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Vancomycin hydrochloride is a glycopeptide anti-
biotic used in the treatment of gram-positive 
infections, most notably for infections caused by 

methicillin-resistant Staphylococcus aureus (MRSA).1 
Currently, MRSA accounts for greater than 50% of all  
S. aureus infections in many institutions and exceeds 
70% in many intensive care unit (ICU) settings.2 Vanco-
mycin therapy is assessed by serum trough concentrations 

Abstract
Background: Optimal dosing of vancomycin in morbidly obese patients (>100 kg and at least 
140% of their ideal body weight) has not been determined. Conventional dosing strategies have 
led to the observation of supratherapeutic trough concentrations (>20 mcg/mL). 
Objective: To evaluate the effectiveness of a new vancomycin dosing protocol in morbidly obese 
patients in achieving therapeutic trough concentrations between 10 and 20 mcg/mL and to deter-
mine patient-specific factors influencing the trough concentration attained.
Methodology: A single-center, retrospective chart review included morbidly obese adult patients 
with a pharmacy-to-dose vancomycin consult and at least 1 trough concentration obtained at 
steady state. Patients were excluded if they had a creatinine clearance (CrCl) less than 35 mL/min 
or unstable renal function, were not dosed according to the revised protocol, or received vancomy-
cin prior to initiation of the protocol. 
Results: Of the 48 patients included, 17 (35.4%) achieved a therapeutic vancomycin trough con-
centration. Subtherapeutic concentrations (<10 mcg/mL) were observed in 27 patients (56.3%) 
and supratherapeutic concentrations were observed in 4 (8.3%) patients. Age less than 45 years 
and CrCl greater than 100 mL/min were associated with subtherapeutic trough concentrations. 
Conclusion: This study demonstrates that the revised vancomycin dosing protocol led to the 
attainment of therapeutic trough concentrations in 35.4% of patients. The majority had subthera-
peutic concentrations, which increases the risk of treatment failures and resistance. Further study 
is needed to determine the optimal dosing strategy in this patient population.
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obtained when the drug reaches steady state. Vancomy-
cin trough concentrations vary based on the severity of 
illness and by indication.3  Trough concentrations less 
than 10 mcg/mL have been associated with treatment 
failures, whereas elevated concentrations have been asso-
ciated with toxicities.4 Although the toxicity profile has 
improved greatly with purification, vancomycin still has 
the potential to cause nephrotoxicity and ototoxicity.  
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Prolonged duration of vancomycin therapy beyond 
7 days, doses greater than or equal to 4 g/day, trough con-
centrations greater than or equal to 15 mcg/mL, and con-
comitant nephrotoxic therapy have been associated with 
the development of nephrotoxicity.5-9 

Although the rate of obesity is increasing in the 
United States, little is known about the optimal dos-
ing of vancomycin in this patient population. The 
2009 consensus statement published by the Infec-
tious Disease Society of America (IDSA), the Ameri-
can Society of Health-System Pharmacists, and the 
Society of Infectious Diseases Pharmacists provided 
recommendations for the dosing and monitoring of 
vancomycin in adult patients. These guidelines recom-
mend a vancomycin loading dose of 25 to 30 mg/kg in 
critically ill patients followed by a maintenance dose 
of 15 mg/kg every 8 to 12 hours. Dosing is to be based 
on total body weight (TBW) and adjusted accordingly 
based on serum vancomycin concentrations.10 

The previous pharmacy-to-dose vancomycin pro-
tocol at Carolinas Medical Center for patients with 
adequate renal function was consistent with the IDSA 
guideline recommendations; no specifications were 
made regarding morbidly obese patients. A medication 
use evaluation was conducted to assess this protocol 
across the Carolinas HealthCare System. Of the trough 
concentrations observed that exceeded 20 mcg/mL, 
63.6% occurred in patients weighing more than 100 
kg. As a result of this observation, a new pharmacy-
to-dose protocol was implemented in October 2013 
with updated recommendations for dosing vancomy-
cin in morbidly obese patients. The new dosing strat-
egy recommended a 20 to 25 mg/kg loading dose for 
all patients (with the 25 mg/kg loading dose reserved 
for those with critical illness) followed by a 10 mg/
kg dose administered every 12 to 24 hours depending 
on renal function (Figure 1). All doses were based on 
TBW. The addition of a loading dose for all morbidly 
obese patients and a lower mg/kg maintenance dose 
differ from the IDSA recommendations. The new pro-
tocol was based upon a method identified by DeRyke 
et al12 and implemented in clinical practice at a large, 
academic medical center by Reynolds et al.11

The primary objective of this study was to eval-
uate the effectiveness of a new vancomycin dosing 
strategy in achieving therapeutic trough concentra-
tions of 10 to 20 mcg/mL in morbidly obese patients.  

