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CLINICAL INVESTIGATION

The Impact of Delayed Transition From 
Noninvasive to Invasive Mechanical Ventilation 
on Hospital Mortality in Immunocompromised 
Patients With Sepsis
OBJECTIVE: To determine whether mortality differed between initial invasive me-
chanical ventilation (IMV) or noninvasive ventilation (NIV) followed by delayed IMV 
in immunocompromised patients with sepsis.

DESIGN: Retrospective analysis using the National Data Center for Medical 
Service claims data in China from 2017 to 2019.

SETTING: A total of 3530 hospitals across China.

PATIENTS: A total of 36,187 adult immunocompromised patients with sepsis 
requiring ventilation.

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: The primary outcome was hospital 
mortality. Patients were categorized into NIV initiation or IMV initiation groups 
based on first ventilation. NIV patients were further divided by time to IMV transi-
tion: no transition, immediate (≤ 1 d), early (2–3 d), delayed (4–7 d), or late (≥ 8 d). 
Mortality was compared between groups using weighted Cox models. Over the 
median 9-day follow-up, mortality was similar for initial NIV versus IMV (adjusted 
hazard ratio [HR] 1.006; 95% CI, 0.959–1.055). However, among NIV patients, 
a longer time to IMV transition is associated with stepwise increases in mortality, 
from immediate transition (HR 1.65) to late transition (HR 2.51), compared with 
initial IMV. This dose-response relationship persisted across subgroups and sen-
sitivity analyses.

CONCLUSIONS: Prolonged NIV trial before delayed IMV transition is associated 
with higher mortality in immunocompromised sepsis patients ultimately intubated.

KEYWORDS: immunocompromised; mechanical ventilation; mortality; noninvasive 
ventilation; sepsis

BACKGROUND

The increasing availability of new therapeutic strategies for malignancy, auto-
immune conditions, and organ transplantations has led to an increase in the 
number of immunocompromised critically ill patients, most of whom require 
ventilatory support (1, 2). Invasive mechanical ventilation (IMV) has been linked 
to a high mortality rate among immunocompromised patients (3), whereas non-
invasive ventilation (NIV) can mitigate the need for endotracheal intubation by 
reducing the work of breathing and enhancing gas exchange. However, with the 
substantially decreased mortality of immunocompromised patients with respi-
ratory failure, current data do not support a ventilatory strategy different from 
that for nonimmunocompromised patients (3). Nevertheless, the most recent 

D
ow

nloaded from
 http://journals.lw

w
.com

/ccm
journal by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

y
w

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dtw

nfK
Z

B
Y

tw
s=

 on 08/25/2024



Copyright © 2024 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Xu et al

2     www.ccmjournal.org XXX 2024 • Volume 52 • Number 00

guideline suggests conditional recommendations of 
NIV for immunocompromised patients with acute res-
piratory failure based on pooled analysis demonstrating 
a decrease in mortality (4). Additionally, a significant 
proportion of patients with NIV later progressed to re-
quire IMV. The impact of delayed transition from NIV 
to IMV on mortality of immunocompromised patients 
remains controversial (1, 5–7).

Sepsis is a life-threatening condition resulting 
from a dysregulated host response to infection that 
leads to organ dysfunction. It continues to be a major 
cause of morbidity and mortality worldwide, with a 
particularly high burden in developing countries (8, 
9). As the population most susceptible to infection, 
immunocompromised patients faced an amplified 
risk of sepsis (10). Although the Surviving Sepsis 
Campaign guidelines provide recommendations for 
IMV in acute respiratory distress syndrome (ARDS) 
(11), but guidance on NIV is lacking. Furthermore, 
the current evidence predominantly focused on 
comparing various noninvasive ventilatory sup-
port strategies (2) and ICU patients (12). However, 
the majority of sepsis patients receive treatment in 
non-ICU settings in low- and middle-income coun-
tries (LMICs) (13, 14). This underscores the need for 
additional evidence regarding the benefits of transi-
tioning from NIV to IMV for immunocompromised 

patients with sepsis (15, 16), particularly for patients 
in LMICs.

We aimed to determine whether mortality differed 
between initial IMV or NIV followed by delayed inva-
sive ventilation in immunocompromised patients with 
sepsis. We hypothesized that prolonged reliance on 
failing noninvasive ventilation before intubation and 
IMV would negatively impact survival.

