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ABSTRACT. Chronic kidney disease (CKD) is a common cause of secondary systemic hypertension
in cats. We investigated the relationship between indirect blood pressure and the prevalence of
systemic hypertension in various CKD stages in cats. Client-owned cats (24 control cats and 77 cats
with CKD) were included. Biochemical examinations of plasma were conducted by a commercial
laboratory. Diseased cats were divided into two groups based on the International Renal Interest
Society (IRIS) guidelines (Il and IlI-1V). Indirect blood pressure was measured using an oscillometric
technique. Severe hypertension was diagnosed if systolic blood pressure (SBP) was =180 mmHg.
Indirect blood pressures were significantly higher in IRIS stage lll-IV than in the control cats. Of

J. Vet. Med. Sci. 77 cats with CKD, 25 (32.5%) had severe hypertension. The frequency of severe hypertension

80(3): 447-452, 2018 increased with an increase in IRIS stage; 0% in the controls, 27.6% in the IRIS stage Il, and 47.4%

o - in the IRIS stage llI-1V, respectively. The indirect SBP was weakly correlated with urea nitrogen

doi: 10.1292/jvms.17-0620 (r=0.27) and creatinine (r=0.23) concentrations in plasma. Binary logistic regression analysis
showed that if plasma creatinine concentration is >3.7 mg/d/, cats with CKD had an increased risk

. for developing severe hypertension (P<0.001). Our results suggest that indirect blood pressure
Received: 16 November 2017 was correlated with the severity of CKD, and the prevalence of severe hypertension increased in
Accepted: 25 December 2017 cats with severe CKD. The risk of severe hypertension may be high in cats with severe CKD.
Published online in J-STAGE:

KEY WORDS: blood pressure, cat, chronic kidney disease, hypertension, oscillometr
3 January 2018 P y yp y

Several methods of indirect blood pressure measurement are utilized, including Doppler, oscillometric and
photoplethysmographic techniques. Of these, oscillometric technique is widely used in clinical settings because they can be easily
measured. Some clinical studies have shown that oscillometric technique provide diagnostic information related to systemic
hypertension in cats [3, 6, 28]. If feline systolic blood pressure (SBP) exceeds 180 mmHg, it suggests an increasing risk for
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blindness and kidney injury, which is called target organ damage (TOD) [4, 25].

Feline systemic hypertension has been recognised in association with a variety of diseases, and is categorised into primary
systemic hypertension, secondary systemic hypertension (i.e., chronic kidney disease [CKD]), or a measurement artifact [4, 18, 23,
24]. Because a high prevalence of CKD has been reported in hypertensive cats [15, 28, 30, 31], CKD is considered a predominant
cause of secondary systemic hypertension. Several mechanisms may increase SBP in the pathophysiology of CKD in humans
[8, 13, 14] and cats [17, 18]. In particular, a low glomerular filtration rate is associated with activation of the renin-angiotensin-
aldosterone system in a renal failure model of cats, which may contribute to the moderately increased SBP [5, 25].

The International Renal Interest Society (IRIS) recommends classifying CKD severity based on creatinine concentrations in
serum or plasma samples [16]. For example, IRIS stage II is diagnosed if creatinine concentrations are >1.6 mg/m/. Although
hypertension may be present at any stage of CKD [32], the change in blood pressure in conjunction with CKD severity in cats
remains unclear. We examined changes in blood pressure and the prevalence of systemic hypertension in various CKD stages in
cats, and evaluated risk for the occurrence of severe hypertension.

MATERIALS AND METHODS

In this prospective, multi-centre study, 101 client-owned cats were examined between July 2014 and March 2017. The study
populations of all cats consisted of mean age 12.6 years old and mean body weight 4.3 kg. Owners provided informed consent
before their cats participated in the study. All cats underwent a physical examination, indirect blood pressure measurements,
echocardiography, and a blood sampling, all of which were performed without sedation in a quiet examination room.

Cats

The cats were divided into two groups: controls (n=24) and cats with CKD (n=77). Because many older cats can have CKD, cats
that were >5 years old were enrolled in this study. Control cats were determined to be healthy based on medical history, physical
examinations, and results of biochemistry and echocardiography analyses. Creatinine concentrations were within the reference
range (<1.6 mg/d/) and no clinical signs such as polyuria or polydipsia were observed. Cats with a creatinine concentration above
the reference range (>1.6 mg/d/) were enrolled as the CKD group. Diseased cats were further divided into two groups based on
IRIS guidelines [16]: stage II (creatinine concentration 1.6-2.8 mg/d/, n=58) and stage [1I-1V (>2.9 mg/d/, n=19). Because the
number of cats in the stage [V was relatively small (n=3), stage IV was combined with stage III for statistical analyses. Cats treated
with fluid therapy and renal diet for CKD was included for practical reasons.

