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Impact of renal dysfunction on weaning from
prolonged mechanical ventilation
David C Chao, David J Scheinhorn, Meg Stearn-Hassenpflug

Abstract

Background: In the intensive care unit (ICU) setting, the combination of mechanical ventilation and renal
replacement therapy (RRT) has been associated with prolonged length of hospital stay, high cost of care and poor
outcome. We gathered outcome data on patients who had severe renal dysfunction on transfer to our regional
weaning center (RWC) for attempted weaning from prolonged mechanical ventilation (PMV). We screened the
admission laboratory values of 1077 patients transferred to our RWC over an 8-year period. We reviewed the
medical records of patients with serum creatinine > 2.5 mg/dl.

Results: Sixty-three patients met screening criteria and 40 patients were on RRT at the time of transfer. Eighteen
patients had begun chronic RRT at least 2 months prior to admission to the transferring hospital for their current
illness. Twenty-two patients had RRT initiated at the transferring hospital. Ten patients had RRT initiated at the
RWC; eight patients had improvement or resolution of azotemia at our facility. RRT was withheld at patient/family
request in five patients with progressive renal failure. None of the 50 patients who received RRT recovered renal
function during treatment at our RWC. Intermittent hemodialysis was the standard RRT at the RWC. Duration of
mechanical ventilation prior to transfer to the RWC was 49.7 ± 33.5 days (mean ± SD).
Outcome of weaning attempts in the 63 patients was as follows: 13% weaned, 3% failed to wean and 84% died.
These outcomes were significantly worse (P<0.001) than those in the 1014 patients whose admission serum creati-
nine was = 2.5 mg/dl (58% weaned, 15% failed to wean, 27% died). The five patients in whom RRT was withheld
were predominantly in progressive multisystem organ failure, and were unlikely to have survived regardless of RRT.
From the study cohort, only one of the 10 patients discharged alive returned home, in contrast to 42% of the con-
trol group. No patient with severe renal dysfunction survived to 1 year post-discharge, compared to a 1-year survi-
val of 38% in the control group (P = 0.029). Only four of the 10 patients survived more than 1 month, with the
longest survival being 122 days.

Conclusions: Patients who require PMV and RRT have a very poor prognosis. The small number of patients with
renal insufficiency not requiring RRT had a more favorable hospital outcome and mortality, but long-term survival
remained poor.
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Introduction
In the critical care unit, there is a strong correlation
between the number of failing organ systems and mor-
tality [1-3]. Patients with both renal and respiratory fail-
ure, requiring concurrent mechanical ventilation and
renal replacement therapy (RRT), have prolonged length
of hospital stay, high cost of care, and a poor outcome

[4-6]. This relationship has not been studied in the
post-intensive care unit (ICU) setting.
Barlow Respiratory Hospital (BRH) functions as a

regional weaning center (RWC), accepting and attempt-
ing to wean patients from prolonged mechanical ventila-
tion (PMV). Patients are transferred to BRH from the
ICU’s of surrounding hospitals after 4-6 weeks of venti-
lator dependency. These patients typically have chronic
respiratory impairment exacerbated by a serious acute
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illness, such as infection, cardiac event, or surgical
catastrophe.
We previously reported a significant difference

between the admission blood urea nitrogen (BUN) and
serum creatinine of patients who weaned and those who
remained ventilator-dependent or died [7]. In this study,
we gathered outcome data on the cohort of ventilator-
dependent patients with severe renal dysfunction on
admission to our RWC in order to further elucidate the
impact of renal dysfunction on weaning from PMV.

Methods
We retrospectively reviewed the medical records of 1077
patients transferred to our RWC from 1988 to 1996. All
patients with admission serum creatinine > 2.5 mg/dl
were included in the severe renal dysfunction cohort.
Patients with admission serum creatinine = 2.5 mg/dl
served as controls. We recorded demographic data,
admission blood chemistries and blood gas results. The
onset and etiologies of respiratory and renal failures
were assessed and recorded based on the transfer
records. We reviewed the patients’ hospital course at the
RWC and scored outcomes of weaning efforts (weaned,
failed to wean, died) upon discharge. We tabulated dis-
position and survival data obtained from post-discharge
follow-up records.
All dialysis patients were followed by board-certified

nephrologists who wrote the dialysis orders exclusively.
Maintenance RRT utilized conventional intermittent
hemodialysis for 2-4 h three times a week, consistent
with routine practice in the United States. Bicarbonate-
based dialysate and cellulose membranes were predomi-
nantly used.
Demographic data and selected laboratory values from

the two cohorts were compared and reported in terms
of mean ± SD for normally distributed data, and median
(range) for non-normal distributions. Statistical analysis

included the following tests: Student’s t-tests for age,
serum albumin, BUN, creatinine, alveolar-arterial pres-
sure difference [P(A-a)O2], pH; Wilcoxon Rank Sum
tests for comparisons of median times spent ventilator-
dependent prior to and during a patient’s RWC stay and
Fisher’s Exact test for comparing weaning outcome and
disposition results.

