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Abstracts

Reticulocytosis in Absence of
Anemia by Hypoxia due to
Cardiogenic Pulmonary Edema
with Myxomatous Mitral Valve

Disease in Dogs

Sol-Ji Choi

(Supervised by Professor Woo-Jin Song)

Department of Veterinary Medicine

GRADUATE SCHOOL

JEJU NATIONAL UNIVERSITY

Myxomatous mitral valve disease (MMVD) is the most common heart

disease in small breed dogs. Dogs with MMVD commonly show clinical signs of

dyspnea due to cardiogenic pulmonary edema (CPE). Reticulocytosis in the

absence of anemia (RAA) is a hematological finding in hypoxic conditions. This

study aimed to assess the prevalence of RAA in dogs with CPE due to MMVD,

and evaluate whether RAA is reversible with amelioration of dyspnea.

Twenty-one client-owned dogs with CPE due to MMVD were enrolled. RAA

was observed in 17 dogs (80.9%). In the RAA group, the absolute reticulocyte

significantly decreased as the CPE improved (p < 0.001). The mean absolute

reticulocyte count in the RAA group was 163.90 ± 50.77 on the first

measurement and 78.84 ± 25.64 after resolution of CPE. In the RAA group, no

significant differences in mean absolute reticulocyte count were observed



between the survival and non-survival groups either in the first or second

measurement. My results indicate that RAA significantly occurs in dogs with

MMVD-related CPE and can resolve after resolution of CPE. Consequently,

RAA might be used to one of the indicators that assess the improvement of

CPE due to MMVD and further study is necessary to determine whether RAA

can be used as a prognostic factor.
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I. Introduction

Myxomatous mitral valve disease (MMVD) is the most common heart disease in

small-breed dogs [1,2]. It first manifests as the regurgitation of blood flow into the left

atrium by mitral valve degeneration and increased blood volume, leading to increased

left atrial pressure and cardiac remodeling, eventually resulting in increased pulmonary

venous pressure and pulmonary edema (PE) [3,4]. The occurrence of PE is confirmed

using thoracic radiography and echocardiography. According to the MMVD classification

of the American College of Veterinary Internal Medicine (ACVIM), the onset of clinical

signs is classified as stage C or higher [1].

Reticulocytes are immature erythrocytes (non-nucleated cells) that containing

long RNA molecules. Reticulocytes remain for about 2 days in bone marrow and

are then released into the blood circulating system and differentiate into mature

erythrocytes about 2 days later [5]. Reticulocytosis, an increased reticulocyte

count in the blood, increases erythrocyte production and is a quantitative

indicator to distinguish regenerative anemia from non-regenerative anemia.

Reticulocytosis in absence of anemia (RAA) refers to an increased

reticulocyte count in non-anemic conditions [6,7]. Previous studies have revealed

that physiologic reaction to excitement, splenic contraction, or inflammatory

response could increase reticulocyte numbers in non-anemic condition [7-9]. In

addition, there have been many studies about hypoxic RAA [6,10-12]. Some

studies have shown that patients with RAA have worse prognosis [6,12]. In

light of the growing interest in RAA, the study of hypoxic RAA in specific

diseases would be a substantial contribution to the field of veterinary medicine

[7,13]. In this study, I aimed to assess the prevalence of RAA in dogs with

CPE due to MMVD, and to evaluate whether RAA is reversible with

amelioration of dyspnea.
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Ⅱ. Materials and Methods

2.1 Case selection

For this retrospective case series study, I reviewed the electronic medical

records of all dogs with cardiogenic pulmonary edema (CPE) due to MMVD

presented at the emergency services of our hospital, from February 2017 to

August 2020. The exclusion criteria were as follows: moderate to severe anemia,

dogs that did not undergo CBC analysis within 2 days of the first hospital visit,

and dogs lost to follow-up for CBC evaluation.

2.2 Diagnosis and treatment of cardiogenic pulmonary edema in dogs

The diagnosis of CPE was based on a combination of clinical signs

(abnormal lung sounds, dyspnea) and radiographic findings (i.e., increased

pulmonary opacity resulting from unstructured interstitial or mixed

interstitial-alveolar pattern) on the day of the visit.