Cats with acute systemic inflammation, hyperthyroidism, cancer, liver disease, congestive heart failure, arterial
thromboembolism, or urinary tract obstruction were excluded, as were cats treated with angiotensin enzyme inhibitor, angiotensin
receptor blocker, glucocorticoids, nonsteroidal anti-inflammatory drugs, or antihypertensive medications at the time of the
examination.

Echocardiography

Transthoracic echocardiography was performed using an ultrasonographic unit with a 7.5-12 MHz probe by experienced
echocardiographers. The left atrium to aorta (LA/Ao) ratio was determined and B-mode or M-mode echocardiography
was performed from the right parasternal short axis view, and the end-diastolic interventricular septum, left ventricular
internal dimension, and left ventricular posterior wall were calculated. In the left parasternal long axis view, pulsed Doppler
echocardiography was used to measure the transmitral flow velocity with the sample volume positioned at the tip of the mitral
valve leaflets. The mitral early diastolic flow (E wave) and late diastolic flow velocities were measured. Because 61 cats (60.4%)
had tachycardia and fused waves were found, the ratio of the E wave to late diastolic flow was not calculated.

Complete blood count and biochemistry

Blood samples were collected into heparinised and plain tubes, and the samples were centrifuged at 3,000 rpm (4°C) for 10 min.
Biochemical examinations were conducted by a commercial laboratory (FUJIFILM Monolith, Co., Ltd., Tokyo, Japan). Thyroxine
concentrations in serum were measured with an autoanalyser (FUJIFILM Monolith). In addition, blood samples were collected into
tubes containing ethylenediaminetetraacetic acid for CBC. Complete blood count was performed with an automated hematology
analyzer. Cats were considered to have CKD if plasma creatinine concentration was >1.6 mg/d/, to have hyperthyroidism if serum
thyroxine concentration was >4.0 ug/d/, and to have diabetes mellitus if plasma glucose concentration was >280 mg/d/.

Oscillometric blood pressure measurements

Indirect blood pressure was recorded using a noninvasive oscillometric device without sedation in a quiet examination room.
All cats were allowed a minimum 5 min period of acclimation before blood pressure measurements were made. An appropriately
sized cuff (inflatable bladder width approximately 0.3—0.4 times the circumference of the measurement site) was applied. Cats
were minimally restrained and held in the sternal recumbency position. The cuff was placed directly around the forelimb, thus
minimising the vertical distance between the cuff site and the heart. A series of five or more readings were obtained from each cat
at each measurement time. The mean of the series was calculated. Measurements were performed as the initial examination. If
SBP exceeded 180 mmHg, a second measurement was made after a 30—-60 min period of acclimatisation to the environment. Cats
were classified based on the TOD risk category provided by the American College of Veterinary Internal Medicine guidelines [4]:
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Table 1. Comparison of physical examination and echocardiography among the groups

Controls Stage 11 Stage III-1V
Male (intact/neutered) 2/9 1/9
Female (intact/neutered) 5/8 4/5
Age (Y) 12.3 (10.2-14.9) 12.6 (9.6-15.6) 14.0 (11.4-17.0)
Body weight (kg) 42 (3.5-5.1) 4.1 (3.2-5.6) 3.8(2.944)
Echocardiography
Heart rate (bpm) 176 (160-199) 182 (168-210) 180 (163-190)
IVSd (mm) 4.6 (3.6-5.3) 4.6 (4.0-5.4) 4.3 (3.6-5.9)
LVIDd (mm) 14.0 (12.5-16.2) 13.7 (12.3-15.4) 13.8 (12.4-15.0)
LVPWd (mm) 4.7(4.3-54) 5.1 (4.1-5.7) 4.7 (4.2-5.8)
LA/Ao ratio 1.3(1.2-1.4) 1.3 (1.2-1.5) 1.3 (1.2-1.5)
E wave (cm/sec) 62 (48-79) 59 (49-75) 70 (51-81)

E wave, the mitral early diastolic flow velocity; IVSd, end-diastolic interventricular septum; LA/Ao
ratio, the left atrium to aorta ratio; LVIDd, end-diastolic left ventricular internal dimension; LVPWd,

end-diastolic left ventricular posterior wall.

