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Polycythemia, a disease state in which the hematocrit 

level is higher than normal, is associated with increased 

blood viscosity that increases the risk for thromboembo-

lism. Specifically, caution is required with cardiopulmo-

nary bypass via thoracotomy, as it reinforces the risk for 

this disease state [1]. According to Cundy [2], there are 3 

intraoperative management procedures that can be em-

ployed on patients with polycythemia. First, compression 

stockings can be used in conjunction with low-dose hepa-

rin to prevent thromboembolism during surgery. Second, 

phlebotomy can be performed as a management proce-

dure once a week prior to surgery to lower the hematocrit 

level to below 45% as a means to significantly reduce the 
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Background: A high hematocrit level in patients with erythrocytosis is linked with increased 
blood viscosity and increased risk of thromboembolism. Therefore, it is necessary to ade-
quately lower the hematocrit level before performing a high-risk surgery. 

Case: A 67-year-old male was scheduled for aortic valve replacement due to severe aortic 
stenosis. The preoperative hematocrit level of this patient was very high due to secondary 
polycythemia by hypoxia. We decided to perform acute normovolemic hemodilution after an-
esthetic induction to reduce the risk of thromboembolism in the patient. The patient was 
discharged after a successful surgery and a post-operative period without any side effects. 

Conclusions: We estimate that patients with secondary polycythemia may benefit from 
acute normovolemic hemodilution to reduce their hematocrit levels while undergoing cardi-
ac surgery using cardiopulmonary bypass. However, it is necessary to control the hematocrit 
level, since a significant decrease can cause side effects. 

Keywords: Cardiopulmonary bypass; Erythrocytosis; Hemodilution; Polycythemia; Thrombo-
embolism.

blood viscosity. The blood drawn during this procedure 

can be stored for future use, such as in the case of a mas-

sive hemorrhage. Last, intraoperative hemodilution is per-

formed by drawing a specific amount of blood and replac-

ing the same amount with colloid solution. This last proce-

dure is noteworthy, as it provides an immediate response 

to changes in a patient’s physiological status and rapid re-

covery of normal hematocrit levels during surgery.  

Surgeries for patients with polycythemia require a col-

laboration between the operating surgeon, oncologist or 

hematologist, and anesthesiologist. While patients with a 

considerable preoperative period prior to surgery can be 

considered for radical treatment options to target the root 
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cause of the disease, other patients require phlebotomy to 

lower their hematocrit level prior to surgery or hemodilu-

tion on the day of their scheduled surgery. However, acute 

normovolemic hemodilution under anesthesia can be per-

formed on patients that cannot undergo phlebotomy or 

that require immediate treatment, such as emergency sur-

gery [3]. Herein, we report a case of acute normovolemic 

hemodilution under anesthesia that was performed on a 

patient scheduled for sutureless aortic valve replacement 

to treat severe aortic stenosis with secondary polycythemia 

in order to prevent thromboembolism. We also discuss the 

effectiveness of the procedure based on previous case 

studies. We obtained informed consent from the patient. 

CASE REPORT 

Our patient, a 67-year-old male weighing 66.8 kg and 

measuring 169.4 cm in height, was scheduled for sutureless 

aortic valve replacement to treat severe aortic stenosis. He 

was diagnosed and treated for pulmonary tuberculosis 25 

years ago, which resulted in severe sequelae in both lungs, 

and also underwent surgical resection 14 years prior to 

treat abdominal liposarcoma. Additionally, our patient was 

hospitalized for treatment of atrial fibrillation and cardiac 

insufficiency 7 years ago and diagnosed with hypertension, 

diabetes, and chronic obstructive pulmonary disease 4 

years ago. He was prescribed the following medications: ri-

varoxaban, digoxin, angiotensin receptor blocker, calcium 

channel blocker, and an oral hypoglycemic agent. Howev-

er, rivaroxaban was interrupted 3 days before surgery. 