Echocardiography was performed to identify patients with congestive heart

failure secondary to MMVD [1,14-16]. Echocardiographic findings were

characterized by degenerative changes in the mitral valve leaflets, mitral valve

prolapse, and the presence of systolic mitral regurgitant flow. Each patient

underwent a complete echocardiographic examination, which include left

ventricular internal diameter in diastole (LVIDD), left atrial-to-aortic ratio

(LA/Ao), and flow data, including peak velocity of E wave of transmitral flow,

and E wave to A wave ratio of transmitral flow. LVIDD was evaluated in the

M-mode. LVIDDn (normalized LVIDD) was measured using the following

formula: LVIDDn = LVIDD (cm) /weight (kg) 0.294. The LA/Ao ratio was

estimated from the right parasternal two-dimensional short-axis view.
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CPE with MMVD was defined as the presence of heart murmur and

evidence of left cardiomegaly, defined as LA/Ao ≥ 1.6 and LVIDDn > 1.7, with

clinical signs based on the ACVIM continuous rate infusion classification scheme

[5].

During treatment admission, all CPE dogs were initially administered oxygen

via an oxygen hood. Next, furosemide was administered intravenously (2-4

mg/kg/h), and nitroglycerin patches were applied. Additionally, dobutamine was

administered if needed (continuous rate infusion at 5-7.5 µg/kg/min).

2.3 RAA determination

In the present study, reticulocytosis in the absence of anemia was defined as

an absolute reticulocyte count greater than 100.0 K/㎕ and a hematocrit greater

than 35 %. The EDTA (ethylenediamine tetraacetic acid) plasma samples were

used for CBC analysis (in-house Procyte Dx Hematology Analyzer, IDEXX

Laboratories).

2.4 Follow-up data

For follow up, the second measurement of the CBC analysis was performed

on an average of 14 days (range; 10-31 days) from the first visit (except one

case that died before the second visit). Patients who died within 6 weeks after

CPE were included in the non-survival group, while the others comprised the

survival group.

2.5 Statistical analysis

Numerical data (age and absolute reticulocytes) are shown as mean ±

standard deviation. Differences between the groups were compared by paired

t-test using GraphPad Prism v.6.01 software (GraphPad Inc., La Jolla, CA,

USA). Statistical significance was set at p < 0.05.
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III. Results

Twenty-nine dogs were diagnosed with CPE based on their medical records.

Two dogs were excluded because they had moderate to severe anemia at the

first examination, and six were excluded because there were no data of the first

2 days after the hospital visit.

Twenty-one dogs of the following breeds met the criteria and were included

in the study: Maltese (17), Shih Tzu (3), and Pomeranian (1). There were 10

males, including 8 castrated males, and 11 females, including 8 spayed females.

Dogs ranged in age from 8 to 16 years, with a median of 12 ± 2.42 years. Two

dogs had a previous history of CPE (Table 1).

Seventeen dogs had reticulocytosis (RAA group) and four dogs had normal

reticulocyte counts (non-RAA group) at the time of CPE emergency. The

proportion of patients with RAA in this study was 80.9% (Figure 1).

CPE have resolved in 20 of 21 dogs with appropriate treatment. All remained

dogs in the second visit have showed normal sleeping or resting respiratory rate

and no any other respiratory sign. In the RAA group, the absolute reticulocyte

count decreased significantly (p < 0.001) in the second visit. The mean absolute

reticulocyte count in the RAA group was 163.90 ± 50.77 on the first

measurement and 78.84 ± 25.64 on the second measurement (Figure 2A). Most

of the dogs showed lower values than the normal reference range in the second

measurement, except two; one showed slightly increased values, and another did

not undergo the second measurement due to euthanasia on the day after the

visit. In contrast, in the non-RAA group, no significant change was noted. The

mean absolute reticulocyte count was 60.10 ± 15.1 on the first measurement and

68.73 ± 31.51 on the second measurement (Figure 2B). In addition, in all cases,

there were no significant differences between two measurements in RBC counts

(data not shown).
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One patient had increased sleeping and resting respiratory rates starting 3

days before the hospital visit. Thoracic radiography revealed remarkable alveolar

patterns in the right lateral and ventrodorsal views (Figure 3A). A diagnosis of

MMVD with ACVIM stage C was made using echocardiography. Oxygen

supplementation and furosemide intravenous injection (to provoke dehydration)

were administered until body weight was reduced by 7%, and a nitroglycerin

patch was applied as an emergency treatment. When discharged from the

hospital, the patient was prescribed pimobendan, enalapril, furosemide, and

spironolactone. After one month, pulmonary infiltration was much improved, and

breathing appeared comfortable (Figure 3B). Its absolute reticulocyte count

decreased from 261.8 K/μL on the first measurement to 96.7 K/μL on the second

measurement (Figure 3C).