MATERIALS AND METHODS

Study Design and Data Source

This was a retrospective analysis of patient data from the 
National Data Center for Medical Service (NDCMS) 
claims database. The institutional review board of Peking 
Union Medical College Hospital approved the study 
(January 14, 2022; S-K1911; Study on the incidence and 
economic burden of sepsis in China) and waived the re-
quirement for informed consent. Study procedures were 
followed in accordance with the ethical standards of the 
responsible committee on human experimentation (in-
stitutional) and with the Helsinki Declaration of 1975. 
The study adhered to guidelines for accurate and trans-
parent health estimates reporting (17).

The NDCMS database contains de-identified records 
for approximately half of annual hospital admissions 
in mainland China, as described previously (8, 18). By 
2020, 3975 tertiary and secondary hospitals contrib-
uted data to NDCMS. NDCMS data undergo manual 
review, quality control, training, and audits to ensure 
accuracy. The database includes patient demographics, 
hospital information, admission details, diagnoses, 
procedures, and costs. Palliative care information was 
not available in the NDCMS database. Unique patient 
and admission identifications protect privacy while 
enabling record linkage. For our study, after excluding 
hospitals with insufficient patient identifiers (illustra-
tion in Method S1, http://links.lww.com/CCM/H575), 
3530 hospitals remained for this analysis, capturing di-
verse patient populations across China. NDCMS pro-
vides insights into ventilatory support management 
for immunocompromised patients in China’s variable-
resourced hospitals. Diagnoses in the NDCMS data-
base were coded using the official 10-digit Chinese 
version of the International Classification of Diseases 
(ICD), Tenth Revision diagnosis codes (an expansion 
from the four-digit World Health Organization ver-
sion [19]) and ICD-9 procedure codes (8).

 
KEY POINTS

Question: Whether mortality differ between initial 
invasive mechanical ventilation (IMV) or noninva-
sive ventilation (NIV) followed by delayed invasive 
ventilation in immunocompromised patients with 
sepsis?

Findings: This nationwide study of over 36,000 
immunocompromised sepsis patients adds to the 
literature indicating potential harm from prolonged 
NIV reliance before delayed IMV transition. We 
found a dose-response whereby a longer time to 
IMV after initial NIV was associated with stepwise 
mortality increases compared with upfront IMV.

Meaning: Prolonged initial NIV trials in immuno-
compromised patients with sepsis may be as-
sociated with increased mortality for those who 
ultimately require intubation.
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Study Population

Using the data extracted from our previous study 
(8), during the study period from January 1, 2017, 
to December 31, 2019, among patients with explicit 
sepsis, we enrolled the adult (age ≥ 18 y old) with im-
munocompromised conditions (identified using a 
validated ICD-9 algorithm (20), including HIV/AIDS, 
hematologic malignancy, solid malignancy, organ 
transplant, rheumatologic disease, and other immune 
conditions, detailed in Table S1 (http://links.lww.
com/CCM/H575) who received ventilation. Further, 
patients with tracheostomy (ICD-9 procedure codes 
of 31.1x00 or 31.2900) greater than or equal to three 
ventilation procedures in one episode of admission or 
IMV transition more than 14 days after NIV initiation 
were excluded (Fig. 1).

Exposure

The study exposure was initiation of NIV (ICD-9 pro-
cedure codes 93.90 and 93.91) or IMV (ICD-9 proce-
dure codes 96.70, 96.71, and 96.72). Because the aim of 
our study was to compare initial IMV or NIV followed 
by delayed IMV, patients were categorized into either 
NIV or IMV initiation group based on the type of ven-
tilation initiated, with the IMV initiation group serv-
ing as the reference. The date of ventilation initiation 
was defined as the index date.

Some patients in the NIV initiation group later 
require IMV. Thus, NIV patients were further cate-
gorized by time to IMV: 1) no transition, 2) imme-
diate (≤ 1 d) transition, 3) early (2–3 d) transition, 
4) delayed (4–7 d) transition, and 5) late (≥ 8 d) 
transition. For comparison between these further- 
categorized groups, IMV initiation group also served 
as the reference group. Additionally, to address the in-
fluence of immortal time bias (illustration in Method 
S2, http://links.lww.com/CCM/H575) when compar-
ing five different IMV transition groups with IMV 
initiation group, the immortal time Some patients in 
the NIV initiation group later requiring IMV. Thus, 
NIV patients were further categorized by time to 
IMV: 1) no transition, 2) immediate (≤ 1 d) transi-
tion, 3) early (2–3 d) transition, 4) delayed (4–7 d) 
transition, and 5) late (≥ 8 d) transition. For compar-
ison between these further-categorized groups, IMV 
initiation group also served as the reference group. 
Additionally, to address the influence of immortal 

