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Introduction 

A repeat breeder is defined as a cow that fails to become pregnant after 3 or 
more consecutive inseminations within the same lactation period without any de-
tectable abnormalities in the genital tract and with apparently normal estrous cy-
cles [1–3]. This condition markedly reduces reproductive performance due to the 
increased number of inseminations and longer calving intervals, thereby increas-
ing culling and replacement costs in dairy cows [4,5]. Because the causes remain 
unknown and/or may be covered by other symptoms, it is very difficult to deter-
mine methods to overcome this disorder. Likewise, methods of prevention and 
treatment have not yet been established, except for the administration of hor-
mones, including gonadotropin-releasing hormone (GnRH) and progesterone, 
prostaglandin F2α (PGF2α), or combinations of these agents [3,6,7], or the use of 
embryo transfer techniques [8,9]. Thus, the identification of risk factors for repeat 
breeder cows might help to design effective measures to prevent and/or treat this 
reproductive disorder. 

Previous studies have suggested that alterations in hormone concentrations, in-
cluding high estradiol concentrations at estrus and reduced luteinizing hormone 
(LH) concentrations before peak LH or subluteal progesterone concentrations 
[10,11], are physiological factors associated with repeat breeder cows. Other phys-
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Abstract

The objective of this study was to identify risk factors for repeat breeder dairy cows 
and their impact on reproductive performance. The characteristics of 1,504 cows, 
including their peripartum health, nutrition, production, and reproduction, were 
collected. Cows with metabolic disorder were significantly more likely (odds ratio 
[OR], 2.47; p < 0.001) and cows with clinical endometritis tended to be more likely 
(OR, 1.35; p < 0.1) to become repeat breeders than cows without metabolic disorder 
and clinical endometritis, respectively. Cows initially inseminated > 80 days after 
calving were less likely (OR, 0.78; p < 0.05) to become repeat breeders than cows 
initially inseminated ≤ 80 days after calving. As a result, repeat breeding in dairy 
cows resulted in a 90 day longer (p < 0.0001) mean interval from calving to preg-
nancy. In conclusion, postpartum metabolic disorder, clinical endometritis, and a 
short interval from calving to initial insemination were risk factors for repeat breed-
er dairy cows, resulting in a severely impaired reproductive performance. 

Keywords: repeat breeder cow; risk factors; postpartum disorder; breeding time; 
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iological factors include impaired oocyte competence [12,13], 
ovulation defects [11], early embryonic death [14], and an al-
tered or impaired uterine environment [15,16]. In addition, 
peri- and postpartum diseases, such as dystocia, stillbirth, me-
tritis, cystic ovarian disease, subclinical endometritis [17,18], 
delayed time to first estrus after calving [19], and short time 
from calving to initial insemination [20], have also been report-
ed to be factors associated with repeat breeder cows.  

Despite studies reporting risk factors for repeat breeder cows, 
the factors identified have been inconsistent, as they may be af-
fected by management practices, such as intensive or extensive 
production systems; the productive and/or reproductive capaci-
ties of individual animals or herds; and/or geographic or re-
gional characteristics. Despite poor housing conditions, such as 
limited space per cow and inadequate feeding, milk production 
per cow has increased annually in Korea using an intensive pro-
duction system. These dairy management practices make it eas-
ier for cows to become repeat breeders, reducing their repro-
ductive performance. However, the incidence of repeat breeder 
dairy cows in Korea has not been determined in recent years. 
Thus, the identification of risk factors for repeat breeder dairy 
cows maintained under intensive productive management and 
providing a high yield of milk may provide valuable informa-
tion on methods to reduce the incidence of repeat breeder dairy 
cows. Therefore, the present study was designed to identify risk 
factors for repeat breeder dairy cows by analysing their peripar-
tum disorders, nutrition, milk production, and reproduction, 
collected during periodic evaluations of herd health and repro-
duction. 

Materials and Methods 

Animals and health and reproductive management 
This study was conducted on 12 dairy farms in Chungcheong 

Province, Korea. Each farm contained between 50 and 250 
cows, which were maintained in loose housing systems and fed 
total mixed rations, and milked twice daily. The mean annual 
milk yields per cow on these farms ranged from 9,195 to 11,590 
kg. Animal experiments were performed with the approval of 
the Institutional Animal Care and Use Committee of Chungbuk 
National University, Cheongju, Korea (CBNUA-1299-19-02). 

All cows in the participating farms underwent reproductive 
health checks every 2 to 4 weeks. These included an examina-
tion of their ovarian structures (follicle and corpus luteum [CL]) 
and uterus by transrectal palpation and ultrasonography. At the 
time of these examinations, the body condition scores (BCS) of 
these cows were evaluated using a previously developed visual 

technique [21]. 
Peri- and postpartum disorders were defined as described 

[22–24]. Dystocia was defined as calving requiring assistance. 
Retained placenta was defined as the retention of the fetal 
membranes for longer than 24 hours. Septicemic metritis was 
defined as a fever (rectal temperature ≥  39.5°C) and a watery, 
fetid, red-brown uterine discharge. Ketosis was diagnosed as the 
occurrence of anorexia and depression, and the odor of acetone 
on the breath. Milk fever was diagnosed as the occurrence of 
nervousness, weakness, and recumbency after calving. Abo-
masal displacement was diagnosed by abdominal auscultation. 
Clinical endometritis was diagnosed as the occurrence of a 
mucopurulent uterine discharge and by transrectal palpation 
and ultrasonography. Cows diagnosed with septicemic metri-
tis were subcutaneously administered antibiotics and support-
ive medication for 3 to 5 days. Ketotic cows were treated with 
propylene glycol, dextrose, or glucocorticoids, and those diag-
nosed with milk fever were treated with a calcium preparation. 
Abomasal displacement was corrected surgically by right or 
left flank laparotomy. Cows with clinical endometritis and CL 
were treated with PGF2α, whereas cows with clinical endome-
tritis but without CL were administered a single intrauterine 
infusion of 2% povidone-iodine solution, and were re-treated 
if necessary. 

The voluntary waiting period from calving to the first artifi-
cial insemination (AI) was 40 days. In addition to estrus detec-
tion, herd reproductive programs, such as Ovsynch or 2 modi-
fied presynchronization-Ovsynch (modified Presynch-Ovsynch 
or Double-Ovsynch) were employed. For Ovsynch, cows were 
administered GnRH on day 65 (calving =  day 0), PGF2α on day 
72, and GnRH 56 hours later, followed by timed AI 16 hours 
later. For modified presynchronization-Ovsynch programs, 
cows were administered PGF2α (Presynch-Ovsynch) or GnRH 
(Double-Ovsynch) on day 45, followed by PGF2α on day 55 and 
GnRH on day 58, followed by Ovsynch 7 days later. Pregnancy 
was evaluated 31 and 48 days after AI. If cows did not conceive 
following the first AI, those that exhibited natural estrus were 
again inseminated according to the am-pm rule. Cows con-
firmed as not being pregnant by ultrasonography were resyn-
chronized using Ovsynch, with the resynchronization programs 
continued until the cows became pregnant. Reproductive per-
formance data were collected for a minimum of 210 days post-
partum or until pregnancy or culling.  

Data collection and statistical analyses 
The characteristics of 1,504 dairy cows (574 primiparous and 

930 multiparous) on 12 Holstein dairy farms were recorded. 
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Factors collected included detailed information regarding pari-
ty, the occurrence of peri- or postpartum disorders (e.g., dysto-
cia, retained placenta, metabolic disorder including ketosis, 
milk fever or abomasal displacement, septicemic metritis, and 
clinical endometritis), BCS, milk yield during the first 3 
months, and dates of previous calving, AI, and confirmation of 
pregnancy. 

Data are expressed as the mean ±  standard error of the mean 
(SEM). For statistical analysis, cows were categorized as either 
primiparous or multiparous, by herd size (≤  60 or >  60 lactat-
ing cows), by BCS loss between calving and 30 days after calv-
ing (no or yes), by the interval between calving and first insemi-
nation (≤  80 or >  80 days), and by mean milk yield during the 
first 3 months postpartum ( ≤  40 or >  40 kg). All statistical 
analyses were performed using SAS ver. 9.4 (SAS Institute, 
USA). 

The risk of repeat breeder cows was analysed by logistic re-
gression using the LOGISTIC procedure. Factors in the logistic 
regression model included herd size, parity, dystocia, retained 
placenta, metabolic disorder, septicemic metritis, clinical endo-
metritis, BCS loss between calving and 30 days after calving, in-
terval (days) between calving and first insemination, milk yield, 
and interactions among these variables. Backward stepwise re-
gression was used in all the models, with elimination performed 
based on the Wald statistic criterion when p >  0.10. Odds ratios 
(OR) and 95% confidence intervals were determined using lo-
gistic regression. 

A Cox’s proportional hazard model and the PHREG proce-
dure were used to compare the probability of pregnancy by 210 
days postpartum between repeat breeders and non-repeat 
breeders. This yielded an estimate of the likelihood of a cow be-
ing pregnant at a given time. The time variable used in this 
model was the interval in days between calving and pregnancy. 
Cows that died, were sold, or were not pregnant by 210 days 
postpartum were not included in the analysis. The Cox model 
included herd size, parity, dystocia, retained placenta, metabolic 
disorder, septicemic metritis, clinical endometritis, BCS loss be-
tween calving and 30 days after calving, interval between calv-
ing and first insemination, milk yield, and interactions among 
these variables. Proportional hazards were determined based on 
interactions between explanatory variables and time, and by 
evaluating Kaplan-Meier curves. The median and mean num-
ber of days to pregnancy was determined by survival analysis in 
the Kaplan-Meier model using the LIFETEST procedure within 
the SAS software. A survival plot was generated using the Sur-
vival option of MedCalc software (ver. 11.1; MedCalc Software, 
Belgium). A p-value ≤  0.05 was considered statistically signifi-

cant, whereas a p-value >  0.05 but <  0.1 was considered to in-
dicate a trend. 

Results 

Reproductive and productive characteristics of the cows 
The 1,504 cows included in this study had a mean ±  SEM 

parity of 2.23 ±  0.04. The incidence rates of dystocia, retained 
placenta, metabolic disorder, septicemic metritis, and clinical 
endometritis were 5.3%, 10.1%, 0.9%, 4.2%, and 11.2%, respec-
tively. The mean BCSs at calving and 30 days after calving were 
3.26 ±  0.01 and 3.12 ±  0.01, respectively, and the mean interval 
from calving to first insemination was 76.7 ±  0.4 days. Mean 
milk yields 30, 60, and 90 days after calving were 39.8 ±  0.2 kg, 
41.5 ±  0.2 kg, and 40.4 ±  0.2 kg, respectively, with an average 
of 40.6 ±  0.2 kg. The pregnancy rates per AI after the first, sec-
ond, and third inseminations were 35.0%, 27.7%, and 38.3%, 
respectively.  

The overall mean incidence rate of repeat breeder dairy cows 
was 30.0%. Table 1 shows the overall descriptive statistics for 
the incidence of repeat breeder cows. 

Risk factors for repeat breeder dairy cows 
Table 2 shows the risk factors for repeat breeder dairy cows. 

The occurrences of a metabolic disorder and clinical endome-
tritis, as well as a shorter time between calving and first insemi-
nation, were found to be risk factors for repeat breeder dairy 
cows. Cows that had metabolic disorder were significantly more 
likely (OR, 2.47; p <  0.001) to become repeat breeders than 
cows without metabolic disorder. In addition, cows that had 
clinical endometritis tended to be more likely (OR, 1.35; p <  
0.1) to become repeat breeders than cows without endometritis. 
Furthermore, cows initially inseminated >  80 days after calving 
were significantly less likely (OR, 0.78; p <  0.05) to become re-
peat breeders than cows initially inseminated ≤  80 days after 
calving. By contrast, herd size, parity, dystocia, retained placen-
ta, septicemic metritis, BCS loss between calving and 30 days 
postpartum, and milk yield were not risk factors for repeat 
breeder dairy cows (p >  0.1). 

The impact of repeat breeding on reproductive outcomes 
in dairy cows 

Table 3 shows the factors that affected the likelihood of preg-
nancy by 210 days after calving. Repeat breeder cows were less 
likely to become pregnant (hazard ratio, 0.08; p <  0.0001) than 
non-repeat breeder cows, significantly extending (p <  0.0001) 
the mean interval between calving and pregnancy by 90 days 
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Table 1. Factors associated with the incidence of repeat breeder dairy cows

Variable Level Repeat breeder+ Repeat breeder-
Dystocia No 420 1,005

Yes 31 48
Retained placenta No 405 947

Yes 46 106
Metabolic disorder No 419 1,022

Yes 32 31
Septicemic metritis No 446 1,044

Yes 5 9
Clinical endometritis No 390 946

Yes 61 107
Herd size ≤  60 lactating cows 167 410

>  60 lactating cows 284 643
Parity Primiparous 180 394

Multiparous 271 659
Body condition scores loss between calving and 30 days postpartum No 224 556

Yes 227 497
Interval between calving and first insemination ≤  80 days 306 663

>  80 days 145 390
Milk yield during the first 3 months postpartum ≤  40 kg 220 501

>  40 kg 231 552

Table 2. Odds ratios for variables included in the logistic regression model for the risk of repeat breeder dairy cows

Variable Odds ratio 95% confidence interval p-value
Metabolic disorder*
 No Reference
 Yes 2.47 1.480–4.107 <  0.001
Clinical endometritis
 No Reference
 Yes 1.35 0.962–1.903 <  0.1
Interval between calving and first insemination
 ≤  80 days Reference
 >  80 days 0.78 0.618–0.992 <  0.05
Dystocia >  0.1
Retained placenta >  0.1
Septicemic metritis >  0.1
Herd size† >  0.1
Parity >  0.1
Body condition score loss‡ >  0.1
Milk yield§ >  0.1

*Metabolic disorders included ketosis, milk fever, and abomasal displacement.
†Herd size was categorized as ≤ 60 or > 60 lactating cows.
‡Body condition score loss between calving and 30 days after calving was categorized as no or yes.
§Milk yield during the first 3 months postpartum was categorized as ≤ 40 or > 40 kg.

(Fig. 1). In addition, herd size, dystocia, metabolic disorder, in-
terval between calving and first insemination, and milk yield 
affected the likelihood of pregnancy by 210 days after calving. 

Discussion 

This retrospective study identified risk factors for repeat 
breeder dairy cows and their impact on reproductive perfor-
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Table 3. Factors affecting the probability of pregnancy by 210 days postpartum, identified using the PHREG procedure

Variable Hazard ratio 95% confidence interval p-value
Repeat breeder
 No Reference
 Yes 0.08 0.062–0.090 <  0.0001
Herd size
 ≤  60 lactating cows Reference
 >  60 lactating cows 1.26 1.117–1.420 <  0.001
Dystocia
 No Reference
 Yes 0.7 0.527–0.936 <  0.05
Metabolic disorder*
 No Reference
 Yes 0.52 0.367–0.739 <  0.001
Interval between calving and first insemination
 ≤  80 days Reference
 >  80 days 0.6 0.526–0.674 <  0.0001
Milk yield
 ≤  40 kg Reference
 >  40 kg 0.85 0.725–0.996 <  0.05
Retained placenta >  0.1
Septicemic metritis >  0.1
Clinical endometritis >  0.1
Parity >  0.1
Body condition score loss† >  0.1

*Metabolic disorders included ketosis, milk fever, and abomasal displacement.
†Body condition score loss between calving and 30 days after calving was categorized as no or yes.
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Fig. 1. Survival curves for the interval between calving and 
pregnancy in repeat breeder (n = 451) and non-repeat breeder  
(n = 1,053) dairy cows. The probability of pregnancy by 210 days 
postpartum was significantly lower (p < 0.0001) in repeat breeder 
(hazard ratio, 0.08) than in non-repeat breeder dairy cows. The 
mean intervals between calving and pregnancy were 198.2 ± 
1.1 days and 108.0 ± 1.2 days in repeat breeder and non-repeat 
breeder dairy cows, respectively (p < 0.0001).

mance. Cows that had postpartum metabolic disorder or clini-
cal endometritis were more likely to become repeat breeders 
than those that did not, whereas cows that underwent initial AI 
>  80 days after calving were less likely to become repeat breed-
ers than cows that underwent initial AI ≤  80 days after calving. 
Reproductive performance was more impaired in repeat breed-
er than in non-repeat breeder cows, with the mean interval be-
tween calving and pregnancy extended by 90 days. 

The incidence rate (30.0%) of repeat breeder dairy cows in 
the present study was higher than previously reported rates 
(14.0% to 24.0%) [4,5,20]. Although the reasons for the higher 
incidence rate in the present study remain unknown, unfavor-
able farm conditions, such as their facilities, available space, and 
management system, and differences in the productive and/or 
reproductive characteristics of the animals, may be associated 
with incidence rate. These findings suggest the need for more 
careful attention to the higher incidence of repeat breeder cows 
under an intensive productive system, and the need for suitable 
strategies to prevent this disorder. 

The present study found that metabolic disorders and clinical 
endometritis were risk factors for repeat breeder dairy cows. Al-
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though metabolic disorders have not been previously reported 
to be a risk factor for repeat breeder cows, postpartum metabol-
ic disorders, including abomasal displacement and milk fever, 
were found to adversely affect subsequent reproductive perfor-
mance in dairy cows [25,26]. Because a large proportion of 
cows with metabolic disorder in the present study had abomasal 
displacement, the sequela of the abomasal displacement might 
be associated with the increased incidence of repeat breeders. 
Cows with abomasal displacement were found to have higher 
neutrophil counts in the uterus, increasing the risk of concur-
rent clinical endometritis, which was associated with impaired 
reproductive performance [25].  

Our finding, that clinical endometritis was a risk factor for 
repeat breeder cows, is supported by results showing that cyto-
logical endometritis not only significantly decreased reproduc-
tive performance but also increased the incidence of repeat 
breeder dairy cows [18]. Although the exact mechanism re-
sponsible for the association between endometritis and repeat 
breeders has not been determined, endometritis has been re-
ported to suppress the releasing of GnRH and LH, to inhibit 
ovulation of a dominant follicle, and/or to impair the uterine 
environment [16,27]. However, other studies showed that cyto-
logical endometritis was not significantly associated with the 
incidence of repeat breeder cows [2,28]. These differences be-
tween studies using uterine cytology may be due to differences 
in thresholds (the percentage of neutrophils among total endo-
metrial cells) and/or the time of collection of the uterine sam-
ples (i.e., during the voluntary waiting period or before AI) used 
to define cytological endometritis. By contrast, long-term infer-
tility in repeat breeder cows may be associated with alterations 
in endometrial function, induced by changes in endometrial 
gene expression [15,29]. 

Our finding, that cows with a longer interval between calving 
and first insemination were less likely to become repeat breed-
ers than those that had a shorter interval, is consistent with a 
previous study [20]. The mechanism responsible for the associ-
ation of a shorter interval between calving and first insemina-
tion and a high risk for repeat breeder cows remains unclear. 
However, a longer interval between calving and first insemina-
tion may be associated with improved uterine health, reduced 
systemic inflammation, and more time to resume ovarian cy-
clicity [30]. 

The present study also found that reproductive performance 
was significantly lower in repeat breeder than in non-repeat 
breeder cows, with cumulative pregnancy rates by 210 days 
postpartum of 34.8% and 97.0%, respectively (data not shown). 
This resulted in a 90 day longer mean interval between calving 

and pregnancy in repeat breeder dairy cows. The cumulative 
pregnancy rate by 210 days postpartum in repeat breeder cows 
in the present study was similar to findings showing that only 
31.4% of repeat breeder dairy cows conceived within 210 days 
postpartum [20]. Another study showed that the calv-
ing-to-conception interval was 187 days longer in repeat than 
in non-repeat breeder cows [31]. Moreover, the OR of pregnan-
cy in repeat compared with non-repeat breeder cows was 0.73 
[5]. The higher incidence of repeat breeder cows increased the 
interval from calving to conception and increased culling in 
dairy herds, leading to severe economic losses [4,17,32]. 

A marked alteration in BCS during the postpartum period 
was found to adversely affect reproductive performance [33,34], 
whereas the effect of milk yield during the early lactation period 
on reproductive performance remains unclear [35,36]. The 
present study found that BCS loss did not affect the likelihood 
of pregnancy by 210 days postpartum, whereas a higher milk 
yield had a negative effect on the likelihood of pregnancy, sug-
gesting that milk yield during the early lactation period affected 
long-term but not short-term fertility, as milk yield was not a 
risk factor for repeat breeder cows. 

In summary, the present study has identified the risk factors 
for repeat breeder dairy cows and their impact on reproductive 
performance. Metabolic disorder, clinical endometritis, and a 
shorter interval between calving and first insemination were as-
sociated with the likelihood of becoming repeat breeders, se-
verely impairing reproductive performance. An appropriate 
health strategy to prevent postpartum disorders, especially met-
abolic disorder and clinical endometritis, may reduce the likeli-
hood of becoming repeat breeders. In addition, initial insemi-
nation at the proper time, not too early during the postpartum 
period, might reduce the incidence of repeat breeder dairy 
cows, enhancing their reproductive performance. 
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서론

사람의 정형외과 수술 후 재활치료는 이미 보편화된 치료과정인데 반해, 동물에서는 

아직까지 재활치료의 중요성과 유효성에 대한 인식이 폭넓게 자리잡고 있지 않은 실정

이다. 최근 미국동물병원협회에서 발간한 개와 고양이의 통증관리지침에 따르면 동물

에서 부상이나 수술에 의해 유발되는 통증은 회복을 늦추고, 환자와 보호자 모두의 삶

의 질을 저하시키므로 통증관리의 중요성을 강조하고 있다[1]. 이런 이유 때문에 임상수

의학 분야에서도 정형외과 수술 후 치료과정에서 환자의 회복기간과 통증을 줄이기 위

하여 재활치료에 대한 관심이 증가하고 있다[2]. 

