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Routine Electrolyte Supplementation May Improve Survival During Amphotericin
Therapy for Cryptococcal Meningitis in Resource-Limited Settings
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Abstract
Background: Amphotericin B is the preferred treatment for cryptococcal meningitis (CM); however,
amphotericin has cumulative severe side effects, including nephrotoxicity that may manifest as hypokalemia,
hypomagnesemia, and anemia. In resource-limited settings, amphotericin-induced severe hypokalemia may
predispose to cardiac arrhythmias and death. We hypothesized that intravenous (IV) fluid and electrolyte
management during amphotericin therapy is an essential component of care to minimize toxicity and optimize
survival.
Methods: HIV-infected, antiretroviral therapy (ART)-naïve adults with CM were prospectively enrolled at
Mulago Hospital in Kampala, Uganda in three sequential cohorts with amphotericin-based induction treatment.
IV fluids use was intermittent in 2001-02 (n=92), and universal in 2006-10 (n=182) and 2011-12 (n=50). In the
2001 and 2006 cohorts, electrolytes were monitored at day 1,7,14 of amphotericin with replacement (K+, Mg2+)
per clinician discretion. In 2011-12, electrolytes were monitored beginning on day 1 of amphotericin and
approximately every 48 hours thereafter with universal supplementation and standardized replacement. Mortality
outcomes were compared between time periods.
Results: When limited IV fluids were available and intermittent shortages occurred, the 14-day survival was 55%
(50/91) in 2001-02. With universal provision of IV fluids, the 28-day survival was 63% (115/182). In 2011-12,
with universal supplementation of fluids and electrolytes the 28-day survival improved to 82% (41/50) (log-rank
from Kaplan-Meier Curve P=0.016).
Conclusion: Fluid and electrolyte management is an important aspect of cryptococcal meningitis therapy to
reduce amphotericin-related toxicity. While unmeasured differences between the three cohort time periods may
exist, we believe management of amphotericin toxicity is a vital aspect of care to improve cryptococcal survival in
resource limited settings.

Background
Cryptococcal meningitis (CM) is the most common cause of meningitis in adults in Sub-Saharan Africa and the
most common cause of mortality among central nervous system infections in persons with AIDS, accounting for
20-25% of AIDS-related mortality in Africa. Standard treatment is combination therapy with amphotericin and
flucytosine (or fluconazole where flucytosine is unavailable). Despite the relative clinical efficacy of
Amphotericin-based regimens, side effects are significant. Infusion related reactions such as rigors, fevers, and
nausea are common but not life threatening. Nephrotoxicity as manifested by decreased GFR, anemia,
hypomagnesemia and hypokalemia is a more significant cumulative toxicities. In persons receiving amphotericin
for >10 days, hypomagnesemia and hypokalemia occur in 96% and 100%, respectively. Yet, potassium (K+) and
magnesium (Mg2+) monitoring are often not possible or timely in resource-limited settings, and neither is routine
replacement of these crucial electrolytes.
Prior to 2010, the side effects of amphotericin were under-recognized in cryptococcal patients at Mulago Hospital,
Kampala, Uganda. Review of clinical data accumulated from November 2010 to January 2011 (during the
Cryptococcal Optimal ART Timing (COAT) Trial -- clinicaltrials.gov NCT01075152) suggested an association
between low serum K+ and in-hospital mortality. A standardized electrolyte supplementation protocol was
thereafter implemented as a quality improvement initiative. The objective of this analysis was to evaluate the
impact of this initiative on subsequent mortality compared to prior cohorts of cryptococcal patients being cared
for at Mulago Hospital.
Study Population
Three prospective studies of HIV-infected, ART-naive adults with CM were conducted at Mulago Hospital, the
national tertiary referral hospital, in Kampala, Uganda. The first observational cohort enrolled from 2001-02 as
previously reported [1], the second from 2006-January 11 [1-3] and the third from February 2011-12. Written
informed consent was obtained in each cohort. Study protocols were approved by Makerere University, University
of Minnesota, and Uganda National Council of Science and Technology. All subjects included in the analysis started
ART 3-4 weeks after CM induction antifungal therapy. 28 day survival was chosen to focus on pre-ART mortality.
The primary objective was to determine the effect of IV fluids (IVF) and electrolyte supplementation on short term
survival. As such, the three prospective cohorts were organized as:
1. 2001-02 Cohort: intermittent IVF with no standardized electrolyte management (n=92);
2. 2006-10 Cohort: universal IVF with no standardized electrolyte management (n=182, with n=174,
2006-09 and n=8 in Nov 2010-Jan 11);
3. 2011-12 Cohort: universal IVF and universal electrolyte supplementation (n=50, Feb 2011-Apr 12) from
the COAT trial.