Table 2. Comparison of complete blood count and biochemical analyses among the groups

Controls Stage 11 Stage I1I-1V
White blood cell (10%/ul) 90 (55-118) 101 (69-151) 113 (90-137)
Hematocrit (%) 43 (39-46) 40 (34-43.6) 33.5(27.6-38.7)>9
Platelet (10%/ul) 22.6 (15.0-30) 27.7(21.4-32.3) 31.3(27.5-38.7)
Glucose (mg/d/) 124 (103-158) 122 (106-136) 127 (105-151)
Urea nitrogen (mg/d/) 27 (23-29) 34 (27-40)» 57 (50-77)>9
Creatinine (mg/d/) 1.4 (1.3-1.5) 2.0 (1.8-2.4)» 3.6 (3.4-4.3)b9
Sodium (uEq/l) 154 (151-156) 154 (152-157) 156 (153-157)
Potassium («Eq/l) 3.9 (3.54.1) 4.2(3.8-4.5) 3.9 (3.6-4.3)
Chloride («Eq/l) 119 (115-121) 118 (117-123) 119 (116-122)
Thyroxine (ug/d/) 1.8 (1.5-2.0) 1.9 (1.5-2.5) 1.5 (1.2-1.9)9

a) P<0.05 vs. controls, b) P<0.001 vs. controls, ¢) P<0.05 vs. Stage II, d) P<0.001 vs. Stage II.

category I (SBP <150 mmHg), category II (150-159 mmHg), category III (160—179 mmHg) and category IV (>180 mmHg). Cats

classified as category IV were considered to have severe hypertension.

Statistical analysis

All data are presented as medians (interquartile ranges [IQRs]). The Kruskal-Wallis test was used to compare the three groups.
Post-hoc analyses were performed with the Dunn’s test. Univariate regression analyses were used to evaluate the correlation
between SBP and other variables. A stepwise regression analysis was used to determine the indirect SBP that correlated best with
the individual variables. A value of F>2.0 was considered statistically significant. y> test was used to assess whether cats with IRIS
stage [II-IV were more likely to develop the severe hypertension. Binary logistic regression analysis was further performed to
investigate the relationship between the severe hypertension and plasma creatinine concentrations. Odds ratio is given as 2-tailed

with 95% confidence interval. A P-value <0.05 was considered significant.

RESULTS

The study population of 101 cats consisted of 77 domestic short hairs, 10 American short hairs, 3 Scottish folds, 3 Maine coons,
3 Persians, 2 Abyssinians, and 3 other breeds. There were 11 male and 13 female control cats, ranging in age from 7.0 to 18.0 years
old and weighing 2.9 to 7.6 kg, and 42 male and 35 female CKD cats, ranging in age from 5.0 to 22.0 years and weighing 1.9 to
8.8 kg. In CKD cats, 70 cats have no history of treatment and 7 cats had received previous treatment for CKD; fluid therapy (n=7)
and renal diet (n=2). Ocular fundus abnormalities, i.e. mydriasis, retinal detachment, fundus hemorrhage, or retinal degeneration,

were observed in 9 of 58 cats in Stage II and 4 of 19 cats in Stage ITI-IV.

No significant differences in age, body weight, and echocardiographic variables were found among the groups (Table 1). The
results of complete blood count and biochemistry are presented in Table 2. The hematocrit values were significantly lower in the
IRIS stage III-IV group than in the controls and stage II. Concentrations of urea nitrogen and creatinine increased significantly
with IRIS stage. Finally, thyroxine concentrations were slightly but significantly lower in the IRIS stage III-IV group than in the

stage II.

Indirect blood pressure increased concomitantly with the increase in IRIS stage (Fig. 1). Systolic and mean blood pressures were
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Fig. 1. Systolic, mean and diastolic blood pressure in cats with chronic kidney disease according to the International Renal Interest Society clas-
sification. The median SBP was 150 (IQR, 141-156) mmHg in the controls, 160 (139—180) mmHg in IRIS stage Il and 172 (152-187) mmHg in
IRIS stage III-1V. Median MBP was 123 (114-130) mmHg, 126 (111-145) mmHg, and 140 (127-147) mmHg. Median DBP was 107 (98-117)
mmHg, 107 (95-123) mmHg and 121 (110-130) mmHg. DBP, diastolic blood pressure; IRIS, International Renal Interest Society; MBP, mean
blood pressure; SBP, systolic blood pressure. * P<0.05 vs. controls.