The patient exhibited atrial fibrillation, premature ven-

tricular contraction, left anterior fascicular block, and an-

terior infarction from electrocardiogram (ECG), with an 

aortic valve blood flow velocity of 4.3 m/s, mean pressure 

of 46 mmHg, and aortic valve surface area of 0.7 cm2 from 

echocardiography. The results indicated severe aortic ste-

nosis, overall decrease in cardiac activity, moderate right 

ventricular dysfunction, moderate resting pulmonary hy-

pertension, in conjunction with bilateral atrial extension, 

nonvalvular atrial fibrillation and left ventricular systolic 

dysfunction. The patient also presented a left ventricular 

ejection fraction of 17%. A normal result was obtained with 

coronary arteriography, which is used to identify coronary 

artery disease. A chest radiography showed pleural effu-

sion in the right lung, an atypical pulmonary nodule, lung 

parenchymal distortion, bilateral upper lobe pleural thick-

ening, and emphysema, while a pulmonary function test 

revealed FEV1/FVC was 40%, FEV1 was 27%, FVE was 47%, 

and TLC was 68%, indicating mixed respiratory failure. A 

blood test showed 18.5 g/dl of hemoglobin and 57.3% of 

hematocrit (Table 1), with normal leukocyte and thrombo-

cyte levels. In order to identify the cause of polycythemia, 

the patient tested negative for janus kinase 2 (JAK2) V617F 

mutation, and the result of a plasma erythropoietin test 

was 20.4 IU/L. A bone marrow biopsy was not performed 

due to patient refusal. However, arterial blood gas analysis 

during room air breathing was PaO2 of 65.4 mmHg, PCO2 of 

50.3 mmHg, and SpO2 of 93% (Table 2), suggesting that the 

patient may have experienced a secondary polycythemia 

induced by hypoxia from underlying disease rather than 

bone marrow disease, in which elevated hemoglobin level 

could increase the risk of thromboembolism. Thus, after 

consultation with a thoracic surgeon, the decision was 

made for the patient to undergo acute normovolemic he-

modilution under anesthesia. 

Five-lead ECG, pulse oxygen saturation (pulse oximetry), 

non-invasive blood pressure, arterial pressure from left ul-

nar artery, bispectral index, and cerebral oxygen saturation 

were all measured as part of physiological monitoring in 

the operating room. The patient had a blood pressure of 

144/104 mmHg, heart rate of 110 beats/min, and oxygen 

saturation of 90%. Endotracheal intubation was performed 

after the patient was anesthetized with administration of 

2% lidocaine (60 mg), etomidate (12 mg), rocuronium (100 

mg), and fentanyl (150 μg); subsequently, a maintenance 

dose of midazolam (5 mg), fentanyl (100 μg), and vecuro-

nium bromide (5 mg) were also administered. Arterial 

pressure was monitored using a left femoral arterial cathe-

ter, pulmonary artery catheter (Swan-Ganz catheter, Ed-

ward Lifescience, USA), and a central vein catheter, in 

which the cannulation to the internal jugular vein was con-

ducted using ultrasound guidance. Transesophageal echo-

Table 1. Pre- and Postoperative Collected Blood Count Change

Variable Preoperative value At end of surgery 10 days after surgery 30 days after surgery 60 days after surgery

Hemoglobin  (g/dl) 18.5 8.9 9.7 10.5 11.0
Hematocrit (%) 57.3 25.9 29.7 33.1 35.5
Platelet (K/µl) 127 122 309 281 229
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cardiography was set up for intraoperative assessment of 

cardiac function and to assess the condition of the heart 

valves. 

Nine hundred and sixty millimeters of blood was drawn 

from the central vein catheter at a rate of 50 ml/min for 20 

min, while injecting 960 ml of 6% hydroxyethyl starch (HES, 

Volulyte®, Fresenius Kabi Deutchland GmbH, Germany), as 

the intra-operative arterial blood gas analysis revealed 19.7 g/

dl of hemoglobin and 58% of hematocrit. After acute nor-

movolemic hemodilution, the patient’s blood pressure 

(118/82 mmHg) and heart rate (88 beats/min), as well as he-

moglobin (15 g/dl) and hematocrit (44%) were measured. 

Test results of ROTEM® (Rotational Thromboelastometry, 

Pentapharm GmbH, Germany) indicated that both EXTEM 

and FIBTEM were within the normal range (Table 3). The test 

to determine the infection, acid-fast bacilli smear microscopy, 

and a culture test could not be completed before the surgery; 

a blood collected from the patient was disposed of because 

pleural effusion was observed only on the right side indicating 

the possibility of infection. 

