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Methods
Exclusion criteria

1. Using thiazide or thiazide-like diuretics in the previous 3 months.
2. Using furosemide >80 mg/day
3. Ambulatory BP 160/100 mmHg or more
4. Renal replacement therapy expected within 3 months.
5. Vascular event such as myocardial infarction, heart failure hospitalization, or stroke within 3 months.
6. Known hypersensitivity to thiazide or sulfa drugs.
7. Organ transplant recipient.
8. Immunosuppresive drugs.
Ambulatory BP monitoring

Appropriately sized cuffs were used with bladder sizes that encircled 80–100% of arm circumference and widths that are at least 40% of arm circumference.  Recordings were made every 20 minutes from 06:00 – 22:00 and every 30 minutes from 22:00 – 06:00 based upon a prior protocol.  Subjects were asked to record their awake and sleep times into diaries, along with their medications.  At least 16 recordings were needed for the ambulatory BP monitoring to be deemed valid, but most subjects had many more recordings (see results).

Results

Volume response

Figure 4 shows the time course of volume markers.  Top panel shows measurements by BodPod of weight and total body volume.  Maximal changes in both these measures were seen at 8 weeks.  Middle panel shows seated plasma renin activity and plasma aldosterone. Renin was 2.7 fold higher within 4 weeks of starting chlorthalidone and was maximally stimulated at 8 weeks.  Aldosterone on the other hand was maximally stimulated at 4 weeks and remained stimulated at 8 weeks.  However, at 12 weeks, aldosterone was not different compared to baseline.  B-type natriuretic peptide (BNP) was half that of the baseline at 4 weeks, but gradually returned to baseline.  Plasma creatinine was changed maximally by 0.24 mg/dL at 8 weeks but also returned toward baseline at 12 weeks.
Target organ response

Figure 5 shows the time course of markers that may be considered to reflect target organ damage.  Carotid to femoral pulse wave velocity and central systolic BP remained unchanged during treatment.  However, augmentation index steadily declined and compared to before drug it was significantly improved at 8 weeks by 7.1 mmHg. .  The bottom panel shows measurements of daytime and nighttime urine albumin excretion rates.  Median albumin to creatinine ratio of about half gram was cut by more than half with at 12 weeks both during the day and during the night.  Dietary sodium intake as measured by 24 hour urinary sodium excretion rate was modest but remained unchanged with chlorthalidone therapy.  

Changes in laboratory markers of interest

Significant changes from baseline were seen in plasma sodium, potassium, uric acid, and magnesium (Table 1).  No significant changes were seen for glucose, hemoglobin A1C, or cholesterol.  Serum sodium declined 2.7 mEq within 4 weeks but gradually improved.  Serum potassium dropped 0.26 mEq/L within 4 weeks and also gradually improved mostly in response to oral potassium supplementation.  Uric acid on the other hand increased by 1.64 mg/dL and stayed elevated throughout 12 weeks of the study.

Discussion

Fliser et al reported in a cross-over trial of 10 patients with advanced renal failure (inulin clearance 13.1 ± 5.9 mL/min/1.73 m2) that whereas torsemide administered alone increased the sodium excretion rate, the combination  of torsemide and a thiazide diuretic, increased sodium excretion rate even more [1].  Wollam et al studied 8 patients with mean serum creatinine (SD) 3.31 (1.4) mg/dL and performed an interventional before-and-after study [2].  Three of the 8 patients had an inadequate response to either furosemide or hydrochlorothiazide (HCTZ) alone but responded to the combination therapy; adding HCTZ, 25 to 50 mg twice a day, to furosemide produced a marked diuresis, and a significant reduction in weight, plasma volume and mean arterial pressure. Knauf and Mutschler performed a single-blind randomized cross-over trial of loop diuretic or a combination of loop diuretic plus a thiazide in 19 patients with moderately severe renal failure (creatinine clearance averaged 39.5 ± 24.4 mL/min) 
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[3]
. A single oral dose of HCTZ (25 mg) increased the urinary excretion rate of Na+, K+, Cl-, Ca2+, and Mg2+ over the subsequent 12 h. Combination therapy (25 mg HCTZ + 40 mg furosemide) increased urinary Na+ excretion significantly more. Dussol et al, reported the first double-blind, randomized, cross-over trial of furosemide and HCTZ in 2005 [4]. There were 7 CKD patients all with Cockcroft-Gault creatinine clearance <40 mL/min.  Each treatment (furosemide (60 mg/d) or HCTZ (25 mg/d) ) lasted 30 days and washout was 1 month. Both diuretics were equally effective in reducing clinic oscillometric supine mean arterial BP. Somewhat surprisingly, HCTZ was more effective than furosemide in causing natriuresis. This may have been due to once a day dosing of furosemide.  Once a day dosing would not elicit continued natriuresis and therefore appear to be weaker than HCTZ.  The combination of the two drugs was more effective than either therapy given alone.  Dussol et al 
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, in 2012 reported the second double-blind, randomized, cross-over trial of furosemide and HCTZ among 23 patients with stage 4 and 5 CKD. Although both the natriuretic and the antihypertensive response to the standard dose of furosemide and HCTZ were similar, the combination of furosemide and HCTZ had an additive effect of natriuresis and BP.
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Supplementary Figure 1: Trial Design
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