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INTRODUCTION 

Intensive care unit (ICU)-acquired weakness can result from catabolism, immobility, and 

critical illness polymyoneuropathy and is of significant consequence to long-stay critically ill 

patients [1]. Despite recent advances in prevention through rehabilitation and nutrition, it is 

estimated that one-quarter to one-half of long-stay ICU survivors live with significant weak-

ness as a consequence of their illness, resulting in impaired mobility and function [2,3]. The 

loss of lean body mass in critical illness is related to prolonged catabolism, immobility, and 

critical illness polymyoneuropathy, but it is also associated with an imbalance between cata-
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bolic and anabolic hormones [4-6]. Testosterone level in crit-

ically ill patients is extremely low, even in the recovery phase 

from acute illness [7,8]. One potential treatment is to provide 

anabolic support in the recovery phase from prolonged critical 

illness [9].  

Anabolic steroids stimulate protein and muscle synthesis. 

The synthetic anabolic steroids nandrolone and oxandrolone 

exhibit significantly greater selectivity for myotropic proper-

ties, with minimal androgenic effects, potentially minimising 

adverse outcomes [10]. Testosterone and oxandrolone have 

been shown to have beneficial effects on muscle catabolism in 

patients with burns [11]. Wischmeyer et al. [12]  suggested that 

while oxandrolone combined with structured exercise show 

clinical benefit, these trials have not been conducted in non-

burn ICU populations. Nandrolone has been used successfully 

in a randomized controlled trial to reverse weight loss in hu-

man immunodeficiency virus/acquired immunodeficiency 

syndrome patients and in patients with chronic obstructive 

pulmonary disease to improve respiratory function and mus-

cle wasting [13-15]. One small study has suggested nandrolone 

to be beneficial for patients recovering from critical illness [16]. 

This phase II, randomised, controlled trial was designed to 

explore the feasibility, safety, and potential benefits of nan-

drolone on muscle strength and recovery from critical illness. 

The primary objective of this trial was to assess whether nan-

drolone can improve muscle strength and functional recovery 

in deconditioned ICU patients. 

MATERIALS AND METHODS 

This investigator-initiated study was a placebo controlled, 

randomised clinical trial conducted in two adult tertiary ICUs 

in Western Australia between September 2017 and May 2019. 

The study was approved by the Sir Charles Gairdner and 

Osborne Park Hospital Human Research Ethics Committee 

(RGS0000001841). A prospective registration of the trial was 

made on ANZ Clinical Trials Registry, and a clinical trial noti-

fication was sent to the Therapeutic Goods Administration of 

the Australian Department of Health (CT-2016-CTN-02891). 

Patients provided written informed consent to participate in 

the trial. 

Adult patients were eligible to participate if they had been 

admitted to the ICU for more than 7 days and had significant 

weakness as deemed by the treating clinician or weight loss 

(defined as body mass index <20 kg/m2 or greater than 10% 

weight loss in the previous 6 months) as a result of the ICU stay 

or pre-intensive care condition. Patients needed to be able to 

participate in physiotherapy and to be receiving nutrition at 

an estimated goal rate for at least 3 days prior to enrolment. 

Exclusion criteria were inability to consent, intercurrent septic 

shock (defined as infection requiring vasopressor support), 

prostate or breast cancer, active cardiac disease (myocardial 

infarction in the previous 2 weeks or ejection fraction <35%), 

ongoing non-curable reason for catabolic state (such as active 

malignancy, HIV with opportunistic infection, or inadequate 

nutritional intake), normal baseline level of serum testoster-

one, pregnancy, nephrotic syndrome (proteinuria >3 g/day) 

or elevated liver function test (alanine aminotransferase >5× 

normal), and impaired bilirubin excretion. 

Patients were screened based on length of stay in the ICU 

and routine strength assessments conducted by the unit 

physiotherapy team. After applying the inclusion/exclusion 

criteria, patients were approached for consent by a member of 

the research team. Participants were randomised at a 1:1 ratio 

to receive nandrolone or placebo using a computer-generated 

randomisation list. The randomisation list was generated by an 

independent statistician, stratified by site and provided direct-

ly to the pharmacist responsible for preparing the study drug. 

As a double blind, randomized, controlled trial, the clinical 

teams, research staff, and patients were blinded to treatment 

allocation. To ensure blinding at administration, both the pla-

cebo (sterile water) and study drug were prepared in masked 

syringes (covered in aluminium foil) so that the contents were 

not visible to the person administering the treatments.  