METHODS 
This was a single-center, retrospective study 

conducted at Carolinas Medical Center, an 894-bed 

 academic medical center. The study was approved by 
the institutional review board. Patients were identified 
through pharmacy consultations-to-dose vancomycin 
requested from June 1, 2013 to February 15, 2014 
and screened for inclusion. Patients were included 
if they were 18 years old or older, morbidly obese 
(defined as ≥100 kg combined with a TBW ≥140% 
of ideal body weight [IBW]),11 and had at least one 
vancomycin trough concentration drawn at steady 
state, defined as 5 half-lives or prior to the fourth or 
fifth dose, within 25% of the dosing interval (ie, up to 
3 hours before a dose in a patient being dosed every 
12 hours). Patients were excluded if they had a cre-
atinine clearance (CrCl) less than 35 mL/min at ini-
tiation of therapy or unstable renal function, defined 
as an increase in serum creatinine (SCr) of greater 
than or equal to 0.3 mg/dL from historical baseline, 
if available within the previous year, or from the first 
recorded SCr in the absence of physician documen-
tation of acute renal failure in the first 48 hours of 
therapy. Additional exclusion criteria were pregnancy, 
dosing strategies outside of the revised vancomycin 
protocol, and initiation of vancomycin therapy prior 
to admission to Carolinas Medical Center. If a dose 
had been rescheduled by more than 50% of the inter-
val between doses (ie, more than 6 hours after the 
original scheduled administration time with a 12-hour 
dosing interval), the patient was also excluded. 

Outcomes
The primary outcome measure was the proportion 

of patients attaining target trough concentrations of 
10 to 20 mcg/mL extrapolated from the first mea-
sured trough at steady state. Secondary objectives 
included the frequencies of therapeutic trough con-
centrations ranging from 10 to 14.99 mcg/mL and 
15 to 20 mcg/mL, frequencies of trough concentra-
tions above and below target range, and frequency 
of trough concentrations greater than or equal to 
30  mcg/mL, a quality indicator at our institution. 
An analysis of patient-specific factors including renal 
function, TBW, percentage above IBW, concomitant 
nephrotoxins, comorbid conditions, CrCl, and age 
was conducted to determine potential factors contrib-
uting to the attainment of a therapeutic (10-20 mcg/
mL) trough concentration. The incidence of neph-
rotoxicity during vancomycin therapy, as defined 
by the Acute Kidney Injury Network criteria as an 
increase in SCr greater than or equal to 0.3 mg/dL 
from baseline or an increase in SCr greater than or 
equal to 150% to 200% from baseline in less than  
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48 hours or if urine output decreased to less than 
0.5 mL/kg/h for more than 6 hours, was evaluated.13 
The frequency of dose and interval adjustments, 
length of therapy, ICU length of stay (LOS), and 
 overall LOS were also assessed. 

Data Collection
Study data were collected and managed using 

REDCap electronic data capture tools hosted at Car-
olinas Medical Center.14 Patient-specific demographic 
data collected included age, height, and weight as 
recorded by the pharmacist; data were used to calcu-
late vancomycin doses, gender, race, and ICU status. 
IBW and percentage above IBW were calculated from 
these data using the Devine equations.15 Clinical data 
collected included vancomycin dose administered in 
both total mg and mg/kg, frequency of administra-

tion, goal trough concentration, and indication for 
vancomycin therapy. Loading doses administered as 
more than one dose were counted collectively as the 
first administration. Pertinent comorbid health con-
ditions and concomitant anti-infectives and neph-
rotoxic agents, including contrast medication for 
radiologic procedures, were also collected. CrCl was 
calculated using adjusted body weight and the Cock-
croft-Gault equation.16 In patients 65 years old and 
older, the SCr was rounded to 1 mg/dL to limit over-
estimation of renal function, which was the protocol 
for the institution at that time. 