time bias (illustration in Method S2, http://links.
lww.com/CCM/H575) when comparing five different 
IMV transition groups with IMV initiation group, 
the immortal time Some patients in NIV initiation 
group later requiring IMV. Thus, NIV patients were 
further categorized by time to IMV: 1) no transition, 
2) immediate (≤ 1 d) transition, 3) early (2–3 d) tran-
sition, 4) delayed (4–7 d) transition, and 5) late (≥ 8 
d) transition. For comparison between these further- 
categorized groups, IMV initiation group also served 
as the reference group. Additionally, to address the 
influence of immortal time bias (illustration in 
Method S2, http://links.lww.com/CCM/H575) when 
comparing five different IMV transition groups 
with IMV initiation group, the immortal time Some 
patients in NIV initiation group later requiring IMV. 
Thus, NIV patients were further categorized by time 
to IMV: 1) no transition, 2) immediate (≤ 1 d) tran-
sition, 3) early (2–3 d) transition, 4) delayed (4–7 d) 
transition, and 5) late (≥ 8 d) transition. For compar-
ison between these further-categorized groups, IMV 
initiation group also served as the reference group. 
Additionally, to address the influence of immortal 
time bias (illustration in Method S2, http://links.
lww.com/CCM/H575) when comparing five different 
IMV transition groups with IMV initiation group, the 
immortal time—that is, time from index date to the 
transition to IMV—is excluded from the follow-up 
of patients who transited from NIV to IMV, and  
follow-up for these patients was started from the date 
when they transited to IMV (landmark date, e.g., the 
landmark date for patients with early transition to 
IMV was 2–3 d after the index date) (21).

Outcome and Covariates

The primary outcome was hospital mortality. All 
patients were followed from the index/landmark date 
to the date of discharge or death in the hospital.

Covariates extracted were age, sex, comorbidities 
(chronic obstructive pulmonary disease [COPD], 
cardiovascular disease, diabetes, etc., detailed in 
Table S2, http://links.lww.com/CCM/H575), immu-
nocompromised conditions (HIV/AIDS, malignan-
cies, transplant, etc.), organ dysfunctions (respiratory 
failure, shock, renal dysfunction, renal replacement 
therapy, detailed in Table S3, http://links.lww.com/
CCM/H575), hospital-acquired sepsis, defined as the 
code of status at admission equals none; preoperative 
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sepsis, defined as sepsis occurred before or after any 
therapeutic or major diagnostic procedure which 
involves the use of instruments or the manipulation 
of part or parts of the body and generally takes place 
under Operation theater conditions, pneumonia-
related sepsis (ICD-10 codes of J15.903, J18.903), and  
hospital-level quartiles categorized according to the 

number of ventilated immunocompromised patients 
with sepsis per year during the study period.

Statistical Analysis

Continuous variables were summarized as mean 
with sd or median with interquartile range (IQR), 

Figure 1. Flowchart of inclusion/exclusion process. Immediate transition means transition from noninvasive ventilation (NIV) to invasive 
mechanical ventilation (IMV) ≤ 1 d; early transition means transition from NIV to IMV within 2–3 d; delayed transition means transition 
from NIV to IMV within 4–7 d; late transition means transition from NIV to IMV ≥ 8 d.
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depending on the distribution, and categorical vari-
ables were summarized as numbers and percentages.

Inverse probability of treatment weighting (IPTW) 
was used to adjust for confounding. We estimated the 
probability of NIV initiation versus IMV initiation 
(propensity score, PS) as a function of all study covari-
ates mentioned previously by logistic regression model. 
IMV initiation patients were weighted by 1, and in the 
NIV initiation group by (1-PS)/PS. For the further cat-
egorization of NIV initiation group, the probabilities 
of no, immediate, early, delayed, and late transition to 
IMV versus IMV initiation were estimated by different 
logistic regression models, which included all study 
covariates, respectively. And similarly, patients in IMV 
initiation group were weighted by 1, and each IMV 
transition group was weighted by (1-PS)/PS, where PS 
was estimated by the corresponding logistic regres-
sion model. Standardized mean differences (SMD) 
were calculated to evaluate the balance of covariates 
between different groups before and after weighting, 
considering SMD greater than 0.1 as the threshold for 
significant imbalance.

For the primary outcome, we estimated crude hos-
pital mortality rates per person days for all groups, 
and then weighted Cox regressions were conducted 
to estimate hazard ratios (HRs) of different kinds of 
IMV transition versus IMV initiation. Robust variance 
estimation was used to obtain 95% CIs. In addition, 
weighted Kaplan-Meier curves were further plotted to 
compare the cumulative incidences of hospital mor-
tality of different NIV initiation groups versus NIV in-
itiation group.