Intramuscular doses of nandrolone or placebo were ad-

ministered into the lateral thigh weekly for up to a total of 

three doses. Female participants received 100 mg and males 

received 200 mg. Dose selection was based on our previous 

experience, as well as published data from other patient pop-

ulations, and the duration was based on the likelihood of the 

■ The use of nandrolone was safe in patients in the recovery 
phase of prolonged critical illness (>7 days) in this pilot, 
randomized, controlled trial.

■ There was no benefit of nandrolone in terms of muscle 
strength after 3 weeks, but a non-significant trend was ob-
served towards improved physical functioning based on 
36-item short form survey.

■ A larger study is needed to definitively address the poten-
tial benefits of nandrolone in a similar cohort.

KEY MESSAGES
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patients remaining in hospital for ongoing administration and 

measurements [13,16,17]. The first dose was administered 

while the patient was still in the ICU, but the subsequent doses 

could be given when the patient had gone to the ward. The 

study drug was only administered if the patient was still in hos-

pital, and not all patients received three doses. 

No other changes to standard clinical management of these 

patients occurred. Improvements in critical illness weakness 

also might result from changes in physical therapy or nutrition. 

Estimates of daily caloric and protein intake were recorded by 

dietitians using food intake records, and duration of physical 

therapy received was recorded. The ICUs had dedicated phys-

iotherapists, and early rehabilitation was encouraged. 

The primary outcome measures were improvements in 

strength measures of grip strength as measured by hand dyna-

mometry, Medical Research Council (MRC) muscle strength 

sum score (sum of muscle strength from 0–5 in six muscle 

groups on both sides; sum score range, 0–60), and functional 

activity level using the Chelsea critical care assessment tool 

(CPAx, a 10-item bedside functional assessment) [18]. Hand 

dynamometry, MRC, and CPAx assessment scores were 

measured by trained physiotherapists. Secondary outcome 

measures were change in body weight, mid-arm circumfer-

ence, ultrasound-measured quadriceps muscle thickness, and 

length of ICU and hospital stays. Ultrasound measurements 

were performed by two trained clinicians using previously 

described protocols [19]. All measurements were performed 

at baseline and weekly until discharge. The MRC and CPAx 

assessment scores were measured up to hospital discharge, 

whereas the intensive care mobility scale (IMS; ranges from 0 

(immobile in bed) to 10 (walking independently)) was mea-

sured until discharge from the ICU. Safety considerations 

included targeted monitoring of renal and liver function, lipid 

profile, and screening for new onset heart failure; virilisation; 

and polycythaemia. A follow-up phone call at 3 months follow-

ing discharge was conducted to assess the patient’s functional 

state using the 36-item short form survey (SF-36) score. 

As a phase II pilot study, an a priori sample size calculation 

to detect a specific effect size difference was not undertaken. 

Descriptive statistics were based on frequency distributions 

for categorical data and on means, standard deviations, me-

dians, interquartile ranges, and ranges for continuous data. 

Group comparisons were based on treatment groups. Uni-

variate analysis included chi-square and Fisher exact tests, as 

appropriate, for categorical comparisons and Mann- Whitney 

U-tests and t-tests for comparison of continuous outcomes. 

Ventilation and length of stay duration were estimated using 

Kaplan-Meier survival probabilities, with log-rank tests used to 

test group differences. Linear mixed models incorporating ran-

dom subject effects were used to examine group differences in 

nutritional, physical rehabilitation, and hormonal measures at 

days 1, 7, 14, and 21 days and in pre-post MRC, CPAx, and IMS 

scores. 

Results are summarised as predicted marginal mean and 

corresponding 95% confidence interval. Outcome variables 

were dichotomised according to accepted cut-offs (MRC score 

<48=ICU-acquired weakness, CPAx score ≤18=at risk of phys-

ical disability on discharge [20], and IMS score of 8 [walking 

with one item of assistance]). Statistical analysis was conduct-

ed using Stata 16.0 (StataCorp., College Station, TX, USA) and 

IBM SPSS ver. 26.0 (IBM Corp., Armonk, NY, USA). All hypoth-

esis tests were two-sided, and P-values <0.05 were considered 

statistically significant. 