Extracorporeal circulation was initiated 25 min after the 

start of the surgery, and was sustained for 75 min, during 

which the hematocrit was maintained between 25 and 30% 

(Table 2). After weaning from extracorporeal circulation, 

the patient’s vital signs were stable and heart valve loca-

tions and function, as well as the overall cardiac function, 

Table 2. Intraoperative Time Course of ABGA and Hemodynamic Variables

Variable Preoperative value 
(room air)

After anesthesia 
(FiO2 =  0.6)

After ANH 
(FiO2 =  0.6)

After CPB on
(FiO2 =  0.6)

After weaning
(FiO2 =  1.0)

At the end of surgery 
(FiO2 =  0.6)

ABGA
 pH 7.39 7.43 7.51 7.48 7.47 7.38
 PaO2 (mmHg) 65.4 162 286 382 463 267
 PCO2 (mmHg) 50.3 52 38 39 36 47
 HCO3

- (mM/L) 30 34.5 30.3 29.2 29 29.9
 HCT (%) 56 58 44 26 29 27
 SaO2 (%) 93.0 99.0 100 100 100 100
Hemodynamics
 HR (beats/min) 110 88 85 86 90
 SBP (mmHg) 144 118 105 102 106
 DBP (mmHg) 104 82 64 60 62
 MAP (mmHg) 118 94 80 60 74 76
 rSO2 (%) 52/51 50/52 41/40 56/54

ABGA: artery blood gas analysis, FiO2: fraction of inspired oxygen, ANH: acute normovolemic hemodilution, CPB: cardiopulmonary bypass, 
PaO2: partial pressure of arterial oxygen, PCO2: partial pressures of CO2, HCT: hematocrit, SaO2: arterial oxygen saturation, HR: heart rate, 
SBP: systolic blood pressure, DBP: diastolic blood pressure, MAP: mean arterial pressure, rSO2: regional cerebral oxygen saturation.

Table 3. ROTEM® Data Change in Perioperative State

Variable Reference value After acute normovolemic 
hemodilution After weaning At the end of surgery

EXTEM
 CT (s) 38–79 82 101 70
 CFT (s) 34–159 129 151 143
 α (°) 63–83 65 61 62
 A10 (mm) 43–65 46 41 45
 A20 (mm) 50–71 53 49 52
 MCF (mm) 50–72 53 52 55
FIBTEM
 CT (s) 38–62 74 104 93
 A10 (mm) 7–23 9 6 7
 A20 (mm) 8–24 10 6 7
 MCF (mm) 9–25 9 7 7

CT: clotting time, CFT: clot formation time, α: alpha angle, A10: amplitude 10 minutes after start of assay, A20: amplitude 20 minutes after 
start of assay, MCF: maximum clot firmness.
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were normal based on transesophageal echocardiography. 

The arterial blood gas analysis results were 9.9 g/dl of he-

moglobin and 29% of hematocrit; the ROTEM® test result-

ed in 101 seconds of clotting time (CT) in EXTEM, which 

was elongated to 104 s in FIBTEM and 41 mm of amplitude 

10 min after the start of the assay (A10) in EXTEM, and was 

reduced to 6 mm in FIBTEM, indicating a minor decrease 

in the fibrinogen level [4]. Two units of packed red blood 

cells, 3 units of fresh frozen plasma, and 8 units of platelets 

were transfused after consulting with the operating sur-

geon, due to the fact that the patient showed a bleeding 

tendency after weaning from extracorporeal circulation. 

Cerebral oxygen saturation during surgery measured 

52/51, which was maintained after acute normovolemic 

hemodilution but reduced to 41/40 during extracorporeal 

circulation. Cerebral oxygen saturation eventually recov-

ered to 56/54 after weaning from extracorporeal circula-

tion. The patient was transported to the intensive care unit 

in a sedated state with endotracheal intubation, which was 

removed 4 days after admission to the intensive care unit 

and was then transferred to the general ward the following 

day. The patient was discharged 15 days after the surgery 

without further complications. Meanwhile, the patient was 

diagnosed with secondary polycythemia without further 

testing, as the blood test results acquired over 2 months 

post-operatively showed hemoglobin and hematocrit to be 

lower than normal (Table 1). 