Results
Sixty-three patients met the screening criteria. Forty
patients were receiving RRT at admission to our RWC.
Of the 23 patients meeting the screening criteria, but
not on RRT on admission, eight (35%) had improvement
or recovery of renal function while 15 experienced per-
sistent decline to the point where RRT was indicated.
Although most cases of renal failure were acute or acute
on chronic, none of the 50 patients receiving RRT
experienced recovery of renal function. Selected mea-
surements on RWC admission for the study and control
groups are shown in Table 1.
Table 2 lists the etiologies of both acute and chronic

causes of renal dysfunction identified from the patients’
transfer records. Incomplete records and the patients’
lengthy hospital courses made identification of a single
specific cause of renal dysfunction difficult. Further-
more, acute insult(s) were often superimposed on
underlying renal insufficiency. Typically, renal function
declined during the course of sepsis or presumed sepsis,
borderline or frank hypotension, the peri-operative or
post-resuscitation period, and while receiving multiple
medications with potential renal toxicity.
Outcomes of weaning attempts in patients with renal

dysfunction (13% weaned, 3% failed to wean, 84% died)
contrasted with the 1014 control patients (58% weaned,
15% failed to wean, 27% died; P < 0.001). Specific wean-
ing outcomes for subgroups of patients are listed in
Table 3. Overall outcome comparison is shown in Table

Table 1 Comparison of demographics and selected measurements in PMV patients with and without renal dysfunction

With renal dysfunction without renal dysfunction P

(study group; n = 63) (control group; n =1014)

Days of mechanical ventilation prior to transfer 42 (6-170) 33 (0-395) 0.04

Gender (% female) 53.1% 56.6% 0.61

Age 69.7 ± 11.3 69.1 ± 12.8 0.96

Serum albumin (g/dl) 2.72 ± 0.53 2.61 ± 0.60 0.06

Creatinine (mg/dl) 4.36 ± 1.69 0.86 ± 0.45 < 0.001

BUN (mg/dl) 78.6 ± 29.1 26.6 ± 18.2 < 0.001

COPD as primary reason for PMV 12.7% 24.5% 0.015

PaCO2 39.4 ± 9.4 46.9 ± 12.2 < 0.001

P(A-a)O2 (mmHg) 107.7 ± 58.0 120.4 ± 74.2 0.26

pH 7.41 ± 0.07 7.43 ± 0.07 0.09

BUN = blood urea nitrogen; COPD = chronic obstructive pulmonary disease; PMV = prolonged mechanical ventilation; PaCO2 = partial pressure of arterial carbon
dioxide; P(A-a)O2 = alveolar-arterial pressure difference.
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4. Only patients who stabilized or recovered renal func-
tion had outcomes comparable to the control group (4
out of 8; 50%). There was no significant difference in
time taken to wean between the two groups: 36 days
(22-177) for those with renal dysfunction compared to
29 days (1-226) for the control patients (P = 0.13). Ten
of the 63 patients wee discharged alive, but only one
was able to return home, with the remainder being dis-
charged to extended care facilities. Post-discharge fol-
low-up of the 10 patients showed that only four
survived more than 1 month. No patient with renal dys-
function achieved 1-year survival, with 122 days being
the longest post-discharge survival in that cohort. In the
control group, 42% were discharged home and 37.2% of
all discharges were alive at 1 year.

Discussion
There has been increasing emphasis, partly due to a
changing medical economic environment, on research
into ICU outcomes and outcome prediction. Aside from
the potential to influence resource utilization policy,
such data have immediate benefit to clinicians, patients
and families, enabling them to make more informed
decisions. While outcome studies of mechanically venti-
lated ICU patients have proliferated, data on PMV
patients in the post-ICU setting have been sparse.
Patients with PMV consume a disproportionate amount
of ICU resources [8,9]. One cost-saving strategy is to
transfer these patients, often chronically critically ill, to
a long-term acute-care facility such as an RWC. We

have described the PMV patient population and out-
come at our RWC in two previous articles [10,11]. The
concurrent development of renal failure with the
requirement for RRT further complicates and increases
the cost of care [5].
Sixty-three of 1077 ventilator-dependent patients had

concurrent severe renal dysfunction on admission to our
RWC; 40 of them were receiving RRT. We found that
patients with renal dysfunction spent significantly more
time in the ICU than controls prior to transfer to our
RWC. They are also less likely to have chronic obstruc-
tive pulmonary disease as the primary reason for PMV.
The extended ICU stays are most likely a reflection of
higher acuity resulting in increased interventions. We
found that the majority of these patients were not RRT-
dependent prior to ICU entry, but had incurred various
renal insults during the course of treatment, not unlike
the lung injuries leading to PMV. The etiology of renal
dysfunction was often multifactorial with acute insult(s)
usually superimposed on chronic renal insufficiency.
Although most patients developed acute renal failure
necessitating RRT, none had recovery of renal function.
We found that the combination of PMV and severe

renal dysfunction on transfer to our RWC forecast a
very poor outcome. This mirrors the findings in the
ICU setting by Tafreshi et al [6], who scored outcomes
for 52 ICU patients with 2 weeks of simultaneous
mechanical ventilation and RRT. In that study, only
three patients (6%) survived to discharge, and none were
weaned. Another study by Kraman et al found that 74

