKI. The prevalence of mortality in this study was reported to be
2.8%. Table 1 shows the average bleeding on the first day, the second day, and the sum of
the first and second days separately. Table 2 shows the average bleeding on the first day,
the second day, and the sum of the first and second days associated with the gender.

Table 3 shows the prevalence of short-term postoperative complications of on pump CABG
according to gender.

70.7% of men and 85.5% of women had bleeding. There is a significant relationship

between bleeding and gender (chi-square and P=0.000) and bleeding are more common
in women.

Table 4 shows the average bleeding of on pump CABG patients in association with short-
term postoperative complications.

The average bleeding on the first and second day and the total bleeding on the first and
second day were higher in patients who had bleeding and AKI.

Table 5 shows the average postoperative bleeding of on pump CABG patients according to
the number of days of hospitalization in ICU.

The average bleeding increased with the increase in the number of days of hospitalization
in the ICU.

Table 6 shows the prevalence of short-term postoperative complications of on pump CABG
patients according to the number of days of hospitalization in ICU.

Table 1: Assessment of the average bleeding of patients on the first day, the second day and the sum of the first and second day.

Mean Mode Median Std. Deviation Cc;g{(ia?‘elglce 95% Confidence Interval for mean
Bleeding on the first day 410.23 250 350.00 285.322 23.5 386.73 - 433.72
Bleeding on the second day 228.79 150 150.00 141.572 11.66 217.13 - 240.44
sum of the first and second day 639.0158 400.00 550.0000 352.43469 29.02 609.9958 - 668.0358
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Table 2: Assessment of the average bleeding on the first day, the second day and the sum of the first and second day associated with the gender.

Male Female
95% 95%
Std. Confidence Confidence Std. Confidence Confidence
Mean Median Mean Median
Deviation Interval Interval for Deviation Interval Interval for
mean mean
Bleeding
427.17 - 263.96 -
on the 456.86 400.00 305.134 29.69 292.05 250.00 180.448 28.09
] 486.56 320.14
first day
Bleeding
on the 225.42 - 184.43 -
240.49 150.00 154.857 15.07 199.13 150.00 94.428 14.7
second 255.56 213.83
day
sum of the
first and 660.3211 - 459.2919 -
697.3529 605.0000 380.50817 37.0318 491.1801 450.0000 204.87917 31.8882
second 734.3848 523.0683
day
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Table 3: Assessment of the prevalence of short-term postoperative complications of on pump CABG according to gender.

Bleeding Bleeding CVA CVA HF HF AKI AKI

yes No yes No yes No yes No
male 70.7% 29.3% 1.2% 98.8% 1.5% 98.5% 6.6% 93.4%
female 85.5% 14.5% 3.1% 96.9% 0% 100% 9.4% 90.6%
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Table 4: Assessment of the average bleeding of on pump CABG patients in association with short-term postoperative complications.
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Bleeding | Bleeding CVA CVA HF HF AKI AKI
Yes No Yes No Yes No Yes No
The mean of Bleeding on the first day 448.15 293.46 588.00 406.61 788.33 405.76 446.19 406.90
The mean of Bleeding on the second day 239.46 196.50 298.00 227.57 258.33 228.50 256.67 226.58
The mean of Bleeding on the sum of the first
687.6118 | 489.9643 | 886.0000 | 634.1802 | 1046.6667 | 634.2576 | 702.8571 | 633.4799
and second day

Table 5: Assessment the average postoperative bleeding of on pump CABG patients to the number of days of hospitalization in ICU

ICU<2 2<I1CU<4 ICU>4
The mean of Bleeding on the first day 393.17 455.00 492.22
The mean of Bleeding on the second day 22243 240.14 291.94
The mean of Bleeding on the sum of the first and second day 615.6009 695.1429 784.1667
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Table 6: Investigation of the prevalence of short-term postoperative complications of on pump CABG
patients according to the number of days in the ICU.

Bleeding | Bleeding | CVA CVA HF HF AKI AKI

Yes No Yes No Yes No Yes No
ICU<2 71.8% 28.2% 0.2% | 998% | 0.2% | 99.8% | 59% | 94.1%
2<ICU<4 84.3% 15.7% 0% 100% 0% 100% 57% | 94.3%
ICU>4 83.3% 16.7% 83% | 91.7% | 5.6% | 94.4% | 22.2% | 77.8%

Table 7: Investigating the relationship between ANH and early postoperative complications in on pump CABG patients.

Bleeding | Bleeding | CVA | CVA HF HF AKI AKI

yes No yes No yes No yes No
ANH 66.2% 338% | 1.4% | 98.6% | 0.9% | 99.1% | 8.7% | 91.3%
Non ANH | 80.2% 19.8% 2% | 98% | 1.1% | 98.9% | 6.6% | 93.4%

Table 8: Investigating the relationship between ANH and bleeding in on pump CABG patients.

ANH Non ANH
The mean of Bleeding on the first day 453.50 382.95
The mean of Bleeding on the second day 238.73 222.31
The mean of Bleeding on the sum of the first and second day | 692.2273 | 605.4728

Table 9: Investigating the effect of ANH on the allogenic blood transfusion.