RESULTS 

A total of 22 patients was enrolled in the study (21 at Sir 

Charles Gairdner Hospital and 1 at Royal Perth Hospital), with 

11 in each group (Figure 1). Baseline characteristics are out-

lined in Table 1. Patients received their first dose of nandrolone 

on average at day 15 after ICU admission. Despite randomisa-

tion, there were some differences in the baseline mobility and 

strength characteristics between the two groups. While these 

might have occurred due to chance, the MRC sum score (40.5 

vs. 28.2, P=0.001), CPAx tool score (24.7 vs. 14.8, P=0.011), IMS 

score (5.1 vs. 2.7, P=0.005), and grip strength (9.6 vs. 3.4 on the 

right, P=0.165) were all higher in the nandrolone groups at 

baseline (Table 1, Supplementary Table 1). Table 2 outlines the 

treatments received in the rehabilitation period, with the pla-

cebo group receiving more calories, protein, and physiothera-

py input. 

Table 3 shows the improvement in strength in the two 

groups. The MRC score change over time (from baseline to 

end measurement) was significantly lower in the nandrolone 

group (17.6 vs. 9.3, P=0.001). The median grip strength change 

was greater in the nandrolone group but without significance 

(8.5 vs. 13.0, P=0.185). The CPAx score and the discharge IMS 

score were higher in the nandrolone group, although there 

was no significant difference in the change in CPAx score from 

baseline to discharge (17.0 vs. 17.7, P=0.865). 

More patients were discharged home in the nandrolone 

group than the placebo group (6 vs. 0). The lengths of ICU stay 
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(23 vs. 12 days) and hospital stay (36 vs. 26 days) and mechan-

ical ventilation (377 vs. 168 hours, P=0.032) were all shorter in 

the nandrolone group, but with no difference in hospital or 90-

day survival in either group. Figure 2 shows the Kaplan-Meier 

curves for length of hospital stay, which was significantly 

shorter in the nandrolone group (Log-rank test P=0.023). 

Supplementary Table 1 outlines the changes in ultra-

sound-measured quadriceps thickness, weight, and biceps 

diameter over time. While there was a significant difference 

between the groups in terms of grip strength, when an interac-

tion effect was calculated for the rate of change over time, this 

difference was no longer significant (P interaction=0.185). This 

was unchanged when adjusted for caloric and protein intake 

(P=0.182). 

The SF-36 results were available for 16 patients at 3 months 

after enrolment. Supplementary Table 2 outlines the results 

by domain. All but three patients (in the nandrolone group) 

were living independently prior to hospitalisation. There was 

a non-significant trend towards improved physical function-

ing (56.6 vs. 40.7, P=0.32) reduced limitations due to physical 

functioning (58.3 vs. 17.9, P=0.076), and reduction in pain (77.6 

vs. 47.4, P=0.065) in the nandrolone group but no changes in 

the other domains. We did not detect any adverse effects from 

nandrolone in the monitored blood parameters (renal, liver 

function, and lipids) (Supplementary Table 1). We did not 

record any other pre-specified significant adverse events with 

regards to cardiac failure or virilisation. 

In terms of the feasibility of the study, Table 2 outlines the 

number of doses of study drug received in the two groups: sev-

en of the patients in the nandrolone group received two doses, 

whereas seven of the placebo group received three doses. All 

patients received at least one dose. One hospital only enrolled 

one of the 22 patients in the trial. This appeared to be a result 

of their case-mix, whereby their long-stay patients were pre-

Figure 1. Consort diagram. ICU: intensive care unit; SF-36: 36-item short form survey.
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1 Deteriorated prior consent
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dominantly either spinal or head injury patients and were ex-

cluded from enrolment. 

DISCUSSION 

This study suggests that administration of nandrolone to pa-

tients with ICU-acquired weakness is both safe and feasible. 

There were no significant adverse events detected, and all en-

rolled patients were followed to the primary outcome without 

loss to follow-up. In examining for a sign of improved muscle 

strength, there were no consistent significant differences in 

the primary outcomes between the two groups. Although 

the MRC score change was greater in the placebo group, the 

other co-primary outcomes showed no significant difference. 

This finding is in line with a recent paper that examined the 

use of testosterone in patients with head injury who showed a 

non-significant improvement in grip strength and functional 

independence compared with placebo patients [21]. 

The cohort of patients in the current study appears to be 

representative of patients with ICU-acquired weakness. They 

had significant weakness, with baseline grip strength readings 

consistent with accepted cut-offs for ICU-acquired weakness 

and MRC scores well below 48 [22]. In keeping with the biolog-

ical plausibility of providing anabolic steroids, these patients 

were testosterone deficient [8].  

In the nandrolone group, more patients were discharged 

home from the hospital, with higher discharge CPAx and MRC 

scores. The SF-36 scores in pain and limitations due to phys-

ical functioning at 3 months were higher in the nandrolone 

group. However, as secondary outcomes, these findings can 

only be hypothesis generating and are not reflected by the 

other outcome measures. The increase in MRC score (change) 

was greater in the placebo group, and while grip strength 

change was greater in the nandrolone group, the difference 

was not significant. This might reflect the absence of resistance 

exercise in the rehabilitation program, which is a potential 

component of muscle hypertrophy [23].  