Table 2 Determinants of dysfunction in PMV patients:
underlying factors and acute insults

Underlying renal insufficiency Acute insults

Age Post-surgical (mostly post-CABG)

Diabetes Cardiac arrest

Hypertension Sepsis/MOSF

Congestive heart failure Hypotension

Renal artery stenosis Antibiotic toxicity

Renal allograft dysfunction Renal allograft rejection

Glomerulonephritis Cholesterol emboli

MOSF = multiple organ system failure; PMV=prolonged mechanical
ventilation; CABG=coronary artery bypass graft.

Table 3 Outcomes of weaning attempts in patients with renal dysfunction, by sub-group

Sub-group n Weaned Failed to wean Died

RRT initiated > 2 months prior to initial hospitalization 18 1 1 16

RRT initiated at transferring facility and continued at RWC 22 3 1 18

RRT initiated at RWC 10 0 0 10

RRT indicated but withheld 5 0 0 5

RRT not indicated 8 4 0 4

Total 63 8 2 53

RRT = renal replacement theraphy; RWC = regional weaning center.

Table 4 Comparison of outcome and 1 year survival in
PMV patients with and without renal dysfunction

Renal
dysfunction

Control
group

P

group (n = 63) (n = 1014)

Weaning outcome:

Weaned 13% 58%

Failed to wean 3% 15% < 0.001

Died 84% 27%

Time to wean at BRH (days) 36 (22-177) 29 (1-226) 0.13

Alive 1 year post discharge 0% 37.2% 0.029

PMV = prolonged mechanical ventilation; BRH = Barlow Respiratory Hospital.
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of 686 respiratory failure patients developed concurrent
renal failure in the ICU, with a mortality of 80% [12].
We found an overall weaning success rate of 8% for
patients with concurrent mechanical ventilation and
RRT. None of the 10 patients who had RRT initiated at
BRH weaned or survived to discharge, possibly reflecting
progressive and irreversible organ function decline
despite treatment.
All five patients in whom RRT was withheld despite

the medical indication for dialysis were in progressive
multiple organ system failure (MOSF), with the decision
not to initiate treatment based on a grave short-term
prognosis. It is reasonable to assume that RRT would
not have altered the outcome of this group. This
assumption is based on the following:
1. mortality in renal failure is strongly dependent on

comorbid conditions [1];
2. renal failure contributes to mortality independent of

the fluid and metabolic derangements treated with RRT
[13,14], and
3. despite treatment of the underlying trigger of

MOSF (sepsis in these cases), and aggressive supportive
therapy, the renal failure was progressive and
irreversible.
Eight of the 23 patients with admission serum creati-

nine levels >2.5 mg/dl, but not on RRT, experienced sta-
bilization or improvement of renal function. Four of the
eight patients (50%) weaned, possibly because better
renal function improved their ability to manage fluid
balance, reported in our patients to improve weaning
success [15]. Despite weaning outcomes similar to that
of the controls, their long-term prognosis was uniformly
poor, as it was for all groups. Of the 10 patients dis-
charged alive, the longest survival was only 22 days.
Although functional status was not specifically studied,
the unfavorable disposition (only one of the 10 dis-
charged patients went home) and short survival imply a
very low functional capacity and quality of life.
It is possible that improvement in survival can be

achieved with newer methods of RRT, such as the use
of biocompatible membranes and continuous RRT tech-
niques [16,17]. Relative reduction in risk of death, how-
ever, is expected to be low in view of the multiple
comorbid conditions in this population. Since these
patients have already achieved hemodynamic stability to
transfer out of the ICU setting, the indication for con-
tinuous RRT is less apparent.
We think our results have broader clinical relevance

than for the RWC alone. On the day of transfer to the
RWC, the ICU team has decided the next level of care
in the critical care continuum, and whether weaning
efforts should continue. Caution should be exercised,

however, in applying our findings to patients early in
the ICU stay, in whom renal dysfunction commonly
develops, but may resolve before discharge. Also, we did
not capture the cohort of patients who had normal
renal function on RWC admission but developed renal
failure during our treatment; their prognosis remains to
be studied.

Conclusion
Patients with PMV and concurrent severe renal dysfunc-
tion on transfer to the RWC have an extremely poor
prognosis for weaning outcome and both short- and
long-term survival. The duration of mechanical ventila-
tion in the ICU prior to transfer to the RWC was signif-
icantly longer where renal dysfunction also developed.
Time to wean tended to be longer in the few patients
with renal dysfunction who did wean. The small number
of PMV patients with renal insufficiency not requiring
RRT had a better weaning success rate and mortality
than those receiving RRT, but long-term survival was
still poor.
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