Statistical Analysis
Descriptive statistics including means, medians, 

standard deviations, and interquartile ranges (IQR) 
were calculated. Shapiro-Wilk tests were used to test 

Goal Trough Based on Indication 

Goal trough 10-15 mcg/mL Goal trough 15-20 mcg/mL
Urinary tract infection  
Cellulitis (with or without abscess) 

Empiric therapy 
Bacteremia 
Intra-abdominal 

Endocarditis 
Osteomyelitis 
Pneumonia

Meningitis 
Sepsis 
Febrile neutropenia  

Loading Dose Based on Illness Severity 

Critically ill Non-critically ill
25 mg/kg loading dose based on TBW 

2.5 g maximum
20 mg/kg loading dose based on TBW 

2.5 g maximum

Maintenance Dose Based on Renal Function

Maintenance dose CrCl (mL/min) Dosing interval

10 mg/kg
≥65 Q12H

35 to 64 Q24H
<35 or dialysis Renal dosing

Figure 1. Vancomycin dosing protocol for morbidly obese patients. CrCl = creatinine clearance; TBW = total body 
weight; Q12H = every 12 hours; Q24H = every 24 hours. 
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for normality. Several variables were not normally 
distributed; therefore, nonparametric tests were used. 
The patients were divided into 2 groups: those who 
attained a therapeutic trough concentration, and 
those who did not. For data measured on an interval 
scale, Student t tests or Wilcoxon rank-sum tests were 
used. For nominal data, the chi-square or Fisher’s 
exact test was performed. To test for linear relation-
ships among variables measured on an interval scale, 
Spearman’s correlation coefficients were calculated. 
Breakpoints were determined after reviewing con-
tinuous data such as age and CrCl in order to create 
categorical variables. In a separate analysis of only 
those subjects who obtained target trough concentra-
tions of 10 to 20 mcg/mL, the subjects were divided 
into those who were in the 10 to 14.99 mcg/mL range 
and those who were in the 15 to 20 mcg/mL range. 
The proportion of patients in each of the subranges 
was reported. SAS Enterprise Guide, version 5.1, was 
used for all analyses. A two-tailed P value of less than 
.05 was considered statistically significant.

Population pharmacokinetics were used to 
extrapolate concentrations obtained to determine an 
estimate of true vancomycin trough concentrations. 
Equations utilized for the clearance of vancomycin 
(Clvancomycin), as described by Leonard and Boro17 and 

authenticated by Leong et al18; volume of distribution 
(Vd); the elimination constant (Ke); and the extrapo-
lated trough concentration are displayed in Figure 2.19

RESULTS
Patient Inclusion and Baseline Characteristics 

A total of 601 patients were screened for inclu-
sion in the study via review of pharmacy-to-dose van-
comycin data collection forms. A total of 48 patients 
were enrolled, representing an inclusion rate of 8% 
(Figure 3). Baseline characteristics are presented 
in Table 1. The median age was 52.5 years (IQR, 
42.5-58.5), one-third of patients were in the ICU 
(33.3%; n = 16), and median CrCl was 122 mL/min  

601 patients with
pharmacy-to-dose vancomycin evaluated for

inclusion

258 patients with steady-state level and
stable renal function

48 patients included

- 214 patients with no steady-state level
- 129 patients with CrCl <35 mL/min, AKI, or

intermittent dosing 

- 142 patients dosed off-protocol
- 30 patients > 100 kg but <140% of IBW
- 33 patients received doses prior to admission
- 3 patients with doses rescheduled by > 50% of the

dosing interval 
- 2 patients with levels drawn > 25% of the dosing

interval 

Figure 3. Patient screening and inclusion. AKI = acute kidney injury; CrCl =  
creatinine clearance; IBW =  ideal body weight. 