We considered that use of ultrasound might have been able 

to detect more subtle changes in muscle size [19,24]. The lack 

of change seen might be because the duration of observation 

was not long enough to detect changes in muscle size, nan-

drolone did not accelerate muscle growth compared with pla-

cebo, or changing fluid status in recovering patients affected 

the readings. Muscle wasting in the ICU occurs early (in the 

first 1–2 weeks), and a recent study showed no correlation 

between caloric or protein debt and muscle thickness over 1 

week [25]. 

This trial appeared to be feasible, although several aspects 

need to be examined further. For safety reasons, we set the 

Table 1. Baseline characteristics of study participants by treatment 
group

Characteristics Placebo 
(n=11)

Nandrolone 
(n=11)

Demographics
 Female 5 (45.5) 4 (36.4)
 Age (yr) 62.7±11.9 69.7±9.6
 BMI (kg/m2) 26.9±5.9 26.9±7.4
  <18.5 kg/m2 1 (9.1) 2 (18.2)
  >30 kg/m2 4 (36.4) 4 (36.4)
 Residence prior to admission
  Own home 11 (100) 8 (72.7)
  Supports at home 0 3 (27.3)
 APACHE III score 37.8±14.7 41.6±37.8
 Duration of ICU admission prior to 

enrolment (day)
15.2±7.6 14.2±9.5

Indication for ICU admission
 Post-general surgical 4 (36.4) 4 (36.4)
 Neurological 2 (18.2) 1 (9.1)
 Respiratory 3 (27.3) 0
 Cardiovascular 2 (18.2) 1 (9.1)
 Post-cardiac surgery 0 3 (27.3)
 Renal failure 0 1 (9.1)
 Toxicological 0 1 (9.1)
Testosterone levela

 Male 3.2±3.8 3.0±1.3
 Female 1.0±0.7 0.5±0.3
Baseline physical score (at enrollment)
 Mid-arm circumference (cm)
  Right 27.6±5.0 27.2±6.1
  Left 27.4±4.4 27.3±5.8
 MRC sum score 28.2±14.5 40.5±8.2
 CPAx score 14.8±7.5 24.7±8.9
  CPAx score ≤18 (at risk) 6 (54.5) 4 (36.4)
 IMS score 2.7±1.3 5.1±1.9
  IMS score <8b 10 9
 Grip strength
  Left 2.9 (0.4–7.3) 6.5 (2.8–10.2)
  Right  3.4 (0.3–6.2) 9.6 (3.2–12.0)

Values are presented as number (%), mean±standard deviation, or median 
(interquartile range).
BMI: body mass index; APACHE: Acute Physiology and Chronic Health 
Evaluation; ICU: intensive care unit; MRC: Medical Research Council; CPAx: 
Chelsea critical care assessment tool; IMS: intensive care mobility scale.
aNormal range: males 10–35 nmol/L, females < 2 nmol/L; bIMS 8: walking 
with one assist.
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time of enrolment at the point when the initiating critical 

illness had resolved and when the patient was entering the 

recovery phase. Not all patients identified were able to partic-

ipate because their ability to perform physical rehabilitation 

varied. This produced a variable and patient-dependent enrol-

ment time. The requirement for ICU admission of greater than 

7 days could potentially be reduced to 5 days or more than 3 

days of mechanical ventilation to increase the potential pool 

of patients for recruitment. A future study should also increase 

the number of participating sites and examine the underlying 

Table 2. Treatments received during rehabilitation period
Variable Placebo Nandrolone P-value
Corticosteroid use 3 (27.3) 1 (11.1) 0.590
Calorie intake (kJ) 1,857±465 1,259±349 0.003
Protein intake (g/day) 85.7±20.8 59.3±18.9 0.005
Duration of physiotherapy received (min) 240 (173–500) 135 (85–240) 0.067
Number of doses received 0.062
 1 2 2
 2 2 7
 3 7 2

Values are presented as number (%), mean±standard deviation, or median (interquartile range).

Table 3. Primary and secondary outcomes
Outcome Placebo Nandrolone P-value
Primary outcome, mean (95% CI)
 MRC changea 17.0 (12.3–21.7) 9.3 (5.0–13.6) 0.017
 Grip strength change (R+L)b 8.5 (3.9–13.1) 13.0 (8.1–17.9) 0.185
 Grip strength change (R+L) adjusteda,b 8.4 (3.8–13.0) 12.9 (8.0–17.8) 0.182
 ICU mobility score changea 3.0 (1.8–4.2) 3.5 (2.3–4.6) 0.614
 CPAx score changea 17.0 (11.5–22.4) 17.7 (12.3–23.2) 0.865
Secondary outcome
 Length of invasive ventilation (hr), median (IQR) 377 (189–454) 168 (166–305) 0.032
 ICU length of stay (day), median (IQR) 23 (16–27) 12 (10–15) 0.065
 Hospital length of stay (day), median (IQR) 36 (28–38) 26 (20–27) 0.023
 ICU readmission rate 3 (30) 1 (11) 0.582
 ICU survival 9 (82) 11 (100) 0.476
 90 Day survival 9 (82) 11 (100) 0.476
 Discharge destination 0.010
  Home 0 6 (54)
  Other (rehab/other hospital) 9 (82) 5 (45)
  Death in hospital 2 (18) 0
 Discharge MRC sum score 42.7±13.4 49.8±7.6 0.006
  MRC sum score ≥48 4 (36.4) 6 (54.5) 0.673
 Discharge ICU mobility scale score 5.8±2.2 8.4±1.7 0.005
  IMS score ≥8 (walking with one assist) 3 (27.3) 6 (54.5) 0.637
 Discharge CPAx score 31.6±11.1 42.8±6.0 0.011
  CPAx score >18 7 (63.6) 8 (72.7) 0.471

Values are presented as number (%) or mean±standard deviation unless otherwise indicated. P-value for primary outcomes reflect the interaction effect of 
change over time.
CI: confidence interval; MRC: Medical Research Council; R+L: right+left; ICU: intensive care unit; CPAx: Chelsea critical care physical assessment tool; IQR: 
interquartile range; IMS: intensive care mobility scale.
aAdjusted measurements adjust for calorie and protein intake; bChange relates to difference from baseline measurement at enrolment, to last measured score 
prior to discharge. For data outlining baseline and end results, see Supplementary Table 1.
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case-mix to ensure sufficient patients enrolment (such as pa-

tients with severe sepsis). Since completion of this study, the 

authors have set up a follow-up clinic for survivors of critical 

illness, which will assist with better follow-up of patients and 

routine assessment of SF-36 outcomes at 3 months. 

In setting up the trial, we aimed to measure the traditional 

components of ICU recovery: nutrition and physical rehabil-

itation. Early rehabilitation and dietitian review are standard 

practices in the participating centres. Of note, the placebo 

group received greater calorie and protein replacement, as 

well as more physiotherapy time, making it harder to separate 

the contribution of nandrolone to patient recovery. We hy-

pothesise that, since the placebo group had a longer duration 

of mechanical ventilation, they also more likely had a longer 

duration of nasogastric enteral feeding, which made it easier 

to achieve nutritional targets (especially in recently extubated 

patients), and longer duration of physiotherapy as they were 

receiving ventilator weaning assistance. 

There are several limitations to this study. This was a small 

study, and while statistical significance has been shown for 

several outcomes, it is important not to place too much im-

portance on these results. Furthermore, there appears to be 

a degree of mismatch in the underlying characteristics of the 

enrolled patients. At baseline, the placebo group (which ended 

up having a longer duration of mechanical ventilation) had 

lower MRC, CPAx, and IMS scores. The differences in length of 

stay are likely to reflect these baseline differences rather than 

the effects of nandrolone. Nonetheless, accounting for the 

heterogeneity of patients with ICU-acquired weakness is an 

important consideration. Second, the patients were predomi-

nantly enrolled from one ICU. Third, as a pilot study, there was 

not sufficient power to detect differences between the groups 

but rather to test the feasibility of the protocol and establish 

pilot data to guide further studies. Finally, this study did not 

address the optimal dosing schedule and dose. We elected to 

provide up to three doses based on estimates of patient hos-

pital stay. A more prolonged course of nandrolone might be 

more beneficial, as used by the authors in different settings, 

and combined with resistance exercise to promote muscle 

growth [13,26]. Indeed, a single dose of nandrolone has not 

been shown to attenuate muscle atrophy during disuse [27].  

In summary, the Growth and Anabolism in Intensive Care 

Survivors (GAINS) study indicates that administration of nan-

drolone to survivors of critical illness and follow-up of their 

outcomes are feasible. A larger study, potentially also with a 

longer duration of nandrolone administration, is needed to 

definitively address the potential benefits of nandrolone. 
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