Subgroup Analysis. Subgroup analyses were per-
formed to test for potential effect modification of age 
(18–65, 65–80, ≥ 80 y old), sex (male and female), and 
immunocompromised conditions (only solid malig-
nancy, rheumatologic/inflammatory disease were con-
sidered here due to the limitations of sample size).

Sensitivity Analysis. Three sensitivity analyses were 
performed to test the robustness of our data.

First, to assess the overall impact of delayed IMV on 
hospital mortality, irrespective of the timing, patients 
were grouped together into a unified cohort (IMV all 
transition). Subsequently, the risk of hospital mortality 
for this cohort was compared with that of patients 
undergoing IMV initiation using IPTW. As mentioned 
previously, follow-up for patients in IMV transition 
group starts at the landmark date.

Second, even though moving the start of follow-up 
to the landmark date can eliminate immortal time bias, 
but it may introduce indication bias (indication bias 
occurs because the later the time patients transited to 
IMV, the more severe their disease conditions were) and 
survivor/selection bias (survivor/selection bias occurs 
because the longer the time between NIV initiation and 
transition, the higher the proportion of patients with 
more severe disease conditions die within that duration, 
leaving a greater proportion of patients with less severe 
disease), which will over/underestimate the effect of dif-
ferent IMV transitions to hospital mortality. However, 
the influence of which bias (indication bias vs. survivor/
selection bias) is stronger remains unclear, and the di-
rection of whether these biases would overestimate or 
underestimate the effects on hospital mortality is un-
clear. Thus, to fully solve the above problems, we used 
the target trial framework to make the research question 
explicit and to guide the design and analysis, and Table 
S4 (http://links.lww.com/CCM/H575) outlines the pro-
tocol of a target trial and the emulation procedure. To 
compare hospital mortality risk associated with differ-
ent treatment strategies (exposures in our main analysis, 
IMV initiation, non/immediate/early/delayed/late tran-
sition to IMV), first, through IPTW we made baseline 
covariates between IMV initiation and NIV initiation 
groups balanced, then cloning, censoring and weighting 
method was used for IPTW weighted patients in NIV 
initiation group, to further ensure the covariates balance 
between different kinds of IMV transition groups and 
IMV initiation group (detailed illustration in Method 
S3, http://links.lww.com/CCM/H575).

Last, we further excluded readmitted patients 
(3.4%) from our study population to assess the impact 
of readmitted patients on the effect of different IMV 
transitions versus IMV initiation on hospital mortality 
(one patient can only die one time, including readmit-
ted patients may underestimate the risk of hospital 
mortality of all groups).

RESULTS

Baseline Characteristics

The baseline characteristics of these patients are sum-
marized in Table S5, (http://links.lww.com/CCM/
H575). Of 36,187 immunocompromised patients with 
sepsis requiring ventilation, 27,145 initiated IMV and 
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9,042 initiated NIV. Compared with IMV initiation 
patients, NIV initiation patients were older (69 ± 16 
vs. 66 ± 15 y old) with more COPD (21% vs. 14%), res-
piratory failure (64% vs. 48%), and pneumonia sepsis 
(92% vs. 81%). In contrast, NIV initiation patients had 
lower rates of malignancy (30% vs. 38%), septic shock 
(23% vs. 42%), renal dysfunction (21% vs. 33%), renal 
replacement therapy (7% vs. 15%), hospital-acquired 
(12% vs. 21%), and perioperative (5% vs. 20%) sepsis. 
More patients received NIV than IMV (31.2% vs. 
22.4%) in hospitals with the highest case volume of 
ventilated immunocompromised sepsis. After weight-
ing, baseline characteristics were balanced between the 
groups (Table S6, http://links.lww.com/CCM/H575). 
Of 9,042 NIV patients, 15.3% later transitioned to IMV 
(median 1 [IQR 1–4] d; Fig. S1, http://links.lww.com/
CCM/H575). The immediate transition group had 
708 patients, early 310 patients, delayed 233 patients, 
and late 134 patients. The proportion of septic shock 
was higher in the immediate transition group than 
other four groups with NIV. Although more patients 
in early/delayed/late transition had renal dysfunction 
and hospital-acquired sepsis than nontransition/im-
mediate transition group. After weighting, all covari-
ates between each IMV transition group and IMV 
initiation group were well balanced (Fig. S2, http://
links.lww.com/CCM/H575).