Four dogs died due to recurrent CPE within 6 weeks after the first visit, one

of which was euthanized the day after the visit, and all were RAA cases. The

mean absolute reticulocyte count on the first measurement was 161.09 ± 50.80 in

the survival group and 188.30 ± 34.32 in the non-survival group. On the second

measurement, the count was 79.91 ± 26.60 in the survival group and 85.20 ±

16.61 in the non-survival group. There were no significant differences in

absolute reticulocyte count between the survival group and the non-survival

group (Figure 4).
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IV. Discussion

Reticulocytosis in the absence of anemia is a clinical pathologic sign

associated with a recent anemia, hemolysis, or hypoxia [17]. Recently, a study

found that the prevalence of RAA in dogs gradually increased annually and that

hypoxia is a minor cause of RAA [7]. Later, however, using a larger sample,

Fuchs found that high rates of RAA dogs were due to cardiac disease or

respiratory disease (i.e., hypoxia) [13]. In Fuchs’ study, the proportion of RAA

occurrence in the cardiac/respiratory group was the highest compared with those

of other underlying disease groups such as gastrointestinal disease, inflammatory

disease, and tumor [13]. MMVD is the most common cardiac disease in

small-breed dogs [13]. The aim of this study was to assess the prevalence of

RAA in dogs with CPE due to MMVD and to evaluate whether RAA is

reversible with amelioration of dyspnea.

In a total sample of 21 dogs with CPE due to MMVD, the prevalence of

RAA was 80.9 %. This proportion was higher than the prevalence of less than

10 % reported in a previous study and a prevalence of 2 % among healthy dogs

[13]. There was no difference between the RAA and non-RAA groups in terms

of age, reoccurrence, sex, and breed. As the respiration pattern and pulmonary

infiltration improved, the RAA condition was significantly resolved in the RAA

group. Based on previous studies and these results, it is tempting to speculate

that RAA occurred because of hypoxia [18]. Only one dog did not show a

decreased absolute reticulocyte count despite showing improvements in

respiration, but I could not find the cause of this because there were no medical

records with information on individual underlying disease, diet, or life patterns.

If hypoxia occurs, reticulocytes in blood increase on days 2-4 and peak on

days 4-7 [17]. The peritubular interstitial cells in the renal cortex detect

decreased oxygen partial pressure and inactivate oxygen-dependent prolyl

hydroxylase. Thus, undestroyed hypoxia-inducible factors stimulate erythropoietin
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production. Erythropoietin stimulates erythroid progenitor cell division and

differentiation in the bone marrow to increase erythropoiesis, which is one of the

mechanisms of hypoxic RAA occurrence [5,17,19,20].

In human medicine, it is widely accepted that respiratory patients with RAA

have a more negative prognosis than those without RAA [6,9]. Fuchs’ study

indicated that deceased dogs with RAA had a 30% mortality [13]. In the present

study, all deceased dogs were included in the RAA group, but the correlation

between absolute reticulocyte count at admission and survival was not

significant.

There are some limitations in this study. I could not evaluated other possible

causes of RAA such as inflammation and castration status. In addition, Pulse

oximetry, respiratory function (such as ventilator ratio), erythropoietin

concentration, or C-reactive protein of enrolled dogs have not been measured in

this study. Although these limitations due to retrospective nature, I demonstrated

here a high prevalence of RAA in dogs with CPE due to MMVD, which was

reversely down-regulated.
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V. Conclusion

To my knowledge, this is the first study to assess RAA in dogs with CPE

due to MMVD. RAA prevalence was high in dogs with CPE due to MMVD. In

the RAA group, the absolute reticulocyte count significantly decreased as the

CPE improved.

There was no significant difference about absolute reticulocyte count between

survival group and non-survival group. A study with a larger sample and

longer study period is necessary to determine whether RAA could be used as a

prognostic factor for CPE emergencies.



- 9 -

VI. References

1. Keene BW, Atkins CE, Bonagura JD, Fox PR, Häggström J, Fuentes VL,

Oyama MA, Rush JE, Stepien R, Uechi M. ACVIM Consensus Guidelines for

the Diagnosis and Treatment of Myxomatous Mitral Valve Disease in Dogs.