동물의 재활치료 효과에 대한 과학적 증거는 상대적으로 부족하여, 과거에는 이를 

개의 정형외과 수술 후 재활치료 효과

강효민1, 남상섭1,2,*

1건국대학교 수의과대학 해부학교실
2건국대학교 수의과학연구소

Effects of orthopedic postoperative 
rehabilitation treatments in dogs
Hyo-Min Kang1, Sang-Soep Nahm1,2,*

1 Department of Veterinary Anatomy, College of Veterinary Medicine, Konkuk University, Seoul 
05029, Korea

2Veterinary Science Research Institute, Konkuk University, Seoul 05029, Korea

pISSN 2466-1384 · eISSN 2466-1392
Korean J Vet Res 2022;62(2):e1
https://doi.org/10.14405/kjvr.20210033

*Corresponding author:
Sang-Soep Nahm 
Veterinary Science Research Institute and 
College of Veterinary Medicine, Konkuk 
University, 120 Neungdong-ro, Gwangjin-
gu, Seoul 05029, Korea
Tel: +82-2-450-3705 
Fax: +82-2-450-3037
E-mail: ssnahm@konkuk.ac.kr

ORCID: 
https://orcid.org/0000-0002-0519-580X

Conflict of interest: 
The authors declare no conflict of interest.

Received: Aug 4, 2021 
Revised: Nov 27, 2021 
Accepted: Dec 6, 2021

Original Article

Abstract

Rehabilitation treatments after orthopedic surgery promote postoperative healing 
in humans. In veterinary medicine, there is increased interest in rehabilitation treat-
ments because they are potentially beneficial to animals in the post-operation peri-
od. This study examined the effectiveness of rehabilitation treatment in dogs that 
underwent orthopedic surgeries, including femoral head & neck ostectomy 
(FHNO) and medial patellar luxation treatment (MPLT). The group that received 
the rehabilitation treatment after FHNO (1.88 weeks) showed a significantly shorter 
recovery length of 6.62 weeks compared to those that did not receive the treatment 
(8.50 weeks). The other group that received the rehabilitation treatment after MPLT 
(4.38 weeks) showed a significantly shorter recovery length of 5.01 weeks compared 
to those that did not receive the treatment (9.39 weeks). For the qualitative evalua-
tion, the types and frequencies of rehabilitation treatments were monitored. The re-
habilitation programs used frequently were heat therapy, laser therapy, passive range 
of motion, exercise therapy, and aquatic therapy. A standard rehabilitation program 
after hindlimb surgery was suggested based on the quantitative and qualitative in-
vestigation. The results add additional evidence that showed the beneficial effects of 
rehabilitation treatments in dogs. 

Keywords: dogs; rehabilitation; hindlimb; osteotomy; patellar luxation
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단지 위약효과로 치부하는 경향도 일부 있었다[3]. 그러나 최근 발

표된 논문에 의하면 개에서 십자인대 수술 후 실시된 재활치료는 

적절한 수술기법의 선택과 함께 수술의 성공 여부를 좌우한다는 

보고가 있었다[4]. 또한 수술 직후 며칠간 실시되는 재활치료는 가

장 기본적인 것이라도 무시해서는 안되며, 수술 후 회복에 긍정적 

영향을 주는 것으로 나타났다[5]. 특히 재활치료는 약물의 사용을 

줄이고 환자의 삶의 질을 향상시키고 연장시킨다는 장점도 보고

되어[2], 동물에서 재활치료에 대한 과학적인 근거는 점진적으로 

축적되고 있는 상황이다. 

국내에서는 학술논문은 아니지만 개를 대상으로 하는 재활치료의 

장점과[6] 정형외과 수술 후 재활치료 프로그램이 제시되기도 하였

다[7]. 그러나 수술 후 재활치료를 실시한 사례를 충분히 조사하여 

재활치료의 효과를 과학적으로 입증한 질적 또는 양적 연구는 미흡

한 실정이다. 본 연구는 개에서 정형외과 수술 후 재활치료를 적용

한 집단과 재활치료를 적용하지 않은 집단의 회복기간의 차이를 분

석하고, 적용된 재활치료의 종류와 빈도, 환자에 따른 차이점을 조

사하고자 실시하였다. 그리고 조사된 결과를 토대로 효과적인 재활

치료과정을 제시하였다. 

재료 및 방법

후향적 연구

정형외과 수술 후 재활치료 적용 여부에 따른 회복기간의 차이를 

확인하고자 뒷다리의 수술 후 재활치료를 받은 집단과 재활치료를 

받지 않은 집단의 표본을 추출하였다. 뒷다리 정형외과 수술은 수

술 빈도가 높고 운동성에 제약이 많은 넙다리뼈머리 절제술(femo-
ral head & neck ostectomy)과, 안쪽 무릎뼈 탈구 교정술(medial 
patellar luxation treatment)을 대상으로 하였다. 재활치료를 받은 

재활치료군은 A지역에 위치한 재활의학센터를 포함하고 있는 동물

의료원에서 2019년부터 2020년까지 넙다리뼈머리 절제술과 안쪽 

무릎뼈 탈구 교정술을 받고 회복기까지 재활치료를 진행한 개 34마

리를 조사 대상으로 하였다(Table 1). 수술 후 재활치료를 진행하지 

않고 회복된 대조군은 B와 C지역의 수의외과 전문의가 운영하는 

동물병원 두 곳을 선정하여 2019년부터 2020년까지 넙다리뼈머리 

절제술과 안쪽 무릎뼈 탈구 교정술 후 회복된 개 35마리의 표본을 

추출하였다(Table 1). 일반적으로 체중에 따른 견종을 분류하는 지

표는 소형견(<  10 kg), 중형견(10- <  25 kg), 대형견(25- <  40 

kg), 초대형견(≥  40 kg)이며[8], 이 연구의 표본 데이터는 모두 10 

kg 미만으로 견종 분류를 따로 하지 않았다. 재활치료 프로그램은 

재활치료를 적용하는 동물병원에서 담당 수의사가 처방한 프로그

램이며, 재활치료는 수의사의 진단 후 개의 회복단계에 따라 지정

된 프로그램을 사용하였다. 급성기는 치유조직이 스트레스를 덜 받

을 수 있으며 통증관리 및 부종과 염증완화에 초점을 맞춘 프로그

램, 아급성기는 개에게 피로감을 주지 않을 정도의 저강도 운동 프

로그램, 만성기는 근력강화와 지구력, 균형감각향상에 도움을 주는 

다양한 고강도 운동 프로그램을 사용하였다[2,9]. 재활치료에 사용

된 레이저는 파장은 980 nm이며, 최대출력 15 W, 코어 직경은 

400 μm의 치료에 효과적인 4등급의 다이오드 레이저이다[2]. 재활

치료군은 수술 후부터 회복기간 전체에 걸쳐 재활치료를 적용한 대

상만을 포함시켰으며, 회복이 확인되지 않은 표본은 대상에서 제외

하였다.

수술 후 회복조건으로는 Carr과 Dycus [10]가 제시한 Canine 

Gait Analysis의 Grade 1을 회복조건으로 하였다. 이 보행 평가

방법은 적용이 쉽고, 비침습적인 방법이라 동물병원에서 근골격

계의 손상이나 회복을 평가하는 지표로 가장 많이 사용되는 평가

지표이다. 또한, 평가지표를 바탕으로 시각적 평가결과를 수치화

할 수 있어 통계적 분석에 적합한 방법으로 판단하였다. 통계적 

분석방법은 Student t-test를 이용하였다. 마지막으로 재활치료군

에서는 사용된 재활치료의 종류와 빈도, 환자 간 차이점을 추가로 

조사하였다. 

사례연구

재활치료의 개입이 회복기간에 유의한 영향을 준다는 후향적 

연구결과를 바탕으로 넙다리뼈머리 절제술과 안쪽 무릎뼈 탈구 

교정술 후 회복 중 진행된 재활치료 사례의 회기별 치료 종류, 빈

도 등을 분석하였다. 후향적 연구가 진행된 A지역 동물의료원에

서 수의사와 치료사의 동의를 받아 2020년 3월부터 12월까지 수

술 후 재활치료를 받아 회복한 과정의 기록이 모두 남아있는 사례

만을 표본으로 추출했다. 사례연구는 후향적 연구와는 별도의 증

Table 1. Sample information for retrospective study

Variable Rehabilitation group (n =  34) Control group (n =  35)
Surgery
 FHNO 8 12
 MPLT 26 23
Sex
 Male 1 5
 Female 4 10
 Castrated male 15 13
 Spayed female 14 7
Age (y)
 ≤  1 13 13
 1-≤5 9 11
 5-≤10 9 9
 >  10 3 2
Breeds Maltese, Poodle, Pomeranian, Bichon Fries, Italian Grey-

hound, Shetland Sheepdog, Jindo, Yorkshire Terrier, 
Chihuahua, Miniature Pinscher, Shiba Inu

FHNO, femoral head & neck ostectomy; MPLT, medial patellar luxation 
treatment.
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례이며 넙다리뼈머리 절제술과 안쪽 무릎뼈 탈구 교정술 후 회복

시점까지 재활치료가 진행된 각각 3마리와 8마리의 사례를 분석

하였다(Table 2). 

결과

후향적 연구

넙다리뼈머리 절제술을 받은 동물 중 재활치료군의 평균 회복기

간은 1.88주였으며, 대조군의 평균 회복기간은 8.50주였다. 대조군

에 비하여 재활치료군의 회복기간이 평균 6.62주 짧았으며, 수술 후 

재활치료 적용이 회복기간에 유의한 영향을 미치는 것으로 확인되

었다(Fig. 1). 넙다리뼈머리 절제술 후 재활치료에는 온찜질, 수동관

절 가동범위 운동, 레이저치료, 네다리서기, 세다리서기, 두다리서

Table 2. Sample information for the case study

Case ID Surgery Sex Age (y) Breed
1 FHNO Castrated male 1 Pomeranian
2 FHNO Female 2 Jindo
3 FHNO Female 12 Yorkshire Terrier
4 MPLT Castrated male 2 Pomeranian
5 MPLT Spayed female 6 Pomeranian
6 MPLT Spayed female 3 Pomeranian
7 MPLT Spayed female 2 Pomeranian
8 MPLT Spayed female 6 Pompitz
9 MPLT Spayed female 15 Pomeranian
10 MPLT Spayed female 6 Maltese
11 MPLT Castrated male 2 Shiba Inu

FHNO, femoral head & neck ostectomy; MPLT, medial patellar luxation 
treatment.
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Fig. 1. Average recovery period after femoral head and neck  
osteotomy in rehabilitation versus the control group. *p < 0.05, 
mean±standard deviation.

기, 스쿼트, 균형볼 운동, 균형보드 운동, 걷기 프로그램이 사용되었

다. 개체에 따라 사용하는 재활치료 프로그램이 다르게 나타났으며, 

사용되는 재활치료 프로그램의 빈도도 다르게 나타났다. 넙다리뼈

머리 절제술 후 사용된 재활재료 프로그램 중 온찜질과 레이저치료

는 모든 표본에 사용되었고, 네다리서기와 걷기가 그 다음으로 높은 

사용 빈도를 보였다. 한다리서기, 짐볼 운동, 러닝머신, 수중치료, 

춤추는 자세로 서기, 앉았다 일어서기는 사용되지 않았다(Fig. 2). 

안쪽 무릎뼈 탈구 교정술을 받은 동물 중 재활치료군의 평균 회복

기간은 4.38주였고, 대조군의 평균 회복기간은 9.39주였다. 대조군

에 비하여 재활치료군의 회복기간이 평균 5.21주 짧았으며, 수술 후 

재활치료의 적용이 회복기간에 유의한 영향을 미치는 것으로 나타

났다(Fig. 3). 안쪽 무릎뼈 탈구 교정술 후에는 온찜질, 수동관절 가

동범위 운동, 레이저치료, 네다리서기, 세다리서기, 두다리서기, 한

Fig. 2. Types and frequency of rehabilitation treatments used for femoral head and neck osteotomy.
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Fig. 3. Average recovery period after medial patellar luxation 
treatment in rehabilitation versus the control group. *p < 0.05, 
mean±standard deviation.
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Fig. 4. Types and frequency of rehabilitation treatments used for medial patellar luxation treatment.

다리서기, 스쿼트, 균형 볼 운동, 짐볼 운동, 균형보드 운동, 러닝머

신, 수중치료, 춤추는 자세로 서기, 걷기, 앉았다 일어서기의 재활치

료 프로그램이 모두 사용되었다. 개체에 따라 사용하는 재활치료 프

로그램과 재활치료 프로그램의 사용 빈도가 달랐다. 온찜질과 레이

저치료는 모든 표본에 사용되었고, 수동관절 가동범위 운동, 네다리

서기, 두다리서기, 스쿼트가 그 다음으로 높은 사용 빈도를 보였다

(Fig. 4). 

사례연구

넙다리뼈머리 절제술 사례군은 회복기간이 비교적 짧았고 운동 

프로그램의 사용 빈도가 낮았다. 사례군에서 회기별로 사용한 재활

치료 프로그램은 온찜질, 수동관절 가동범위 운동, 레이저치료, 네

다리서기, 세다리서기, 두다리서기, 스쿼트, 균형볼 운동, 걷기였다. 

환자에 따라 회기별로 재활치료 프로그램의 사용 빈도가 다르게 나

타났다. 수술 직후에는 레이저치료, 네다리서기, 걷기 프로그램의 

사용 빈도가 높았으나 수술 후 최소 72시간 이후에는 두다리서기, 

스쿼트, 균형볼 운동 등의 프로그램이 함께 사용되었다(Fig. 5). 

안쪽 무릎뼈 탈구 교정술의 사례군은 넙다리뼈머리 절제술 사례

군에 비해 회복기간이 길었으며 운동 프로그램의 사용 빈도가 높았

다. 사례군에게 회기별로 사용한 재활치료 프로그램은 온찜질, 수동

관절 가동범위 운동, 레이저치료, 네다리서기, 세다리서기, 두다리

서기, 스쿼트, 균형볼 운동, 짐볼 운동, 수중치료, 걷기, 앉았다 일어

서기였다. 넙다리뼈머리 절제술의 재활치료 적용과 마찬가지로 환

자에 따라 회기별 재활치료 프로그램의 사용 빈도는 달랐다. 재활 

초기에는 온찜질, 레이저치료, 네다리서기, 두다리서기 프로그램의 

사용 빈도가 높게 나타났으며, 수술 후 최소 72시간 이후에 운동 프

로그램이 포함된 재활치료를 저강도로 시작하여 진행하였다. 회기

가 진행될수록 운동 재활치료 프로그램으로 바꿔 적용하였으며, 적

용한 재활치료 프로그램의 종류가 비교적 다양했다(Fig. 6). 사례연

구에서 Canine Gait Analysis의 지표를 적용한 회복과정을 확인한 

결과, 평균적으로 재활치료 6회기에 가장 많은 회복 효과를 보인 것

으로 나타났다(Fig. 7). 또한 11마리의 평균적인 파행지수는 1회기

에 5.54에서 6회기에 2.3, 10회기에 1로 감소하였다.

고찰

본 연구를 통해 개에서 뒷다리 정형외과 수술 후 재활치료 적용은 

통계적으로 유의성 있는 회복기간 단축 효과가 있음을 알 수 있었
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다. 이와 같은 결과는 사람의 일반적인 재활치료 효과인 통증감소, 

염증완화 및 회복시간 단축과 같은 효과를 개에서도 기대할 수 있음

을 의미한다[11]. 본 연구는 현재 국내에서 진행되고 있는 동물의 재

활치료 효과에 대한 정량적, 정성적 조사연구로서 의미가 있다. 개

의 재활치료에 관한 기존의 연구결과는 수술 후 적절한 재활치료가 

적용될 경우 예후가 양호하며 치료효과를 높인다고 보고하였는데

[2,12], 본 연구에서는 두 가지 수술에서 기존 보고 내용과 부합하는 

결과를 얻을 수 있었다.

사례연구를 통하여 각 환자에 적용되는 재활치료의 종류와 빈도

는 매우 다양한 것으로 파악되었다. 재활치료 프로그램 중 넙다리뼈

머리 절제술 후 온찜질과 레이저치료의 적용 빈도가 높은 이유는 재

활치료를 시작하기 전에 근육 긴장도를 완화시켜 주며, 통증과 부종

을 완화시켜 주기 때문이다[2]. 그 다음으로 많은 빈도로 사용된 네

다리서기와 걷기는 비교적 빨리 재활치료를 적용시킨 넙다리뼈머리 

절제술 환자군에게 무리가 되지 않는 저강도의 근력강화 운동을 위

한 프로그램 선택이었다. 이것은 정형외과 수술환자의 재활치료에 

근력강화를 위한 프로그램이 매우 중요하기 때문이다[13]. 넙다리뼈

머리 절제술 후 재활치료를 적용한 사례는 안쪽 무릎뼈 탈구 교정술 

후 재활치료를 적용한 사례에 비해 비교적 빠르게 재활치료를 적극 

적용하였으며, 회복 속도 역시 빨랐다. 

안쪽 무릎뼈 탈구 교정술은 안전한 회복을 위하여 수술부위를 고

정시켜야 하는 과정이 있기 때문에 적극적인 재활치료의 적용이 늦

어질 수밖에 없었다. 안쪽 무릎뼈 탈구 교정술 후 수술부위 고정 기

간에는 회복에 유의한 영향을 주는 재활치료 프로그램으로 찜질치

Fig. 5. Types and frequencies of 
rehabilitation treatments used for 
femoral head and neck osteoto-
my in the case study group. One-
leg standing, balance board, big 
balance exercise roll, treadmill, 
aquatic therapy, and dancing 
were not used.
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Fig. 6. Types and frequencies of reha-
bilitation treatments used for medial 
patella luxation treatment in the case 
study group. One-leg standing, balance 
board, treadmill, and dancing were not 
used.

료와 레이저치료를 적용하였으며, 점차적으로 수동관절 가동범위 

운동치료를 함께 적용했다. 레이저치료는 근골격계 조직의 염증과 

부종완화 효과로 수술 직후부터 찜질치료와 함께 프로그램 적용이 

가능했다[2]. 수술 직후부터 아급성기에서 적용되는 저강도 운동치

료를 위한 수동관절 가동범위 운동과 네다리서기를 적용한 사례도 

있었는데 이것 역시 정형외과 수술 후 재활치료에서는 근력강화를 

위한 운동이 중요하기 때문으로 확인된다[13]. 

사례연구에서 개의 재활치료 순응도에 따라서도 사용할 수 있는 

재활치료 프로그램이 달랐는데 아급성기에 일반적으로 사용되는 재

활치료 프로그램은 선택의 폭이 매우 좁았다. 이러한 결과 현재 일

반적으로 제안되어 있는 정형화된 재활치료 프로그램은 한계가 있

으며, 유동적이고 선택의 폭이 넓은 재활치료 프로그램 개발의 필요

성을 확인할 수 있었다. 사례연구를 통하여 뒷다리 정형외과 수술 

후 회기별로 사용된 재활치료 프로그램을 조사한 결과 회복단계에

서 적용되는 프로그램의 차이가 많았다. 프로그램 선택에 기준이 되

는 요소들은 많았으나, 가장 중요한 요소는 개의 회복단계이다. 따

라서 개의 회복단계를 크게 세 단계로 나누어 사례연구에서 효과가 

좋았던 프로그램을 참고하여 효과적인 재활치료 프로그램을 설계할 

수 있었다(Fig. 8). 

본 연구는 비교군과 대조군의 충분한 사례를 확보하기 위하여 일

관된 한 명의 수의사에 의해 치료된 케이스만을 다루어 일관된 비교

를 하는 것은 불가능하였다. 그러나 대조군 데이터의 일관성 유지를 
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Fig. 7. Changes in gait scoring 
grade for each case during re-
habilitation treatments.

가 전문분야로 자리잡고 있으며[14], 미국의 동물재활치료사 교육기

관(Canine Rehabilitation Institute)의 인증 교육기관에서 전문적인 

재활치료의 인력을 교육하고 있다. 한편 국내에서는 동물의 재활치

료에 대한 관심과 수요가 증가하고 있으나, 동물의 재활치료에 대한 

교육은 산발적이며 소규모로 진행되고 있는 실정이어서 앞으로 수

의학 교육의 일부 분야로 자리잡아야 할 필요성이 있음을 제시하고 

있다.

ORCID 

Hyo-Min Kang, https://orcid.org/0000-0002-5437-0010 
Sang-Soep Nahm, https://orcid.org/0000-0002-0519-580X 

References 

1. American Animal Hospital Association; American Associa-
tion of Feline Practitioners; AAHA/AAFP Pain Management 
Guidelines Task Force Members, Hellyer P, Rodan I, Brunt J, 
Downing R, Hagedorn JE, Robertson SA. AAHA/AAFP pain 
management guidelines for dogs & cats. J Am Anim Hosp 
Assoc 2007;43:235–248. 