Table 3. Results of single regression analyses be- Table 4. Distribution of the target organ damage risk category in
tween systolic blood pressure and each variable cats with chronic kidney disease according to the International

B 2 P value Renal Interest Society classification

Age 0.35 0.12 <0.001 Number (%) Controls IRIS stage

Body weight —-0.25 0.06 0.013 1T -1V

Heart rate 0.1 0.01 0.26 TOD risk category I 12 (50.0) 20 (34.5) 5(26.3)

IVSd 0.1 0.01 0.29 TOD risk category II 10 (41.7) 8 (13.8) 2 (10.5)

LVIDd —0.03 0.00 0.79 TOD risk category 11 2(8.3) 14 (24.1) 3(15.8)

LVPWd 0.06 0.00 0.56 TOD risk category IV 0 (0) 16 (27.6) 9 (47.4)9

]I;[:v/i/(; ratio 8(1): 88(2) gfi IRIS, International Renal Interest Sgci‘ety; TOD, target organ damage. .a)
) ’ ) P<0.01 vs. controls and Stage II. Statistical differences were calculated with

Glucose —0.01 0.00 0.90 chi-squared test.

Urea nitrogen 0.27 0.07 0.006

Creatinine 0.23 0.05 0.020

Sodium 0.08 0.01 0.44

Potassium —0.34 0.12 <0.001

Chloride —-0.02 0.00 0.82

Thyroxine 0.16 0.02 0.12

E wave, the mitral early diastolic flow velocity; IVSd,
end-diastolic interventricular septum; LA/Ao ratio,
the left atrium to aorta ratio; LVIDd, end-diastolic left
ventricular internal dimension; LVPWd, end-diastolic left
ventricular posterior wall.

significantly higher in IRIS stage III-IV than in the controls. SBP was weakly correlated with age and body weight, and plasma
concentrations of urea nitrogen, creatinine, and potassium (Table 3). Stepwise regression analyses showed that plasma potassium
and creatinine levels (F=8.9 and 5.0), age (F=5.9), serum thyroxine level (F=3.5) and heart rate (F=3.4) predicted the indirect SBP
(7=0.60, °=0.36, P<0.001). Of the 77 cats with CKD, 25 (32.5%) were in TOD risk category I, 10 (13.0%) were in category II, 17
(22.1%) were in category III, and 25 (32.5%) were in category IV, respectively. The prevalence of TOD risk category IV, i.e. severe
hypertension, in the IRIS stage III-IV was significantly different among groups (y°=13.4, P<0.01); 0% (0/24 cats) in the controls,
27.6% (16/58 cats) in the IRIS stage II and 47.4% (9/19 cats) in the stage III-IV, respectively (Table 4). Furthermore, binary
logistic regression analysis showed that if plasma creatinine concentration is >3.7 mg/d/, cats with CKD had an increased risk for
developing severe hypertension (odds ratio; 27.0, 95% confidence interval; 1.42-4.16, P<0.001).

DISCUSSION

Renal function is thought to be a predominant factor regulating SBP in humans and animals. Spontaneous feline CKD can cause
an increase in SBP [17, 21, 26, 32]. For example, a significant increase in SBP has been reported in cats with CKD (146.6 + 25.4
mmHg) compared to normal cats (118.4 = 10.6 mmHg) [21]. However, some studies included cats with hyperthyroidism [17, 32],
or did not check thyroxine concentrations [26]. Furthermore, all studies to date have compared the SBP between CKD cats and
normal cats, and the severity of CKD has varied. Thus, the detailed relationship between CKD severity and SBP remains unclear. A
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novel finding of our study is that indirect blood pressures were significantly higher in severe CKD than in the controls.

In addition, renal insufficiency in cats is associated with a high prevalence of systemic hypertension [1, 11, 19, 32]. The
prevalence of systemic hypertension in cats with mild to severe spontaneous CKD has been reported to range from 20 to 70%

[21, 24, 32]. This large variation may reflect the different populations, i.e., CKD severity, of cats studied and different criteria for
defining hypertension. In our study, SBP was classified based on the American College of Veterinary Internal Medicine guidelines,
and this is the first study to report the prevalence of systemic hypertension based on severity of CKD in cats. Severe systemic
hypertension was diagnosed in 32.5% of cats with CKD, and the prevalence rates of severe hypertension in cats with the IRIS stage
III-1V was significantly higher than in the other groups. Furthermore, if plasma creatinine concentrations is >3.7 mg/d/, cats with
CKD had an increased risk for developing severe hypertension. Taken together, the severity of CKD is associated with the indirect
blood pressures, and severe CKD may have a risk of developing severe hypertension in cats.

Increased creatinine concentrations are associated with the development of systemic hypertension, as creatinine concentration
reflects renal function [5, 25]. A recent study showed that creatinine concentration is the only independent risk factor for a
cat becoming hypertension in CKD cats [1]. Our study also showed that indirect SBP was significantly but weakly correlated
with urea nitrogen and creatinine concentrations. By contrast, no significant correlation has been reported between creatinine
concentrations and SBP in humans [27] and cats [21] with CKD. Several confounding factors make it difficult to understand the
relationship between creatinine concentrations and blood pressure. For example, SBP may decrease in cats with azotemia because
of dehydration, and creatinine concentrations are also influenced by muscle mass. Therefore, there are some limitations when
predicting SBP based on creatinine concentrations.