Comparison of NIV Initiation With  
No/Immediate/Early/Delayed/Late IMV 
Transition Versus IMV Initiation

Over a median follow-up of 9 days (IQR 3–18), NIV 
initiation had a similar adjusted mortality compared 
with IMV initiation (HR 1.006; 95% CI, 0.959–1.012) 
(Table 1; and Fig. S3, http://links.lww.com/CCM/
H575). However, when patients initiated on NIV 
were further categorized by time to transition, a dose-
response relationship emerged between longer time to 
transition and higher mortality risk relative to IMV in-
itiation. Specifically, the NIV nontransition group had 
lower mortality than IMV initiation (HR 0.942, 95% 
CI, 0.893–0.993). In contrast, mortality risk increased 
progressively from immediate transition (HR 1.650; 
95% CI, 1.470–1.852) to late transition (HR 2.507; 95% 
CI, 1.969–3.192). The cumulative incidence curves vis-
ually demonstrated this dose-response relationship, 
with early separation from IMV initiation that wid-
ened over follow-up. For example, 10-day mortality TA
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was 58.52% (95% CI, 55.9–61.14%) for late transition, 
51.83% (95% CI, 49.71–53.95%) for delayed transition, 
46.61% (95% CI, 44.89–48.34%) for early transition, 
44.06% (95% CI, 42.86–45.25%) for immediate transi-
tion, 27.72% (95% CI, 27.14–28.29%) for no transition, 
29.08% (95% CI, 28.52–29.63%) for IMV initiation 
(Fig. 2).

Subgroup and Sensitivity Analyses

The dose-response relationship between longer tran-
sition time and higher mortality was also observed 
across subgroups of age, sex, and immunocompro-
mised conditions (Table 2).

In a sensitivity analysis combining all IMV transition 
groups, mortality remained higher when compared 
with IMV initiation (HR 1.721; 95% CI, 1.588–1.866) 
(Table S7, http://links.lww.com/CCM/H575). Using a 
target trial framework to emulate randomization found 
similar results but with less smoothly increasing mor-
tality risk associated with longer transition time (Table 
S8, http://links.lww.com/CCM/H575). Excluding 
readmitted patients and patients who initiated NIV or 
IMV in the ICU also did not meaningfully change the 
mortality hazards for delayed IMV transition (Tables 
S9 and S10, http://links.lww.com/CCM/H575).

DISCUSSION

In this retrospective study of over 36,000 immuno-
compromised patients with sepsis requiring mechan-
ical ventilation, we found that prolonged reliance on 
NIV before transitioning to IMV was associated with 
higher in-hospital mortality compared with initial 
IMV. The risk of death showed a dose-response rela-
tionship, with mortality HRs increasing from 1.65 for 
immediate transition to 2.51 for late transition at least 
8 days after NIV initiation. These findings were robust 
across subgroups and in sensitivity analyses. To our 
knowledge, this study was the first nationwide com-
parison of the benefit of NIV and IMV for immuno-
compromised patients with sepsis in LMICs.

Our findings align with prior research, highlight-
ing the potential adverse effects of delayed intubation 
subsequent to the initial application of NIV in broad 
populations with ARDS. In a single-center investiga-
tion involving 175 patients, Kang et al (16) identified 
a two-fold rise in the likelihood of hospital mortality 
when intubation was postponed beyond 48 h fol-
lowing unsuccessful high-flow nasal cannula utili-
zation. In their analysis of 457 patients with ARDS, 
Kangelaris et al (5) reported an adjusted HR of 2.37 
for mortality in the late intubation group, contrasting 

Figure 2. Weighted cumulative incidence curve of hospital mortality for different invasive mechanical ventilation (IMV) transitions vs. 
IMV initiation. Immediate transition means transition from noninvasive ventilation (NIV) to IMV less than or equal to 1 d; early transition 
means transition from NIV to IMV within 2–3 d; delayed transition means transition from NIV to IMV within 4–7 d; late transition means 
transition from NIV to IMV ≥ 8 d.
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it with the cohort of patients intubated on the onset 
day of ARDS. Our results align with the latest meta-
analysis from a comprehensive, collaborative network 
(12), which indicates a substantial rise in the risk of 
death associated with delayed intubation for immuno-
compromised patients ultimately requiring IMV due 
to respiratory failure. Although immunocompromised 
patients inherently encounter heightened mortality 
risks with invasive ventilation (3), our findings add to 
the expanding evidence indicating that an extended 
trial of NIV may result in adverse outcomes if it leads 
to delays in essential intubation.