J Vet Intern Med 2019; 33: 1127-1140.

2. Fox PR. Pathology of Myxomatous Mitral Valve Disease in the Dog. J Vet

Cardiol 2012; 14: 103-126.

3. Li Q, Heaney A, Langenfeld-McCoy N, Boler BV, Laflamme DP. Dietary

Intervention Reduces Left Atrial Enlargement in Dogs with Early Preclinical

Myxomatous Mitral Valve Disease: a Blinded Randomized Controlled Study in

36 Dogs. BMC Vet Res 2019; 15: 425.

4. Hezzell M. Pathology and Prognosis of Canine Myxomatous Mitral Valve

Disease. Pract 2018; 40: 3-6.

5. Adamson JW, Eschbach J, Finch CA. The Kidney and Erythropoiesis. Am J

Med 1968; 44: 725-733.

6. Kendall RG, Mellors I, Hardy J, Mardle B. Patients with Pulmonary and

Cardiac Disease Show an Elevated Proportion of Immature Reticulocytes. Clin

Lab Haematol 2001; 23: 27-31.

7. Pattullo KM, Kidney BA, Taylor SM, Jackson ML. Reticulocytosis in

Nonanemic Dogs: Increasing Prevalence and Potential Etiologies. Vet Clin

Pathol 2015; 44: 26-36.

8. Stewart IB, McKenzie DC. The human spleen during physiological stress.

Sports Med 2002; 32: 361-369.

9. Horvath SJ, Couto CG, Yant K, Kontur K, Bohenko L, Iazbik MC, Marín LM,

Hudson D, Chase J, Frye M, DeNicola DB. Effects of racing on reticulocyte

concentrations in Greyhounds. Vet Clin Pathol 2014; 43: 15-23.

10. Thomas J, Michael O, Ewell CW. Reticulocytosis and Hypoxemia as

Prognostic Signs in Congestive Heart Failure. Circulation 1961; 24: 1151–



- 10 -

1153.

11. Wang C, Zhang H, Cao X, Deng R, Ye Y, Fu Z, Gou L, Shao F, Li J, Fu

W, Zhang X, Ding X, Xiao J, Wu C, Li H, Qi H, Li C, Lu Z. Red Cell

Distribution Width (RDW): a Prognostic Indicator of Severe COVID-19. Ann

Transl Med 2020; 8: 1230.

12. Zhang J, DeMeo DL, Silverman EK, Make BJ, Wade RC, Wells JM, Cho

MH, Hobbs BD. Secondary Polycythemia in Chronic Obstructive Pulmonary

Disease: Prevalence and Risk Factors. BMC Pulm Med 2021; 21: 235.

13. Fuchs J, Moritz A, Grußendorf E, Lechner J, Neuerer F, Nickel R, Rieker T,

Schwedes C, DeNicola DB, Russell J, Bauer N. Reticulocytosis in Non‐

Anaemic Cats and Dogs. J Small Anim Pract 2018; 59:

14. Reinero C, Visser LC, Kellihan HB, Masseau I, Rozanski E, Clercx C,

Williams K, Abbott J, Borgarelli M, Scansen BA. ACVIM Consensus

Statement Guidelines for the Diagnosis, Classification, Treatment, and

Monitoring of Pulmonary Hypertension in Dogs. J Vet Intern Med 2020; 34:

549-573.

15. Baron Toaldo M, Romito G, Guglielmini C, Diana A, Pelle NG, Contiero B,

Cipone M. Prognostic Value of Echocardiographic Indices of Left Atrial

Morphology and Function in Dogs with Myxomatous Mitral Valve Disease. J

Vet Intern Med 2018; 32: 914-921.

16. Diana A, Guglielmini C, Pivetta M, Sanacore A, Di Tommaso M, Lord PF,

Cipone M. Radiographic Features of Cardiogenic Pulmonary Edema in Dogs

with Mitral Regurgitation: 61 Cases (1998-2007). J Am Vet Med Assoc

2009; 235: 1058-1063.

17. Mosqueira M, Willmann G, Zeiger U, Khurana TS. Expression Profiling

Reveals Novel Hypoxic Biomarkers in Peripheral Blood of Adult Mice

Exposed to Chronic Hypoxia. PLOS ONE 2012; 7: e37497.

