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 Abstract 

Background: There are several dangers and adverse effects 

associated with red blood cell transfusions, which are often 

administered after surgery due to anemia. Our aim is to assess 

the significance of hemoglobin level and subclinical iron 

insufficiency on perioperative morbidity and mortality in 

patients having heart surgery. Patients and Methods: This 

study was conducted on 30 patients undergoing different 

cardiac surgeries during the period from May 1, 2021, and 

April 30, 2022. Results: Negative correlation between hospital 

length of stay and both hemoglobin and serum iron levels (r = -

0.807, p 0.001). Patients who required a blood transfusion, 

developed an infection, had problems, were admitted to ICU, or 

died, had substantially lower iron levels than the rest of the 

patients (p 0.001). those showed statistically significant 

association between Hb and the occurrence of problems (AUC 

= 0.994, p 0.001). The sensitivity is 100% and the specificity is 

91.3%. Complications are strongly predicted by serum iron 

levels (AUC = 0.988, p 0.001). ICU admission may be 

predicted with high accuracy by Hb (AUC = 1.000, p 0.001). The sensitivity and specificity 

are both one hundred percent at a cut off value of 9. ICU admission can be predicted with a 

high degree of accuracy by serum iron levels (AUC=1.000, p0.001). The sensitivity and 

specificity are both one hundred percent at a cutoff value of 80. Conclusion: The results of 

cardiac surgery were worse for patients who had anemia prior to surgery. 
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Introduction: 

Approximately 24.8% of people on Earth 

suffer from anemia, which is characterized 

by hemoglobin (Hb) content of less than 

13 g/dl in males and 12 g/dl in women 
[1],

 

reduced levels of oxygen in the blood are 

linked to anemia, which is caused by the 

lack of hemoglobin (Hb). Inadequate tissue 

oxygen supply may affect organ function 

unless blood flow is boosted to 

compensate.
 [2]

 

The haem moiety of hemoglobin cannot be 

synthesized without iron, and iron also 

plays a crucial role in oxidative 

metabolism. As a consequence, iron 

deficiency may directly impact 

mitochondrial oxidative metabolism and 

adenosine triphosphate (ATP) generation 

through effects on the mitochondria 

themselves, as well as indirectly via 

anemia and the reduction of oxygen 

delivery that results from it. 
[3]

 

The prevalence of preoperative anemia is 

estimated to be between 20 and 30 percent 

using WHO criteria, and it rises with age 

and the presence of comorbidities. 
[1]

 

Iron-deficiency anemia and anemia due to 

chronic illness are the most prevalent 

causes of anemia in patients undergoing 

heart surgery who need preoperative blood 

transfusions 
[4]

; Anemia is more likely to 

occur in cardiac surgery patients because 

of the acute hemodilution caused by 

cardiopulmonary bypass (CPB), 

perioperative phlebotomy, and surgical 

blood loss. 
[5]

 

Patients undergoing cardiac surgery are 

more likely to have a red blood cell (RBC) 

transfusion if they were anemic before the 

procedure. Transfusion responses, 

transfusion-related immunomodulation, 

viral complications, and other systemic 

side effects are all possible with allogeneic 

blood transfusions despite their scarcity 

and high cost. 
[6]

 

Blood transfusion after heart surgery is 

linked to higher rates of mortality, 

durations of hospital stays, and overall 

healthcare expenses, much as preoperative 

anemia is. Although it is yet unclear how 

much preoperative anemia and RBC 

transfusion independently contributes to 

bad outcomes in cardiac surgery patients, it 

has been established that the combination 

of the two significantly increases 

morbidity and death. 
[7]

 

The goals of this study are: (1) to improve 

pre and postoperative treatment of anemic 

patients having heart surgery by 

constructing and implementing an 

educational program. 
 

Patients and Methods: 

Thirty patients undergoing cardiac surgery 

at Cardiothoracic Surgery Department 

during the period from May 1, 2021, and 
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April 30, 2022, were included in this 

observational cross section study to 

evaluate the impact of different 

hemoglobin levels on perioperative 

morbidity and mortality.  

Inclusion criteria: Patients were selected to 

be between the age of 18 and 60, who have 

heart lesions, both genders. 

 Exclusion criteria: BMI of 40 or above, 

hemolytic anemia, Liver and renal 

disorders, other chronic diseases, Spent 

more than 48 hours in the intensive care 

unit before surgery. 

Taking a complete history, including the 

patient's: personal details (name, age, sex), 

the nature of the complaint being 

presented, all important illnesses from 

infancy, rheumatic fever history, and risk 

factor for cardiovascular disease, any 

medical condition or past hospital 

admission, and the medical history of 

pharmaceuticals used (perioperative) are 

all included while compiling a patient's 

medical history. 