2. Millis DL, Levine D, McGonagle L, Blythe L, Levine D, Hen-
derson A, Dragone L, Heinrichs K, Tucker T, Saunders DG, 
Flocker J, Davidson JR, Kerwin S, Robert G, Dale RB. Canine 
Rehabilitation and Physical Therapy. 2nd ed. Elsevier, Phila-
delphia, 2014. 

3. Lindley S, Watson P, Sorrel LH. BSAVA Manual of Canine 
and Feline Rehabilitation, Supportive and Palliative Care: 
Case Studies in Patient Management. pp. 194–231, BSAVA, 

Fig. 8. Suggested rehabilitation treatment program for hindlimb 
surgeries in dogs.

위해 대조군 데이터의 동물병원을 2곳으로 최소화하였고, 34마리 

중 27마리는 동일병원에서 수집하였다. 또한 방사선 촬영 등의 정보

가 부족하고, 재활치료과정에서 회복되는 지표를 면밀히 다루지 못

했다는 점을 한계로 갖고 있다. 그러나 연구의 한계가 있음에도 이

를 통해서 국내에서 이루어지고 있는 재활치료의 유의성에 대한 증

거를 제시하였다는 점에 의미가 있다. 국외에서는 동물의 재활치료

Case 1

Case 2

Case 3

Case 4

Case 5

Case 6

Case 7

Case 8

Case 9

Case 10

Case 11

6

5

4

3

2

1

0

G
ra

de

Session

101 2 3 4 5 6 7 8 9

https://doi.org/10.5326/0430235
https://doi.org/10.5326/0430235
https://doi.org/10.5326/0430235
https://doi.org/10.5326/0430235


https://doi.org/10.14405/kjvr.20210033

Korean J Vet Res 2022;62(2):e1  •  Hyo-Min Kang, et al.

8 / 8

Glasgow, 2010. 
4. Johnson JM, Johnson AL. Cranial cruciate ligament rupture. 

Pathogenesis, diagnosis, and postoperative rehabilitation. Vet 
Clin North Am Small Anim Pract 1993;23:717–733.  

5. McGowan C, Goff L, Laurie EH. Animal Physiotherapy: As-
sessment, Treatment and Rehabilitation of Animals. 2nd ed. 
pp. 272–301, John Wiley & Sons, Chichester, 2016. 

6. Jeong IS, Kim JW. The understanding of the motor system: for 
small animal rehabilitation. With CAP 2017;15:4–21. 

7. Lee SW. Rehabilitation of the cranial cruciate ligament inju-
ries. With CAP 2008;6:32–35. 

8. Fahie MA, Cortez JC, Ledesma M, Su Y. Pressure mat analysis 
of walk and trot gait characteristics in 66 normal small, medi-
um, large, and giant breed dogs. Front Vet Sci 2018;5:256. 

9. Kirkby Shaw K, Alvarez L, Foster SA, Tomlinson JE, Shaw AJ, 
Pozzi A. Fundamental principles of rehabilitation and muscu-
loskeletal tissue healing. Vet Surg 2020;49:22–32. 

10. Carr BJ, Dycus DL. Canine gait analysis [Internet]. Today’s 
Veterinary Practice, Gainesville, 2016 [cited 2020 Aug 30]. 
Available from: https://todaysveterinarypractice.com/recov-
ery-rehab-canine-gait-analysis/. 

11. Shumway R. Rehabilitation in the first 48 hours after surgery. 
Clin Tech Small Anim Pract 2007;22:166–170. 

12. Lemos CM, Fischer CDB, Baja KG, Pinto VM, Maia J. Physio-
therapy use in rehabilitation of dogs with patella luxation 
World Small Animal Veterinary Association World Congress 
Proceedings, Canoas, 2009. 

13. Millis DL, Ciuperca IA. Evidence for canine rehabilitation and 
physical therapy. Vet Clin North Am Small Anim Pract 2015; 
45:1−27.

14. Lee SY. The necessity and methods for introduction of animal 
physical therapy system in South Korea. J Korean Phys Ther 
Sci 2015;22:37–42. 

https://doi.org/10.1016/S0195-5616(93)50078-5
https://doi.org/10.1016/S0195-5616(93)50078-5
https://doi.org/10.1016/S0195-5616(93)50078-5
https://doi.org/10.3389/fvets.2018.00256
https://doi.org/10.3389/fvets.2018.00256
https://doi.org/10.3389/fvets.2018.00256
https://doi.org/10.1111/vsu.13270
https://doi.org/10.1111/vsu.13270
https://doi.org/10.1111/vsu.13270
https://doi.org/10.1053/j.ctsap.2007.09.005
https://doi.org/10.1053/j.ctsap.2007.09.005
https://doi.org/10.1016/j.cvsm.2014.09.001
https://doi.org/10.1016/j.cvsm.2014.09.001
https://doi.org/10.1016/j.cvsm.2014.09.001


www.kjvr.org 1 / 8

2022 The Korean Society of Veterinary Science.

This is an open-access article distributed under 
the terms of the Creative Commons Attribution 
Non-Commercial license (http://creativecommons.
org/licenses/by-nc/4.0/), which permits unrestrict-
ed non-commercial use, distribution, and repro-
duction in any medium, provided the original work 
is properly cited.

서론

인간은 인체에 필요한 영양을 충족하기 위해 주로 동물성 단백질이 풍부한 식품(우

유, 고기 및 계란)을 섭취하여 왔으며, 사람들의 건강은 소비되는 식품의 특성 및 품질

과 관련성이 높은 것으로 알려져 있다[1]. 전 세계적으로 지속적으로 소비가 증가하고 

있는 동물성 제품의 품질은 소비자들의 건강과 직결되어 있다. 항생제와 같은 동물용의

약품은 일반적으로 가축의 생산 향상, 사료효율 개선, 질병 예방 및 치료 등의 목적으로 

사용되고 있다[2]. 그러나 가축에 사용되는 항생물질들은 식용 부위에 대한 잔류 위험성

과 항생제 내성균의 출현과의 관련성이 있어서, 한국을 포함하여 선진국들에서는 가축
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Abstract

This study investigated dexamethasone (DXM) residues in the milk from intramus-
cularly dosed dairy cows and established the withdrawal time (WT) of DXM in 
milk. Eighteen healthy Holstein cows were injected with 20 (DXM-1) or 40 mL 
(DXM-2) of a drug containing 1 mg/mL of DXM. After administering DXM, milk 
samples were collected from all cows at 12-hour intervals for five days. The DXM 
residue concentrations in milk were determined by liquid chromatography-tandem 
mass spectrometry. The correlation coefficient of the calibration curve was 0.9966, 
and the limits of detection and quantification (LOQ) were 0.03 and 0.1 μg/kg, re-
spectively. The recoveries were 97.0% to 104.0%, and the coefficient of variations 
was less than 7.22%. After treatment, DXM in DXM-1 was detected above the LOQ 
in two milk samples at 36 hours and below the LOQ in all milk samples of DXM-2 
at 48 hours. Using the WT calculation program WT 1.4, the withdrawal periods of 
DXM-1 and DXM-2 in milk were established to be two days. In conclusion, the de-
veloped analytical method is sensitive and reliable for detecting DXM in milk. The 
estimated WT of DXM in bovine milk is shorter than the current milk WT recom-
mendation of three days for DXM in lactating dairy cows. 

Keywords: dexamethasone; liquid chromatography-tandem mass spectrometry; 
milk; withdrawal time  
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의 성장 목적으로 항생물질 사용을 금지하였다[3]. 한편, 가축에 사

용되는 성장호르몬 제제들은 estrogen 및 androgen 수용체에 대해 

높은 친화성을 갖고 있어서 인체 내 호르몬제의 작용을 교란시켜, 

성장, 발달, 생식 등에 영향을 미칠 수 있는 것으로 보고되었다[4,5]. 

또한 동물용 성장호르몬에 오염된 우유를 섭취할 경우에 알레르기 

반응을 일으키거나, 유방암에 잠재적 위험요인으로 작용할 수 있는 

것으로 보고되었다[6,7]. 

덱사메타손(dexamethasone, DXM)은 인체 및 동물 약품에서 강

력한 항염증, 면역억제, 진통제 등으로 일반적으로 사용되고 있는 

합성 당질부신피질호르몬(glucocorticoid)으로서[8], 반추동물의 케

톤증, 임신중독증, 유방염, 여러 동물들에서의 염증성 질병치료에 

사용되고 있다[9]. DXM는 여러 나라들에서 가축의 성장촉진 목적

으로 사용하는 것은 금지되어 있으며, 질병치료 목적으로만 사용이 

허용되어 있다[10]. 치료 목적으로 사용하는 경우에도 수의사의 처

방에 의해서만 사용할 수 있도록 엄격하게 관리하고 있으며, 소의 

식용 부위와 우유에 대해서도 maximum residue limits (MRLs)을 

설정하여 엄격하게 규제하고 있다[9,10].  

일본, 미국, 유럽연합(European Union)은 식품 중의 동물용의약

품에 대한 MRL이 설정되지 않은 물질에 대하여 일률 기준치(0.01 

mg/kg)를 적용하여 관리하는 목록관리제도(Positive List System, 

PLS)를 도입하여, 일률 기준치를 초과하는 경우 식품의 유통 및 판

매를 금지함으로써 식품 안전성을 강화하고 있다[11]. 

한국은 2020년 12월에 동물용의약품의 오•남용을 방지하고 수입 

축•수산물의 안전관리를 강화함으로써 국민들이 안전한 축•수산물

을 안심하고 먹을 수 있도록 하기 위해 2024년 1월 1일부터 소•돼
지•닭고기, 우유•달걀 등 5종 축산물과 어류에 대해 잔류허용물질 

PLS를 시행할 계획이라고 발표하였다[12]. 이에 따라 농림축산검역

본부는 PLS 제도 도입 이전에 신속한 재평가 수행을 위해 2020년부

터 4년 동안 PLS가 적용되는 동물용의약품 약 2,500여 품목 중 잔류

성 시험자료가 필요한 180개 품목군에 대해 잔류성 시험•분석 사업

을 추진하고 있다[13]. 

따라서 본 연구는 한국에서 잔류성 시험자료가 필요한 DXM 주

사제에 대해 우유 중 잔류휴약기간을 재설정하기 위해, 착유우를 대

상으로 수행하였다. 

재료 및 방법 

시약 및 재료

DMX 함유 시험약제(1 mL 중, DMX 1 mg, methyl paraben 1.5 

mg, propyl paraben 0.2 mg)는 Samyang Anipharm Co. Ltd. 

(Korea)로부터 제공받아 시험에 사용하였으며, DXM 표준품(순도, 

98%), cortisone 표준품(순도, 98%), formic acid (순도, 95%), ace-
tonitrile (ACN)은 Merck KGaA (Darmstadt, Germany)로부터 구

입하였다. 

실험동물 

경상남도 진주 인근 목장(백암목장, Korea)에서 사육하고 있는 건

강한 Holstein 착유우 16두(평균 체중, 620 ± 35 kg; 1회 평균 착

유량, 13.7 ± 0.8 L)를 실험에 공시하였다. 모든 동물실험은 경상국

립대학교 동물실험윤리위원회의 승인을 받아 연구윤리지침에 따라 

수행하였다(승인번호: GNU-201021-A0078). 

시험약제 투여 및 시료채취 

착유우는 시험약제의 최대 권장용량(20 mL/두, DXM 20 mg/두) 

투여군(DXM-1, n=8)과 최대 권장용량의 2배 용량(40 mL/두, 

DXM 40 mg/두) 투여군(DXM-2, n=8)으로 나누어, 시험군 별로 

시험약제를 1회 근육주사하였다. 우유 시료는 모든 착유우로부터 

약제 투여 전, 약제 투여 후, 12, 24, 36, 48, 60, 72, 84, 96, 108, 

120시간에 각각 50 mL conical tube에 50 mL씩 채취하여, 분석에 

사용하기 전까지 -20°C 냉동고에 보관하였다. 

표준원액 및 표준용액의 조제

DXM 표준품 1.0 mg을 저울로 정밀히 달아 1,000 mL 정량플라

스크에 넣고, methanol을 사용하여 1.0 mg/L이 되도록 표준원액을 

조제하였다. 조제한 표준원액을 10% ACN을 사용하여 단계적으로 

희석하여 0.05, 0.1, 0.2, 0.5, 1.0, 5.0, 10, 100 ng/mL의 표준용액

을 각각 준비하여, 사용 전까지 4°C 냉장실에 보관하였다. 

시료 전처리

시료 전처리를 위해 식품공전[14]에 따라, 균질화된 시료 1 mL을 

15 mL 원심분리관에 넣고, 내부표준물질 cortisone (2 μg/mL) 10 

μL를 첨가한 다음, 1분 동안 vortex하였다. 이어서 20% trichloro-
acetic acid 용액 100 μL를 넣고 10분 동안 vortex하였다. Vortex 후, 

12,000 rpm에서 10분 동안 원심분리하여 단백질과 지방을 분리하

였다. 상층액 500 µL를 취하여, 물과 메탄올 각각 3 mL로 활성화시

킨 C18 cartridge (Waters, USA)에 loading하여 흡착시키고, 물 5 

mL, 20% 아세톤 수용액 5 mL, n-hexane 5 mL로 차례로 세척한 

후, ethyl acetate 6 mL로 용출하였다. 용출액을 50℃에서 질소 가스

로 농축시킨 다음, 잔류물을 10% ACN 1 mL로 녹인 후, 0.2 µm 

polytetrafluoroethylene membrane filter (Millipore Merck Korea, 

Korea)로 여과시킨 것을 시험용액으로 하였다. 

기기분석 조건

우유 시료 중 DXM 분석을 위하여, 식품공전[14]의 시험법을 변경

하여, liquid chromatography-tandem mass spectrometry (LC-

MS/MS) (API4000; AB SCIEX, Canada)를 사용하였으며, 본 LC-

MS/MS의 LC system은 Agilent 1260 series (Agilent Technologies, 
Germany), 분석용 column은 Hypersil GOLD C18 (2.1 × 100 

mm, 3.0 μm; Thermo Fisher Scientific, USA)을 사용하였으며, 
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column 온도는 35°C를 유지하였다. 또한, 이동상 A와 B는 각각 

0.1% formic acid 수용액과 0.1% formic acid ACN 용액을 사용하였

다. Flow rate은 0.5 mL/min으로 하였고, 크로마토그래프상 total 
running time은 8분으로 하였다. 질량분석기는 Triple Quad 4500 

System (Agilent Technologies)을 사용하였다. DXM의 이온화법은 

electro-spray ionization (ESI) positive로 MS 조건을 최적화하였으

며, DXM과 cortisone의 선구이온(precursor ion)을 각각 multiple 
reaction moritoring transition (m/z) 392.9와 360.2로 하였으며, 

product ion scan을 통하여 특성이온을 각각 m/z 373.2와 361.2로 

하였다. 

통계적인 방법을 이용한 분석법 검증

앞서 준비한 표준용액(0.05-10 ng/mL)을 이용하여 검량곡선을 

작성하였으며, 검량선의 직선성을 확인하기 위해 상관계수(coeffi-
cient of correlation, R2)를 구하였다. 검출한계와 정량한계는, 앞선 

연구[15]의 방법에 따라, 우유 중 MRL의 0.5 (0.15 ng/mL)가 되도

록 DXM 표준용액을 공시료에 첨가하여 시료 전처리 방법에 따라 

처리하여 분석한 크로마토그램 상에서 신호 대 잡음비(signal to 

noise ratio)의 각각 3배와 10배 농도로 산출하였다. 회수율 측정은 

DXM이 들어있지 않음을 확인한 공시료에 DXM을 첨가하여 최종 

농도가 0.1, 1.0, 10 ng/mL이 되도록 한 다음, 시료의 전처리 방법

에 따라 3회 반복 실험하였고, DXM 표준품의 peak 면적에 대한 추

출한 우유 시료의 peak 면적비로부터 DXM의 회수율(%)을 구하였

다. 또한 회수율의 정밀성을 검증하기 위해, 3회 반복 회수율로부터 

상대표준편차를 구하였다. 측정된 정량한계, 회수율 그리고 상대표

준편차는 식품의약품안전처의 잔류동물용의약품 분석법 실무 해설

서[16]에서 분석법 검증에 요구되는 정량한계 잔류허용기준의 1/2, 

회수율 60-120% 그리고 상대표준편차 20-30% 이하를 검증기준으

로 적용하였다.

우유 중 DXM의 잔류휴약기간 설정 

우유에서 DXM의 MRL (0.3 ng/mL)을 기준으로, European 

Medicines Agency의 휴약기간 설정 프로그램인 WT 1.4를 이용하

여 95% 신뢰수준, 99% 허용한계 상한값을 적용하여 적정휴약기간

을 설정하였다[17]. 정량한계 미만으로 검출된 시료의 경우에는 정

량한계의 1/2값인 0.15 ng/mL을 잔류량으로 적용하였다.

결과 

DXM의 크로마토그램

Fig. 1은 LC-MS/MS를 이용하여 DXM 표준용액(0.1 ng/mL)을 

분석한 크로마토그램을 나타낸 것이다. DXM의 머무름 시간은 

2.58분이었으며, 총 run time은 8분이었다. 양이온 모드에서 

[M+H]+인 m/z 392.9가 기준이온(base ion)으로 검출되어 이를 선

구이온(precursor ion)으로 선택하였으며, product ion scan을 통하

여 m/z 373.2 이온이 특성이온으로 나타나 이들을 정성이온으로 선

정하였다. 

검량곡선, 검출한계 및 정량한계 

본 시험에서 DXM의 표준용액을 0.05, 0.1, 0.2, 0.5, 1.0, 5.0, 

10, 100 ng/mL의 농도로 조제하여 LC-MS/MS로 분석한 후 검량

선의 직선성을 확인한 결과, 상관계수가 0.9966으로 양호한 직선성

을 나타내었다(Fig. 2). 또한 본 시험방법에 따른 LC-MS/MS의 검

출한계 및 정량한계는 각각 0.03 ng/mL 및 0.1 ng/mL이었다. 

회수율과 정밀성

Table 1은 우유 시료에 DXM의 표준용액을 첨가한 후, 추출정제 

방법과 기기분석 조건으로 3회 반복 분석 후, 회수율과 정밀성을 측

정한 결과를 나타낸 것이다. 회수율과 상대표준편차의 범위는 각각 

91.0-105.0%와 3.10-7.43%로 나타났다. 

우유 중 DXM 잔류 분석 

Table 2는 착유우에 두 당 DXM을 20 mg (DXM-1)과 40 mg 

(DXM-2)을 각각 1회 근육주사로 투여한 후, 경시별로 우유 시료를 

채취하여, DXM 농도를 분석한 결과를 나타낸 것이다. 

DXM-1의 경우, 약제 투여 후, 12시간째와 24시간째에는 8개체

에서 채취한 우유 시료 모두에서 DXM이 limit of quantification 

(LOQ) 이상으로 검출되었으나, 약제 투여 후, 36시간째에는 8개 우

유 시료 중 2개에서만 DXM이 LOQ 이상으로 검출되었다. 약제 투

여 후 48시간 이후부터는 모든 시료에서 DXM이 LOQ 이하로 검출

되었다. DXM-2의 경우, 약제 투여 후, 36시간째까지는 모든 우유 

시료에서 DXM이 LOQ 이상으로 검출되었으나, 48시간 이후부터

는 모든 우유 시료 중 DXM 농도가 LOQ 이하로 검출되었다.

우유 중 DXM 잔류휴약기간 설정 

Fig. 3은 우유 중 DXM의 적정 잔류휴약기간 설정을 위해 동물용

의약품의 휴약기간 설정 프로그램인 WT1.4을 활용하여 분석한 결

과를 나타낸 것이다. DXM-1과 DXM-2에서 우유에 대한 DXM의 

잔류휴약기간은 각각 1.80와 1.55일로 평가되었다. 따라서 DXM-1
과 DXM-2의 적정휴약기간은 모두 2일로 평가되었다. 

고찰

본 연구에서는 DXM을 착유우 마리 당 20 mg과 40 mg으로 각각 

근육주사를 통해 1회 투여한 후, 경시별로 착유한 우유 중 DXM의 

잔류 농도를 LC-MS/MS를 이용하여 분석한 다음, DXM의 적정휴

약기간을 분석하였다.  

LC-MS/MS를 이용해, 우유 시료에서 DXM의 잔류 분석을 수행
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Fig. 1. LC-MS/MS chromatogram of standard solution sample with dexamethasone (0.1 ng/mL). Blank, milk sample taken before the drug 
treatment; DXM, dexamethasone; IS, internal standard (cortisone).

한 앞선 연구들에서, DXM의 크로마토그램 peak의 머무름 시간이 

0.88분[15], 5.45분[18], 6.09분[9], 7.8분[14]이었다고 보고하였다. 

본 연구에서 DXM의 크로마토그램 peak의 머무름 시간은 2.58분으

로, 앞선 연구들[9,14,18]과 비교하여 매우 짧은 시간을 나타내었으

나, 다른 연구[15]와 비교해서는 긴 것으로 나타났다. 이는 사용한 

분석기기의 조건에 따라 DXM의 크로마토그램 peak의 머무름 시간

이 차이가 있는 것으로 생각된다. 본 연구에서 확립한 DXM의 우유 

시료 중 잔류 분석 방법은 식품공전[14]의 시험법보다 분석시간을 

단축시켜 분석 효율성을 증가시켰다.