Some potential reasons for this association war-
rant discussion. Prolonged NIV may increase the 
risk of ventilator-induced lung injury by exerting re-
peated opening and collapsing of unstable lung units 
(22). With NIV, some patients might generate substan-
tial intrathoracic pressure swings and tidal volumes, 
potentially leading to excessive work of breathing, 
increased oxygen consumption, or cardiac overload 
(3). NIV intolerance can lead to exhaustion and agita-
tion that precipitate emergency reintubation in a more 
unstable condition (3). Prolonged NIV may also in-
crease the risk of pneumonia (23). Additionally, clin-
ical inertia or a default strategy of trying NIV first may 
delay needed intubation (24).

An interesting finding in our study was that a 
majority (84.7%) of immunocompromised patients 
initiated with NIV never required IMV, and these 
patients had a better outcome than patients on IMV 
as shown in Table 1. This finding was consistent with 
existing data showing NIV is an option in immuno-
compromised patients (4). Meanwhile, the observed 
increased mortality risk with delayed IMV group 
highlights the need for frequent NIV assessments and 
shorter trials in sepsis populations. Easily measured 
parameters like heart rate, acidosis, consciousness, 
oxygenation, and respiratory rate should be evaluated 
to guide transition decision-making (25, 26). We also 
found that 75% of immunosuppressive septic patients 
received IMV (27,145) without NIV (9,042). This 
finding was consistent with a recent study in China, 
indicating that 79.1% of sepsis patients in ICUs re-
ceived IMV (27). Although there is no comprehen-
sive nationwide guideline for initiating NIV or direct 
intubation in immunosuppressed septic patients, our 
extensive cohort offers insights into real-world prac-
tices and outcomes across various Chinese hospitals. 

These findings emphasize the urgent need for further 
investigations.

This study has limitations. First of all, given its ob-
servational nature, the analysis remains susceptible 
to unmeasured confounding and a variety of biases 
despite using extensive adjustment techniques. For 
example, our database lacks physiologic param-
eters to define indications of ventilation and NIV 
failure, as well as data on the reasons for intubation 
in the delayed IMV group, ICU stays, cause of mor-
tality and palliative care for outcome measurements. 
Consequently, the complete elimination of con-
founding influences is unattainable, highlighting the 
importance of cautious interpretation of the results. 
Nevertheless, our extensive cohort offers insights 
into real-world practices and outcomes across var-
ious Chinese hospitals, underscoring the critical 
need for additional research in this area. Second, al-
though our statistical methods addressed immortal 
time and indication bias, the possibility of residual 
confounding persists. Third, the generalizability of 
our results to different health systems with diverse 
intensive care capacities or NIV protocols may be 
limited. Fourth, our study was an ICD-based study. 
An explicit coding algorithm inevitably underesti-
mated patients with respiratory failure (8, 28). This 
limitation explains why only 64% of the NIV group 
and 48% of the IMV group were identified as having 
respiratory failure. Conversely, an implicit coding al-
gorithm that includes ventilation-related procedures 
would result in identifying 100% of patients as hav-
ing respiratory failure, which was not applicable in 
this study.

CONCLUSIONS

This nationwide study suggests immunocompromised 
patients with sepsis would benefit from tolerated 
NIV not requiring intubation, and prolonged initial 
NIV trial may be associated with higher mortality in 
patients ultimately requiring intubation. Frequent 
NIV monitoring and intubation preparedness are war-
ranted in this high-risk population.

ACKNOWLEDGMENTS

The authors acknowledge the support from the National 
Key R&D Program of China from the Ministry of 

D
ow

nloaded from
 http://journals.lw

w
.com

/ccm
journal by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

y
w

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dtw

nfK
Z

B
Y

tw
s=

 on 08/25/2024



Copyright © 2024 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Xu et al

10     www.ccmjournal.org XXX 2024 • Volume 52 • Number 00

Science and Technology of the People’s Republic of 
China and the Chinese Academy of Medical Sciences 
(CAMS) Innovation Fund for Medical Sciences 2021-
I2M-1-062 from CAMS, and the National Clinical Key 
Specialty Construction projects from the National Health 
Commission. Dr.Weng thanks, in particular, the invalu-
able, ongoing, and unwavering support from Anya Wang.

 1 Department of Pharmacy Administration and Clinical 
Pharmacy, School of Pharmaceutical Sciences, Peking 
University Health Science Center, Beijing, China.