CIvancomycin = 0.9 × CrCl (ml / mim / kg) × TBW

Vd = TBW × 0.7 L / kg

Ke =
Cl vancomycin

Vd

C1 = C0e – K e t

Figure 2. Equations for extrapolation of vancomycin  
concentrations. 
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Table 1. Baseline characteristics (N = 48)
Baseline characteristics Median (IQR) or n (%) 

Age, years 52.5 (42.5-58.5)

% Female 27 (56.3)

Race
 Caucasian 
 African American 
 Other

 
27 (56.3)
19 (39.6)
2 (4.2)

ICU status/critically ill 
 ICU
 Non-ICU

 
16 (33.3) 
32 (66.7)

Total body weight, kg 122.5 (108.7-140.2) 

Percent above ideal body weight 206.5 (162-228.5)

SCr, mg/dL 0.86 (0.63-0.99)

CrCl, mL/min 122 (93-152.5) 

Indication for therapy 
 Pneumonia
 Cellulitis
 Empiric
 Febrile neutropenia 
 Intra-abdominal infection 
 Sepsis
 Meningitis
 Osteomyelitis
 UTI
 Other

 
18 (37.5) 
9 (18.8)
5 (10.4)
3 (6.3)
3 (6.3)
3 (6.3)
2 (4.2)
1 (2.1)
1 (2.1)
3 (6.3)

Goal trough 
 10-15 mcg/mL
 15-20 mcg/mL 

 
11 (22.9)
37 (77.1)

Comorbidities
 Diabetes
 Malignancy 
 Congestive heart failure
 Other
 End-stage liver disease
 Chronic kidney disease
 Hypermetabolic state
 No comorbidities 

 
21 (43.8)
12 (25) 
8 (16.7)
7 (14.6)
1 (2.1) 
1 (2.1) 
1 (2.1) 
14 (29.2)

Concomitant nephrotoxins 
 Antimicrobials 
 Piperacillin-tazobactam 
 Other beta-lactams
 Fluoroquinolones
 Aminoglycosides 
 Other antimicrobials
Other nephrotoxins 
 Diuretics
 Contrast medication
 NSAIDs

 
46 (95.8)
27 (56.3)
20 (41.7)
11 (22.9)
3 (6.3)
12 (25.0)
32 (66.7)
23 (47.9)
17 (35.4)
4 (8.3)

Length of stay, days 10.5 (7-19.5) 

ICU length of stay, days 7.5 (3.5-15)

Duration of therapy, days 4 (3-6)

Note: CrCl = creatinine clearance; ICU = intensive care unit; NSAIDs = non-
steroidal anti-inflammatory drugs; SCr = serum creatinine; UTI = urinary 
tract infection.

(IQR, 93-153). Only 2 patients had a CrCl less than 
65 mL/min. The most common indication for ther-
apy was pneumonia (37.5%; n = 18) and the major-
ity of patients had a goal trough target of 15 to  
20 mcg/mL (77.1%; n = 37). The median duration of 
therapy was 4 days (IQR, 3-6).  

Vancomycin Dosing 
The median loading dose was 19.4 mg/kg (IQR, 

17.8-20.5), with the 2,500 mg maximum dose 
administered to 79.2% of patients (n = 38), 2,250 
mg administered to 2% of patients (n = 1), and 2,000 
mg administered to 18.8% of patients (n = 9). The 
median maintenance dose was 9.9 mg/kg (IQR, 9.6-
10.2) or 1,250 mg (IQR, 1,000-1,500). All doses were 
administered every 12 hours, consistent with proto-
col recommendations and baseline renal function.

Vancomycin Trough Concentrations
Initial vancomycin trough concentrations are 

presented in Figure 4. Subtherapeutic trough con-
centrations of less than 10 mcg/mL were observed 
in 56.3% of patients (n = 27), therapeutic trough 
concentrations of 10 to 20 mcg/mL were observed 
in 35.4% of patients (n = 17), and supratherapeutic 
concentrations of less than 20 mcg/mL were observed 
in 8.3% of patients (n = 4). Of the therapeutic trough 
concentrations, 23.5% (n = 4) were in the 10 to 14.99 
mcg/mL range, while 76.5% (n = 13/17) were in the 
15 to 20 mcg/mL range (Figure 5). The median trough 
value after extrapolation was 9.5 mcg/mL (IQR, 6.7-
13.6). No patients had trough concentrations greater 
than 30 mcg/mL. The trough concentrations attained 
for patients with goal troughs of 10 to 15 mcg/mL 
and 15 to 20 mcg/mL are further detailed in Table 2. 

Secondary Trough Extrapolations
Eight patients with trough concentrations less 

than 10 mcg/mL continued therapy with changes in 
dose and follow-up steady-state concentrations. Six of 
these patients ultimately reached a therapeutic trough 
goal of 10 to 20 mcg/mL. It took 6 to 11 doses to 
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Figure 4. Initial trough concentration (N = 48). 