Clinical examination included: (1) General 

assessment of the patient's level of 

consciousness and mental health, vital data 

inform of (BP, temperature, heart rate, 

respiration rate) and there are no indicators 

of (Pallor, Cyanosis, Jaundice, and Lymph 

node enlargement), Leg swelling (or 

edema). (2) Physical examination of: 

Cardiovascular System, Respiratory 

System, Gastrointestinal Tract, Central 

nervous system and motor power. 

Investigations during presentations: CBC, 

Serum creatinine, blood urea, urine sample 

analysis, AST, ALT, Albumin, Bilirubin, 

Prothrombin Time, International 

Normalized Ratio, Serum Gamma-

Glutamyl Transferase (GGT), Total lipids, 

serum total cholesterol, serum HDL 

cholesterol, serum triglycerides, LDL, Iron 

levels, Blood sugar levels at random, 

HbA1c, Echocardiography, were reported. 

The patient was monitored during heart 

surgery and for days 3, 5, 8, 15, and 30, 

and thereafter to check for complications 

that required intensive care unit admission, 

blood transfusions, infections, and duration 

of hospital stay. 

We obtained approval from the 

institutional research ethics committee and 

all participants provided written informed 

permission. 

Results: 

The cause of cardiac surgery was CABG in 

13 (43%) patients, valve replacement in 13 

(43%) patients, VSD in 3 (10%) patients, 

and ASD in 1 (3%) patient Table 1. 

Regarding laboratory measurements in the 

study participants, Hb ranged from 7 to 16 

g/dL with a mean value of 12.23 ± 309 

g/dL, iron ranged from 29 to 170 µg/dL 
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with a mean value of 100.83 ± 40.52 

µg/dL, RBG ranged from 75 to 240 mg/dL 

with a mean value of 126.97 ± 45.57 

mg/dL, HbA1c ranged from 4.8 to 9 % 

with a mean value of 5.95 ± 1.39 %, urea 

ranged from 18 to 43 mg/dL with a mean 

value of 30.33 ± 7.07 mg/dL, creatinine 

ranged from 0.6 to 1.2 with a mean value 

of 0.93 ± 0.13 mg/dL, AST ranged from 10 

to 35 with a mean value of 21.06 ± 7.49, 

and ALT ranged from10 to 45 with a mean 

value of 27.83 ± 8.64 Table 2. 

Regarding clinical outcomes in the study 

participants, 9 (30%) patients needed blood 

transfusion, 7 (23.33%) patients had 

infection, and 7 (23.33%) patients had 

complications Table 3. 

Regarding hospital outcomes in the study 

participants, 9 (30%) patients needed ICU 

admission, 6 (20%) patients died in the 

hospital. The hospital length of stay ranged 

from 3 to 11 days with a mean value 6.16 

± 2.36 days Table 4. 

There was a significant negative 

correlation between hospital length of stay 

and hemoglobin level (r =-0.807, p 

<0.001), and serum iron level (r =-0.789, p 

<0.001) Table 5.  

Hemoglobin level was significantly lower 

in patients who had blood transfusion, 

infection, complications, ICU admission 

and mortality than the rest of patients (p 

<0.001)  Table 6. 

Hb is a significant predictor of 

complications (AUC: 0.994, p value 

<0.001). At a cut off value of ≤9 it has a 

sensitivity of 100% and a specificity of 

91.3%. Serum iron is a significant 

predictor of complications (AUC: 0.988, p 

value <0.001). At a cut off value of ≤80 it 

has a sensitivity of 100% and a specificity 

of 91.3% Table 7. 
 

Table 1: Causes of cardiac surgery in the study participants 

 

                           Study participants (n =30) 

Causes of cardiac surgery CABG 13 (43%) 

Valve replacement 13 (43%) 

VSD 3 (10%) 

ASD 1 (3%) 

CABG: Coronary artery bypass graft, VSD: Ventricular septal defect, ASD: Arterial septal defect. 
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Table 2: Laboratory measurements in the study participants 

 
 

 Study participants 

(n =30) 

Hb 

(g/dL) 

Mean ± SD 12.23 ± 3.09 

Range 7 – 16 

Iron 

(µg/dL) 

Mean ± SD 100.83 ± 40.52 

Range 29 – 170 

RBG 

(mg/dL) 

Mean ± SD 126.97 ± 45.57 

Range 75 – 240 

HbA1c 

(%) 

Mean ± SD 5.95 ± 1.39 

Range 4.8 – 9 

Urea 

(mg/dL) 

Mean ± SD 30.33 ± 7.07 

Range 18 – 43 

Creatinine 

(mg/dL) 

Mean ± SD 0.93 ± 0.13 

Range 0.6 – 1.2 

AST 

(units/L) 

Mean ± SD 21.06 ± 7.49 

Range 10 – 35 

ALT 

(units/L) 

Mean ± SD 27.83 ± 8.64 

Range 10 – 45 

Hb: Hemoglobin, RBG: Random blood glucose, AST: Aspartate transaminase, ALT: Alanine transaminase. 