 2 Department of Medical Epidemiology and Biostatistics, 
Karolinska Institute, Stockholm, Sweden.

 3 Medical ICU, State Key Laboratory of Complex Severe and 
Rare Diseases, Peking Union Medical College Hospital, 
Peking Union Medical College and Chinese Academy of 
Medical Sciences, Beijing, China.

 4 Department of Epidemiology and Biostatistics, School of 
Public Health, Peking University, Beijing, China.

 5 Medical Record Department, Peking Union Medical College 
Hospital, Chinese Academy of Medical Sciences and Peking 
Union Medical College, Beijing, China.

Supplemental digital content is available for this article. Direct 
URL citations appear in the printed text and are provided in the 
HTML and PDF versions of this article on the journal’s website 
(http://journals.lww.com/ccmjournal).

China Critical Care Clinical Trials Group (CCCCTG) members 
are listed in a Supplementary Appendix 1 (http://links.lww.
com/CCM/H587). China National Critical Care Quality Control 
Center Group members are listed in Supplementary Appendix 
2 (http://links.lww.com/CCM/H588).

Drs. Weng, Xu, and Du designed the study and invited research-
ers to participate in the study. Xu and Liu performed statistical 
analysis. Drs. Weng, Xu, Y.F. Wang, Dong, Chen, Y. Wang, and 
Du wrote and edited the article.

The study was supported by the National Key R&D Program of 
China from the Ministry of Science and Technology of the People’s 
Republic of China (2022YFC2304601, 2021YFC2500801) 
and the Chinese Academy of Medical Sciences (CAMS) 
Innovation Fund for Medical Sciences 2021-I2M-1-062 from 
CAMS, and the National Clinical Key Specialty Construction proj-
ects from National Health Commission. The National High-Level 
Hospital Clinical Research Funding (2022-PUMCH-D-005, 
2022-PUMCH-B-126).

The authors have disclosed that they do not have any potential 
conflicts of interest.

For information regarding this article, E-mail: wengli@gmail.com; 
dubin98@gmail.com

REFERENCES
 1. Azoulay E, Pickkers P, Soares M, et al: Acute hypoxemic res-

piratory failure in immunocompromised patients: The Efraim 
multinational prospective cohort study. Intensive Care Med 
2017; 43:1808–1819

 2. Frat JP, Ragot S, Girault C, et al: Effect of non-invasive ox-
ygenation strategies in immunocompromised patients with 
severe acute respiratory failure: A post-hoc analysis of a ran-
domised trial. Lancet Respir Med 2016; 4:646–652

 3. Munshi L, Mancebo J, Brochard L: Noninvasive respiratory 
support for adults with acute respiratory failure. N Engl J Med 
2022; 387:1688–1698

 4. Rochwerg B, Brochard L, Elliott MW, et al: Official ERS/ATS 
clinical practice guidelines: Noninvasive ventilation for acute 
respiratory failure. Eur Respir J 2017; 50:1602426

 5. Kangelaris K, Ware L, Wang C, et al: Timing of intubation and 
clinical outcomes in adults with acute respiratory distress syn-
drome. Crit Care Med 2016; 44:120–129

 6. Demoule A, Chevret S, Carlucci A, et al: Changing use of non-
invasive ventilation in critically ill patients: Trends over 15 years 
in francophone countries. Intensive Care Med 2016; 42:82–92

 7. Gristina G, Antonelli M, Conti G, et al: Noninvasive versus in-
vasive ventilation for acute respiratory failure in patients with 
hematologic malignancies: A 5-year multicenter observational 
survey. Crit Care Med 2011; 39:2232–2239

 8. Weng L, Xu Y, Yin P, et al; for the China Critical Care Clinical 
Trials Group (CCCCTG): National incidence and mortality of 
hospitalized sepsis in China. Crit Care 2023; 27:84

 9. Weng L, Zeng XY, Yin P, et al: Sepsis-related mortality in 
China: A descriptive analysis. Intensive Care Med 2018; 
44:1071–1080

 10. Azoulay E, Soares M, Lengline E: Preempting critical care serv-
ices for patients with hematological malignancies. Intensive 
Care Med 2021; 47:1140–1143

 11. Evans L, Rhodes A, Alhazzani W, et al: Surviving sepsis cam-
paign: International guidelines for management of sepsis and 
septic shock 2021. Crit Care Med 2021; 49:e1063–e1143

 12. Dumas G, Lemiale V, Rathi N, et al: Survival in immunocompro-
mised patients ultimately requiring invasive mechanical venti-
lation: A pooled individual patient data analysis. Am J Respir 
Crit Care Med 2021; 204:187–196

