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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. 
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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.
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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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