Table 1: Routine Universal Electrolyte Supplementation Protocol

Results

Electrolyte protocol Pre-supplementation
K+ monitoring
Day 1,7,14 in 2001-09
Day 5,7,9,11,14 in 2010
K+ supplementation At physician discretion

Table 3: Subject characteristics among three cohorts of patients with Cryptococcal meningitis in Kampala, Uganda

Universal Supplementation
Day 1,5,7,9,11,14 and as needed
Goal: serum K+ 4.0mEq/L
Day 1-6: 40mEq daily
Day 7-14: 56 mEq daily

2001-02 Cohort
(n=92)
53.3%

2006-10 Cohort
(n=182)a
42.4%

Age in years, mean +SD

35 +7

36.+9

36.5 +8

0.367

If
3.5 mEq/L
• Add 16mEq to scheduled dose
• Replace 10mEq per 0.1mEq/L deficit to reach goal
None
Day 1-14: 8mEq daily

CD4 cells/µL, mean +SD

N/A

31 +36

38 +39

0.304

HIV-1 viral load, log10 copies/mL, mean +SD

N/A

5.2 +0.6

5.5 +0.4

0.006

% Glasgow Coma Score <15

7.6%

28%

35%

<0.001

CSF opening pressure, mm H2O, mean +SD

350 +145

320 +160

290 +150

0.111

Creatinine at screening, mean +SD

1.2 +0.5

N/A

1.0 +0.5

0.295

1:4350

1:5950

1:2900

0.069

If K+ levels <3.0 mEq/L for 3 days despite adequate
replacement give 5g IV MgSO4 until K+ normalized

% Headache duration < 7 days

34%

30%

31%

0.876

% Headache duration 7-14 days

23%

33%

24%

% Headache duration >14 days

43%

37%

45%

4.2 +0.81

N/A

3.8 +0.62

K+<

Mg2+

monitoring

Mg2+
supplementation

None
At physician discretion

Baseline Variable
Male

CSF Cryptococcal Antigen, geometric mean

Potassium serum, mEq/L, mean +SD
Methods Cryptococcal treatment regimens, IVF supplementation, electrolyte monitoring and supplementation
strategies by cohort are detailed in Tables 1 and 2. In 2010-12, labs were measured at the Makerere University-Johns
Hopkins University (MU-JHU) laboratory , which is a College of American Pathologists (CAP) certified lab. In
2001-2009 labs were performed at the Mulago Hospital laboratory , without external quality assurance testing.

a Available

complete data on approx 100 patients in the 2006 cohort

2011-12 Cohort P value
(n=50)
54%
0.095

0.010

N/A: Data not available
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Baseline participant characteristics were compared between the cohorts using ANOVA to compare means and Fisherʼs
exact Χ2 test to compare frequencies. Kaplan-Meier curves were used to compare 14 and 28 days survival. Statistical
analysis was conducted using SPSS version 21 (IBM Corp. Armonk, NY) and evaluated against type I error α<0.05.
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Table 2: IV Fluid and Antifungal Therapy by Cohort
Cohort

IV Fluids / day Induction Antifungal Therapy

2001-02 As available
2006-10 1 Liter

2011-12 2 Liters

Amphotericin 50mg

Fluconazole
Consolidation Therapy
400mg x8 weeks

Amphotericin 50mg (+800mg fluconazole in 400mg x 10 weeks
2010)
(2010: 800mg x ~3 weeks,
then 400mg x ~9 weeks)
Amphotericin (0.7-1mg/kg) +800mg
800mg x ~3 weeks, then
fluconazole
400mg x ~9 weeks

Cohorts

Measure

2001 vs. 2006
2001 vs. 2011
2006 vs. 2011
All cohorts

14 day mortality
14 day mortality
28 day mortality
14 day mortality

Log Rank P Value Hazard Ratio (95% CI)
0.003
<0.001
0.016
<0.001

1.9 (1.2-2.9)
2.2 (5.0-15.2)*
2.1 (1.0, 4.1)
---

	
  *	
  Hazard	
  ra/o	
  14	
  day	
  mortality	
  model	
  adjusted	
  for	
  baseline	
  GCS,	
  K+,	
  Cr,	
  CSF	
  opening	
  pressure.	
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Conclusions/Implications:
Fluid and electrolyte management is an important aspect of cryptococcal meningitis therapy to reduce
amphotericin-related toxicity. While unmeasured differences between the three cohort time periods may exist,
we believe management of amphotericin toxicity is a vital aspect of care to improve cryptococcal survival in
resource limited settings.