Platelet | Platelet FFP FFP Packed cell | Packed cell | Transfusion | Transfusion

No Yes No Yes No Yes No Yes
58.20% | 41.80% | 70.50% | 29.50% 47.30% 52.70% 33.60% 66.40% ANH
64.10% | 35.90% | 71.80% | 28.20% 23.60% 76.40% 19.70% 80.30% Non ANH
61.80% | 38.20% | 71.30% | 28.70% 32.70% 67.30% 25.00% 75.00% Total
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It seems that there is a significant relationship (chi-square
and P=0.036) between bleeding and increasing the days of
hospitalization in the ICU. It seems that there is a significant
relationship (chi-square and P=0.001) between the AKI and
the increase in the number of days of hospitalization in the
ICU.

Regarding the duration of intubation; 551 patients (98.9%)
were intubated for less than one day. 5 patients (0.9%)
were intubated for one to two days. One patient (0.2%) was
intubated for more than two days. In this study, all patients
were connected to a cardiopulmonary pump for less than 180
minutes during surgery, and only one patient was connected
to a cardiopulmonary pump for 180 minutes. The average
time the patients were connected to the cardiopulmonary
pump was 100.16 minutes with a standard deviation of
21.623 minutes. Table 7 shows the relationship between
ANH and early postoperative complications of on-pump
CABG patients.

66.2% of people in ANH group and 80.2% of non-ANH group
had bleeding. It seems that there is a significant relationship
(chi-square and P=0.000) between ANH and the reduction of
bleeding. Table 8 shows the relationship between ANH and
bleeding in on-pump CABG patients.

The average bleeding on the first day in the ANH group was
453.50 ml with a standard deviation of 311.335 and in the
Non ANH group was 382.95 ml with a standard deviation
of 264.472. It seems that there is a significant relationship
(P=0.006) between ANH and the increase in bleeding on the
first day.

Mortality is 0.5% in the ANH group and 4.3% in the Non-
ANH group. There seems to be a significant relationship (chi-
square and P=0.007) between ANH and mortality reduction.

Table 9 shows the effect of ANH on the allogenic blood
transfusion (packed cells, FFP and platelets).

In general, 75% of people have received the blood products
and 25% have not received the blood products. In the ANH
group, 66.4% of people received one, two or all three types
of blood products (including packed cells, platelets and
fresh frozen plasma) and 33.6% of people did not receive
any blood products. In the Non ANH group, 80.3% of people
received one, two or all three types of blood products
(including packed cells, platelets and fresh frozen plasma)
and 19.7% of people did not receive any blood products. This
result is statistically significant (p=0.000). There seems to be
a significant relationship between ANH and a reduction in
the need for transfusion of blood products.

In general, 67.3% of people received packed cells and 32.7%
of people did not receive packed cells. In the ANH group,
47.3% of patients did not receive any packed cells, while

52.7% of patients received from one to six units of packed
red blood cells. In the Non-ANH group, 23.6% of people did
notreceive any packed red blood cells, while 76.4% of people
received from one to six units of packed red blood cells. This
was statistically significant p=0.000

DISCUSSION

In the present study, there was no significant relationship
between ANH and days of hospitalization in ICU (Chi-square
and P=0.291) [14]. There was a significant relationship
(chi-square and P=0.000) between ANH and the reduction
of bleeding, and many studies confirm this result [14-22]
While in some studies, the total amount of bleeding during
and after the operation was not significantly different in
the case and control groups [13,23]. In this study, there
was no significant relationship (chi-square and P=0.411)
between ANH and the increase of AKI [14]. In this study, we
found a significant relationship (P=0.006) between ANH
and the increase in bleeding on the first day. There was
no significant relationship (P=0.180) between ANH and
increased bleeding rate on the second day. It seems that
there is a significant relationship (P=0.005) between ANH
and the increase in total bleeding on the first and second
day. While in some studies, the total amount of bleeding
during and after the operation was not significantly different
in the case and control groups [13,23]. In some studies,
the amount of bleeding in the ANH group was lower than
the control group [4- 6]. In the present study, there was a
significant relationship (chi-square and P=0.007) between
ANH and mortality reduction [14]; While in some studies,
there was no significant difference in mortality between case
and control groups [13,14]. In this study, there seems to be a
significant relationship between ANH and reducing the need
to transfusion of blood products (p=0.000) [14-22,24,25].
While in some studies, there was no significant difference
between the two groups in terms of the transfusion of
blood products [13,23,25,26]. In this research, we found a
significant relationship between ANH and reducing the need
for packed cells transfusion (p=0.000) [14-22,24,25]; While
in some studies, there was no significant difference between
the two groups in terms of red blood cell transfusion [13,23].
In this study, there seems to be no significant relationship
between ANH and reducing the need for fresh frozen plasma
transfusion (p=0.776) [14,22]; While in some studies there
has been a significant relationship between ANH and the
reduction of fresh frozen plasma injection [15,16,21]. In the
present study, there was no significant relationship between
ANH and the reduction of the need for platelet transfusions
(p=0.158) [14,22]; While in some studies, there has been a
significant relationship between ANH and the reduction of
platelet transfusion[15,16,21,27,31].
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CONCLUSION

It seems that ANH leads to a decrease in mortality and
bleeding, and as a result, a decrease in the allogenic blood
transfusions and an increase in bleeding on the first day, but
ithave no effect on the days of hospitalization in the ICU, CVA,
HEF, AKI and platelet and FFP transfusion. Therefore, ANH is
an effective technique in reducing mortality and bleeding
and the need for allogenic blood transfusion, but it is better
to conduct more studies to confirm these results.
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