앞선 연구들[9,15,19]에서, DXM의 검량선의 상관계수는 모두 

0.999 이상을 나타냈다. 본 연구에서 DXM 표준품에 대한 검량곡선

의 상관계수는 0.9966으로 앞선 연구들과 비교하여 다소 낮았으나, 

Codex에서 설정한 상관계수 0.98 이상을 만족하여[20], 높은 직선

성을 보였다.

식품공전의 ‘식품 중 동물용의약품의 잔류허용기준’에 따르면

[21], 우유 중 DXM의 MRL은 0.3 ng/kg으로 규정하고 있어서, 본 
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Fig. 2. Calibration curve for dexamethasone in milk. IS, and internal standard.

Table 1. Recovery and precision of dexamethasone spiked into milk

Concentration (ng/mL)
Recovery (%)

Recovery (%) CV (%)
No. 1 No. 2 No. 3

0.1 105.0 91.0 95.0 97.00±7.21 7.43
1.0 101.0 109.0 102.0 104.00±4.19 4.19
10.0 98.2 95.3 101.4 98.30±3.10 3.10

CV, coefficient of variation.
CV = (SD/mean) × 100.

Table 2. DXM concentration in milk of treatment groups on day before treatment and at 12, 24, 36, 48, 60, 72, 84, 96, 108, and 120 hours 
after treatment of test product via intramuscular injection

Group No.
Concentration (µg/kg)

0 h* 12 h† 24 h 36 h 48 h 60 h 72 h 84 h 96 h 108 h 120 h
DXM-1 1 ND 0.546 0.320 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

2 ND 0.595 0.181 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
3 ND 0.748 0.268 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
4 ND 1.652 0.692 0.243 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
5 ND 0.850 0.336 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
6 ND 1.073 0.429 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
7 ND 1.310 0.377 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
8 ND 1.284 0.483 0.154 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Mean±SD ND 1.01±0.39 0.39±0.15 0.199 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

DXM-2 1 ND 1.440 0.500 0.246 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
2 ND 1.640 0.574 0.220 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
3 ND 1.380 0.548 0.191 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
4 ND 1.610 0.533 0.142 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
5 ND 1.820 0.717 0.185 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
6 ND 1.650 0.774 0.150 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
7 ND 1.320 0.498 0.210 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
8 ND 1.460 0.648 0.175 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Mean±SD ND 1.54±0.17 0.60±0.10 0.19±0.04 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

DXM, dexamethasone; DXM-1, intramuscularly injected with dexamethasone 20 mg/cow; DXM-2, intramuscularly injected with dexamethasone 40 mg/
cow; ND, not detected; LOQ, limit of quantification; SD, standard deviation. LOQ of DXM in milk was 0.1 ng/mL.
*Before treatment of test product, †time after treatment.
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연구에서 확립한 DXM에 대한 잔류 분석법은 우유 중 MRL의 1/3 

이하로 DXM의 잔류 분석이 가능한 것으로 확인되었다. 식품의약

품안전처의 잔류동물용의약품 분석법 실무 해설서의 식품에 대한 

잔류동물용의약품 분석법 기준에 따르면[16], 잔류허용기준이 0.1 

mg/kg 이하인 경우, 정량한계는 0.05 mg/kg 이하여야 한다고 규정

하고 있다. 따라서 본 연구에서 확립한 검출한계(0.03 ng/kg)와 정

량한계(0.1 ng/kg)는 잔류동물용의약품 분석법 실무 해설서의 분석

기준[16]을 충족하였다. 우유 중 DXM 검출을 위해 LC-MS/MS를 

이용한 잔류 분석법을 확립한 연구들에서, Cherlet 등[9]은 DXM에 

대한 검출한계와 정량한계가 각각 0.11와 0.41 ng/mL이었다고 보

고하였으며, Cha 등[15]은 검출한계와 정량한계가 각각 0.15와 0.5 

ng/mL였다고 보고하였다. 한편, 우유 중 corticosteroid 17종에 대

해 ultra-performance liquid chromatography/electrospray tan-
dem mass spectrometry (UPLC/ESI-MS/MS)를 이용하여 동시분

석법을 수행한 결과, DXM의 검출한계와 정량한계가 각각 0.01과 

0.04 ng/mL였다고 보고하였다. 본 연구에서의 검출한계와 정량한

계는, LC-MS/MS를 이용하였던 앞선 연구들과 비교하여 모두 낮

게 나타났으나, UPLC/ESI-MS/MS를 이용하였던 연구보다는 모두 

높게 나타났다.

식품의약품안전처의 잔류동물용의약품 분석법 실무 해설서의 식

품에 대한 잔류동물용의약품 분석법 기준에 따르면[16], 0.1 mg/kg 

이상의 농도에서, 회수율의 검증기준은 80-110% 내에 있어야 하며, 

변이계수는 15% 이하이어야 한다고 기준을 제시하고 있다. 본 연구

에서 DXM (0.1-10 μg/kg)의 회수율과 변이계수는 각각 97.0-

104.0%와 3.10-7.43%로 나타나, 잔류동물용의약품 분석법 실무 해

설서[16]에서 분석법 검증에 요구되는 검증기준을 모두 충족하였다. 

우유 중 DXM의 회수율과 변이계수의 범위는, Cha 등[15]의 연구에

서는 각각 98.9-109.6%와 1.72-4.01%였으며, Ural과 Kotan [18]의 

연구에서는 각각 97.5-98.8%와 4.2-10.4%였으며, Cherlet 등[9]의 

연구에서는 각각 90.3-117.6%와 23.8-32.3%였다고 보고하였다. 본 

Fig. 3. Withdrawal period of dexamethasone (DXM) in milk following intramuscular administration of DXM to dairy cow a day at a con-
centration of 20 mg/cow (A) and 40 mg/cow (B). MRL, maximum residue limit.

연구의 회수율은 앞선 연구결과들과 유사하였으나, 변이계수는 Ural
과 Kotan [18]의 연구결과와 비슷하였으나, Cha 등[15]의 연구결과

보다는 높았고, Cherlet 등[9]의 연구결과보다는 낮게 나타났다. 

Tainturier 등[22]은 착유우에 DXM을 두 당 32 mg을 정맥주사

로 투여한 후, 12시간째에 우유 시료에서 DXM의 잔류 농도를 분석

한 결과, 모두 1.46 ng/mL 이하로 검출되었다고 보고하였다. Red-
ing 등[23]은 착유우에 DXM을 두 당 30 mg을 근육주사로 투여한 

후, 우유 시료 중 DXM의 잔류 농도를 효소면역분석법으로 분석한 

결과, 12시간째에 4.43 ng/mL이었으며, 48시간째에는 0.60 ng/

mL였다고 보고하였다. European Agency for the Evaluation of 
Medical Products의 보고서에 따르면[24], 착유우에 DXM을 0.06 

mg/kg body weight의 농도로 근육주사한 후, 우유 시료 중 DXM
의 잔류 농도를 분석한 결과, 12시간째에 7.03 ng/mL였으며, 36시

간째에는 1.25 ng/mL였다고 보고하였다. 본 연구결과는 Tainturier 
등[22]의 연구결과와 유사한 경향을 보였으나, 다른 연구결과들과 

비교해서는 우유 중 DXM의 잔류량이 낮은 것으로 나타났다. 이러

한 결과는 대상 착유우의 체중의 차이와 DXM의 잔류 분석법의 차

이로부터 기인한 것으로 추정된다. 

본 연구에서 DXM을 착유우 두 당 20 mg과 40 mg을 투여하고 

우유 중 DXM의 잔류 분석 결과를 바탕으로 설정한 적정휴약기간

이 각각 1.80과 1.55일로 나와 모두 2일로 설정되었다. 다만 DXM 

저용량 투여군이 고용량 투여군에 비해, 휴약기간이 더 길게 설정된 

것은, 정량한계 미만으로 검출된 시료에 대해 정량한계의 1/2 값을 

일률적으로 적용하였기 때문에 생긴 문제로 생각된다. Caloni 등
[25]은 착유우에 DXM을 22.6 mg을 하루에 한번 3일 동안 투여한 

결과, 우유 중 적정휴약기간은 3-3.5일이었다고 보고하였다. 한편, 

농림축산검역본부 동물용의약품관리시스템에 따르면[26], 본 시험

에 사용된 시험약제의 최대 권장용량(DXM 20 mg/두) 투여 시, 우

유에서 잔류휴약기간은 3일로 설정되어 있다. 본 연구에서의 DXM
의 우유 중 잔류휴약기간은 투여용량을 감안하면 Caloni 등[25]의 
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연구결과와 유사한 것으로 생각된다. 그러나 시험약제 대한 잔류휴

약기간은 투여 시 착유우의 체중들을 고려하여 본 연구결과보다 다

소 길게 설정한 것으로 생각된다. 

이상의 연구결과로부터, 본 연구에서 제시한 LC-MS/MS에 의한 

우유 중 DXM에 대한 정량분석법의 회수율, 상대표준편차, 검출감

도 등은 식품의약품안전처의 잔류동물용의약품 분석법[16]의 기준

을 모두 충족하는 것으로 나타났다. 또한 본 연구에서는 DXM의 우

유 중 잔류휴약기간이 시험약제의 잔류휴약기간보다 짧게 설정되

어, 착유우에 대한 DXM 제제의 투여 시 착유한 우유의 폐기량을 

줄일 수 있을 것으로 판단된다. 
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Lymphoma is one of the most common neoplasms in cats, and the most com-
mon anatomical form is alimentary lymphoma. Lymphoma can occur almost any-
where in the body; however, the cutaneous form is rare in cats [1,2]. It has been 
well studied in dogs but not in cats [3]. Feline cutaneous lymphoma can be divid-
ed into epitheliotropic cutaneous lymphoma (ECL) and non-epitheliotropic cuta-
neous lymphoma (NECL). Most epitheliotropic tumors are of T-cell origin, and 
the tumor cells infiltrate the epidermis and adnexal epithelium in ECL [3]; howev-
er, tumor cells are of either T-cell or B-cell origin and do not usually involve the 
adnexal gland in NECL [4]. Previous studies have reported that the prognosis of 
NECL is grave, and its median survival time appears to be shorter than that of 
ECL [3,5]. Herein, we report a case to describe clinical and pathological findings 
of T-cell NECL in a cat. 

An 11-year-old, spayed female Persian cat was referred to the Gyeongsang Ani-
mal Medical Center, Gyeongsang National University for skin lesions. The owner 
noticed a small crusting lesion on the dorsal neck 2 months before administration, 
and patches, plaques, and firm nodules were observed thereafter. Moderate pruri-
tus, lethargy, and micturition disorders were also recorded upon systemic review. 
Bacterial and fungal culture tests of the skin lesions revealed no growth of patho-
gens, and the lesion was not responsive to antimicrobials from the local veterinary 
clinic. 

Upon physical examination, ulcerated crust and erythema with numerous skin 
nodules were observed from the forelimbs to the craniodorsal trunk (Fig. 1). The 
nodular masses were firm and fixed under the skin, and the lesions expanded bi-
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Case Report

Abstract

Cutaneous lymphoma is rare in cats. An 11-year-old spayed female Persian cat pre-
sented with crust, ulceration, and multiple nodules on the shoulder and forelimb 
for 2 months. Computed tomography revealed a diffuse, irregularly margined lesion 
in the dorsal cutis extending from cervical to thoracic vertebrae. Cytological evalua-
tion predominantly revealed large round cells with multilobulated nuclei and baso-
philic cytoplasm. Histopathological examination confirmed round CD3+/PAX5- 
cells packed in the dermis. Thus, the diagnosis of non-epitheliotropic cutaneous 
lymphoma with a diffuse large T-cell type was made. The disease progressed rapidly 
for the next 2 weeks, and the owner elected humane euthanasia. 

Keywords: lymphoma; T-lymphocytes; cutaneous; cats; tomography
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laterally to the shoulder area and forelimb. However, a 160 
multi-slice computed tomography (CT, Aquilion Lightning 160; 
Canon Medical Systems, Japan) scan revealed heterogeneous 
contrast enhancement and extended dorsally from the 1st cer-
vical vertebrae to the 12th thoracic vertebrae level (Fig. 2). A 
diffuse, irregularly margined, soft tissue attenuated lesion in the 
cutaneous layer, superficial fascia, and subcutaneous layer was 
also detected. No regional or distant lymph node enlargement 
was identified on either physical examination or CT scan.  

Skin cytology, biopsy, and comprehensive laboratory analysis 
were performed. The results revealed normocytic normochro-
mic mild non-regenerative anemia (red blood cell counts of 5.26 
×  106/μL [reference interval {RI}, 6.54-12.2 ×  106/ μL]; a 
packed cell volume of 24% [RI, 30.3%-52.3%]; hemoglobin lev-
els of 7.3 g/dL [RI, 9.8-16.2 g/dL]). Paraneoplastic hypercalce-
mia (ionized calcium level of 1.53 mmol/L [RI, 1.11–1.38 
mmol/L]) and decreased blood urea nitrogen (11 mg/dL; RI, 
16–36 mg/dL) and serum creatinine (0.7 mg/dL; RI, 0.8–2.4 
mg/dL) concentrations as consequences of polyuria secondary 
to hypercalcemia were observed. Feline leukemia virus and fe-
line immunodeficiency virus infections were excluded using the 
feline Triple SNAP test kit (IDEXX, USA). Skin cytology 

demonstrated a distinctive cytological pattern with a domi-
nance of rounded cells with multilobulated nuclei and moder-
ately basophilic cytoplasm. The nucleus was three times larger 
than erythrocytes and was anisokaryotic, anisocytic, and binu-
cleated, which met the malignancy criteria. Skin biopsy was 
performed from three different sites of the left and right scapu-
lar lesions using 2 mm-punch biopsy. Histopathological exam-
ination of the biopsied sample revealed a non-encapsulated 
neoplasm comprising a tightly packed sheet of round cells in 
the dermis and underlying subcutis, with no evidence of epithe-
liotropism of the neoplastic cells. The neoplastic cells ranged 
from 9 to 13 μm in diameter and contained moderate amounts 
of amphophilic cytoplasm. The nuclei were rounded, had 
coarsely clumped chromatin, and contained one to several 
prominent nucleoli. Multiple areas of necrosis were observed 
throughout the neoplasm. The neoplastic cells stained strongly 
positive for CD3 but not for Pax5 (Fig. 3). Based on these find-
ings, a diagnosis of NECL with diffuse large T-cell type was 
made. Chemotherapy and radiation therapy were suggested; 
however, the owner chose palliative treatment such as antibiot-
ics, corticosteroids, and bisphosphonate, but it was not respon-
sive. The disease progressed rapidly for 2 weeks after the initial 

Fig. 1. Skin lesions in cats with non-epitheliotropic lymphoma. An ulcerated crust and erythema with numerous skin nodules are ob-
served from (A) the cranial dorsal trunk to (B) the forelimb.
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Fig. 2. Transverse (A-C) and sagittal (D) computed tomography images of the cutaneous lesion in a cat with non-epitheliotropic cutane-
ous lymphoma. Diffuse, irregular margined, and soft tissue attenuated lesion is observed in the cutaneous layer (arrow), superficial fascia, 
and subcutaneous layer (arrowhead). This lesion has heterogeneous contrast enhancement and extends dorsally from the 1st cervical 
vertebra to the 12th thoracic vertebra level.

Fig. 3. A histopathologic examination from the biopsied sample in a cat with non-epitheliotropic cutaneous lymphoma. (A) Infiltrative 
growth of large lymphocytic tumor cells is observed between the dermis and subcutaneous tissue, H&E. The neoplastic cells range from 9 
to 13 µm in diameter. (B) The nuclei are rounded, have coarsely clumped chromatin, and contain one to several large nucleoli (H&E). (C) 
Neoplastic cells are stained strongly positive for CD3 antibody. Scale bars: (A) 1,280 μm, (B) 50 μm, (C) 200 μm.

diagnosis, and the owner elected humane euthanasia. 
Cutaneous lymphoma is rarely reported and constitutes 0.2% 

to 3.0% of the feline lymphomas [6]. ECL is characterized by T 
cells with an affinity for the epidermis and adnexal epithelium, 
whereas NECL is of B-or T-cell origin and is characterized by 

neoplastic lymphocytes predominantly in the dermis and sub-
cutis [1,5,7]. Although it is known that NECL is more common 
in feline cutaneous lymphoma [7], but most documents are 
ECL in cats [4,8]. The etiology of NECL remains unclear; how-
ever, chronic inflammation, prior surgery, trauma, metallic or-

A

C
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D

A B C1,280 μm 50 μm 200 μm



https://doi.org/10.14405/kjvr.20220001

Korean J Vet Res 2022;62(2):e13  •  YeSeul Jeon, et al.

4 / 5

thopedic implants, and viral infection have been suggested to be 
risk factors for its development [5,6]. Recently, the following fe-
line NECL subgroups have been acknowledged: cutaneous lym-
phoma at injection sites [9], tarsal lymphoma [1], and NECL 
associated with a fracture site [6]. They all lack epitheliotro-
pism, and their clinical and pathological features are unique 
disease entities. 

The epitheliotropic and non-epitheliotropic forms can have 
similar clinical appearances. The lesions may be solitary or dif-
fuse and are often described by various manifestations such as 
erythematous spots, alopecia, scales, skin nodules, or ulcerative 
plaques [5,7]. The period of existence of the lesion before diag-
nosis varies from case to case: the lesions can last up to 2 years 
in NECL [10], and the lesion progressed rapidly and worsened 
within 2 months in this case. On gross examination, the lesions 
were limited to the neck, shoulder, and forelimbs; however, the 
expanded lesions were visualized from the caudal aspect of the 
occipital bone to the level of the 12th thoracic vertebrae cutane-
ous and subcutaneous layers based on CT scanning. 

CT has been useful for staging, treatment planning, and prog-
nostication in humans with cutaneous lymphoma [11–13]. In 
the present case, non-epithelial large cell lymphoma was con-
firmed only in the dermis and subcutis on histological evalua-
tion; however, the CT scan confirmed the presence of a lesion 
in the cutaneous layer, superficial fascia, and subcutaneous layer 
despite the ultra-high-resolution CT system. This finding may 
reflect the limitations of CT examination in the identification of 
subtle changes in cutaneous lymphoma. Positron emission to-
mography/CT can be used to evaluate the tumor depth/thick-
ness and biological activity of cutaneous lymphomas in dogs 
[13] and humans [14]. Moreover, the treatment method can be 
modified according to the results, and ultimately, prognostic 
evaluation can be applied in humans [14]. Further research 
should be conducted to expand the clinical application of CT 
scanning as a diagnostic and prognostic modality for cutaneous 
lymphoma in cats. 

Owing to the limited number of studies reported to date, no 
specific treatment regimen has been determined to be optimum 
for feline cutaneous lymphoma [3,6,10]; chemotherapy, surgical 
excision, and radiation can be considered [7]. Currently, the 
most promising treatment for canine cutaneous lymphoma is 
lomustine [3], which can also be used for feline ECL [2] and 
NECL [10]. In a previous report [10], a cat with NECL achieved 
complete remission 3 months after lomustine treatment; how-
ever, the duration of the remission period is unknown because 
the patient died 2 months later for other reasons. However, 
treatment could not be initiated in this case as the owner elect-

ed humane euthanasia. 
The prognosis of feline NECL is worse than that of ECL. The 

median survival time reported in the literature is 10.25 months 
for feline ECL [3] and 190 days for feline NECL [1]. Therefore, 
histopathological subclassification is essential. Further research 
on the clinical application of various treatments and the analysis 
of prognosis should be conducted in the future. 
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Salmonella enterica serotype Choleraesuis is a facultative intracellular pathogen 
that causes swine paratyphoid, with clinical manifestations of enterocolitis and 
septicemia [1]. Infection with the septicemic S. Choleraesuis is considered a dif-
ferential diagnosis for pigs with African swine fever virus (ASFV), since it shows 
similar clinical signs and lesions [2]. 

In the 1950s and 1960s, S. Choleraesuis was the predominant serotype in the 
global pig industry [1]. However, it is at present rare in the European Union and 
Australia [1,3]. As S. Choleraesuis has diminished, Salmonella Typhimurium has 
become the most frequently isolated serotype [4]. Despite its low prevalence in 
pigs, S. Choleraesuis is becoming more prevalent in wild boars from Europe, 
which are suspected to be carriers [1,5]. Furthermore, antimicrobial resistance to 
S. Choleraesuis has been reported in many countries [1,2,5]. To control the occur-
rence of salmonellosis in pigs, antimicrobial administration to the affected animals 
is necessary, and antimicrobial susceptibility testing is required for the selection of 
empirical antimicrobials [5]. 

In Korea, there are many studies on salmonellosis in pigs; however, most are fo-
cused on S. Typhimurium, the most common serotype in Korea [6,7]. Although 
two isolates of S. Choleraesuis were isolated from diarrheic pigs in Korea in 2004, 
information on S. Choleraesuis in Korea is limited [8]. Herein, we describe the 
clinical signs, pathological lesions, and laboratory results of S. Choleraesuis infec-
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Case Report

Abstract

Salmonella enterica serotype Choleraesuis causes swine paratyphoid, with clinical 
findings of enterocolitis and septicemia. However, the clinicopathological features 
of S. Choleraesuis infections in pigs have not been reported in Korea. We describe 
the pathological findings of two weaned pigs with S. Choleraesuis infections, pre-
senting with diarrhea, cough, and sudden death. Pathological examination indicat-
ed severe necrotic colitis in pig 1 and septicemic lesions in pig 2. Multidrug-resis-
tant S. Choleraesuis was isolated from the pigs’ lungs and intestinal contents. Fur-
ther research is required for the surveillance of S. Choleraesuis infections in pigs 
and the virulence estimation in the S. Choleraesuis isolates. 