DISCUSSION 

Polycythemia is a condition where the red blood cell 

count is higher than normal and can be categorized as 

polycythemia vera and secondary polycythemia. The 2017 

World Health Organization diagnostic criteria describes 

polycythemia vera as a disease in which the red blood cell 

count increases due to disorders regarding red blood cell 

production and provide 3 major and 1 minor diagnostic 

criteria. The first major criterion is hemoglobin greater 

than 16.5 g/dl in men and 16.0 g/dl in women, hematocrit 

greater than 49% in men and 48% in women, or red blood 

cell mass greater than 25% above the mean predicted val-

ue. The second major criterion consists of a bone marrow 

biopsy indicating hypercellularity through prominent 

erythroid, granulocytic, and megakaryocytic proliferation, 

with polymorphic mature megakaryocytic cells of varying 

sizes. The third major criterion is presence of JAK2 V617F 

or JAK2 exon 12 mutation and the 1 minor criterion is se-

rum erythropoietin level lower than normal [5]. A diagnosis 

of polycythemia vera requires that the patient exhibit all 3 

major criteria or the first 2 major criteria and the 1 minor cri-

terion. Secondary polycythemia, defined as an increase in 

red blood cell mass due to elevated serum erythropoietin 

level, arises as a compensatory mechanism for chronic hy-

poxia from chronic lung diseases, obstructive sleep apnea, 

congenital heart diseases, and smoking or, in rare cases, from 

erythropoietin production from an erythropoietin-releasing 

tumor, such as those that develop with hepatocellular and re-

nal carcinoma, among others. Our patient underwent sur-

gery without a preoperative assessment, as he refused a bone 

marrow biopsy or testing for the JAK2 exon 12 mutations, 

which are required for accurate diagnosis. No further tests, 

including bone marrow biopsy, were performed, as hemo-

globin levels recorded for more than 2 months post-opera-

tively were within the normal range (Table 1). 

The main purpose of polycythemia treatment is to pre-

vent thromboembolism, which induces cardiocerebrovas-

cular complications. For this reason, the hematocrit level is 

maintained below 45% via phlebotomy [2] and cell reduc-

tion therapy, such as hydroxyurea, which are also used in 

patients over 60 years of age or those who have a history of 

thrombosis. However, the correlation between a high he-

matocrit level and increased incidence of thromboembo-

lism in secondary polycythemia is controversial. According 

to the literature, Braekkan et al. [6] reported the risk of ve-

nous thromboembolism to be proportional to hematocrit 

level, and Ristić et al. [7] described polycythemia to be the 

single most significant risk factor for pulmonary embolism 

in chronic hypoxemic patients. However, Nadeem et al. [8] 

reported that secondary polycythemia alone might not sig-

nify increased risk for venous thromboembolism. 

In a clinical setting, while secondary polycythemia 

caused by hypoxia from chronic lung diseases and cyanotic 

heart diseases is treated with phlebotomy, cases related to 

smoking, erythropoietin-releasing tumor, and anabolic ste-

roid injections are not treated with phlebotomy [9]. Al-

though our patient was a good fit for phlebotomy, as he 

was elderly and had hypertension, diabetes and atrial 

fibrillation, which are associated with an increased risk for 

thromboembolism, phlebotomy was not carried out, as the 

patient could not complete the treatment for the duration 

required to reach the target level (once a week for 6 weeks) 

[10]. Due to severe aortic stenosis characterized by a low 

left ventricular ejection fraction (17%), accelerated phle-

botomy, in which the procedure is carried out twice a 
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week, was deemed unsafe, due to the risk of sharp deterio-

ration in the patient’s condition. After consultation with 

the operating surgeon, it was decided that the patient 

would undergo acute normovolemic hemodilution under 

anesthesia. 