Table 3: Clinical outcomes in the study participants 
 

 Study participants 

(n =30) 

Need for blood transfusion Yes 9 (30%) 

No 21 (70%) 

Infection Yes 7 (23.33%) 

No 23 (76.67%) 

Table 4: Hospital outcomes in the study participants 
 

 Study participants 

(n =30) 

Need of ICU admission Yes 9 (30%) 

No 21 (70%) 

In hospital mortality Yes 6 (20%) 

No 24 (80%) 

Hospital length of stay 

(days) 

Mean ± SD 6.16 ± 2.36 

Range 3 – 11 

ICU: Intensive care unit 
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Table 5: Correlation between hemoglobin level and in the study participants 
 

Hospital length of stay 

(days) 

r P value 

Hb level  (g/dL) -0.807 <0.001* 

Iron  (µg/dL) -0.789 <0.001* 

 

Table 6: Relationship between hemoglobin level and outcomes in the study participants 
 

 Hb level 

(g/dL) 

P value 

Need for blood transfusion Yes 7.77 ± 0.97 <0.001* 

No 14.14 ± 0.85 

Infection Yes 7.42 ± 0.78 <0.001* 

No 13.69 ± 1.69 

Complications Yes 7.43 ± 0.79 <0.001* 

No 13.69 ± 1.69 

Need of ICU admission Yes 7.78 ± 0.97 <0.001* 

No 14.14 ± 0.85 

In hospital mortality Yes 7.16 ± 0.41 <0.001* 

No 13.5 ± 1.91 

*Statistically significant as p value ≤0.05 

Table 7: Accuracy of hemoglobin level and serum iron for the prediction of complications 
 

Cut-off value Sensitivity Specificity AUC P value 

Hb  (g/dL) ≤9 100% 91.3% 0.994 <0.001* 

Iron  (µg/dL) ≤80 100% 91.3% 0.988 <0.001* 

Hb: Hemoglobin, *statistically significant as p ≤0.05 

 

Discussion: 

The types of cardiac surgery performed in 

this research were CABG on 13 patients 

(43%), valve replacement on 13 patients 

(43%), VSD on 3 patients (10%), and ASD 

on 1 patient (3%). 

Participants' hemoglobin levels ranged from 

7 to 16 g/dL, with a mean of 12.23 309 

g/dL, while their iron levels varied from 29 

to 170 g/dL, with a mean of 100.83 40.52 

g/dL in this research. 

Preoperative hemoglobin concentrations 

ranged from 5.8 to 18.0 g/dL, with a mean 

(SD) of 13.4 g/dL. The overall prevalence 

of anemia, defined as hemoglobin 

concentration <12.5 g/dL, was 26%, with 
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values ranging from 22% to 30% at the 

participating hospitals.
 [8]

  

Some authors conducted a retrospective 

study including over 500,000 patients and 

showed that anemia was linked to higher 

death within 30 days. 
[9] 

Patients having cardiac and non-cardiac 

surgery who have abnormal preoperative 

hemoglobin (Hb) concentrations have a 

higher risk of complications and death 

during the perioperative period. There is a 

significant incidence of anemia, and there is 

mounting evidence that the transfusion of 

red blood cells to treat anemia increases the 

risk of complications after surgery. 

Furthermore, preoperative augmentation of 

Hb concentration with iron or 

erythropoietin replacement is less expensive 

than treating anemia on an acute basis with 

red blood cell transfusion. 
[10]

 

We discovered that 9 patients (30%) 

required a blood transfusion, 7 patients 

(23.33%) had infection and 7 patients 

(23.33%) experienced problems as a result 

of the treatment they received in the present 

research. 

Nine patients (30%) in the research required 

intensive care unit hospitalization, and six 

patients (20%) passed away while 

hospitalized. Inpatient stays averaged 6.16 

days (SD 2.36 days) but varied widely 

between 3 and 11 days. ICU admission 

rates for patients with preoperative anemia 

were higher than those for those with 

normal preoperative Hb values. Patients 

with severe anemia had a higher rate of ICU 

admission after surgery. For every level of 

preoperative Hb concentration, males were 

admitted to ICU at a higher rate than 

women. 