 13. Luo J, Jiang W, Weng L, et al: Usefulness of qSOFA and 
SIRS scores for detection of incipient sepsis in general 
ward patients: A prospective cohort study. J Crit Care 2019; 
51:13–18

 14. Zhou J, Tian H, Du X, et al: Population-based epidemiology 
of sepsis in a subdistrict of Beijing. Crit Care Med 2017; 
45:1168–1176

 15. Razlaf P, Pabst D, Mohr M, et al: Non-invasive ventilation in 
immunosuppressed patients with pneumonia and extrapulmo-
nary sepsis. Respir Med 2012; 106:1509–1516

 16. Kang B, Koh Y, Lim C, et al: Failure of high-flow nasal cannula 
therapy may delay intubation and increase mortality. Intensive 
Care Med 2015; 41:623–632

 17. Stevens GA, Alkema L, Black RE, et al: Guidelines for accu-
rate and transparent health estimates reporting: The GATHER 
statement. Lancet 2016; 388:e19–e23

 18. National Bureau of Statistics of China: China Statistical 
Yearbook 2020. Available at: http://www.stats.gov.cn/tjsj/
ndsj/2020/indexeh.htm. Accessed Januray 30, 2020

 19. National Health Commission of the PRC: Classification and 
Codes of Diseases. Beijing, Standardization Administration of 
Peoples’s Republic of China, 2016, pp 10–920

D
ow

nloaded from
 http://journals.lw

w
.com

/ccm
journal by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

y
w

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dtw

nfK
Z

B
Y

tw
s=

 on 08/25/2024



Copyright © 2024 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Clinical Investigation

Critical Care Medicine www.ccmjournal.org     11

 20. Greenberg JA, Hohmann SF, Hall JB, et al: Validation of a 
method to identify immunocompromised patients with severe 
sepsis in administrative databases. Ann Am Thorac Soc 2016; 
13:253–258

 21. Karim ME, Gustafson P, Petkau J, et al: Comparison of statis-
tical approaches for dealing with immortal time bias in drug 
effectiveness studies. Am J Epidemiol 2016; 184:325–335

 22. Tobin MJ, Laghi F, Jubran A: Caution about early intubation 
and mechanical ventilation in COVID-19. Ann Intensive Care 
2020; 10:78

 23. Frat JP, Thille AW, Mercat A, et al: High-flow oxygen through 
nasal cannula in acute hypoxemic respiratory failure. N Engl J 
Med 2015; 372:2185–2196

 24. Cabrini L, Landoni G, Oriani A, et al: Noninvasive ventilation and 
survival in acute care settings: A comprehensive systematic 

review and metaanalysis of randomized controlled trials. Crit 
Care Med 2015; 43:880–888

 25. Duan J, Chen L, Liu X, et al: An updated HACOR score for 
predicting the failure of noninvasive ventilation: A multicenter 
prospective observational study. Crit Care 2022; 26:196

 26. Liengswangwong W, Yuksen C, Thepkong T, et al: Early de-
tection of non-invasive ventilation failure among acute respira-
tory failure patients in the emergency department. BMC Emerg 
Med 2020; 20:80

 27. Xie J, Wang H, Kang Y, et al: The epidemiology of sepsis in 
Chinese ICUs: A national cross-sectional survey. Crit Care Med 
2020; 48:e209–e218

 28. Diao ST, Dong R, Peng JM, et al: Validation of an ICD-based 
algorithm to identify sepsis: A retrospective study. Risk Manag 
Healthc Policy 2023; 16:2249–2257

D
ow

nloaded from
 http://journals.lw

w
.com

/ccm
journal by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

y
w

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dtw

nfK
Z

B
Y

tw
s=

 on 08/25/2024


	The Impact of Delayed Transition From Noninvasive to Invasive Mechanical Ventilation on Hospital Mortality in Immunocompromised Patients With Sepsi
	BACKGROUND
	MATERIALS AND METHODS
	Study Design and Data Source
	Study Population
	Exposure
	Outcome and Covariates
	Statistical Analysis
	Subgroup Analysis. Subgroup analyses were performed to test for potential effect modification of age (18–65, 65–80, ≥ 80 y old), sex (male and female), and immunocompromised conditions (only solid malignancy, rheumatologic/inﬂammatory disease were conside
	Sensitivity Analysis. Three sensitivity analyses were performed to test the robustness of our data.


	RESULTS
	Baseline Characteristics
	Comparison of NIV Initiation With No/Immediate/Early/Delayed/Late IMV Transition Versus IMV Initiation
	Subgroup and Sensitivity Analyses

	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES


