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Abstract

Background: The effect of cytomegalovirus (CMV) reactivation on the length of mechanical ventilation and mortality
in immunocompetent ICU patients requiring invasive mechanical ventilation remains controversial. The main objec-
tive of this study was to determine whether preemptive intravenous ganciclovir increases the number of ventilator-
free days in patients with CMV blood reactivation.

Methods: This double-blind, placebo-controlled, randomized clinical trial involved 19 ICUs in France. Seventy-six
adults > 18 years old who had been mechanically ventilated for at least 96 h, expected to remain on mechanical
ventilation for> 48 h, and exhibited reactivation of CMV in blood were enrolled between February 5th, 2014, and
January 23rd, 2019. Participants were randomized to receive ganciclovir 5 mg/kg bid for 14 days (n =39) or a match-
ing placebo (n=37).

Results: The primary endpoint was ventilator-free days from randomization to day 60. Prespecified secondary out-
comes included day 60 mortality. The trial was stopped for futility based on the results of an interim analysis by the
DSMB. The subdistribution hazard ratio for being alive and weaned from mechanical ventilation at day 60 for patients
receiving ganciclovir (N=39) compared with control patients (N=37) was 1.14 (95% Cl from 0.63 to 2.06; P=0.66).
The median [IQR] numbers of ventilator-free days for ganciclovir-treated patients and controls were 10 [0-51] and 0
[0-43] days, respectively (P=0.46). Mortality at day 60 was 41% in patients in the ganciclovir group and 43% in the
placebo group (P=.845). Creatinine levels and blood cells counts did not differ significantly between the two groups.

Conclusions: In patients mechanically ventilated for > 96 h with CMV reactivation in blood, preemptive ganciclovir
did not improve the outcome.
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Introduction

It is generally reported that 60 to 80% of immunocompe-

tent adults are human cytomegalovirus (CMYV) seroposi-

tive [1, 2]. Following primary infection (asymptomatic
*Correspondence: laurent.papazian@ap-hm.fr or with nonspecific signs and symptoms), CMV remains
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critically ill patients are at risk of reactivation [3]. A
recent meta-analysis of 18 studies involving 2398 immu-
nocompetent patients showed that 31% of intensive care
unit (ICU) patients may experience CMV reactivation,
regardless of the site (blood or lung) of reactivation [4].
CMYV reactivation may cause injury by different mecha-
nisms: by a direct cytopathologic effect in organs con-
taining the virus, such as occurs during CMV pneumonia
[5-7]; by an excessive immune response to the virus,
such as what is hypothesized to happen in ARDS patients
[8]; and/or by altering the immune response facilitating
fungal and bacterial infections [9-12]. Regarding the pro-
inflammatory properties of CMYV, it has been shown that
CMYV can enhance the progression of postaggressive lung
fibrosis [13]. However, there is no convincing data to sup-
port the use of antiviral treatment when CMYV is detected
in non-immunocompromised critically ill patients. The
pathogenicity of CMV in immunocompetent critically
ill patients is also questionable because based on epide-
miological noninterventional studies, reactivation might
only be an indicator of immune response impairment
and illness severity not necessitating diagnostic proce-
dures and treatment. An interventional trial aiming to
determine whether antiviral therapy is safe and effective
for preventing CMV reactivation showed that valacy-
clovir or low-dose valganciclovir were able to decrease
CMV reactivation in a general population of critically ill
patients [14]. The duration of mechanical ventilation was
not assessed, and increased mortality was reported for
the valacyclovir group [14]. A multicenter double-blind,
placebo-controlled, randomized clinical trial conducted
in 160 CMV-seropositive adults with either sepsis or
trauma and respiratory failure concluded that the pro-
phylactic use of ganciclovir was able to reduce CMV
reactivation and increase the number of ventilator-free
days, but was unable to lower interleukin-6 levels (main
objective) [15]. To reduce the number of patients receiv-
ing ganciclovir, which is a drug associated with some side
effects, it would be of interest to limit the administration
of this treatment to patients presenting reactivation with-
out any sign of end-organ disease. The present study was
therefore designed to assess whether preemptive ganci-
clovir is able to increase the number of ventilator-free
days in patients with CMYV reactivation in blood after at
least 4 days of invasive mechanical ventilation.

Materials and methods

Study design

This randomized, multicenter, double-blind, placebo-
controlled trial was conducted in 19 ICUs in France (from
February 5th, 2014, to January 23rd, 2019) (Trial regis-
tration—ClinicalTrials.gov  Identifier NCT02152358).
The sponsor was the Assistance Publique—Hopitaux
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de Marseille, and a grant was obtained from the French
Ministry of Health (PHRC 2011). An independent Eth-
ics Committee (Comité de Protection des Personnes Sud
Meéditerranée 5) approved the protocol and the amend-
ments. Study sites and investigators are listed in the
Appendix. The trial protocol has already been published
(Additional file 1) [16].

During the study period, potentially eligible patients
(i.e., those under invasive mechanical ventilation
for>96 h) were screened twice weekly for CMV and
herpesvirus simplex (HSV) reactivations, respectively,
with quantitative or qualitative polymerase chain reac-
tions (PCR) on whole blood or oropharyngeal swabs col-
lected the same day for as long as the patients remained
under invasive mechanical ventilation with a maximum
of 30 days of mechanical ventilation. Patients with CMV
blood reactivation or concomitant HSV oropharyngeal
reactivation and CMV blood reactivation were eligi-
ble for the CMYV trial, whereas patients with HSV oro-
pharyngeal reactivation were eligible for the HSV trial.
The results of the study related to HSV-positive patients
(HSV trial) have been recently published [16]. We report
here the results of the CMV trial. Once the patient was
included in the trial, the systematic PCR results were
no longer transmitted to the clinicians (unless the clini-
cian specifically asked for them when there was a sus-
pected active infection). Patients could not be included
in another study. Patients and/or their relatives were
informed of this screening until December 2015, when
screening became routine care, and French law rendered
informing them no longer necessary.

Study participants

Patients who were at least 18 years of age, had been
mechanically ventilated for at least 96 h with a pre-
dicted mechanical ventilation duration longer than 48 h,
had CMV-positive whole blood and provided written
informed consent from the patient or his/her legally
authorized representative were eligible for enrollment.
Finally, the patient’s follow-up informed consent was
obtained as soon as possible. Exclusion criteria were as
follows: age <18 years; patients deprived of freedom or
under legal protection; patients not covered by social
security; use of acyclovir, ganciclovir or another antiviral
with anti-HSV/CMYV activity (e.g., cidofovir or foscarnet)
at the time of randomization; patients with known hyper-
sensitivity to ganciclovir; patients who had an active HSV
or CMV infection treated during the preceding month;
patients who were pregnant or lactating; patients with
pancytopenia, neutropenia<500/mm?, or thrombo-
cytopenia<25 G/L; patients with solid-organ or bone
marrow transplants; patients on immunosuppressant
therapy (including corticosteroids at>0.5 mg/kg/day of
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prednisone or its equivalent for >1 month); patients with
human immunodeficiency virus infection; patients with
moribund conditions defined as a preinclusion Simplified
Acute Physiology Score (SAPS) I1 > 75; patients regarding
whom a decision had been made to withhold or withdraw
life-sustaining treatment; and patients with an ICU read-
mission during the same hospital stay.

DNAemia

“DNAemia” was defined as the detection of CMV DNA
in whole blood. The nucleic acid amplification techniques
used in all sites were calibrated to a standard calibrator,
which was the WHO International Standard for Human
CMYV [17]. A threshold set at 500 IU/mL whole blood
was chosen as the inclusion criterion (close to the limit of
detection at the time the study was designed).

Randomization

A centralized, secure, web-based, randomization system
using minimization assigned patients at a 1:1 ratio, with
stratification by study site, prerandomization invasive
mechanical ventilation duration (<14 or>14 days) and
number of organ failure(s) split into 2 levels:<2 or>2
organ failures according to the SeqSequential Organ-
Failure Assessment [18] (SOFA) score. A specific organ
failure was defined by the corresponding SOFA score > 2.

Study interventions

Patients were randomized to receive ganciclovir admin-
istered intravenously in 1 h at a dose of 5 mg/kg or a
matching placebo (control group) preparation every
12 h for patients with normal renal function (creati-
nine <120 pumol/l) and for a maximum total duration of
14 days. For extubated patients discharged from the ICU
before day 14 post-randomization, the study agent was
stopped at discharge. Ganciclovir doses were adjusted to
renal function according to the manufacturer’s recom-
mendations. Placebo and ganciclovir were conditioned
in similar bottles that were distributed post-randomiza-
tion and reconstituted in glucose solution by the nurses
before each administration. By February 2016, 37
patients had been included, and the placebo-batch dates
had surpassed the expiration. The independent Ethics
Committee approved trial modification of the placebo-
and ganciclovir-distribution procedure. To maintain
the blinded-study design for ICU personnel, the hospi-
tal pharmacy or a nurse from a different unit reconsti-
tuted and distributed ganciclovir- or placebo-containing
glucose bags daily to ICU nurses treating the patients
throughout the study period. Criteria to interrupt the
ganciclovir treatment or its placebo were the presence of
leukopenia < 1000/mm? and/or neutropenia <500/mm?
and/or thrombocytopenia <25 G/L.
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Study outcomes

The primary outcome was the number of ventilator-free
days at day 60 (VFD60) from randomization, i.e., days
alive and free from invasive mechanical ventilation [19].
For patients who died before day 60, that number was
zero, regardless of invasive mechanical ventilation dura-
tion. For patients with multiple mechanical ventilation
episodes during the 60-day follow-up period, days with-
out invasive mechanical ventilation were considered only
after the last weaning-off invasive mechanical ventila-
tion. Secondary outcomes included the day-60 mortality
rate; mechanical ventilation duration; occurrence of HSV
bronchopneumonitis or active cytomegalovirus infection;
secondary bacterial pneumonia, bacteremia or fungemia;
incidence of acute respiratory distress syndrome (ARDS)
and septic shock post-randomization. Active CMV infec-
tion was defined by the presence of an antigenemia> 10
cells/200 000 cells and/or a positive qualitative PCR on
BAL and/or the presence of IgM WITH associated clini-
cal or biological symptoms (transaminases>3 times the
norm) (digestive = positive biopsy). The main safety end-
points were myelotoxicity and acute renal failure.

Data safety monitoring board

Safety oversight was under the direction of an independ-
ent Data Safety Monitoring Board (DSMB). The DSMB
convened by teleconferencing or in person at 25%, 50%
and 75% of enrollment to review adverse events or earlier
if so needed. The DSMB might be questioned for other
logistical, ethical, and clinical points.

Statistical analysis

According to a previous study evaluating Herpesviridae
reactivation in patients with prolonged invasive mechani-
cal ventilation, the expected standard deviation (SD) of
ventilator-free days for controls was=+20 days [20]. We
hypothesized that preemptive ganciclovir administra-
tion could increase the number of ventilator-free days
by 8 days. To have 80% power with a 5% alpha level, 112
patients had to be included per group (after applying a
correcting coefficient of 0.864 to adjust for asymptotic
test efficiency). To account for potential losses to follow-
up, that number was raised to 120 per group, meaning
240 patients had to be included. The statistical analysis
plan specific to the CMV arm detailed all the scheduled
methodological approach (Additional file 2).

The primary outcome was first analyzed according
to the Fine & Gray competitive risk model [21] (pri-
mary analysis), with death as the competitive risk. The
results are presented as the subdistribution hazard ratio
(SHR) and the 95% confidence interval (95% CI) effect
size. Complementary results (secondary analyses) were
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provided for the primary outcome: (i) VFD60 median
comparison between groups (Mann—Whitney test); (ii)
hierarchical composite endpoint (alive and ventilator
free) that considers death worse than prolonged ventila-
tion and compares each patient with every other patient
in a win—lose—tie for each comparison (Mann—Whitney
test) [22-24].

Data are expressed as the median [interquartile range
(IQR)] or mean (*standard deviation, SD), as appropri-
ate. Between-group comparisons used Student’s t-test or
the Mann—Whitney U-tests for continuous variables and
x> or Fisher’s exact tests for categorical variables. Cen-
sored outcomes (time to death and time to weaning-off
mechanical ventilation) were described with the Kaplan—
Meier method, with between-group log-rank—test com-
parisons. The main analyses were conducted on an
intention-to-treat basis. All analyses were computed with
IBM SPSS statistics 20, R software, version 3.5.1 (R Foun-
dation) at a two-sided, 5% alpha level.

Non-prespecified metanalyses were finally performed
for three endpoints taking into account two already pub-
lished randomized clinical trials [14, 15] and the present
one. Day 28 mortality and hospital mortality were ana-
lyzed using odd ratios (95% CI), defined as the ratio of the
probability of an event occurring between two groups.
Ventilator-free days to day 28 were analyzed using stand-
ardized means difference (standard error), expressing the
size of the intervention effect (means and standard devia-
tions were estimated from the medians and interquartile
ranges) [25, 26]. We used fixed effects [27] and random
effects models [28], which account for the between-study
heterogeneity by weighting studies similarly. Heterogene-
ity was assessed using the I statistic, which represents
the percentage of variance due to between-study factors
rather than to sampling error [29]. We considered values
of I?>50% as indicative of large heterogeneity.

Results

Due to a large gap between the theoretical and real
inclusion curves and also the budget implications, the
sponsor solicited the independent DSMB. The DSMB,
in agreement with the sponsor, asked therefore to have
results for the primary endpoint. Based on this report,
the DSMB wanted unblinding to determine continua-
tion or to stop the study. After breaking the randomiza-
tion code, the DSMB recommended to stop the trial for
futility after the interim analysis had concluded that at
least 822 patients would have been necessary to show
a difference between the two groups. The trial was
therefore stopped on May 15th, 2019. Among the 2809
patients screened for HSV and cytomegalovirus, 76
were randomized (Fig. 1). There was no consent with-
drawal, and all 76 patients remained in the analysis:
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2809 Adult patients ventilated > 96 hrs
screened for CMV reactivation

2733 Excluded
1783 Extubated or died before
positivity
205 Care withdrawal decided
201 No family to give consent
344 Included in another study
105 SAPS Il score >75
70 Refused their consent
25 Eligible but not
randomized

39 Randomized to
ganciclovir

37 Randomized to
placebo

39 Included in the
primary analysis

37 Included in the
primary analysis

Fig. 1 Flowchart of the study

39 ganciclovir recipients and 37 placebo-treated con-
trols. The baseline characteristics at ICU admission
(Table 1) did not differ between the two groups. Their
characteristics at randomization were also comparable
(Table 2). The median [IQR] prerandomization dura-
tion of mechanical ventilation was 15.0 [10.0-22.0]
days in the placebo group and 14.0 [9.0-22.0] days for
the ganciclovir group (P=0.925). The modified clini-
cal pulmonary infection score at randomization was
5.8 £2.3 in the placebo group and 5.4+ 2.4 in the gan-
ciclovir group (P=0.501). The median [IQR] quantity
of CMV was 1760 [1031-3344] IU/ml in the placebo
group compared with 1915 [1120-3105] IU/ml in the
ganciclovir group (P=0.763).

Study drug

All patients received at least one study-agent dose. The
median [IQR] treatment durations were similar (Table 3).
Thirty-nine patients (18 ganciclovir recipients and 21
controls) stopped the study agent earlier than scheduled.
Reasons for discontinuation for ganciclovir recipients
and controls were 16 deaths (9 and 7), 15 ICU discharges
(8 and 7), one ganciclovir/placebo-related adverse event



Papazian et al. Ann. Intensive Care (2021) 11:33

Table 1 Patient characteristics at ICU admission

Characteristics

Age, y
Male sex, no. (%)
Body mass index, kg/m?®
McCabe score =1 (non-fatal), no. (%)
Preexisting disease, no. (%)
NYHA lI/IV
Cancer/hemopathy
Diabetes mellitus
COPD
Cirrhosis
Chronic renal failure °
Alcoholism, no. (%)
Recent transfusion (< 1 month), no. (%)
Corticosteroids (< 1T month), no. (%)
No preexisting disease and no risk factor, no. (%)
Admission category, no. (%)
Medical
Emergency surgery
Planned surgery
Primary reason for mechanical ventilation, no. (%)
Acute respiratory failure
Septic shock
Cardiogenic shock
Post-operative acute respiratory failure
Exacerbation of chronic respiratory disease
Trauma
Neurologic
Cardiac arrest
Others
SAPS I
SOFA score
Organ/system failure, no. (%)P
Cardiovascular
Respiratory
Renal
Central nervous
Hepatic

Coagulation
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Placebo group (N=37) Ganciclovir group (N=39)
670(590 72.0) 63.0 (54.0-71.0)
25 (67.6) 31(79.5)
277(213 31.2) 262 (23.6-35.2)
32(86.5) 28(71.8)
4(10.8) 3(77)
3(8.1) 7(17.9)
6(16.2) 10 (25.6)
4(10.8) 7(17.9)
3(8.1) 0(0)
1(2.7) 2(5.1)
6(16.2) 5(12.8)
12 (32.4) 13(33.3)
5(13.5) 1(2.6)
17 (45.9) 16 (41)
31(83.8) 34(87.2)
2(54) 4(103)
4(10.8) 1(2.8)
13(35.1) 12 (30.8)
8(21.6) 8(20.5)
2(54) 5(12.8)
4(10.8) 1(2.6)
0(0) 4(10.3)
127 0(0)
127) 1(26)
1Q2.7) 0(0)
7(189) 8(20.5)
45.0 (38.5-56.5) 45.0 (37.0-59.0)
10 (8-15) 9(7-10)
23(62.2) 28(71.8)
26 (81.2) 29 (80.6)
11(29.7) 11(28.2)
8(21.6) 1(2.6)
1(28) 2(53)
4(108) 2(5.1)

Results are expressed as median (IQR) unless stated otherwise

NYHA denotes New York Heart Association, COPD chronic obstructive pulmonary disease, SAPS Simplified Acute Physiology Score, SOFA Sequential Organ-Failure

Assessment

2 Creatinine clearance <60 ml/min, creatinine > 150 pmol/liter or chronic dialysis

b Organ/system failure was deemed present when the corresponding SOFA score was > 2. When data regarding organ/system failure were missing, number of

assessable patients is reported

(0 and 1), five cases of CMV reactivation/HSV broncho-
pneumonitis (4 and 1), and two physicians’ decisions (0

and 2).

Primary endpoint
The subdistribution hazard ratio for being alive and
weaned from mechanical ventilation at day 60 after
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Table 2 Patient characteristics at randomization
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Characteristics

Placebo group (N=37)

Ganciclovir group (N=39)

Ongoing antimicrobial treatment, no. (%) 26 (70.3) 28(71.8)
ECMO use, no. (%) 5(135) 6(154)
Renal replacement therapy, no. (%) 14 (37.8) 13(333)
SOFA score 8.0 (5.0-11.0) 85 (4.0-10.3)
Organ/system failure, no. (%)
Cardiovascular 8 (48.6) 19 (48.7)
Respiratory 2 (59.5) 24 (61.5)
Renal 2(324) 14 (35.9)
Central nervous 162) 4(10.3)
Hepatic 54) 3(7.9)
Coagulation 5.4) 2(5.1)
Body temperature, 'C 36.3-38.2) 7.8 (36.9-38.3)
White blood-cell count, G/L 13.6(10.2-17.8) 0(10.2-20.0)
Neutrophil count, G/L 4(75-15.6) .7 (7.1-16.0)
PaO,/FiO,, mmHg 175.0 (127.5-237.0) 170.0 (111.0-240.0)
Radiologic score 0 (4.0-8.5) 5(3.0-8.0)
Tidal volume, mL 450.0 (390.3-554.3) 4480 (370.5-497.0)
Respiratory rate, cycles/min 28.0(20.0-33.0) 25.0(22.0-29.3)
Minute ventilation, L/min 12.0(9.2-14.9) 4 (8.7-13.9)
PEEP, cmH20 0(5.0-10.0) 0 (6.0-12.0)
Plateau pressure, cmH20 19.0 (15.0-26.0) 220(173 -26.5)
FiO,, % 40.0 (30.0-50.0) 40.0 (35.0-55.0)
pH 743 (7.36-7.48) 742 (7.37-7.48)
PaO,, mmHg 85.0 (70.5-102.0) 81.0(67.5-115.0)
PaCO,, mmHg 35.0(33.0-41.0) 40.5 (35.0-45.3)

Results are expressed as median (IQR) unless stated otherwise

There were no significant between-group differences in characteristics at randomization

MV denotes mechanical ventilation, ECMO extracorporeal membrane oxygenation, SOFA Sequential Organ-Failure Assessment, PaO,/FiO, partial oxygen pressure in

arterial blood/fraction of inspired oxygen ratio

2 Organ/system failure was deemed present when the corresponding SOFA score was > 2

randomization in patients receiving ganciclovir com-
pared with control patients was 1.14 (95% CI from 0.63 to
2.06; P=0.66) in the primary analysis. The median [IQR]
numbers of VFD60 after randomization for ganciclovir-
treated patients and controls were 10 [0-51] and 0 [0-43]
days, respectively (P=0.46). Hierarchical composite end-
point (alive and ventilation free) using the alternative
technique to compare VFD60 (Finkelstein method [23])
did not result in a significant between-group difference
(P=0.524). The post hoc power of the final analysis of the
primary endpoint was 14.2%.

Secondary endpoints

As shown in Table 3 and in Fig. 2a, there was no differ-
ence between the two groups regarding mortality evalu-
ated at day 60 after randomization. All patients died in
the ICU after a median [IQR] length of stay after rand-
omization of 11.5 [6.3—30.5] days in the ganciclovir group
and 18.5 [7.5-34.5] days in the control group (P=0.46).

On day 60, 18 (46%) ganciclovir recipients and 19 (51%)
controls had died or were still on mechanical ventilation
(P=0.65). The median [IQR] duration of mechanical
ventilation after randomization was 12 [6—29] days for all
patients from the ganciclovir group and 20 [7-40] days
for controls (P=0.25) (Fig. 2b). The median [IQR] dura-
tion of mechanical ventilation for day 60 survivors was 12
[5-29] days after randomization for ganciclovir recipi-
ents and 22 [7-55.5] days for controls (P=0.31). Other
secondary endpoints (Table 3) did not differ between
groups. There was no difference between the two groups
regarding either the incidence or the microorganisms
causing bacteremia/fungemia and ventilator-associated
pneumonia diagnosed after inclusion (Table 3 and in the
Additional file 3: Tables S1 & S2). An active CMV infec-
tion was diagnosed in 5 patients from the placebo group
(after a median of 14 days from inclusion and a range
from 3 to 29 days) and in one patient from the ganciclovir
group (diagnosed 3 days after inclusion). Study treatment
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Table 3 Outcomes
Parameters Placebo group (N=37) Ganciclovir group (N=39) PValue
Primary outcome
Ventilator-free days on day 60 0 (0-43) 10 (0-51) 0.459
Secondary outcomes (post-randomization)
Day-60 mortality, no. (%) 16 (43.2) 16 (41.0) 0.845
Duration of MV 20 (7-40) 12 (6-29) 0.246
ICU length of stay (from admission) 44.0 (21.0-66.5) 36.0 (24.0-51.0) 0.377
ICU length of stay (from randomization) 26.0 (11.0-50.0) 17.0 (8.0-34.0) 0318
Hospitalization length (from admission) 60.0 (33.0-75.5) 65.0 (28.0-78.0) 0.988
Hospitalization length (from randomization) 42.0(18.5-60.0) 38.0 (13.0-60.0) 0.945
HSV bronchopneumonitis, no. (%) 12.7) 0(0) 0.487
Cytomegalovirus infection, no. (%) 5(13.5) 1(26) 0.103
Ventilator-associated pneumonia, no. (%) 15 (40.5) 13(33.3) 0515
Secondary bacteremia or fungemia, no. (%) 8(21.6) 7179 0.688
ARDS post-randomization, no. (%) 6(16.2) 6(154) 0.921
Mild?® 0 0
Moderate® 3 3
Severe® 3 3
Septic shock post-randomization, no. (%) 14 (37.8) 13(333) 0.682
Renal replacement therapy until day 28, no. (%) 18 (48.6) 16 (41.0) 0.504
Number of days with study drug, no. (%) 14 (7.5-14) 14 (6.0-14) 0.991

Results are expressed as median (IQR) unless stated otherwise

MV denotes mechanical ventilation, HSV herpes simplex virus, ARDS acute respiratory distress syndrome, PaO,/FiO, partial oxygen pressure in arterial blood/fraction

of inspired oxygen ratio, PEEP positive end-expiratory pressure, CPAP continuous positive airway pressure

@ The Berlin definition of ARDS is as follows: mild: PaO,/FiO, > 200 but < 300, with PEEP or CPAP > 5 cm H,0O; moderate: PaO,/FiO, > 100 but <200, with PEEP or>5 cm

H,0; severe: PaO,/FiO, < 100 with PEEP > 5 cm H,0%°
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Fig. 2 a Survival curves. b Cumulative proportion of patients weaned from invasive mechanical ventilation

was stopped in 3 of 5 patients receiving placebo and in
the patient from the ganciclovir group. These 4 patients
were subsequently treated with open-labeled ganciclo-
vir. Patients’ clinical courses, as assessed by temperature,
white blood-cell count, platelet count, serum creati-
nine, radiologic score and modified clinical pulmonary

infection score from randomization to day 14 as well
as by SOFA score and partial oxygen pressure in arte-
rial blood/fraction of inspired oxygen (PaO2/FiO2) ratio
kinetics from randomization to day 28 were also compa-
rable for the two study groups (see Fig. 3a and b and in
the Additional file 3: Figs. S1-S6).
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Safety

The adverse event rates were comparable for the two
groups: 48.7% for ganciclovir-treated patients and 48.6%
placebo recipients. No leucopenia or thrombocytope-
nia was reported. Only one patient (from the ganci-
clovir group) experienced renal failure requiring renal
replacement therapy. Cardiac arrest related to a torsade
de pointe was identified in the ganciclovir group. Creati-
nine levels, white blood cells counts and platelet counts
from randomization to day 14 did not differ significantly
between the two groups (see in the Additional file 3: Figs.
S2-S4), and the percentages of patients requiring renal
replacement therapy from randomization to the end of
treatment were similar (Table 3).

Discussion

The results of this study, designed to assess the effi-
cacy of preemptive ganciclovir for CMV reactivation in
non-immunosuppressed mechanically ventilated ICU
patients, show that this strategy was unable to signifi-
cantly increase the number of ventilator-free days at day
60.

The incidence of CMV infection in non-immunocom-
promised ICU patients has been assessed in many studies
and analyzed in meta-analyses [4, 30—-34]. In seropositive
patients monitored three times a week using quantitative
plasma CMV PCR and presenting with a large variety of
critical illnesses, such as sepsis, cardiac failure, burns and
trauma, one-third of these patients presented with positive
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viremia, and the median time to the first detection of
viremia was 12 days, with a range of 3 to 57 days [33]. The
effects of CMV reactivation on ICU mortality and duration
of mechanical ventilation are a matter of debate. In ARDS
patients presenting with septic shock, an association has
been found between CMYV serological status and the num-
ber of ventilator-free days to day 28 [35]. Other epidemio-
logical studies and some meta-analyses have looked more
specifically at the effects of CMV infection on mortality.
In particular, some recent meta-analyses have suggested
that there is a strong relationship between the presence of
an active CMV infection and mortality, with an odds ratio
of approximately 2 [4, 30-32, 34]. In a matched cohort
study [11], in which patients were matched on age, gen-
der, SAPS II score and reason for admission, ICU mortality
was higher in patients presenting with positive antigene-
mia (50%) compared with control patients (28%, P<0.02).
Increased mortality at day 60 related to CMV infection
has also been reported in non-immunocompromised ICU
patients (55% vs. 20%, P=0.01) [30]. However, in a series
of 86 patients who presented with severe sepsis, although
reporting a longer duration of ICU and hospital stays
and a prolonged duration of mechanical ventilation when
active CMV infection was diagnosed, the authors did not
report any increase in mortality related to CMV [36]. We
compiled the two randomized controlled trials evaluating
prophylactic ganciclovir/valganciclovir [14, 15] and the
present one evaluating ganciclovir as preemptive therapy.
As shown in Additional file 3: Figure S7, these meta-anal-
yses did not show any efficacy of ganciclovir/valganciclo-
vir in decreasing neither mortality at day 28 nor hospital
mortality. In contrast, there was a beneficial effect of gan-
ciclovir/valganciclovir in increasing the number of ventila-
tor-free days at day 28 (Additional file 3: Fig. S7).

While prophylactic ganciclovir was associated with a
statistically significant increase in ventilator-free days,
Limaye et al. did not identify any significant differences
between ganciclovir and placebo overall mortality, sec-
ondary bacteremia or fungemia, or ICU or hospital
length of stay [15]. In this latter study [15], there was a
high rate of local lung CMV reactivation in the placebo
group and a significant reduction in lung viral load in
the ganciclovir group, suggesting that the attenuation
of CMV-mediated lung injury is a potential mechanism
to explain the significant increase in ventilator-free days
among patients in the ganciclovir group and a reduction
in the duration of mechanical ventilation days among the
group of patients who survived for at least 28 days [15].
As in the present study, it is unlikely that the increase in
the number of VFDs was related to a reduced incidence
of bacterial/fungal infections. The objective of increas-
ing the number of VFDs by 8 days was probably ade-
quate, as suggested by a recent report in which the mean
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difference in mechanical ventilation days was increased
by 9 days between patients with and without CMV infec-
tion [4]. When analysis was restricted to CMV detection
in blood, there was still a statistically significant differ-
ence in the length of mechanical ventilation, which was
7 days between patients with CMV infection and patients
without infection [4]. Interestingly, CMV blood reactiva-
tion was not associated with higher mortality, which is
consistent with the present study [4].

The assessment of ganciclovir safety in the present
study did not permit the identification of any increase in
myelotoxicity and renal insufficiency, which is in agree-
ment with recent reports [14, 15].

There were several strengths of the study, including
the placebo-controlled, double-blind, multicenter study
design; the use of quantitative DNAemia as an inclusion
criterion; and the inclusion of objective and clinically rel-
evant outcomes.

Limitations

This study has several limitations. First, it was stopped
prematurely. However, based on the study results, more
than 800 patients would have been necessary to show a
significant difference in VFD. Second, we used biweekly
DNAemia analyses with an arbitrary threshold to char-
acterize reactivation. It is highly probable that a screen-
ing test including tracheobronchial specimens for DNA
identification would have been more sensitive. Indeed,
it has been shown that lung reactivation occurs earlier
than reactivation in the blood (median, 14 and 24 days,
respectively) [36]. Third, we used VFDs as the main
outcome and not mortality or duration of mechani-
cal ventilation. The use of VFDs as a clinical endpoint
is recommended in ICU trial design guidelines, espe-
cially when the expected difference would involve the
mechanical ventilation duration [24, 37, 38], which was
clearly expected. Fourth, we used ganciclovir to treat
CMV reactivations. When the study was designed, this
was the drug of choice for treating all CMV diseases.
There are now several potent, well-tolerated, and newer
CMV-active antiviral drugs that could also be consid-
ered for future studies done in ICU patients [39, 40].
Fifth, it could be questioned whether preemptive ther-
apy, as chosen in this study, is preferable to a prophy-
lactic strategy. Prophylaxis would be theoretically more
attractive because it prevents viral reactivation with its
related subsequent direct or indirect damage. Prophy-
laxis exposes patients to the increased risk of adverse
effects, whereas treatment following reactivation mini-
mizes the population’s exposure to drug side effects and
drug interactions and may decrease pharmaceutical
costs.
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Conclusion

In ICU patients mechanically ventilated for>96 h with
CMV reactivation in blood, preemptive ganciclovir did
not increase the number of ventilator-free days at day 60.
Further studies are needed that could be based on the dif-
ference in VFD60 observed in the present study to calcu-
late the number of patients to treat. These studies would
require to include more than 800 patients with CMV
reactivation, which is a very striving target to reach.
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