Non-cardiac patients with abnormal 

preoperative Hb values have been shown to 

have an elevated risk of death in many 

retrospective investigations. 
[11]  

Researchers found that individuals with 

preoperative anemia or polycythemia had a 

higher risk of death and cardiac events in 

the first 30 days after surgery. 
[11]

 

Authors conducted another large 

retrospective cohort analysis, this time 

looking at data from over 200,000 patients 

who had significant non-cardiac surgery, 

show that preoperative anemia is related 

with an elevated risk of morbidity and death 

in these patients for up to 30 days after 

surgery. There was no difference in the 

adverse effects of preoperative anemia 

based on age or gender. 
[12]

 

In addition to the above, we also discovered 

a negative link between the amount of time 

a patient spent in the hospital and their 

hemoglobin and serum iron levels (r = -

0.807, p 0.001, and r = -0.789, p 0.001, 

respectively). 
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The median duration of stay decreased by 

half a day for every unit rise in admission 

hemoglobin level. The median duration of 

stay increased by 1.5 days for every unit of 

hemoglobin variation.
 [13]

 

The present research showed that 

individuals who had a blood transfusion, 

had an infection, experienced difficulties, 

were admitted to the intensive care unit, or 

died, had a considerably lower hemoglobin 

level than the other patients. Patients who 

required a blood transfusion, developed an 

infection, had problems, were admitted to 

the intensive care unit (ICU), or died had 

substantially lower iron levels than the rest 

of the patients (p 0.001). 

Our own research also shows that Hb is a 

robust predictor of problems (AUC=0.994, 

p0.001). The sensitivity is 100% and the 

specificity is 91.3% at a cut off value of 9. 

Complications are strongly predicted by 

serum iron levels (AUC = 0.988, p 0.001). 

It has a cutoff value of 80, at which point it 

is 100% sensitive and 91.3% specific. In 

addition, Hb is an excellent predictor of 

admission to the intensive care unit (AUC = 

1.000, p 0.001). The sensitivity and 

specificity are both one hundred percent at 

a cut off value of 9. ICU admission may be 

predicted with a high degree of accuracy by 

serum iron levels (AUC=1.000, p0.001). 

The sensitivity and specificity are both one 

hundred percent at a cutoff value of 80.
 

Anemia before surgery was linked to an 

increased risk of developing both new renal 

failure and multisystem failure.
 [14]

 

Patients whose preoperative hemoglobin 

concentration was 10 g/dl or fewer had a 

threefold increased risk of in-hospital 

mortality after CABG. 
[15]

 

Finally observed that, in the context of 

cardiac valve surgery, patients with 

preoperative hemoglobin 12 mg/dl had a 3-

fold increased risk of death and 5-fold in 

the Odds of developing major postoperative 

complications like heart failure, myocardial 

infarction, reoperation for bleeding, 

neurological complication and acute renal 

failure. 
[16]

 

Low preoperative hemoglobin level was not 

an independent risk factor for early death 

after CABG and it was only marginally 

relevant for morbidity even in elderly 

patients.
 [17]

 

Iron concentration 6 mol/l was the best 

cutoff point for predicting hospitalization.
 

In this range, iron levels were 94.7% 

sensitive and 67.9% specific. Area under 

the ROC curve (AUC) measures the ability 

to predict outcomes and iron's AUC was 

0.894 with a 95% confidence range of 

0.858-0.931. TfSat, transferrin, ferritin, and 

CRP all had smaller area under the receiver 

operating characteristic (AUC) curves 

compared to iron (0.863 (CI 0.824-0.903), 
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0.735 (CI 0.676-0.795), 0.725 (CI 0.667-

0.784), and 0.838 (CI 0.790-0.886), 

respectively).
 [18]

 

Our findings imply that routine monitoring 

of serum iron levels in outpatients may help 

in the early detection of worsening. 

Limitation of the study: 

This study is limited by the number of 

patients included and the follow-up period. 

Additionally, the study is a single-center 

experience. 

Conclusion: 

As this study's findings show, preoperative 

anemia is independently linked to poor 

outcomes after heart surgery. It's important 

to note that the effects of RBC transfusion 

had no role in this correlation. Preoperative 

anemia, with a hemoglobin level of 13 g/dl 

for men and 12 g/dl for women, is an 

independent risk factor for death, 

postoperative renal dysfunction, stroke, and 

longer hospital stay in patients having heart 

surgery. Patients having heart surgery may 

benefit from therapy targeted at reducing 

their anemia before the procedure 
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