In addition to creatinine, univariate and stepwise regression analyses showed that age and plasma potassium concentration
were associated with the indirect SBP in cats with CKD. Because spontaneous CKD is a progressive disease that potentially alters
kidney function and structure over months or years, there are many elderly cats with severe CKD. Indeed, the cats with CKD had
higher blood pressure readings than did the normal cats, partly because they were older [3]. Additionally, a longitudinal study
demonstrated that blood pressure slightly, but significantly, increases with age (0.4 mmHg/100 days) in healthy cats [1]. These
results indicate that age is a confounding factor for blood pressure increases in elderly cats with CKD. Furthermore, a previous
study showed that cats with CKD and hypertension had a lower plasma potassium concentration than normotensive cats with CKD
[32]. Hypokalemia is a relatively common complication in humans and cats with CKD; its prevalence is approximately 20-30%
[10, 12]. In humans, hypokalemia is associated with an increase in blood pressure, and it seems to have a significant role in the
regulation of blood pressure [20, 22]. However, an association between hypokalemia and hypertension has not been clarified in
cats. Since CKD and these factors may interact with blood pressure in a complex manner, a definitive conclusion regarding the
cause of hypertension cannot be made in our study.

In earlier studies, the accuracy of the oscillometric and Doppler techniques has been validated in cats [2, 7]. Compared with
the oscillometric technique, the Doppler technique had higher correlation with direct SBP measures [2]. Similarly, the Doppler
technique showed good agreement, i.e., mean error values of less than 10mmHg, whereas the oscillometric technique showed
the less agreement [2]. In contrast, Caulkett ez al. has reported that oscillometric technique provided the most accurate prediction
of direct SBP (bias + precision; —15.9 £ 8.1 mmHg) but Doppler technique was relatively inaccurate (—25 + 7.4 mmHg) [7].
Therefore, it is necessary to note that different measurement technique may affect the diagnostic accuracy of systemic hypertension
in cats.

The present study has several limitations. First, because the autonomic nervous system (i.e., stress, excitement, or fear) clearly
affects SBP, cats with serious progressive lesions should be re-evaluated for blood pressure within 1-2 weeks [4]. It was difficult
to re-evaluate SBP in our study, so we cannot exclude white-coat hypertension. Second, we measured plasma creatinine levels
to diagnose CKD, but a diagnosis of CKD should be based on an analysis of urine specific gravity and ultrasound examination
of the kidneys and urinary tract. We cannot exclude the possibility that cats in IRIS stage I were present in the control group.
Third, because there were only three cats in IRIS stage IV and cats with stage | were not classified in our study, we cannot
provide detailed information regarding the link between IRIS stage and changes in SBP. Finally, hypertension is both a cause and
a consequence of CKD in humans [9]. Chronically high SBP can damage the kidney in humans, and has been determined to be
a significant risk factor for the development of end-stage renal disease [29, 33, 34]. Further studies are required to understand
whether the presence of hypertension initiates renal damage in cats.

In conclusion, this is the first study showing that the relationship between severity of CKD and indirect blood pressure in cats.
Our results indicate that severe CKD may contribute to the increase in indirect blood pressure in cats. Furthermore, cats with
severe CKD may have a risk of developing severe hypertension. Additional studies are required to clarify the relationship between
each IRIS stage and indirect blood pressure in cats with CKD.

REFERENCES

1. Bijsmans, E. S., Jepson, R. E., Chang, Y. M., Syme, H. M. and Elliott, J. 2015. Changes in systolic blood pressure over time in healthy cats and cats
with chronic kidney disease. J. Vet. Intern. Med. 29: 855-861. [Medline] [CrossRef]

2. Binns, S. H., Sisson, D. D., Buoscio, D. A. and Schaeffer, D. J. 1995. Doppler ultrasonographic, oscillometric sphygmomanometric, and
photoplethysmographic techniques for noninvasive blood pressure measurement in anesthetized cats. J. Vet. Intern. Med. 9: 405-414. [Medline]
[CrossRef]

3. Bodey, A. R. and Sansom, J. 1998. Epidemiological study of blood pressure in domestic cats. J. Small Anim. Pract. 39: 567-573. [Medline]

doi: 10.1292/jvms.17-0620 451


http://www.ncbi.nlm.nih.gov/pubmed/25917326?dopt=Abstract
http://dx.doi.org/10.1111/jvim.12600
http://www.ncbi.nlm.nih.gov/pubmed/8558488?dopt=Abstract
http://dx.doi.org/10.1111/j.1939-1676.1995.tb03301.x
http://www.ncbi.nlm.nih.gov/pubmed/9888110?dopt=Abstract

The Journal of

Veterinary
Medical
Science Y. HORI ET AL.
[CrossRef]
4. Brown, S., Atkins, C., Bagley, R., Carr, A., Cowgill, L., Davidson, M., Egner, B., Elliott, J., Henik, R., Labato, M., Littman, M., Polzin, D., Ross,

10.