Figure 5. Trough concentrations of patients in therapeutic range (n / N = 17/48). 

achieve the target trough, with concentrations ranging 
from 11.2 to 17 mcg/mL. Of these trough concentra-
tions, 5 were in the 10 to 14.99 mcg/mL range and 1 
was in the 15 to 20 mcg/mL range. Doses ranged from 
9.8 to 14.3 mg/kg, with 3 patients requiring an 8-hour 
dosing interval to reach therapeutic trough concentra-
tions and 3 patients requiring a 12-hour interval. 

Nephrotoxicity
One patient experienced nephrotoxicity while 

receiving vancomycin therapy. The patient’s SCr 
peaked at 1.55 mg/dL from a baseline of 1.05 mg/dL, 
with a vancomycin level of 29.1 mcg/mL on the day 
of the peak SCr. Of note, the patient was also receiv-
ing diuretics and piperacillin/tazobactam.
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Table 2. Vancomycin trough concentrations at steady 
state (N = 48)
Variable Median (IQR) or n (%)

Therapeutic trough achieved 
 Yes
 No

 
17 (35.4) 
31 (64.6) 

Goal trough 10-15 mcg/mL  
(n = 11)
 <10 mcg/mL 
 10-14.99 mcg/mL 
 >14.99 mcg/mL

 
 
6 (54.6) 
2 (18.2)
3 (27.3)

Goal trough 15-20 mcg/mL  
(n = 37) 
 <15 mcg/mL 
 15-20 mcg/mL 
 >20 mcg/mL

 
 

30 (81.1)
4 (10.8)
3 (8.1)

Extrapolated trough, mcg/mL 9.5 (6.7-13.6)

Analysis of Patient-Specific Variables on Trough 
Concentrations

Patient-specific variables were analyzed to 
determine whether any of these factors influenced 
trough concentrations. As we found the majority of 
patients had subtherapeutic troughs, we compared 
the group that achieved therapeutics troughs from 
10 to 20 mcg/mL to the group that achieved troughs 
less than 10 mcg/mL (n = 44). Variables included 
were age, SCr, CrCl, ICU status, TBW, percent-
age above IBW, 1 or more comorbidities, and other 
nephrotoxic therapy. Table 3 shows the P values for 
these factors of which age younger than 45 years  
(P = .0073) and CrCl greater than or equal to 100 mL/
min (P = .0170) were associated with subtherapeu-
tic trough concentrations. Several of these variables 
were related, including age with extrapolated trough 
(r = 0.52856, P = .0002), CrCl with extrapolated 
trough (r = -0.45405, P = .002), and age with CrCl  
(r = -0.68121, P < .0001).

DISCUSSION
This study adds to the scarce literature available 

to guide vancomycin dosing in the morbidly obese 
patient population. The optimal dosing strategy 
in this patient population is yet to be determined, 
and there is considerable pharmacokinetic variabil-
ity between patients. Historically, studies have con-
cluded that vancomycin should be dosed by TBW 
rather than IBW. Several studies have shown an 

Table 3. Factors influencing achievement of 
therapeutic trough concentrations of 10-20 mcg/mL
Variable P

Age .0160

 Age ≥ 45 years .0073

SCr .3979

CrCl <100 mL/min .0170

ICU status .0850

Total body weight .1350

Percentage above ideal body weight .0567

Comorbidities ≥1
 Diabetes

.7395

.9772

Other nephrotoxic therapy .6034

Note: CrCl = creatinine clearance; ICU = intensive care unit; SCr = serum 
creatinine.

increase in vancomycin clearance in obese patients 
secondary to increased glomerular filtration rate due 
to increased blood volume, kidney size, and a greater 
number of functional nephrons. These studies have 
also shown increased but nonsignificant elevations in 
volume of distribution of vancomycin.20-23 Conflict-
ing studies suggest that the increased volume of dis-
tribution in morbidly obese patients is responsible for 
drug accumulation and supratherapeutic vancomycin  
concentrations.8,23