Acute normovolemic hemodilution involves collecting a 

specific amount of blood, based on the target hematocrit, 

and injecting the same amount of colloid solution, and it is 

mainly used in patients with high risk for massive hemor-

rhage so that the blood drawn during the procedure can be 

stored for self-transfusion to prevent side effects of allogen-

ic blood transfusion. High-risk emergency surgeries for pa-

tients with severe polycythemia, such as coronary artery 

bypass graft using an extracorporeal circulator, uses acute 

normovolemic hemodilution to prevent side effects of ab-

normal hematocrit [3]. Acute normovolemic hemodilution 

in patients with polycythemia causes increased cardiac 

output and tissue oxygen extraction fraction, as well as de-

creased systemic vascular resistance as a result of blood di-

lution, which reduces blood viscosity. A reduced increase 

in cardiac output from acute normovolemic hemodilution 

in patients under anesthesia can be attributed to the effect 

of the anesthetic on the autonomic nervous system and 

cardiovascular system, which can be manifested as a sup-

pression of change in heart rate and cardiac output in-

crease only contributing to stroke volume increase [11]. 

Therefore, the absence of heart rate increase under anes-

thesia makes this a good fit for patients with severe aortic 

stenosis. Also, acute normovolemic hemodilution under 

anesthesia allows for an effective response to change in the 

patient’s physiological status compared to phlebotomy or 

acute normovolemic hemodilution in an awake state. 

The target hematocrit of acute normovolemic hemodilu-

tion is determined based on the patient’s condition and the 

type of surgery, as no specific target exists. In a patient with 

severe aortic stenosis, accompanied by left ventricular hy-

pertrophy who is undergoing aortic valve replacement, 

lowering hematocrit to 28% via acute normovolemic he-

modilution optimized oxygen transport, and metabolic de-

mand and stimulated postoperative erythropoietin release 

by decreasing blood viscosity which, in turn, reduced myo-

cardial injury that can cause cardiac complications [12]. 

However, patients undergoing cardiac surgery under car-

diopulmonary bypass need additional caution with hemo-

dilution, as hematocrit below 22% could lead to postopera-

tive complications, such as stroke, myocardial infarction, 

cardiac arrest, renal failure, and pulmonary edema [13]. 

We set the target hematocrit level to 45%, considering the 

patient’s underlying diseases and red blood cell loss during 

the surgery, and the exchangeable blood volume (V) of 960 

ml was calculated using the Bourke and Smith formula V =  

EBV ×  ln(HCT0/HCTt) (HCT0: initial hematocrit, HCTt: tar-

get hematocrit, EBV: estimated blood volume [0.417 ×  

height + 0.045 ×  weight – 0.03, 3.8 L for this patient]) [14]. 

There was no significant change in blood pressure, heart 

rate, and regional cerebral oxygen saturation from acute 

normovolemic hemodilution (Table 2). Previous work 

showed a sharp decline in regional cerebral oxygen satura-

tion when hematocrit reached 30% with acute normovole-

mic hemodilution [15]. The patient in this case report also 

exhibited 20% decrease in regional cerebral oxygen satura-

tion when hematocrit became lower than 30% during ex-

tracorporeal circulation. 

Currently, the target hematocrit level that should be 

maintained while the patient is getting extracorporeal cir-

culation is unknown. In the past, hematocrit level below 

20% during extracorporeal circulation was thought to min-

imize microcirculation impairment and improve oxygen 

transport and tissue perfusion. However, recent findings 

show that a hematocrit level below 22% can increase the 

perioperative prevalence rate of myocardial infarction, 

hospitalization period, and cost, as well as the likelihood of 

patients requiring a blood transfusion [13]. In addition, ex-

cessive hemodilution during extracorporeal circulation is 

shown to cause a sharp decline in regional cerebral oxygen 

saturation [15]. Therefore, the target hematocrit in this case 

was set to 25–30%. 

Acute normovolemic hemodilution can be a good alter-

native for patients presenting severe aortic stenosis with 

secondary polycythemia and undergoing valve replace-

ment that are not eligible for phlebotomy due to time con-

straints or their physiological conditions. Nonetheless, as 

aforementioned, an excessively low hematocrit level 

during extracorporeal circulation can lead to several com-

plications and, thus, requires careful management. Further 

work is needed to identify the optimal hematocrit range. 

SUPPLEMENTARY MATERIALS 

Supplementary data containing Korean version of this 

article is available at https://doi.org/10.17085/apm.2020. 

15.2.181.
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