Keywords: enterocolitis; pathology; pigs; Salmonella Choleraesuis; septicemia  
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tions in weaned pigs in Korea. 
In August 2020, a farrow-to-finish pig farm in Yangsan, Re-

public of Korea, breeding 2,000 pigs, reported lethargy and sud-
den death of weaned pigs (40 days old) that exhibited mucoid 
diarrhea and cough. Twenty-five percent (100/400) of the 
weaned pigs exhibited clinical signs, and 20 pigs died (mortality 
rate, 5%). Two weaned pigs were referred to the Animal and 
Plant Quarantine Agency for necropsy and differential diagno-
sis. 

Both pigs exhibited non-collapsed lungs with consolidation. 
Pig 1 had severe hyperemic mucosa in the colon, with a yellow, 
fibrinous membrane and pasty contents (Fig. 1A). Pig 2 had 
consolidation in the cranioventral lobes and multifocal ecchy-
moses in the dorsocaudal lobes of the lungs (Fig. 1B). Further-
more, the mesenteric lymph nodes were enlarged and congested 
(Fig. 1C). 

After necropsy, representative tissues, including the brain, 
lungs, liver, spleen, kidneys, small intestines, large intestines, 
and lymph nodes, were fixed in 10% neutral buffered formalin 
for 24 hours. The fixed tissues were processed according to a 
previous study [9], and 2-µm sections were stained with hema-
toxylin and eosin. Histopathologically, both pigs exhibited se-
vere bronchointerstitial pneumonia (Fig. 2A). In pig 1, severe 
necrosis of the intestinal epithelial cells and cryptic dilation 
were observed, and submucosal infiltration of macrophages and 
lymphocytes were also detected in the colon (Fig. 2B). In pig 2, 
moderate perivascular infiltration of mononuclear cells with 
bacterial colonies and multifocal gliosis were observed in the 
cerebrum (Fig. 2C and D). Lesions corresponding to hemor-
rhages, lympholysis, and bacterial colonization were observed 
in the spleen and mesenteric lymph nodes of pig 2 (Fig. 2E-G). 
In addition, coagulative necrosis and bacterial colonies were 

observed in the liver of pig 2 (Fig. 2H). 
The lungs and small and large intestinal contents with their 

gross lesions were aseptically collected and cultured onto sheep 
blood agar (Asan Pharmaceutical Co. Ltd., Korea) and Mac-
Conkey agar (Becton; Dickinson and Company, USA) under 
5% CO2 at 37°C for 24 hours. The identification of S. Cholerae-
suis was confirmed using the AccuPower Salmonella spp. 3-plex 
polymerase chain reaction (PCR) Kit (Bioneer Corporation, 
Korea), according to the manufacturer’s instructions. For the 
detection of major porcine viruses, including the porcine repro-
ductive and respiratory syndrome virus (PRRSV), the classical 
swine fever virus (CSFV), the swine influenza virus (SIV), the 
porcine circovirus type 2 (PCV2), the transmissible gastro-
enteritis virus (TGEV), the porcine epidemic diarrhea virus 
(PEDV), and rotaviruses, we used the VDx PRRSV HPMP RT-
PCR, CSFV 5’NCR RT-PCR, SIV RT-PCR, and PCV2 qPCR 
kits (Median Diagnostics Inc., Korea), the LiliF TGEV/PEDV 
RT-PCR kit (iNtRON Biotechnology Inc., Korea), and the PO-
BGEN Rotavirus (A, B, C) detection kit (POSTBIO Inc., Korea), 
according to the manufacturer’s instructions. In addition, sero-
typing procedures were performed as previously described [6]. 
Antimicrobial susceptibility testing was performed with the disc 
diffusion method according to a previous study [1]. The follow-
ing discs (Oxoid Ltd., UK) were used: ampicillin (10 µg), ceftio-
fur (30 µg), enrofloxacin (5 µg), gentamicin (10 µg), and tetra-
cycline (30 µg). Escherichia coli ATCC 25922 was used as a con-
trol strain. 

Salmonella-suspected colonies were isolated from the large 
intestinal contents (pig 1), lungs (pig 2), and small intestinal 
contents (pig 2). Based on the serotyping procedures, all Salmo-
nella spp. isolates belonged to the C1 group, serovar 6,7:c: 1,5, 
and were confirmed as S. Choleraesuis via PCR (Fig. 3). In ad-

Fig. 1. Gross findings of Salmonella enterica serotype Choleraesuis infections in pigs. (A) Pig 1. Colon. Hyperemic colonic mucosa (asterisk) 
with yellow, fibrinous membrane. (B) Pig 2. Lungs. Non-collapsed lungs with consolidated cranioventral lobes and multifocal ecchymoses 
(black arrows). (C) Pig 2. Mesenteric lymph nodes. Enlarged and congested mesenteric lymph nodes (black arrows).
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Fig. 2. Histopathological findings of Salmonella enterica serotype Choleraesuis infections in pigs. (A) Pig 1, lung: infiltration of inflamma-
tory cells, including pulmonary alveolar macrophages with fibrin (translucent arrow and inset) in the alveolar spaces and numerous neu-
trophils (black arrows) in the bronchioles. H&E, scale bar: 100 µm; inset scale bar: 20 µm. (B) Pig 1, colon: necrotic intestinal epithelium 
(translucent arrows) and cryptic dilation with inflammatory cell debris (black arrows), and submucosal infiltration of mononuclear cells 
(asterisk). H&E, scale bar: 200 µm; inset scale bar: 20 µm. (C) Pig 2, cerebrum: moderate perivascular cuffing with mononuclear cells (black 
arrows) and intravascular bacterial colonies (asterisk). H&E, scale bar: 50 µm. (D) Pig 2, cerebrum: microglial nodules. H&E, scale bar: 50 
µm. (E) Pig 2, spleen: severe hemorrhages (asterisk) and small lymphoid follicles (white arrows). H&E, scale bar: 200 µm. (F) Pig 2, spleen: 
splenic lympholysis (white arrows) with bacterial colonies (green translucent arrow). H&E, scale bar: 20 µm. (G) Pig 2, mesenteric lymph 
node: moderate hemorrhages and lymphoid depletion (asterisk). Inset: necrotic lymphocytes (black arrows) and bacterial colonies (blue 
translucent arrow). H&E, scale bar: 100 µm; inset scale bar: 20 µm. (H) Pig 2, liver: coagulative necrosis with necrotic hepatocytes (black 
arrows) and bacterial colonies (green translucent arrow). H&E, scale bar: 20 µm.
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dition, Streptococcus suis was isolated from the lungs of pig 1. 
PRRSV was detected in all the lung samples of both pigs. The 
isolates from lungs and intestines exhibited resistance to multi-
ple antimicrobials (ampicillin, gentamicin, and tetracycline) ac-
cording to the results of the antimicrobial susceptibility test. 

Septicemic salmonellosis caused by S. Choleraesuis has rarely 
been reported in domestic pigs [3]. In this study, histopatho-
logical lesions were discovered in the large intestines of pig 1, 
and in the systemic organs (i.e., the brain, lungs, liver, spleen, 
and mesenteric lymph nodes) of pig 2. Although S. suis was 
isolated from the lungs of pig 1, we believe that this common 
swine pulmonary isolate was associated only with the bron-
chopneumonia [10]. Based on the histopathological and labo-
ratory examinations, pigs 1 and 2 were diagnosed with entero-
colitis and septicemia, respectively, both caused by S. Choler-
aesuis. A previous study suggested that PRRSV may increase 
the susceptibility of pigs to S. Choleraesuis infections [11]. Syn-
ergistic interactions between PRRSV and S. Choleraesuis may 
explain the relatively high incidence rate (25%), mortality rate 
(5%), and systemic pathological lesions among pigs on the 
farm in this study [11]. The overlap in gross lesions caused by 
these microbes (PRRSV, S. Choleraesuis, and S. suis) compli-
cates the diagnosis, and the pathogenic significance of S. Chol-
eraesuis isolates in pigs needs to be elucidated through experi-
mental animal studies. 

S. Choleraesuis isolates from pigs and wild boars are known 

to display resistance to different varieties of antimicrobials 
[1,12]. In this study, all of the S. Choleraesuis isolates also ex-
hibited resistance to the three antimicrobials most frequently 
used in pigs in Korea (ampicillin, gentamicin, and tetracycline) 
[13]. Further antimicrobial characterization studies with mini-
mum inhibitory concentrations for a variety of antimicrobials is 
required to elucidate the antimicrobial resistance pattern of the 
S. Choleraesuis isolates. 

African swine fever has been reported in domestic and wild 
pigs in Korea since September 2019 and remains a substantial 
threat to the pig industry [14]. Septicemic salmonellosis causes 
specific gross lesions, such as splenomegaly and congestive 
swelling in the lymph nodes, similar to ASFV infection [2]. 
However, the only gross lesions found in the current study 
were enlarged and congested mesenteric lymph nodes. On the 
other hand, all the pigs on the farm were administered antimi-
crobials (colistin sulfate) by a veterinary practitioner after the 
onset of the clinical signs. These treatment attempts reportedly 
result in milder disease in cases of S. Choleraesuis infection 
[2]. 

Recently, the occurrences and characteristics of S. Cholerae-
suis in wild boars have been reported in Europe, suggesting the 
necessity of S. Choleraesuis surveillance in wildlife [1,5]. To the 
best of our knowledge, there is limited information on S. Chol-
eraesuis isolates in Korea, and this is the first clinicopathological 
report of such infections in domestic pigs in Korea. Future sur-
veillance investigations of S. Choleraesuis infections in domestic 
and wild pigs are required, and vaccines need to be considered 
to prevent a severe outbreak of this pathogen in Korea. 
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Hyperkalemia is characterized by elevated levels of potassium in the blood. 
Normal potassium levels are between 2.7 and 5.0 mmol/L in dogs, and levels 
above 5.5 mmol/L are defined as hyperkalemia [1]. The causes of hyperkalemia in 
dogs are renal injury, severe vomiting, trauma, hypoadrenocorticism, dehydration, 
diabetic ketoacidosis, potassium intake, and drugs (e.g., angiotensin converting 
enzyme inhibitors, beta blockers, or potassium supplements) [2]. Dogs with hy-
perkalemia may present with clinical symptoms such as depression, weakness (>  
6 mmol/L), lethargy, cardiac arrhythmias, electrocardiography abnormalities, and 
even asystole (>  8 mmol/L) in severe cases [3]. Immediate treatment is required if 
the potassium concentration in the blood is >  6 mmol/L [2]. 

Pseudohyperkalemia is a falsely elevated potassium concentration, in which po-
tassium levels are normal in vivo but elevated in vitro [4]. It should be distin-
guished from spurious hyperkalemia caused by technical problems including in-
appropriate blood collection, inadequate sample transportation, and device errors 
[5]. In patients with non-clinical hyperkalemia, pseudohyperkalemia should be 
considered if the potassium gap between serum and plasma is higher than 0.4 
mmol/L [5]. 

There are some case reports of pseudohyperkalemia after total splenectomy 
even in human medicine [6–8]. Since pseudohyperkalemia was first reported in 
human medicine in the 1950s [9], it was often misdiagnosed as true hyperkalemia 
[4]. Grech [7] reported that pseudohyperkalemia is still widely recognized in hu-
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Case Report

Abstract

A 16-year-old, 7.4 kg, castrated male Cocker Spaniel presenting anorexia and 
weight loss was referred due to a splenic mass, and total splenectomy was per-
formed to resolve clinical signs. Following surgery, the dog developed mild hyper-
kalemia (6.27 mmol/L) without any clinical symptoms. Further investigations were 
conducted to determine the cause of hyperkalemia. The serum-plasma potassium 
difference was measured (1.05 mmol/L), and pseudohyperkalemia was diagnosed. 
The cause of pseudohyperkalemia was considered as thrombocytosis after splenec-
tomy. The dog did not receive any specific treatment to lower blood potassium. To 
our knowledge, we report the first case of post-splenectomy pseudohyperkalemia in 
a dog. 

Keywords: dogs; hyperkalemia; pseudohyperkalemia; splenectomy; thrombocyto-
sis  
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man medicine, and unnecessary treatment can be a threat to 
the patient. 

This report presents a case of pseudohyperkalemia in a dog. 
To the best of our knowledge, this is the first case report of 
pseudohyperkalemia after total splenectomy in a dog.  

A 16-year-old castrated male Cocker Spaniel dog weighing 
7.4 kg was referred for a cranial abdominal mass. The patient 
presented with anorexia and weight loss for one month. Ab-
dominal masses were confirmed by radiography at a local veter-
inary hospital. 

Except for anorexia, there were no clinical symptoms related 
to the abdominal mass, such as abdominal distention, pain, or 
superficial lymph node (submandibular, prescapular, axillary, 
inguinal, and popliteal) enlargement, found upon physical ex-
amination. Blood analysis for complete blood cell (ProCyte Dx 
Hematology Analyzer; IDEXX Laoratories Inc., USA) and 
chemistry (Catalyst One Chemistry Analyzer; IDEXX Laorato-
ries Inc.) did not show any specific findings except for non-re-
generative mild anemia (hematocrit, 30.3%; range, 37.1% to 
57%; reticulocyte index, 0.82) and mild thrombocytosis (platelet 
count, 582 109/L; range, 143.3 to 400 109/L). On radiography, a 
48 ×  45 mm, soft tissue density mass was identified in the left 
cranial abdomen. Abdominal ultrasonography revealed a het-
erogeneous mass in the body of the spleen. The mass contained 
anechoic cavity lesions with minimal blood flow. Computed to-
mography revealed no metastatic lesions (Fig. 1A) and a total 
splenectomy was performed to remove the splenic mass, and 
resolve the clinical signs. 

Preanesthetic medications included cefazolin sodium (22 mg/
kg, IV, Cefazolin; Jonggeundang Pharm., Korea) and midazol-
am (0.2 mg/kg, IV, Midazolam; Bukwang Pharmaceutial Co., 
Korea). This was followed by induction with propofol (5 mg/kg, 
IV, Anepol; Hana Pharm., Korea) and maintained with isoflu-
rane via an endotracheal intubation. Remifentanil (0.1 to 0.3 

μg/kg/min, continuous rate infusion, Remiva; Hana Pharm.) 
was used for analgesia. After midline laparotomy, the spleen 
was exposed from the abdominal cavity (Fig. 1B), and total 
splenectomy was performed using a vessel-sealing device (Liga-
sure Exact Dissector; Covidien, USA) (Fig. 1C). 

The splenic mass was diagnosed as lymphoma with low-
grade spindle cell sarcoma on histopathological examination. 
The splenic mass contained 2 expanded cell populations, one of 
which was an expanded lymphoid population that was strongly 
suspected to represent lymphoma, low grade and small to in-
termediate cell size (Fig. 2). Based on these features, indo-
lent-type lymphoma was considered the most likely cause. 
Polymer chain reaction for antigen receptor rearrangement was 
recommended to confirm the suspected lymphoma, but the 
owner of the dog refused further examinations due to high 
costs. 

Fig. 1. (A) Splenic mass in preoperative computed tomography. (B) Intraoperative finding of splenic mass. (C) Gross appearance of the 
resected splenic mass.

Fig. 2. Low magnification histophathologic image of the splenic 
tumor visualized with hematoxylin-eosin staining. The splenic 
tumor was suspected as nodular lymphoma with low-grade spin-
dle cell sarcoma; nodule with expanded lymphoid population and 
with expanded spindle cell proliferation. Scale bar: 100 μm.

A B C



Pseudohyperkalemia in a dog

https://doi.org/10.14405/kjvr.20210051 3 / 4

Anorexia resolved after splenectomy, and elevated serum po-
tassium (6.2 mmol/L; range, 2.70 to 5.00 mmol/L) and throm-
bocytosis (994 109/L; range, 143.3 to 400 109/L) were found in 
blood analysis 5 days after surgery. Repeated blood sampling 
was performed to rule out technical errors, but the patient’s se-
rum potassium level was still elevated. The potassium level of 
other normal patients was measured to check the possibility of 
equipment error, but all results were within the normal range. 
Additional blood analyses were conducted for several days, but 
hyperkalemia was continuously observed (postoperative day 
[POD]-5, 6.27 mmol/L; POD-7, 6.84 mmol/L; POD-9, 6.73 
mmol/L). 

There was no clinical sign associated with hyperkalemia (e.g., 
polydipsia, polyuria, anorexia, lethargy, depression, weakness, 
vomiting, etc.). The patient’s vital signs, electrocardiography, 
kidney panel, and urine output were normal. There was no uri-
nary obstruction, which could have caused hyperkalemia. In 
addition, none of the prescribed medications were likely to 
cause hyperkalemia. Therefore, pseudohyperkalemia was 
strongly suspected. Lymphoma could be one of cause of 
pseudohyperkalemia, but pseudohyperkalemia due to lympho-
ma was ruled out, because total splenectomy was already per-
formed and there was no specific finding in splenic lymph node 
on histopathology. For a definitive diagnosis of pseudohyperka-
lemia, both serum and plasma potassium concentrations were 
compared; the potassium concentrations were measured using 
serum clot and heparin tubes, respectively. In general, the elec-
trolyte was measured using serum, but blood coagulation was 
prevented through a heparin tube and the electrolyte was mea-
sured by separating plasma. The difference between the 2 mea-
surements was 1.05 mmol/L. Since the difference was more 
than 0.4, and there were no clinical signs related to hyperkale-
mia, pseudohyperkalemia caused by thrombocytosis after sple-
nectomy was diagnosed. To diagnose pseudohyperkalemia, 
technical errors should be first excluded, and the difference in 
potassium concentration in serum and plasma should be found 
to be more than 0.4 mmol/L. The patient did not receive any 
specific treatment to lower the blood potassium level and was 
discharged. 

Postoperative serum and plasma potassium levels and platelet 
counts were checked regularly (Table 1). Pseudohyperkalemia 
and thrombocytosis were maintained even one year after sur-
gery, but there were no clinical symptoms related to hyperkale-
mia in the patient. 

Most common cause of hyperkalemia in dogs is decreased 
potassium excretion by urine [1,2]. However, there was no evi-
dence of kidney disease or urinary obstruction in this case. Of 

course, there is a possibility that the kidney function may be de-
graded because the patient is old, but no abnormalities were 
found in kidney panel and urinalysis. There was no potassium 
intake, no potassium contained fluid, no dehydration, no burn 
injury, and no medications were prescribed to increase blood 
potassium concentration. There were no clinical symptoms re-
lated to hyperkalemia, and no clear cause was found, pseudohy-
perkalemia was suspected. 

Pseudohyperkalemia falsely increases serum potassium con-
centration, not as a true elevation of potassium ions in vivo cir-
culation [10]. Pseudohyperkalemia is caused by the release of in-
tracellular potassium ions from blood cells including erythro-
cytes, leukocytes, and thrombocytes, during the coagulation pro-
cess for serum formation. Unnecessary treatment for pseudohy-
perkalemia can be harmful to patients, leading to iatrogenic hy-
pokalemia, cardiac arrhythmias, and even death [6,7]. 

High-potassium erythrocytes have been reported in Asian 
breeds, such as Akitas, Shibas, Jindos, and Chinese Shar Peis 
[11]. In these dogs, hyperkalemia may appear on blood analysis. 
In human medicine, falsely elevated blood potassium concentra-
tion is a well-known occurrence in patients with hematological 
disorders such as extreme leukocytosis or thrombocytosis [12]. 

In dogs with thrombocytosis, serum potassium concentration 
may be higher than that in the plasma. This is caused by the re-
lease of intracellular potassium ions in platelets into the extra-
cellular space when platelets are activated during the coagula-
tion process for serum formation [4]. Therefore, the more 
platelets, the more intracellular potassium ions may be released 
into the extracellular space and the resulting serum-plasma po-
tassium difference could be greater. Reimann et al. [13] report-

Table 1. Postoperative serum and plasma potassium concentration, 
and platelet count

POD Serum K+  
(mmol/L)

Plasma K+  
(mmol/L)

Serum-plasma  
difference (mmol/L)

Platelet 
count (109/L)

Preoperative 
day

4.20 525

POD 3 4.38 768
POD 5 6.27 832
POD 7 6.84 5.79 1.05 884
POD 9 6.73 5.68 1.05 825
POD 21 5.59 4.86 0.73 570
POD 30 5.46 4.90 0.56 774
POD 60 6.04 5.15 0.89 776
POD 90 5.11 4.53 0.58 724
POD 180 5.62 4.68 0.94 766
POD 360 5.45 4.65 0.80 791

POD, postoperative day.
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ed that serum-plasma potassium difference was significantly 
different in dogs between the thrombocytopenic, normal, and 
thrombocytotic groups. It has been reported that thrombocyto-
sis occurs in 75% to 82% of patients who undergo splenectomy 
in human medicine, and the platelets may remain elevated for 
weeks to years [14]. 