Reynolds and colleagues observed suprathera-
peutic trough concentrations in greater than 50% of 
their population prior to the implementation of the 
revised protocol. This retrospective, observational 
study conducted at an 808-bed urban teaching facil-
ity included 64 patients in the original protocol group 
and 74 patients in the revised protocol group. The 
majority of the patients were treated for skin and soft 
tissue infections. This new dosing strategy, consistent 
with the strategy we utilized in our protocol, resulted 
in a significantly higher frequency of trough concen-
trations within the goal range of 10 to 20 mcg/mL 
(59% vs 36%; P = .006) and a lower frequency of 
trough concentrations greater than 20 mcg/ mL (18% 
vs 55%; P < .001). A higher frequency of trough con-
centrations less than or equal to 10 mcg/mL was also 
observed (23% vs 9%; P = .03). The authors identified 
estimated CrCl of greater than 150 mL/min and a SCr 
of less than 0.8 mg/dL as factors that were associated 
with subtherapeutic trough concentrations.11 With 

15_hpj5009789-797.indd   795 10/6/15   7:53 PM



796 Volume 50, October 2015

Vancomycin Dosing in Morbidly Obese Patients

the exception of indication for therapy, the patients 
in our study had similar baseline characteristics but 
did not achieve a similar proportion of therapeutic 
troughs. This may be due to an underlying differ-
ence in patient population that was not captured by 
the retrospective, observational nature of our study. 
Similarly to Reynolds et al, we identified that patients 
with better baseline renal function may not be able 
to achieve trough concentrations between 10 and  
20 mcg/mL by this dosing strategy, although our cut-
off was observed at a lower CrCl value of greater 
than or equal to 100 mL/min. 

As a single-center, retrospective study, several lim-
itations were present. One of the largest limitations 
was the lack of a retrospective comparator group 
due to the absence of a consistent and standardized 
dosing protocol for attaining goal trough concentra-
tions of 10 to 20 mcg/mL prior to the implementa-
tion of the protocol revision. The small sample size 
of the entire population as well as subgroups and the 
non-normally distributed data may have increased 
the risk of both type I and type II errors. The retro-
spective nature of this study also leads to the poten-
tial for bias. An additional limitation was a relatively 
young, healthy patient population with normal to 
above-average renal function observed, which limits 
the applicability of these data to other patient popu-
lations. The relatively short duration of therapy may 
have been responsible for the lack of vancomycin 
accumulation beyond the first steady-state concentra-
tion. Treatment outcomes and culture data were not 
assessed due to the largely short and empiric courses 
of therapy. 

This revised dosing strategy led to 35.4% of 
patients achieving a goal trough concentration, with 
the majority (56.3%) of the patients having concen-
trations that fell in the subtherapeutic range. This 
potentially places patients dosed by this protocol 
at risk for treatment failures as well as the develop-
ment of vancomycin-resistant organisms, although 
these parameters were not assessed in this study. Very 
few supratherapeutic troughs (8.3%) were observed, 
and only one case of nephrotoxicity was observed. 
No trough concentrations greater than 30 mcg/mL 
were observed, suggesting that this dosing strategy 
poses little harm to patients, potentially as a result 
of the majority of troughs being subtherapeutic. Our 
study indicated that CrCl less than 100 mL/min and 
age greater than 45 years were associated with the 
attainment of therapeutic trough concentrations. 

These variables were found to have a statistically sig-
nificant relationship, although the r values observed 
represented weak correlations. As a result, the value 
of one variable cannot be used to reliably predict the 
value of another. As such, the clinical impact of this 
relationship cannot be assessed. Our findings suggest 
that age and renal function may contribute to attain-
ment of target trough concentrations in our patient 
population. A dosing strategy more consistent with 
the IDSA guideline recommendations of a 15 mg/kg  
maintenance dose may represent a potential revision 
to our dosing protocol for patients younger than 
45 years and with CrCl greater than 100 mL/min.  
Weight and percentage of TBW above IBW did not 
significantly influence the trough concentration 
obtained, suggesting that the degree of morbid obe-
sity does not play a role in attainment of therapeutic 
trough concentrations. 

This new vancomycin dosing protocol achieved 
therapeutic troughs in 35.4% of patients at a large, 
urban, academic medical center. Younger patients 
(<45 years old) and patients with average or above-
average renal function, defined as CrCl greater 
than 100 mL/min, may have difficulty obtain-
ing goal troughs when utilizing this conservative 
dosing strategy. Further studies including larger 
patient populations and differing dosing strategies 
are warranted. 
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