18. Cheney FW, Bishop MJ, Chi EY, Eisenstein BL. Effect of Regional Alveolar

Hypoxia on Permeability Pulmonary Edema Formation in Dogs. J Appl

Physiol 1987; 62: 1690-1697.



- 11 -

19. Reissmann KR. Studies on the Mechanism of Erythropoietic Stimulation in

Parabiotic Rats During Hypoxia. Blood 1950; 5: 372-380.

20. Rosse WF, Waldmann TA. The Role of the Kidney in the Erythropoietic

Response to Hypoxia in Parabiotic Rats. Blood 1962; 19: 75-81.



- 12 -

Table 1. Signalment of MMVD dogs with CPE (n = 29)

CPE: cardiogenic pulmonary edema; MMVD: myxomatous mitral valve disease.

Characteristic Value

Age (Mean±SD years, range) 12 ± 2.42, 8–16

Reoccurrence (n, %) 2, 9.54

Sex

Female (n, %) 3, 14.2

Spayed female (n, %) 8, 38.0

Male (n, %) 2, 9.5

Castrated male (n, %) 8, 38.0

Breed

Maltese (n, %) 17, 80.9

Shih Tzu (n, %) 3, 17.6

Pomeranian (n, %) 1, 4.7
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Figure 1. Proportion of reticulocytosis in absence of anemia (RAA).
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Figure 2. Changes in absolute reticulocyte count in (A) the RAA group and (B)

the non-RAA group. RAA: reticulocytosis in absence of anemia.
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Figure 3. Representative case of this study. (A) Right lateral view of a

radiography taken in an emergency visit due to cardiogenic pulmonary edema

(CPE) with myxomatous mitral valve disease (MMVD). (B) Right lateral view

of a radiography of the same case after resolution of CPE due to MMVD. (C)

The absolute reticulocyte was decreased from 261.8 K/μL to 96.7 K/μL.
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Figure 4. Absolute reticulocyte count in the survived and non-survived patients

in RAA group. Both of (A) the first and (B) the second measurements, there

were no significant differences in absolute reticulocyte count between survived

and non-survived patients. RAA: reticulocytosis in absence of anemia.
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국문초록

이첨판폐쇄부전증 개에서 
심원성 폐수종에 의한 
저산소증으로 생기는 

빈혈이 없는 망상적혈구증가증

최솔지

(지도교수 : 송우진)

제주대학교 일반대학원 수의학과

   이첨판폐쇄부전증은 소형견 종에서 가장 흔한 심장질환이다. 이첨판폐쇄부전증 

개에서 심원성 폐수종에 의한 호흡곤란 증상을 흔히 관찰된다. 빈혈없는 망상적혈

구증가증은 저산소증 환경에서 관찰되는 혈액학적 소견이다. 본 연구는 이첨판폐쇄

부전증 개에서 빈혈없는 망상적혈구증가증과 심원성 폐수종과의 관련성을 평가하고 

망상적혈구증가증이 심원성 폐수종이 개선 됨에 따라 해소되는지 평가하고자 하였

다. 이첨판폐쇄부전증에 의한 심원성 폐수종 개 21마리를 대상으로 하였다. 21마리 

중에서 빈혈없는 망상적혈구 증가증은 17마리(80.9%)였다. 빈혈없는 망상 적혈구 

증가증군에서 망상적혈구 절대수는 심원성 폐수종이 개선됨에 따라 유의적으로 감

소되는 것을 확인하였다. 망상적혈구 절대수는 첫 측정 시 평균 163.90 ± 50.77/

㎕였으며, 심원성 폐수종이 개선된 후에 78.84 ± 25.64/㎕였다. 생존군과 비생존

군의 평균 망상적혈구 절대수는 2회 측정 모두에서 유의적 차이는 관찰되지 않았

다. 이 결과에서 빈혈없는 망상적혈구 증가증은 점액종성 이첨판폐쇄부전증에 의한 

심원성 폐수종에서 유의적으로 발생하였으며, 폐수종이 개선됨에 따라 회복되는 것

을 확인하였다. 따라서 빈혈없는 망상적혈구증가증이 심원성폐수종의 개선을 평가 
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하는 지표중 하나로서 사용될 수 있을 것으로 사료되며, RAA가 예후 인자로서 사

용될 수 있는지 추가적인 연구가 필요할 것으로 보인다. 

                                                                           

중심어: 빈혈없는 망상적혈구 증가증, 이첨판 폐쇄부전증, 심원성 폐수종, 개 
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