Thrombocytosis can occur through several mechanisms after 
splenectomy, including reactive thrombocytosis, loss of blood 
storage function of the spleen, and increased life span of plate-
lets [6,8]. Splenectomy results in reactive thrombocytosis [14]. 
Unlike myeloproliferative disorders, more platelets are pro-
duced in the bone marrow in response to hemorrhage, inflam-
mation, and tumors. Moreover, loss of the ability to store blood 
and destroy platelets in the spleen leads to thrombocytosis [3]. 
Similar to humans, the life span of thrombocytes was increased 
by 47% in dogs undergoing splenectomy [15]. Therefore, simi-
lar to humans, pseudohyperkalemia may occur in dogs with 
thrombocytosis after splenectomy. 

In conclusion, thrombocytosis after total splenectomy in dogs 
may induce pseudohyperkalemia. Pseudohyperkalemia should 
be considered as a differential diagnosis when asymptomatic 
hyperkalemia is identified after splenectomy in dogs. In dogs 
with pseudohyperkalemia, treatment to correct the potassium 
concentration is unnecessary and can be harmful.
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The capybara (Hydrochoerus hydrochaeris) is the largest rodent that is native to 
South America [1]. Many capybaras are kept in zoos, aquariums, and breeding 
farms worldwide. On the other hand, there are few reports of diseases in capyba-
ras [2,3]. A capybara in Seoul Zoo showed vaginal discharge and a bloody mass. 
The mass was diagnosed as a uterine leiomyosarcoma after a histopathology exam. 
Leiomyosarcomas are malignant tumors originating from the smooth muscle [4]. 
With unknown cause, uterine leiomyosarcomas are often taken place sponta-
neously [5]. Leiomyosarcomas usually affect the urogenital [6], gastrointestinal 
tract [7]. Leiomyosarcomas account for 0.4% of canine tumors and 0.2% to 1.5% 
of feline tumors [8]. 

Although the clinical signs of uterine tumors are irregular estrus cycles and vag-
inal discharge, the clinical signs can be non-specific, including anorexia, stran-
guria, constipation, abdominal distension, and vomiting [9]. In the case of ro-
dents, a case of leiomyosarcoma in a greater cane rat (Thryonomys swinderianus) 
was reported [10]. In the case of rabbits, uterine leiomyosarcomas accounting for 
only 0.02% in rabbit uterus disease [11]. On the other hand, there are no reports 
of leiomyosarcoma in capybaras (Fig. 1). Since wild animals like capybara tend to 
conceal their abnormal condition such as pain, it is hard to observe their health 
statues. Furthermore, there were a few studies about capybaras so that it is hard to 
find diagnostic and treatment options of the species. Therefore, this paper is sig-
nificant because this case provides specific diagnosis procedures of reproductive 
disease of female capybaras. Therefore, the main objective of this paper to de-
scribes the clinical signs and histopathology findings of uterine leiomyosarcoma 
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Case Report

Abstract

A captive female capybara (Hydrochoerus hydrochaeris) of unknown age discharged 
a bloody mass from the vaginal region. A histopathology examination revealed the 
mass to be a reproductive leiomyosarcoma, and an ovariohysterectomy was per-
formed. The histopathology examination confirmed that the excised tissue was a 
uterine leiomyosarcoma. The purpose of this report is to describe clinical history 
and histopathological diagnosis of leiomyosarcoma in capybaras. This report is 
novel because it describes the first diagnosis of uterine leiomyosarcoma in a capyba-
ra. Since clinical data about capybaras are rare, this case report will help to diagnosis 
and treat reproductive diseases of this species. 

Keywords: rodentia; neoplasms; genitalia; uterus; leiomyosarcoma  
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in a capybara for diagnosis and treats reproductive diseases of 
capybaras. 

A female, 25 kg, capybara of unknown age, was introduced to 
Seoul Zoo in 2018. One day, the animal had a bloody discharge 
at the vaginal region; a 5 cm ×  3 cm sized mass was discharged. 
The weight of the mass was 10.5 g. Prior to the vaginal dis-
charge, the animal did not show any clinical signs. Because the 
mass was soft bloody in color, it was initially considered to be 
coagulated blood. The mass was collected in a 10% formalin 
solution and referred to a veterinary diagnostic laboratory (Po-
panilab, Korea) for a histopathological examination. Since wild 
animals such as capybaras are hard to collect their blood with-
out anesthesia because of their aggressive manner, a blood ex-
amination was not able to perform. The capybara was suspected 
for a uterine infection such as pyometra and endometritis only 
based on its clinical sign like vaginal bleeding. Therefore, anti-
biotics (tulathromycin, 1.92 mg/kg, intramuscular [IM], Draxx-
in; Zoetis, Spain) and a non-steroidal inflammatory drug 
(tolfenamic acid, 2.3 mg/kg, IM, Tolfedine; Vetoquinol, France) 
were injected. The laboratory examination showed that the 
mass was a reproductive leiomyosarcoma, which consisted of 
neoplastic proliferous elongated spindle cells. The center of 
mass was well vascularized. In addition, the neoplastic spindle 
cells produced a medium density of multi-oriented bundles, 
and eosinophilic cytoplasm was observed in the neoplastic cells. 
The tumor cells showed oval-shaped nuclei with anisokaryosis 
and coarse, dense chromatins. In addition, the ratio of the nu-
cleus to the cytoplasm of the tumor cells was increased. In 400×  
magnification, zero to one mitotic figure in the tumor cells and 

some hemorrhagic, necrotic lesions were observed in the center 
of the mass (Fig. 2). 

To remove the mass of uterine leiomyosarcoma, an ovario-
hysterectomy in the capybara was performed. To anesthetize 
the capybara, intramuscular injection of 5 μg/kg medetomidine 
(Sedastart; Produlab Pharma B.V., The Netherlands), 0.05 mg/
kg butorphanol tartrate (Butorphan; Myungmoon Pharm, Ko-
rea), and 1.15 mg/kg tiletamine/zolazepam (Zoletil; Virbac, 
France) were performed. After surgery, the capybara showed 
cecal tympany symptoms. An intravascular injection of 0.03 
mg/kg neostigmine (Neogmine; Handong, Korea) and cecal 
catheterization was performed to relieve the symptoms. Intra-
vascular 0.03 mg/kg atipamezole (Reversal; Provet Veterinary 
Products, Turkey) and 0.01 mg/kg flumazenil (Flunil; Bukwang 
Pharm, Korea) were injected to reverse the anesthesia. For anal-
gesic effects, a subcutaneous injection of 0.1 mg/kg meloxicam 
(Meloxicam 2% injection; Labiana Life Sciences, Spain), and an 
intramuscular injection of 5.75 mg/kg tramadol (Tridol injec-
tion; Yuhan, Korea) were performed. Furthermore, the combi-
nation of 1.92 mg/kg tramadol, 1 mg/kg 2% lidocaine (Lido-
caine injection 2%; Daihan Pharm, Korea), and 11.53 mg/kg 
ketamine (Ketamine 50 injection; Yuhan) diluted in 491.75 mL 
of normal saline, were injected by intravenous constant rate in-
fusion. An intravenous injection of 20 mg/kg cefazoline (Ce-
fazoline injection; Chongkundang, Korea) was administered as 
a prophylactic and post-surgery antibiotic. The excised mass of 
uterine and ovaries was immersed in a 10% formalin solution 
and sent to a pathology laboratory at Konkuk Veterinary Uni-
versity (Korea) for a post-operative histopathologic diagnosis. 
After surgery, the capybara showed anorexia, so an antibiotic 

Fig. 1. Female capybara (Hydrochoerus hydrochaeris).

Fig. 2. Histopathological features of the discharged mass from 
the capybara vaginal region. (A) Spindle-shaped neoplastic cells 
with a medium density (arrows) were well vascularized and con-
sisted of multi-oriented bundles. H&E, scale bar: 250 μm. (B) The 
nuclei of neoplastic cells were oval-shaped with anisokaryosis and 
coarse, dense chromatins (arrows). The neoplastic cells showed a 
higher ratio of nucleus to cytoplasm. Zero to one mitotic figure 
was observed in the nucleus of these tumor cells. H&E, scale bar: 
100 μm.

A B
250 μm 100 μm
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(cefazoline 20 mg/kg intravascular [IV]), analgesics (meloxicam 
0.1 mg/kg subcutaneous [SC], butorphanol tartrate 0.05 mg/kg 
IM, tramadol 5.75 mg/kg IM), and nutritional supplements 
(aminoethane sulfonic acid 25 mg/kg IV (Taurine F injection; 
Samyang Anipharm, Korea), amino acid mix 5 mL IV (Amitop 
S injection; Handong), ascorbic acid 28.84 mg/kg SC (Merit C 
injection; Huons, Korea) were administered, but the animal 
died in the next day. The gross findings showed that the excised 
left ovary was larger than the right ovary. In addition, endome-
trial hyperplasia from the uterine mass was observed. The ex-
cised mass from the uterine and ovaries was also diagnosed as 
leiomyosarcoma. In the case of the uterine mass, myometrium 
hyperplasia and invasive proliferation of the muscle cells to the 
endometrium were observed in the low magnification of micro-
scopic view. In a high magnification view, spindle-shaped 
smooth cells revealed anisokaryosis and dense chromatin. In 
addition, mitotic indices from the neoplastic cells showed ma-
lignant features. As a result, the mass was confirmed to be a 
leiomyosarcoma. In the case of the ovaries, it consisted of nor-
mal corpus luteum and ovarian follicles without any neoplastic 
and invasive changes (Fig. 3). 

In this case, the histopathology results of the released mass 
from the vulva of the capybara and the excised uterine mass 
were consistent. As a result, the released mass originated from 
the uterine. Therefore, the cytological examination of the vagi-
nal discharge or histopathological examination of the released 
mass from reproductive organs can help identify the reproduc-
tive diseases of capybaras. The histopathological changes of 
leiomyosarcoma in the capybara, which were spindle cells with 
anisokaryosis and mitotic figures, are similar to other animals 
features of leiomyosarcoma. In a case of rabbit uterine leiomyo-
sarcoma also showed spindle cells with elongated, blunt-ended 
nuclei and moderate anisokaryosis [11]. Only a few tumor cases 

of capybara have been reported, such as a squamous cell carci-
noma and a digital histiocytic sarcoma [12,13]. This appears to 
be the first report of leiomyosarcoma in capybaras. The most 
effective treatment option for reproductive tumors, such as 
uterine leiomyosarcomas, is an ovariohysterectomy [14]. In the 
case of capybaras, the high occurrences of acute cecal tympany 
during chemical restraint can cause death to the animal. Capy-
baras are hindgut fermenters with large cecum. Therefore, un-
der anesthesia, decreased gastrointestinal motility produces ex-
cessive volatile gas, which can lead to acute cecal tympany [15]. 
In this case, the capybara woke up well after anesthesia but died 
the next day. The necropsy results of the capybara suggested 
death by cecal dilation with acute respiratory and circulatory 
failure. The exerted pressure from cecal dilation against the dia-
phragm and compression of major blood vessels might lead to 
hypoxia and hypovolemic shock of the capybara. Therefore, af-
ter anesthetizing a capybara, intensive care of the animal is es-
sential. Catheterization of dilated cecum is the main treatment 
option of cecal tympany [15]. Therefore, it is important to re-
lease over produced gas in the cecum during and after anesthe-
sia when capybaras have cecal dilation. In this case, the capyba-
ra did not show cecal dilation during anesthesia. However, after 
surgery, the capybara showed cecal tympany symptom once, so 
that the symptom was relieved by cecal catheterization and 
neostigmine injection. However, it seemed like that the cecal di-
lation of the capybara reoccurred at night. Since this zoo animal 
hospital was not a 24-hour operated hospital, it was hard to 
monitor the animals’ health status at the night-time. Therefore, 
24-hour intensive monitoring of capybaras is recommended af-
ter anesthetizing capybaras to manage acute cecal dilation of the 
animals. In conclusion, a female capybara of unknown age 
showed vaginal discharge and released mass from its vulva. The 
mass was diagnosed as a uterine leiomyosarcoma, so an ovario-

Fig. 3. Postsurgical images of the excised uterus and ovaries (A) and histology section of the uterine mass (B-D). (A) Removed mass of 
ovaries and a uterine from the capybara. The uterine part of this mass showed endometrial hyperplasia. The right ovary is larger than the 
left ovary. (B) Abnormal hyperplasia myometrium (both side arrow) and invasive proliferation to the endometrium (one side arrows) were 
observed. H&E, scale bar: 250 μm. (C) Uterine mass, which consisted of spindle smooth muscle cells with anisokaryosis and mitotic fig-
ures (arrow), showed malignant features. H&E, scale bar: 25 μm. (D) Ovaries with normal structures of the corpus luteum (asterisks) and 
ovarian follicles (rectangles) were observed without any abnormal lesions. H&E, scale bar: 800 μm.

A B C D
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hysterectomy was performed. The excised uterine after surgery 
was also confirmed as a uterine leiomyosarcoma. This report is 
the first official case of a uterine leiomyosarcoma of a capybara. 
Many cases of uterine leiomyosarcoma of companion animals 
are usually diagnosed by diagnostic imaging. However, the uter-
ine leiomyosarcoma in this capybara was diagnosed by histo-
pathological exam of the released vulva mass. Therefore, the di-
agnostic method of uterine disease of the capybara was differed 
from previously published cases. Capybaras are difficult to per-
fume anesthesia because of acute cecal tympany [15]. In this 
reason, examination of vulva discharge or mass will be a clue 
for diagnosis of reproductive diseases in the species although 
the correlation between released mass and diseases of other 
capybaras will be needed more studies in the future. 
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Lymphomatosis, the intraperitoneal dissemination of lymphoma, has scarcely 
been reported, despite lymphoma being one of the most common neoplasms in 
cats [1,2]. In human medicine, however, spreading routes to the peritoneum of 
lymphoma have been recognized. As a direct spread, lymphatic, hematogenous, 
and intraperitoneal seeding is observed, even though the peritoneum is comprised 
of fibrofatty tissue devoid of lymphoid tissue [3,4]. Lymphomatosis in the perito-
neum has rarely been reported as secondary neoplasia or metastatic manifesta-
tions, compared to primary neoplasia from the peritoneum, despite the high inci-
dence of feline lymphoma [5]. 

Peritoneal lymphomatosis has only been reported in 8 cats, all of which had the 
alimentary form of lymphoma [5–8]. The alimentary form is the most common 
anatomical type of lymphoma in cats that accounts for 55% of all intestinal malig-
nancies [1,2]. Most of these reports described the sonographic features of lympho-
matosis [5–7]. There is a lack of specific diagnosis, treatment, and prognosis as-
sessment for lymphomatosis in cats because of the insufficient number of cases. 
This study examined the radiography, ultrasonography, and computed tomogra-
phy (CT) imaging features of alimentary lymphoma with peritoneal lymphomato-
sis in a cat. 

A 12-year-old, 5.6 kg, castrated male Persian cat presented with abdominal dis-
tension, anorexia, and no defecation for 3 days. The physical examination revealed 
abdominal distension and tachypnea. The other vital signs, including temperature 
and pulse, were normal. The complete blood count and serum biochemistry 
showed an elevated total white blood cell count (22.4 ×  109/L; reference, 6.4–19.6 
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Case Report

Abstract

A 12-year-old castrated male Persian cat presented with abdominal distension and 
anorexia. The radiography revealed ascites, pleural effusion, and a cranioventral 
mediastinal mass. Ultrasonography showed a well-defined mass lesion within a 
thickened ileal segment with a transmural loss of layering and multiple hyperechoic 
nodules arising from the peritoneum. Computed tomography showed peritoneal 
thickening with contrast enhancement, a bulky heterogeneous ileal mass, and mes-
enteric involvement with diffuse nodules. An alimentary lymphoma was confirmed 
by fine needle aspiration of the small intestinal mass. This report describes the im-
aging features of lymphoma with peritoneal lymphomatosis in a cat.

Keywords: lymphoma; lymphomatosis; computed tomography; ultrasonography; 
cats  
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×  109/L). 
The abdominal and thoracic radiographs were obtained using 

digital radiographic equipment (XPLRER-900; Medien Interna-
tional Co., Ltd., Korea). Abdominal radiography revealed an 
ill-defined mass with soft tissue opacity in the left cranial abdo-
men. The loss of abdominal serosal detail was attributed to 
moderate ascites (Fig. 1A). Thoracic radiographs exhibited 
pleural effusion with a cranioventral mediastinal mass.  

Abdominal ultrasonography (Philips iU22 SonoCT System; 
Philips Ultrasound, USA) revealed the abdominal mass as a 
well-defined hyperechoic lesion within a thickened ileal seg-
ment. The ileal wall showed transmural loss of layering, and its 
thickness was approximately 17 mm (Fig. 1B). The peritoneum 
showed increased echogenicity with extensive thickening. Mul-
tiple hyperechoic and hypoechoic nodules throughout the peri-
toneum were accompanied by mild ascites with echogenic 
sludge (Fig. 1C). 

A survey CT scan using a 32-detector-row CT scanner (Alex-
ion; Toshiba, Japan) and the following parameters (120 kVp, 
150 mAs, 2 mm slice thickness, 0.75 second rotation time, and 

0.938 collimation beam pitch) was performed under general 
anesthesia. An iodinated contrast medium (Omnipaque; GE 
Healthcare Ireland, Ireland) was administered into the cephalic 
vein at a dosage of 600 mg iodine/kg using an angiographic 
power injector (Salient; Imaxeon Pty. Ltd., Australia) at a rate of 
1.2 mL/s. Abdominal CT revealed a bulky heterogeneous ileal 
mass (4 ×  5 ×  3 cm) with focal contrast enhancement in the 
artery (160 Hounsfield unit [HU]), portal (180 HU), and de-
layed (130 HU) phases. Diffuse discrete nodules with mesenter-
ic involvement and peritoneal thickening with contrast en-
hancement in the artery (85 HU), portal (95 HU), and delayed 
(110 HU) phase were also recognized (Fig. 2). On thoracic CT, 
enlarged bilateral sternal lymph nodes were observed with 
strong contrast enhancement. 

Ultrasonography guided fine needle aspirations of an ileal 
mass and bilateral enlarged sternal lymph nodes were per-
formed. Both showed medium to large multiple lymphoblasts 
with round to irregular nuclei, fine to coarse chromatin pat-
terns, and prominent nucleoli. These lymphoblasts comprised 
more than 50% of the total cells. These findings indicated a 

Fig. 1. Ventrodorsal abdominal radiograph (A) and abdominal ultrasonography (B, C). (A) A round mass of soft tissue opacity (white ar-
rows) deviating other abdominal organs to the left and a loss of serosal detail. (B) The focal ileal mass showed transmural loss of layering 
with a thickened hypoechoic wall. (C) Hyperechoic mesenteric thickening and multiple hyperechoic to hypoechoic nodules throughout 
the peritoneum were observed with peritoneal effusion.
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B
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high-grade lymphoma. Thoracocentesis and abdominocentesis 
showed modified transudate, and the direct microscopic smear 
detection of ascitic fluid revealed multiple lymphocytes (Fig. 3). 
The cytologic evaluation suggested that the intestinal mass is a 
high-grade alimentary lymphoma and peritoneal lymphomato-
sis. 

One week after clinical presentation, the patient was started 
on a CHOP (cyclophosphamide, hydroxydaunorubicin, vincris-
tine, and prednisone) chemotherapy regime. A follow-up ab-
dominal ultrasound examination was performed after the first 
week of the CHOP protocol (vincristine, 0.6 mg/m2) and 
showed no remarkable changes. After the second week (cyclo-
phosphamide, 200 mg/m2), however, the patient showed an-
orexia consistently and died 2 weeks after the initial diagnosis. 
The owner rejected a postmortem examination. 

This case report describes the radiography, ultrasonography, 
and CT imaging features of peritoneal lymphomatosis from an 
alimentary lymphoma in a cat. The specific findings, in this 
case, included thickened hyperechoic mesentery with multiple 
nodules in ultrasonography and contrast-enhanced thickened 
peritoneum with diffuse ill-defined nodules on the CT images. 
These findings could assist in the diagnosis and treatment of 
lymphomatosis by alimentary lymphoma. 

Alimentary lymphoma is the most common (55%) of all in-
testinal neoplasms, followed by adenocarcinoma (32%) in cats 

[1]. Another report of 14 cases of feline secondary peritoneal 
malignancies described lymphomatosis in 2 cats and carcino-
matosis in 11 cats [6]. The treatment of alimentary adenocarci-
noma involves surgical excision, but the average survival time is 
one year, even in the presence of carcinomatosis [9]. On the 
other hand, alimentary lymphoma can be treated with chemo-
therapy, and its prognosis is generally guarded [1]. Therefore, 
early differentiation of the alimentary form of lymphoma from 
adenocarcinoma is essential for determining the treatment and 
prognosis considering its non-surgical and surgical treatment. 

Previous studies reported the ultrasonography findings of 
peritoneal lymphomatosis with alimentary lymphoma in 7 cats 
[5–7]. Transmural thickening of the peritoneum with increased 
echogenicity was observed. In addition, multiple small hy-
poechoic or hyperechoic nodules from the peritoneal surfaces 
were also noted with mild ascites. These ultrasonography find-
ings are consistent with the present case. Ultrasonography has 
been used as a more common modality for diagnosing the neo-
plastic, inflammatory, and infectious peritoneal pathologies in 
veterinary medicine, whereas CT is regarded as the gold stan-
dard for investigating abdominal pathologies in human medi-
cine [10,11]. The most common CT features of lymphomatous 
involvement of peritoneum in human medicine are bulky ho-
mogeneous mass with gastrointestinal wall thickening, perito-
neal involvement with thickening and contrast enhancement, 

Fig. 2. Dorsal computed tomographic images of post-contrast delayed phase. This is the image where (A) is more dorsal than (B). (A) 
Heterogeneously enhanced ileal mass (black arrowheads) with mild to moderate ascites (white arrowhead) was identified. (B) Peritoneal 
thickening with contrast enhancement (white arrow) and diffuse multiple nodules infiltrating the mesentery (black arrows) were dis-
played on the middle to the caudal abdomen.
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mild to moderate ascites, retroperitoneal lymphadenopathy, 
and lymphomatous infiltration of other solid organs, such as 
liver and spleen [11,12]. In addition, several studies have identi-
fied the different CT appearances between 3 types of peritoneal 
tumor invasion: lymphomatosis, carcinomatosis, and sarcoma-
tosis in human medicine [3,13,14]. They share similar features, 
such as peritoneal lesions, lymphadenopathy, and ascites. On 
the other hand, lymphomatosis is characterized by bulky homo-
geneous masses, small to moderate amounts of ascites, diffuse 
lymphadenopathy compared to other malignancies, and is asso-
ciated with solid organ involvement, particularly the spleen and 
liver [12–14]. In the case of carcinomatosis, relatively small 
nodules invaded the omental fat, a large amount of ascites, and 
no specific lymphadenopathy without surroundings of primary 
mass were identified [13,14]. Although peritoneal sarcomatosis 
also has bulky masses, they usually have an excessive number of 
blood vessels and heterogeneous parenchyma compared to lym-
phomatosis [14]. In contrast to the reports of human medicine, 
the ileal mass in the present case was relatively small and 
showed heterogeneously enhanced parenchyma without retro-
peritoneal lymphadenopathy. The amount of ascites was similar 
to previous reports in human medicine. The typical CT findings 
described in feline peritoneal and pleural sarcomatosis, which 
included well-marginated, variable nodule size with heteroge-
neous soft tissue attenuation, remarkable rim-like enhancement 
(24 HU pre-contrast, 80 HU post-contrast), and cavitated, hy-
perattenuating mineralized foci, were not consistent with this 
patient [15]. 

The lack of histopathological analysis was a limitation in this 
case. Because this study included only one cat, further studies 
will be needed to evaluate the CT characteristics of peritoneal 
lymphomatosis from feline alimentary lymphoma and the dif-

Fig. 3. Fine needle aspirations from enlarged sternal lymph nodes (A) and ileal mass (B), and microscopic smear detection of ascites (C). 
The lymphoblasts have round to irregular nuclei, fine to coarse chromatin patterns, and prominent nucleoli. The cytoplasm was deeply 
basophilic with small vacuolation. The mitotic figure was also noted in the field. Diff-Quik stain. Scale bars: (A, B) 400 μm and (C) 40 μm.

ferences between other secondary peritoneal malignancies in 
larger populations. 

This study described the CT features of peritoneal lympho-
matosis originating from an alimentary lymphoma in a cat. 
These findings are essential for radiologists in assessing perito-
neal infiltration of gastrointestinal lymphoma and helpful for 
selecting treatment options and evaluating the prognosis. 
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Splenic masses are frequently observed in dogs. They may be diagnosed in dogs 
that present with non-traumatic hemoabdomen or diagnosed incidentally upon 
imaging or surgery [1]. Spleen tumors are generally classified into vascular tumors 
and mesenchymal tumors. A diverse array of primary mesenchymal tumor types 
occurs in the spleen and they mostly affect dogs. Among these, stromal tumors of 
the spleen are a heterogeneous group that share spindle cell morphology and are 
considered as primary splenic mesenchymal neoplasms. Malignant stromal tu-
mors are more common than benign tumors and include fibrosarcoma and leio-
myosarcoma most frequently and liposarcoma, myxosarcoma, rhabdomyosarco-
ma, chondrosarcoma, osteosarcoma, and mesenchymoma less frequently [2]. Re-
ported benign stromal tumors are fibromas, lipomas, myelolipomas, and leiomyo-
mas, which are all rare [3,4]. 

In the spleen, leiomyoma and leiomyosarcoma originate from smooth muscle, 
and they may arise from the blood vessel wall, trabeculae, or capsules in the spleen 
[5]. However, the occurrence of primary leiomyoma and leiomyosarcoma in the 
spleen is considered rare [6]; thus, reports on splenic neoplasia in dogs are ex-
tremely scarce. The objective of this study was to describe the clinical signs, histo-
pathological diagnosis, and outcomes in dogs that underwent splenectomy for 
histologically confirmed splenic smooth muscle tumors. 

The cases were obtained from the Department of Veterinary Pathology at the 
Jeju National University, South Korea, between January 2012 and December 2020. 
A total of 12 cases of splenic leiomyoma/leiomyosarcoma were diagnosed, and 
only 7 cases with clinical history and follow-up data were included in this study. 
The collected data were as follows: breed, age, sex, clinical signs at the time of di-
agnosis, treatment method, and outcome (distant metastasis and survival time). 

Hematoxylin and eosin staining was performed using standard protocols on 4 
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Case Report
Abstract

We describe 7 cases of splenic smooth muscle tumors in dogs. Histopathological 
and immunohistochemical analysis revealed that 6 cases were diagnosed as splenic 
leiomyosarcoma and 1 case as leiomyoma. All dogs underwent splenectomy with-
out chemotherapy, and one of them was euthanized 2 months after surgery because 
of hepatic metastasis. Of the remaining 6 dogs, 5 died in the postoperative period 
and only one dog survived > 4 years. The median survival of the 6 dogs was 16.9 
months. To the best of our knowledge, this is the first detailed study on splenic 
smooth muscle tumors in dogs in Korea. 
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http://crossmark.crossref.org/dialog/?doi=10.14405/kjvr.20220009&domain=pdf&date_stamp=2022-06-29


https://doi.org/10.14405/kjvr.20220009

Korean J Vet Res 2022;62(2):e16  •  So-Jeong Yim, et al.

2 / 4

µm sections from splenic tissues that had been fixed in 10% 
neutral buffered formalin, processed routinely, and embedded 
in paraffin wax. Replicate sections were also stained with special 
stains, such as Masson’s trichrome stain, to determine the origin 
of these tumors. In addition, to clarify the origin of neoplastic 
cells, immunohistochemistry was performed on splenic tissues 
using mouse monoclonal anti-Desmin (1:100 dilution; Dako, 
Denmark) and mouse monoclonal anti-smooth muscle actin 
(SMA) (1:100 dilution; Dako).  

The signalment, clinical history, treatment, and metastatic in-
formations are summarized in Table 1. All 7 dogs were aged 7 
to 14 years (mean, 9.7 years) and included 4 castrated males, 1 
neutered female, and 2 intact females of 4 different breeds. The 
represented breeds were Yorkshire Terrier (case 1), Cocker 
Spaniel (cases 2 and 4), Shih Tzu (cases 3, 6, and 7), and Poodle 
(case 5). Clinical signs at the time of presentation included an-
orexia (n =  4, 57.1%), lethargy (n =  2, 28.6%), abdominal pain 
(n =  1, 14.3%), ataxia (n =  1, 14.3%), and diarrhea (n =  1, 
14.3%). The presence of a splenic mass was incidentally found 
in 5 dogs. Of these, 3 dogs were presented because of anorexia, 
and an abdominal mass was incidentally palpated. Abdominal 
radiography was performed in all dogs, and a mass was detect-
ed in all 7 dogs. On radiography and ultrasonographic evalua-
tion, pulmonary nodules in 1 dog (case 2) and liver nodules in 
2 dogs (cases 2 and 6) were noted, which were suspected to be 
metastatic neoplastic foci. 

Splenectomy was performed in all 7 dogs, and the splenic 
samples were examined grossly. Grossly, all cases had one or 
several large protruding splenic masses (Fig. 1). Neoplastic foci 
were moderate to rubbery in terms of firmness and had smooth 
surfaces. The masses varied in diameter from 2 cm to 4 cm. 
These well-circumscribed masses were yellowish-white in color 
and had focal to multifocal dark red foci on the cut surface. 

The histological features of these cases were similar, except 
for 1 case (case 1). In case 1, the neoplastic foci were composed 

of densely or loosely packed spindle cells and were partially sur-
rounded by fibrous connective tissue. The neoplastic cells were 
well-differentiated spindle-shaped cells resembling smooth 
muscle cells (Fig. 2A). These ovoid cells had moderate to large 
amounts of eosinophilic cytoplasm with elongated and fusiform 
nuclei. Other cases (cases 2-7) showed more pleomorphic histo-
logical features than case 1. The neoplastic spindle cells ar-
ranged in multidirectional bundles (Fig. 2B). These abnormal 
cells with high cellular density, intense anisocytosis, and 
anisokaryosis had eosinophilic cytoplasm with central or eccen-
tric nuclei. These cases had diverse pleomorphisms and mitotic 
figures in the mass (Fig. 2C). In 4 of 6 malignant cases, tumor 
cells originated from the vascular tunica media (Fig. 2D). Mul-
tifocal necrosis and inflammation were also observed in the 
mass. 

In Masson’s trichrome staining, neoplastic cells in all cases 
were stained red (Fig. 2E). Immunohistochemically, the neo-
plastic spindle cells demonstrated strong positive reactions for 
desmin (Fig. 2F), a muscle cell marker; and SMA (Fig. 2G), a 

Table 1. Summarized signalment and clinical history of 7 patients

Case  
no. Diagnosis Signalment Clinical history Treatment Metastasis Survival  

time (mo)
1 Splenic leiomyoma Yorkshire Terrier, CM, 7 y Incidental finding Total splenectomy No 48
2 Splenic leiomyosarcoma Cocker Spaniel, NF, 8 y Anorexia, lethargy, diarrhea Total splenectomy Lungs, liver 2
3 Splenic leiomyosarcoma Shih Tzu, F, 10 y Abdominal pain for 3 months, ataxia and 

lethargy
Total splenectomy No 36

4 Splenic leiomyosarcoma Cocker Spaniel, F, 11 y 3 mo Incidental finding Total splenectomy No 12
5 Splenic leiomyosarcoma Poodle, CM, 8 y 7 mo Anorexia, incidental finding Total splenectomy No 0.5
6 Splenic leiomyosarcoma Shih Tzu, CM, 9 y 4 mo Anorexia, incidental finding Total splenectomy Liver 3
7 Splenic leiomyosarcoma Shih Tzu, CM, 14 y Anorexia, incidental finding Total splenectomy No -

CM, castrated male; NF, neutered female; F, female; -, still alive.

Fig. 1. Gross findings. Case 6. Two or three yellowish-white mass-
es (arrows) protruded on splenic surface.
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Fig. 2. Histological findings. (A) Case 1. Spindle-shaped neoplastic cells with non-atypical nuclei and eosinophilic cytoplasm. Hema-
toxylin and eosin staining (H&E), scale bar = 20 µm. (B) Case 2. Neoplastic foci were composed of densely packed spindle cells and 
formed broad, interlacing fascicles. H&E, scale bar = 100 µm. (C) Case 4. Numerous mitotic figures (arrows) were observed in neo-
plastic area. H&E, scale bar = 20 µm. (D) Case 6. Tumor cells originating from the vascular tunica media (arrow), which is composed 
of smooth muscle cells. H&E, scale bar = 100 µm. (E) Case 5. Neoplastic cells were stained with red in Masson’s Trichrome stain. Scale 
bar = 100 µm. Case 3. Neoplastic spindle cells were demonstrated strong positive reactions to desmin (F) and smooth muscle actin (G). 
IHC, scale bar = 50 µm. 

smooth muscle cell marker. 
None of the dogs received adjunctive therapy. One of the two 

dogs with metastatic disease was euthanized 2 months after sur-
gery, and the other died 3 months after surgery, which was sus-
pected to be a disease-related death. Four dogs died because of 
unrelated diseases several weeks, 1 year, 3 years, and 4 years af-
ter surgery, respectively. Only one dog was alive and healthy for 
2 years. The overall median survival time (MST) was 16.9 
months (range, 0.5 to 48 months). 

Herein, we describe 7 cases of splenic leiomyomas and leio-
myosarcomas. Gross, histopathological, and immunohisto-
chemical findings supported the diagnosis of smooth muscle 
tumors. To the best of our knowledge, this is the first detailed 
study on splenic smooth muscle tumors in dogs in South Korea. 

In a previous study, there was no breed or sex predilection of 
splenic leiomyosarcoma [2]. In this study, the median age of 
dogs was 9.7 years. This was similar to that in a previously re-
ported study for splenic sarcomas [2,7]. 

Splenic stromal sarcomas include various types of tumors, 
such as fibrosarcoma, leiomyosarcoma, liposarcoma, myxosar-
coma, rhabdomyosarcoma, chondrosarcoma, osteosarcoma, 
and mesenchymoma. Tumors composed of spindle-shaped cells 
are difficult to differentiate by histopathologic examination 
alone. Therefore, immunohistochemistry is required to classify 
the type of tumor. In this study, we used a special staining 
method and immunohistochemistry to determine the origin of 

tumor cells. All cases were tumors of smooth muscle cell origin; 
therefore, these cases could be differentiated from other sarco-
mas.  

The most common clinical signs of splenic leiomyomas or 
leiomyosarcomas in dogs were anorexia, lethargy, abdominal 
pain, ataxia, and diarrhea. Gastrointestinal tract signs may indi-
cate a large splenic mass that has displaced the abdominal vis-
cera [8]. Moreover, abdominal pain or distention may occur 
secondary to tumor mass and/or peritoneal effusion. Although 
these clinical signs could help confirm the diagnosis, they were 
not diagnostic for splenic leiomyosarcoma. Therefore, radio-
graphic examination and histopathology should be performed 
to diagnose abdominal tumors. 

Total splenectomy is the treatment of choice for splenic leio-
myosarcoma [9]. In a previous study, the prognosis of dogs 
treated surgically for leiomyosarcoma of the spleen, stomach, 
and small intestine was good to excellent. However, dogs with 
leiomyosarcoma of the liver had a poor prognosis [7]. In this 
study, splenectomy without additional chemotherapy was per-
formed in all dogs at the time of confirmation for splenic tu-
mors using radiographic examination. After surgery, only one 
dog was still alive, and 6 dogs were euthanized or died due to 
disease. According to previous studies, the MST for dogs with 
splenic leiomyosarcoma is 8 months [10] or 4 months [11]. In 
this study, the MST was longer than that in other reported cas-
es, although the dogs underwent surgical resection of splenic 
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mass without post-surgical chemotherapy. 
The presence of a concurrent hepatic mass with a splenic 

mass has been reported to be associated with metastatic disease 
[12]. In a previous study, the most common metastatic site for 
splenic sarcoma in dogs was the liver [2]. Splenic neoplasms 
commonly spread via the splenic and portal veins to the liver 
and subsequently through the systemic circulation [8]. Two of 
the seven dogs showed abnormal hepatic masses in the paren-
chyma. These dogs had a poorer prognosis than those without 
metastasis. 

Postoperative monitoring is important because of the fre-
quency of postoperative mortality in dogs with splenic sarco-
mas [2]. Patients undergoing splenectomy should be observed 
for signs of shock, anemia, ventricular arrhythmias, and dis-
seminated intravascular coagulopathy. Moreover, most dogs 
with a solitary mass died or were euthanized within several 
months after splenectomy because of metastatic disease. There-
fore, abdominal ultrasonography and computed tomography 
may be used to monitor the spread of these neoplasms before 
and after splenectomy [2]. 
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General information

The Korean Journal of Veterinary Research (Korean J Vet Res) is an 
international peer-reviewed journal dedicated to providing to the 
advancement and dissemination of scientific knowledge concerning 
veterinary sciences and related academic disciplines. It is an interna-
tional journal indexed in the SCOPUS, AGRIS, Animal Breeding 
Abstracts, Animal Production Database, Animal Science Database, 
CAB Abstracts, CAB Abstracts Archive, CAB Direct, Dairy Science 
Abstracts, Global Health, Index Veterinarius, KCI, Nutrition Ab-
stracts and Reviews Series B: Livestock Feeds and Feeding, Pig News 
and Information, Poultry Abstracts, Protozoological Abstracts, Re-
view of Medical and Veterinary Entomology, Review of Medical and 
Veterinary Mycology, Veterinary Bulletin, VetMed Resource, and 
Veterinary Science Database. This journal is published four times 
per year (March 31, June 30, September 30 and December 31) in En-
glish or Korean by the Korean Society of Veterinary Science (KSVS) 
being distributed worldwide.

The aim of Korean J Vet Res is promotion of animal health and 
welfare by disseminating new knowledge, techniques, and regulation 
to readers for the enhancement of understanding and application of 
veterinary science. The Korean J Vet Res covers all the scientific and 
technological aspects of veterinary sciences in general, anatomy, 
physiology, biochemistry, pharmacology, microbiology, pathology, 
public health, parasitology, infectious diseases, clinical sciences and 
alternative biomedical and veterinary educational fields. 

Any author(s) affiliated with a biomedical institution may submit 
manuscripts. Full text PDF files are available on the web at http://
www.kjvr.org.

1. Editorial policy

The editor assumes that all author(s) listed in a manuscript have 
agreed with the following policy of the Korean J Vet Res on its sub-
mission. The manuscripts submitted to this journal must be previ-
ously unpublished and not be under consideration for publication 
elsewhere. The identities of referees will not be revealed under any 
circumstances. If an author(s) should be added or deleted after sub-
mission of manuscript, it is the responsibility of the corresponding 
author to ensure that the author(s) involved are aware of and agree 

to the change in authorship. The Korean J Vet Res has no responsi-
bility for such changes. All published manuscripts become the per-
manent property of the KSVS and may not be published elsewhere 
without written permission.

2. Editorial and peer review process

The Korean J Vet Res reviews all the submitted manuscripts. The 
Editor selects peer referees upon the recommendation of the Edito-
rial Board members or from the specialist database owned by the 
Editorial Board. The peer-reviewers will be blinded with respect to 
the name and their affiliations of the author(s). Typically, the scien-
tific review of manuscript is handled by an Associate Editor who se-
lects two or more investigators in the field as referees according to 
recommendation of Editor or Editorial board. If decided necessary, 
review for statistics may be additionally requested. Acceptance of 
the manuscript is decided, based on the critiques and recommend-
ed decision of the referees. A referee's decision is made as “Accept”, 
“Minor revision”, “Major revision”, and “Reject”. If there is marked 
discrepancy in the decisions between two referees or in opinions 
between the author and referee(s), the Editor may send the manu-
script to another referee for additional comments and recommend-
ed decision. Final decisions about acceptance or rejection of manu-
scripts are made by the Editor-in-Chief. The reviewed manuscript 
are returned back to the corresponding author with comments and 
recommended revisions. Name and individual decisions of the ref-
erees are not transmitted to the author. The usual reasons of rejec-
tion are insufficient originality, serious scientific flaws, poor quality 
of illustrations, improper manuscript form or absence of massage 
that might be important to the intended readers. Though the peer 
review process may in general take four to eight weeks after submis-
sion of the manuscript, more time may be need to finalize the re-
view process. Revisions are usually requested to take account of 
criticism and comments made by referees. Failure to resubmit the 
revised manuscript within eight (8) weeks is regarded as a with-
drawal. Corresponding author must indicate clearly what alterations 
have been made in response to the referees comments point by 
point. Acceptable reasons should be given for noncompliance with 
any recommendation of the referees. Once accepted, manuscripts 
will be published with acceptance order.
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3. Categories of publications

The Korean J Vet Res publishes original articles, review articles, 
short communications and case reports.

Original article: Original articles cover full reports of research 
work that must be written following the guidelines (Form of Manu-
scripts) with the minimum length that requires for precise descrip-
tion and clear interpretation of theoretical or experimental work. It 
should not exceed 3500 words from the introduction through dis-
cussion, a abstract of 200 words, 40 references, and 10 figures or ta-
bles.

Review article: Review and monographs dealing with all aspects 
of veterinary sciences will be accepted, but subject to the approval 
of the Editor-in-Chief. Authoritative and critical reviews of the cur-
rent state of knowledge are preferred. There is no prescribed layout 
for reviews, but the tables, and manner of citations should conform 
to the guidelines (Form of Manuscripts) for articles. Unsolicited re-
views will normally only be accepted under special circumstances.

Short communication and case report: Short communications 
are intended to rapidly communicate novel ideas and results in new 
and developing areas of veterinary science, but which are insufficient 
to fill the requirements of a fulllength article. Case reports deal with 
important issues to clinicians and biomedical researchers. Short 
communication and case report should not be exceed 1500 words 
from introduction through discussion, one-paragraph unstructured 
abstract of 100 words, 15 references, and 3 figures or tables. Do not 
use section heading; introduction, materials and methods, results 
and discussion should be in a single section. The references section 
is identical to that of articles. To be considered for publication in the 
Korean J Vet Res, a single case report must meet the following re-
quirements.

1) Must describe a significantly novel presentation (clear pathologi-
cal diagnosis required)

2) Must describe a clinical technique or treatment that would sig-
nificantly change the course and prognosis of the described dis-
ease (in this case more than one case recommended)

3) Must be the definite first clinical report or first case(s) of dis-
eases in a particular location with epidemiologic factor

4) Must explain the best practice pursued

Errata: The Erratum section provides a means of correcting er-
rors that occurred during the writing, typing, editing, or printing of 
a published article. Send Errata directly to the Editor-in-Chief. 
Please see a recent issue for correct formatting.

Retractions: Retractions are reserved for major errors or breach-
es of ethics that, for example, may call into question the source of 
the data or the validity of the results and conclusions of an article. 
Send a Retraction and an accompanying explanatory letter signed 
by all of the authors directly to the Editor-in-Chief of the journal. 
The Editor who handled the paper and the chairman of the Editori-
al Board will be consulted.

4. Submission of manuscript

One original manuscript with one set of original figure(s) or 
table(s) should be submitted by online submission system (www.
kjvr.org).

If there is any query concerning manuscript submission, contact:

Editor-in-Chief
Prof. Sang-Yoon Nam, DVM, PhD
Tel: +82-43-261-2596
E-mail: synam@cbu.ac.kr

Editorial Office
Tel: +82-2-880-1229, Fax: +82-2-878-9762
E-mail: jvs@ksvs.or.kr

5. Manuscript format

All materials must be written in proper and clear English or Ko-
rean. The manuscript that does not meet the ‘Instructions to Au-
thors’ will be immediately returned to the author. Our preferred file 
type for manuscript submissions is Microsoft WORD format. The 
manuscript including tables and their footnotes, and figures leg-
ends, must be double-spaced using Times New Roman (12 point 
font) in A4 size (210 ×  297 mm) with a margin of at least 2.5 cm 
on every side. The copyright assignment form, cover letter and title 
page should be uploaded as a separate file. The manuscript should 
be in the following sequence: abstract, keywords, introduction, ma-
terials and methods, results, discussion, acknowledgment, conflict 
of interest, references, tables, and figure legends. The title page, ab-
stract, references, each table and figure legend should start with a 
new page. All pages must be numbered and each page should begin 
with line No. 1. All tables and figures are to be numbered consecu-
tively using Arabic numerals. Their approximate positions should 
be indicated in the appropriate margin of the typescript.

Cover letter: The corresponding author must give written assur-
ance that neither the submitted materials nor portions therefore 
have been published previously or are under consideration for pub-
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lication elsewhere. When more than one related manuscript has 
been published or is under consideration for publication by this or 
other journals, authors are required to declare this in their letter 
and to enclose copies of those publications for an editorial perusal. 
Failure to do so may lead to automatic rejection of the submitted 
manuscript. The corresponding author should certify that all listed 
authors participated meaningfully in the study and that they have 
seen and approved the final manuscript.

Title page: In the top margin of the title page of each paper, the 
field of the paper should be noted. This should contain the title of 
an article, full names of author(s) and institutional affiliation(s). If 
several authors, and institutions are listed, they should be clearly in-
dicated with which department and institution each author is affili-
ated. Authors’ academic degrees should not be included. Authors 
should involve an Open Researcher and Contributor Identifier 
(ORCID) at the title page. In separate paragraph, address for corre-
spondence, including the name of corresponding author, address 
(institutional affiliation, city, zip-code and country), telephone and 
fax number, and e-mail address, should be given. Information con-
cerning sources of financial support should be placed as an ac-
knowledgment. A running title, less than ten words, should not be 
declarative or interrogative sentences.

1) Title: Titles should be brief but informative. It is important for 
literature retrieval to include the key words in the title which 
are necessary to identify the nature of the subject matter, in-
cluding the species of the animal on which the work is done. 
Use of expressions such as “Studies on ..........” “Observation of 
.........” or “Effects of .......” should be avoided, since they are not 
sufficiently informative. Chemical formulas or abbreviations 
should not be used. Titles in the form of declarative or inter-
rogative sentences are not encouraged. Also, do not use Ro-
man or Arabic numerals to designate that the paper is one in a 
series.

2) Authors and Affiliation: Authors are urged to include their 
full names, complete with first and middle names or initials. 
Confusion often arises in the literature when authors are iden-
tified by surname and initials only. Authors' academic degrees 
should not be included. The full name of institutions and sub-
sidiary departments should be given, together with a useful 
address including postal code. If several authors and institu-
tions are listed on a paper, it should be clearly indicated with 
which department and institution each author is affiliated. The 
affiliation address in each case should be indicated by super-
script.

3) Running title: A brief running title should be provided, not to 
exceed ten words. If running title is declarative or interrogative 

sentences, it is not acceptable.

Text: The composition of each section is the followings.
1) Abstract: Abstract should be concise less than 200 words for 

original article and 100 words for short communication and 
case report and describe, in a paragraph, concisely purpose, 
methods, important results and describe conclusion of the 
study, but not repeat information already presented in the ti-
tle. It should be suitable for direct inclusion in Index Medicus/
Medline and CAB/Index Veterinarius.

2) Keywords: This is a list important terms relevant to the content 
of paper. Up to 5 keywords should be listed at the bottom of ab-
stract to be used as index terms. For the selection of keywords, 
please refer Medical Subject Heading in Index Medicus/Med-
line, or in Website, www.nlm.nih.gov/mesh/MBrowser.html

3) Introduction: This is a brief background. It is not necessary to 
include all of the background literature. Brief reference to the 
most pertinent generally is enough to inform readers with 
findings of others in the field. The specific questions to be ad-
dressed the study should also described. It should not contain 
either authors’ result and conclusion.

4) Materials and Methods: Experimentation of the experimental 
methods should be concise but sufficient for repetition by 
other qualified investigators. Procedures that have been pub-
lished previously should not be described in detail, but merely 
cited with appropriate references. However, new or significant 
modifications of previously published procedures need full 
descriptions. The sources of special chemical(s), equipment(s) 
or preparation(s) should be given along with their company 
name and country. All chemicals and reagents should be used 
a generic name but not brand name. For animal experimenta-
tion reported in this Journal, it is expected that the “Guide for 
the care and use of laboratory animals” approved by the Na-
tional Research Council(ILAR) in USA will have been ob-
served. We encourage that the ethical guidelines of animal 
welfare committee should be cited. Research on humans must 
be approved by IRB. Please refer the Declaration of Helsinki 
(www.wma.net).
The selection of observational or experimental participants 
(healthy animals or patients, including controls) should be de-
scribed, including eligibility and exclusion criteria and a descrip-
tion of the source population. Because the relevance of such 
variables as age, sex, or breed is not always known at the time of 
study design, researchers should aim for inclusion of representa-
tive populations into all study types and at a minimum provide 
descriptive data for these and other relevant demographic vari-
ables. Ensure correct use of the term sex (when reporting biolog-

iiiwww.kjvr.org



ical factors), unless inappropriate, report the sex of animals or 
cells, and describe the methods used to determine sex. If the 
study was done involving an exclusive population, for example 
in only one sex, authors should justify why, except in obvious 
cases (e.g., prostate cancer). Authors should define how they 
determined breed and justify their relevance.

5) Results: T ., grants, fellowships, and scholarships, etc.) should 
appear in the Acknowledgments. Funding agencies may have 
specific wording requirements, and compliance with such re-
quirements is the responsibility of the author. Authors are re-
sponsible for obtaining written permission to use any copy-
righted text and/or illustration.

6) Discussion: In this section, the data should be interpreted con-
cisely without repeating material already presented in the re-
sults section. It should be considered the results in relation to 
any hypotheses advanced in the introduction. This may in-
clude an evaluation of the methodology and of the relationship 
of new information to the knowledge in that field.

7) Acknowledgments: All persons who have made a genuine 
contribution and who endorse the data and conclusions may 
be included. Statements regarding sources of direct financial 
support (e.g., grants, fellowships, and scholarships, etc.) 
should appear in the Acknowledgments. Funding agencies 
may have specific wording requirements, and compliance 
with such requirements is the responsibility of the author. Au-
thors are responsible for obtaining written permission to use 
any copyrighted text and/or illustration.

8) Conflict of interest: Conflict of interest exists when an author 
(or the author's institution), reviewer, or editor has financial 
or personal relationship that inappropriately influence his/her 
actions (such relationships are also known as dual commit-
ments, competing interests, or competing loyalties). All au-
thors should disclose their conflict of interest, i.e., (1) financial 
relationships such as employment, consultancy, stock owner-
ship, honoraria, paid expert testimony, (2) personal relation-
ship, (3) academic competition, and (4) intellectual passion. 
Authors should explain why each interest may represent a 
conflict. If no conflicts exist, the authors should state this. 
Submitting authors are responsible for coauthors declaring 
their interests.
In particular, all sources of funding for a study should be ex-
plicitly stated. Disclosure form shall be same with ICMJE 
Uniform Disclosure Form for Potential Conflicts of Interest 
(http://www.icmje.org/coi_disclosure.pdf).
The Editor decides whether the information on the conflict 
should be included in the published paper. Before publishing 
such information, the Editor consults with the corresponding 

author. If the sufficient agreement with the author cannot be 
reached, the Korean J Vet Res follows the COPE flow chart 
(http://publicationethics.org/) for settlement of these issues.

9) References: The references section must include all relevant 
published works, and all listed references must be cited in the 
text. References should numbered in the order they appear in 
the text and arrange the entries consecutively. Cite each listed 
reference in the text by number in brackets. The number of 
references should be less than forty (40). In case of short com-
munication and case report, it must not exceed fifteen (15). 
Journal name should be abbreviated in accordance with the 
style of Index Medicus/Medline (www.nlm.nih.gov/tsd/seri-
als/lji.html). Follow the styles shown in the example below:

Daminet S, Croubels S, Duchateau L, Debunne A, van Gef-
fen C, Hoybergs Y, van Bree H, de Rick A. Influence of ace-
tylsalicylic acid and ketoprofen on canine thyroid function 
tests. Vet J 2003;166:224-232.

Aoshima K, Baba A, Makino Y, Okada Y. Establishment of 
alternative culture method for spermatogonial stem cells us-
ing knockout serum replacement. PLoS One 2013;8:e77715.

Brock TD, Madigan MT. Biology of Microorganism. 5th ed. 
pp. 42-59, Prentice Hall, Englewood Cliffs, 1988.

Palmer N, Jensen ML, Raine H. Tumors of Joint. In: Jubb 
KVF, Kennedy PC, Burke E (eds.). Pathology of Domestic 
Animals. 2nd ed. pp. 140-144, Academic Press, San Diego, 
1993.

Alberghina D, Amorini AM, Lazzarino G. Modulation of pe-
ripheral markers of the serotoninergic system in healthy 
horses. Res Vet Sci 2010. Epub ahead of print. doi: 10.1016/ 
j.rvsc.2010.06.023.

The following types of references are not valid for listing: unpub-
lished data, personal communication, manuscripts in prepara-
tion or submitted, pamphlets, thesis for a degree, proceedings, 
abstracts, patents, newsletters, website, in press and material that 
has not been subjected to peer review. However, article(s) that 
can be available in Medline/PubMed and SCOPUS can be used 
as reference(s).

Tables and figures
Tables should be typewritten separately from the text, double 

spaced, and each table should include a title. Figures should ordi-
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narily be original drawings. However, glossy photographs of 
line-drawing are usually satisfactory. In each original line-drawing, 
letters or numbers should be left blank because they will be typed 
in during printing. Letters or numbers should be included in the 
figures contained in a submitted manuscript along with caption for 
figures. Figures should be submitted in final size (printed 1 : 1). 
They may be printed in either single column (75 mm width) or 
double column (165 mm width) format. The size of text in figures 
should be 8~10 points, except for single letter markers which may 
be 12 points. Numbers, letters, and symbols used in multi-paneled 
figures must be consistent. Authors should place explanatory mat-
ter in footnotes, not in the heading. Explain in footnotes all non-
standard abbreviations that are used in each table. For footnotes use 
the following symbols, in sequence: *, †, ‡, §, ||, ¶, **, ††, ††††

Draw each curve with a different kind of line (solid, dashed or 
dotted) or with a different symbol for the plotted points dot, trian-
gle and square in order of ○, ●, △, ▲, □, ■, ◑ ···. All figures 
should be created with applications that are capable of preparing 
high resolution in TIFF, JPEG or PPT files acceptable for publica-
tion. Scale bars should be used rather than magnification factors, 
with the length of the bar defined in the legend rather than on the 
bar itself. Diagrams and photographs submitted in electronic for-
mat must be of the following minimum resolutions:

*600 dpi for photographs or halftones only, in both B/W or color
*600 dpi for photographs or halftones with line art work as insets 

or lettering
*1200 dpi for line art work and artwork with greyscale

All kinds of figures may be reduced, enlarged or trimmed for 
publication by the Editor. The figure numbers should be appeared 
directly at the lower left corner. Symbols, arrows, or letters used in 
photographs could be possible to rearrange for journal format.

Supplementary materials
Authors can submit supplementary materials for online-only 

publication when there is insufficient space to include the materials 
in the main article. Supplementary materials should be original and 
important to the understanding and interpretation of the article. As 
supplementary materials will not be edited or formatted after publi-
cation, authors are responsible for the accuracy and presentation of 
this material.

Supplementary materials should be submitted in a single Micro-
soft Word document or as a single PDF file which should include 
all relevant material (textual information, tables, figures, and refer-
ences). Each element included in supplementary material should be 
cited in the text of the main manuscript (e.g., Supplementary Table 
1, Supplementary Fig. 1, Supplementary Methods). The first page 

of the online-only document should list the number and title of 
each element included in the document.

Nomenclatures, units, and abbreviations
Nomenclatures for chemicals and biochemicals, microorganism, 

and genes should follow the guidelines in the instructions to au-
thors of journals published by American Society for Microbiology. 
SI units (System International Units) should be used whenever pos-
sible. Abbreviations should be used for those recommended by IU-
PA-IUB Commission on Biochemical Nomenclature and Related 
Documents. In addition to abbreviation to SI unit, other common 
abbreviations may be used without definition and the same abbre-
viations are used for plural forms: hour(s) =  h, minute (s) =  min, 
second(s) =  sec, liter(s) =  L, mililiter(s) =  mL, meter (s) =  m, 
centimeter(s) =  cm, gram(s) =  g, miligram(s) =  mg, microliter (s) 
=  μL, micrometer(s) =  μm, micron(s) =  μm, standard deviation 
=  SD, standard error =  SE, molar =  M, mole =  mol.

6. Alteration in proof

The Korean J Vet Res provides corresponding author with galley 
proofs for their correction. Corrections should be kept to mini-
mum. The Editor retains the prerogative to question minor stylistic 
alterations and major alteration that might affect the scientific con-
tent of the paper. Fault found after publication is a responsibility of 
the authors. We urge our contributors to proofread and their ac-
cepted manuscript very carefully. The corresponding author may 
be contacted by Editorial Office, depending on the nature of cor-
rection in proof. If the proof is not returned to Editorial Office 
within 48 hours, it may be necessary to reschedule the paper for a 
subsequent issue. Extensive alteration in proof cause delays in pub-
lication.

Reprint: The author who orders reprint copies should send re-
print requests to the printing office with the corrected proofs. The 
author will be charged the reprint cost. Contact the Printing office, 
M2PI (E-mail: support@m2-pi.com), with any questions.

7. Research and publication ethics

All manuscripts should be prepared according to the research and 
publication ethics guidelines recommended by the Council of Sci-
ence Editors (http://www.councilscienceeditors.org/), the Interna-
tional Committee of Medical Journal Editors (ICMJE, http://www.
icmje.org/), the World Association of Medical Editors (WAME, 
http://www.wame.org/), or the Korean Association of Medical Jour-
nal Editors (KAMJE, https://www.kamje.or.kr/en/main_en). The 
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Korean J Vet Res will follow the guidelines of the Committee on 
Publication Ethics (COPE, http://publicationethics.org/) for settle-
ment of any ethical issue or misconduct.

Research ethics
Animal experiments should be reviewed by an appropriate com-

mittee for the care and use of animals (i.e., an Institutional Animal 
Care and Use Committee; IACUC). Studies with pathogens requir-
ing a high degree of biosafety should pass the review of a relevant 
committee (i.e., an Institutional Biosafety Committee; IBC). We en-
courage authors to adhere to animal research reporting standards, 
for example, the ARRIVE reporting guidelines (https://www.nc3rs.
org.uk/arrive-guidelines) for reporting study design and statistical 
analysis; experimental procedures; experimental animals, and hous-
ing and husbandry practices. For studies using client-owned ani-
mals, authors should demonstrate a high standard (best practice) of 
veterinary care that includes obtaining informed client consent. 
Manuscripts will be rejected if the manuscript or author fails to meet 
the aforementioned requirements, and the study involved unneces-
sary pain, distress, suffering, or lasting harm to animals.

All studies involving human subjects or human data must be re-
viewed and approved by a responsible Institutional Review Board 
(IRB). Authors should follow the principles embodied in the Decla-
ration of Helsinki (https://www.wma.net/policies-post/wma-decla-
ration-of-helsinki-ethical-principles-for-medical-research-involv-
ing-human-subjects/) for all investigations involving human materi-
als.

The approvals obtained for the above should be described in the 
manuscript’s Methods section. For studies of humans, including case 
reports, also state whether informed consents were obtained from 
the study participants. The Editor may request submission of copies 
of IACUC, IBC, or IRB approval documents and copies of informed 
consents from human subjects in clinical studies.

Redundant publication and plagiarism: Redundant publica-
tion occurs when two or more papers, without full cross reference, 
share the same hypothesis, data, discussion points, or conclusions. 
Plagiarism ranges from the unreferenced use of others’ published 
and unpublished ideas, including research grant applications to 
submission under “new” authorship of a complete paper, some-
times in a different language. It may occur at any stage of planning, 
research, writing, or publication: it applies to print and electronic 
versions. The Korean J Vet Res will follow the COPE flow chart (http://

publicationethics.org/) for settlement of any misconduct.
Authors should specify, in the cover letter, any potential overlap 

with other already published material or material being evaluated 
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Author’s checklist

☐  To proceed submission, you need to check the following. Manuscript that do not meet the guide lines mentioned below will be immedi-
ately returned to the author.

☐  An invoice will be sent to the corresponding author with galley proof of an article before publication in journal. Publication of an article 
will be delayed until the whole cost is paid.

English proofreading
☐  If the certificate for English language revision is not submitted, Authors will be charged for the English editing service.

Cover letter
☐  An acknowledgement that the manuscript has not been published is included.
☐  An acknowledgement that all authors have contributed significantly and that all authors are in agreement with the content of the manu-

script is included.
☐  An acknowledgement that all authors agree to the conditions outlined in the copyright assignment form is included.

Manuscript
☐  The manuscript should be in the following sequence: abstract, keywords, introduction, materials and methods, results, discussion, ac-

knowledgments, references, tables, and figure legends.
☐  In case of short communication and case report, do not use section heading (introduction, materials and methods, results, and discus-

sion etc.). The manuscript should be in a single section. The abstract, keywords, references are identical to that of articles.
☐  The Manuscript is typed double-spaced (including references, tables, figure legends, and footnotes) on each every side only of A4 sized 

white paper with 2.5 cm margin.
☐  Standard abbreviations are used in the list provided by the Koran Journal of Veterinary Research and spelled out in parentheses in its first 

use in the text.
☐  Page number is placed at bottom of each page.
☐  Text lines must be numbered. Each page should begin with line no. 1.

Title Page
☐  In the top margin of the first page of each paper, the kind, and field of the paper should be noted.
☐  Title is concise and informative. A running title is provided if the title exceeds 10 words.
☐  The authors’ names are listed as follows: first name, middle initial(s), and family name and the hospital or institution at which the research 

was undertaken is included.
☐  The name, full postal address, telephone and facsimile numbers and E-mail address of the author to whom correspondence should be sent, 

is provided.
☐  Authors should involve an Open Researcher and Contributor Identifier (ORCID) at the title page.
☐  Information concerning sources of financial support should be placed on the title page for blind review apart from acknowledgement.

Abstract
☐  An abstract of no more than 200 words (original article) or 100 words (short communication and case report) is described in one para-

graph under the following contents: purpose, methods, results, and conclusions.
☐  A list of keywords (5 words or less) are provided below the abstract using the Medical Subject Headings list from Index Medicus.



Body of paper
☐  Ethical guideline for human or animal study is described.
☐  Statistical method used is outlined.
☐  Drugs and chemicals are identified by generic name (manufacturer name and country are given).

References
For references editing and author's convenience, we present the sample file of references style in journal homepage (http://www.kjvr.org).
☐  References should be written in English.
☐  References should be numbered in the order they appear in the text.
☐  References are typed double-spaced on sheets separate from the text and numbered consecutively. The number of references does not 

exceed 40 in original article and 15 in short communications and case reports.
☐  Cite each listed reference in the text by number in square brackets.
☐  The style and punctuation of the references conform to the style of the recent issue of Korean Journal of Veterinary Research.
☐  Journal titles are abbreviated in accordance with the style of Index Medicus.
☐  Unpublished observations, proceedings, abstracts, websites, and personal communications are not listed as references.

Tables
☐  Arrange the data so that columns of like material read down, not across.
☐  Tables are typed double-spaced on a separate sheet, accompanied by table number and title above table and explanatory notes below.
☐  Each table is numbered according to order of citation.

Figures
☐  All figures are included.
☐  Acceptable formats for figures are TIFF, JPEG and PPT.
☐  Scale bars should be used rather than magnification factors, with the length of the bar defined in the legend rather than on the bar itself. 
☐  Each figure is numbered according to the order of citation.
☐  All figures should be correctly exposed, sharply focused, and prepared in files of at least 600 dpi.
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Table and Figure legends
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☐  Legends are typed double-spaced on a separate sheet.
☐  Symbols, arrows, and letters used to indicate parts of illustrations are identified in the legend.

Publication charge
☐  All authors recognize the publication fees.
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