1.

13.

14.
15.

18.
19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

L., Snyder, P., Stepien R., American College of Veterinary Internal Medicine. 2007. Guidelines for the identification, evaluation, and management of
systemic hypertension in dogs and cats. J. Vet. Intern. Med. 21: 542-558. [Medline] [CrossRef]

Buranakarl, C., Mathur, S. and Brown, S. A. 2004. Effects of dietary sodium chloride intake on renal function and blood pressure in cats with
normal and reduced renal function. Am. J. Vet. Res. 65: 620-627. [Medline] [CrossRef]

Carter, J. M., Irving, A. C., Bridges, J. P. and Jones, B. R. 2014. The prevalence of ocular lesions associated with hypertension in a population of
geriatric cats in Auckland, New Zealand. N. Z. Vet. J. 62: 21-29. [Medline] [CrossRef]

Caulkett, N. A., Cantwell, S. L. and Houston, D. M. 1998. A comparison of indirect blood pressure monitoring techniques in the anesthetized cat.
Vet. Surg. 27: 370-377. [Medline] [CrossRef]

Cerasola, G., Li Vecchi, M., Mulé, G., Cottone, S., Mangano, M. T., Andronico, G., Contomo, A., Parrino, I. A., Renda, F., Pavone, G. and
Scialabba, A. 1997. Role of renin-angiotensin-aldosterone system and of sympathetic activity in arterial hypertension associated with autosomal
dominant polycystic kidney disease. Contrib. Nephrol. 122: 22-27. [Medline] [CrossRef]

Crews, D. C., Plantinga, L. C., Miller, E. R. 3rd., Saran, R., Hedgeman, E., Saydah, S. H., Williams, D. E., Powe N. R., Centers for Disease
Control and Prevention Chronic Kidney Disease Surveillance Team. 2010. Prevalence of chronic kidney disease in persons with undiagnosed or
prehypertension in the United States. Hypertension 55: 1102—1109. [Medline] [CrossRef]

DiBartola, S. P., Rutgers, H. C., Zack, P. M. and Tarr, M. J. 1987. Clinicopathologic findings associated with chronic renal disease in cats: 74 cases
(1973—-1984). J. Am. Vet. Med. Assoc. 190: 1196—1202. [Medline]

Elliott, J., Barber, P. J., Syme, H. M., Rawlings, J. M. and Markwell, P. J. 2001. Feline hypertension: clinical findings and response to
antihypertensive treatment in 30 cases. J. Small Anim. Pract. 42: 122—129. [Medline] [CrossRef]

Gilligan, S. and Raphael, K. L. 2017. Hyperkalemia and Hypokalemia in CKD: Prevalence, Risk Factors, and Clinical Outcomes. Adv. Chronic
Kidney Dis. 24: 315-318. [Medline] [CrossRef]

Giusti, R., Neri, M., Angelini, D., Carlini, A., Fiorini, 1., Bigongiari, P. and Antonelli, A. 1995. Plasma concentration of endothelin and arterial
pressure in patients with ADPKD. Contrib. Nephrol. 115: 118—-121. [Medline] [CrossRef]

Guyton, A. C. 1991. Blood pressure control--special role of the kidneys and body fluids. Science 252: 1813—1816. [Medline] [CrossRef]

Henik, R. A., Snyder, P. S. and Volk, L. M. 1997. Treatment of systemic hypertension in cats with amlodipine besylate. J. Am. Anim. Hosp. Assoc.
33: 226-234. [Medline] [CrossRef]

International Renal Interest Society. IRIS Staging of CKD (modified 2016) —IRIS Kidney. http://iris-kidney.com/pdf/3_staging-of-ckd.pdf (2016,
accessed June 10, 2017).

Jensen, J., Henik, R. A., Brownfield, M. and Armstrong, J. 1997. Plasma renin activity and angiotensin I and aldosterone concentrations in cats with
hypertension associated with chronic renal disease. Am. J. Vet. Res. 58: 535-540. [Medline]

Jepson, R. E. 2011. Feline systemic hypertension: Classification and pathogenesis. J. Feline Med. Surg. 13: 25-34. [Medline] [CrossRef]

Jepson, R. E., Elliott, J., Brodbelt, D. and Syme, H. M. 2007. Effect of control of systolic blood pressure on survival in cats with systemic
hypertension. J. Vet. Intern. Med. 21: 402—409. [Medline] [CrossRef]

Kanbay, M., Bayram, Y., Solak, Y. and Sanders, P. W. 2013. Dietary potassium: a key mediator of the cardiovascular response to dietary sodium
chloride. J. Am. Soc. Hypertens. T: 395-400. [Medline] [CrossRef]

Kobayashi, D. L., Peterson, M. E., Graves, T. K., Lesser, M. and Nichols, C. E. 1990. Hypertension in cats with chronic renal failure or
hyperthyroidism. J. Vet. Intern. Med. 4: 58—62. [Medline] [CrossRef]

Krishna, G. G., Miller, E. and Kapoor, S. 1989. Increased blood pressure during potassium depletion in normotensive men. N. Engl. J. Med. 320:
1177-1182. [Medline] [CrossRef]

Littman, M. P. 1994. Spontaneous systemic hypertension in 24 cats. J. Vet. Intern. Med. 8: 79—-86. [Medline] [CrossRef]

Maggio, F., DeFrancesco, T. C., Atkins, C. E., Pizzirani, S., Gilger, B. C. and Davidson, M. G. 2000. Ocular lesions associated with systemic
hypertension in cats: 69 cases (1985-1998). J. Am. Vet. Med. Assoc. 217: 695-702. [Medline] [CrossRef]

Mathur, S., Brown, C. A., Dietrich, U. M., Munday, J. S., Newell, M. A., Sheldon, S. E., Cartier, L. M. and Brown, S. A. 2004. Evaluation of a
technique of inducing hypertensive renal insufficiency in cats. Am. J. Vet. Res. 65: 1006-1013. [Medline] [CrossRef]

Mishina, M., Watanabe, T., Fujii, K., Maeda, H., Wakao, Y. and Takahashi, M. 1998. Non-invasive blood pressure measurements in cats: clinical
significance of hypertension associated with chronic renal failure. J. Vet. Med. Sci. 60: 805-808. [Medline] [CrossRef]

Perneger, T. V., Nieto, F. J., Whelton, P. K., Klag, M. J., Comstock, G. W. and Szklo, M. 1993. A prospective study of blood pressure and serum
creatinine. Results from the ‘Clue’ Study and the ARIC Study. JAMA 269: 488-493. [Medline] [CrossRef]

Sansom, J., Rogers, K. and Wood, J. L. 2004. Blood pressure assessment in healthy cats and cats with hypertensive retinopathy. Am. J. Vet. Res. 65:
245-252. [Medline] [CrossRef]

Schaeftner, E. S., Kurth, T., Bowman, T. S., Gelber, R. P. and Gaziano, J. M. 2008. Blood pressure measures and risk of chronic kidney disease in
men. Nephrol. Dial. Transplant. 23: 1246-1251. [Medline] [CrossRef]

Snyder, P. S. 1998. Amlodipine: a randomized, blinded clinical trial in 9 cats with systemic hypertension. J. Vet. Intern. Med. 12: 157-162.
[Medline] [CrossRef]

Snyder, P. S., Sadek, D. and Jones, G. L. 2001. Effect of amlodipine on echocardiographic variables in cats with systemic hypertension. J. Vet.
Intern. Med. 15: 52-56. [Medline] [CrossRef]

Syme, H. M., Barber, P. J., Markwell, P. J. and Elliott, J. 2002. Prevalence of systolic hypertension in cats with chronic renal failure at initial
evaluation. J. Am. Vet. Med. Assoc. 220: 1799-1804. [Medline] [CrossRef]

Tozawa, M., Iseki, K., Iseki, C., Kinjo, K., Ikemiya, Y. and Takishita, S. 2003. Blood pressure predicts risk of developing end-stage renal disease in
men and women. Hypertension 41: 1341-1345. [Medline] [CrossRef]

Whaley-Connell, A. T., Sowers, J. R., Stevens, L. A., McFarlane, S. 1., Shlipak, M. G., Norris, K. C., Chen, S. C., Qiu, Y., Wang, C., Li, S.,
Vassalotti, J. A., Collins A. J., Kidney Early Evaluation Program Investigators. 2008. CKD in the United States: Kidney Early Evaluation Program
(KEEP) and National Health and Nutrition Examination Survey (NHANES) 1999-2004. Am. J. Kidney Dis. 51 Suppl 2: S13-S20. [Medline]
[CrossRef]

doi: 10.1292/jvms.17-0620 452


http://dx.doi.org/10.1111/j.1748-5827.1998.tb03710.x
http://www.ncbi.nlm.nih.gov/pubmed/17552466?dopt=Abstract
http://dx.doi.org/10.1111/j.1939-1676.2007.tb03005.x
http://www.ncbi.nlm.nih.gov/pubmed/15141883?dopt=Abstract
http://dx.doi.org/10.2460/ajvr.2004.65.620
http://www.ncbi.nlm.nih.gov/pubmed/24138677?dopt=Abstract
http://dx.doi.org/10.1080/00480169.2013.823827
http://www.ncbi.nlm.nih.gov/pubmed/9662782?dopt=Abstract
http://dx.doi.org/10.1111/j.1532-950X.1998.tb00143.x
http://www.ncbi.nlm.nih.gov/pubmed/9399032?dopt=Abstract
http://dx.doi.org/10.1159/000059885
http://www.ncbi.nlm.nih.gov/pubmed/20308607?dopt=Abstract
http://dx.doi.org/10.1161/HYPERTENSIONAHA.110.150722
http://www.ncbi.nlm.nih.gov/pubmed/3583899?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11303854?dopt=Abstract
http://dx.doi.org/10.1111/j.1748-5827.2001.tb02008.x
http://www.ncbi.nlm.nih.gov/pubmed/29031358?dopt=Abstract
http://dx.doi.org/10.1053/j.ackd.2017.06.004
http://www.ncbi.nlm.nih.gov/pubmed/8585897?dopt=Abstract
http://dx.doi.org/10.1159/000424407
http://www.ncbi.nlm.nih.gov/pubmed/2063193?dopt=Abstract
http://dx.doi.org/10.1126/science.2063193
http://www.ncbi.nlm.nih.gov/pubmed/9138233?dopt=Abstract
http://dx.doi.org/10.5326/15473317-33-3-226
http://www.ncbi.nlm.nih.gov/pubmed/9140564?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21215946?dopt=Abstract
http://dx.doi.org/10.1016/j.jfms.2010.11.007
http://www.ncbi.nlm.nih.gov/pubmed/17552443?dopt=Abstract
http://dx.doi.org/10.1111/j.1939-1676.2007.tb02982.x
http://www.ncbi.nlm.nih.gov/pubmed/23735420?dopt=Abstract
http://dx.doi.org/10.1016/j.jash.2013.04.009
http://www.ncbi.nlm.nih.gov/pubmed/2342023?dopt=Abstract
http://dx.doi.org/10.1111/j.1939-1676.1990.tb03104.x
http://www.ncbi.nlm.nih.gov/pubmed/2624617?dopt=Abstract
http://dx.doi.org/10.1056/NEJM198905043201804
http://www.ncbi.nlm.nih.gov/pubmed/8046680?dopt=Abstract
http://dx.doi.org/10.1111/j.1939-1676.1994.tb03202.x
http://www.ncbi.nlm.nih.gov/pubmed/10976302?dopt=Abstract
http://dx.doi.org/10.2460/javma.2000.217.695
http://www.ncbi.nlm.nih.gov/pubmed/15281663?dopt=Abstract
http://dx.doi.org/10.2460/ajvr.2004.65.1006
http://www.ncbi.nlm.nih.gov/pubmed/9713807?dopt=Abstract
http://dx.doi.org/10.1292/jvms.60.805
http://www.ncbi.nlm.nih.gov/pubmed/8419668?dopt=Abstract
http://dx.doi.org/10.1001/jama.1993.03500040054036
http://www.ncbi.nlm.nih.gov/pubmed/14974583?dopt=Abstract
http://dx.doi.org/10.2460/ajvr.2004.65.245
http://www.ncbi.nlm.nih.gov/pubmed/17984108?dopt=Abstract
http://dx.doi.org/10.1093/ndt/gfm757
http://www.ncbi.nlm.nih.gov/pubmed/9595376?dopt=Abstract
http://dx.doi.org/10.1111/j.1939-1676.1998.tb02111.x
http://www.ncbi.nlm.nih.gov/pubmed/11215913?dopt=Abstract
http://dx.doi.org/10.1111/j.1939-1676.2001.tb02299.x
http://www.ncbi.nlm.nih.gov/pubmed/12092951?dopt=Abstract
http://dx.doi.org/10.2460/javma.2002.220.1799
http://www.ncbi.nlm.nih.gov/pubmed/12707291?dopt=Abstract
http://dx.doi.org/10.1161/01.HYP.0000069699.92349.8C
http://www.ncbi.nlm.nih.gov/pubmed/18359403?dopt=Abstract
http://dx.doi.org/10.1053/j.ajkd.2007.12.016

