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DES de Néphrologie : Enseignement l’Op7on SOINS INTENSIFS en 
NÉPHROLOGIE

Conduite diagnos-que et prise en charge d’une insuffisance 
respiratoire aigue chez un pa-ent dialysé chronique 
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OBJECTIFS du COURS

Op#on SIN 2

A. Connaitre l’épidémiologie de l’Insuffisance Respiratoire Aigue 
dans la popula6on dialysée

B. Connaitre les spécificités du pa6ent dialysé 
chronique/physiopathologie de l’Insuffisance Respiratoire Aigue 

C. Reconnaitre/diagnos6quer les différentes types d’Insuffisance 
Respiratoire Aigue 

D. Reconnaitre les signes de gravité
E. MeRre en place les traitements ven6latoires appropriés 
F. Eviter les pièges (quand appeler le réanimateur médical…)
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QCM auto-évaluation 1 

Enoncé 1 : Pa7ent de 72 ans, dialysé chronique sur FAV, HTA, tabac 
non sevré, obèse, qui se présente dimanche soir au SAU en détresse 
respiratoire. FR 35/min, satura7on 90% sous 6l/min, PA 
165/85mmHg, FC 114/bpm. Les GDS: ph 7,24, PO2 65mmHg, PCO2 
55mmHg. 
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} Voici sa radio

Op#on SIN 4
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QCM auto-évaluation 1 

} Q1: Parmi les proposi-ons suivantes lesquelles sont justes:
A. Je demande des NT-proBNP pour confirmer l’OAP
B. Je réalise une échographie cardiaque et pulmonaire pour 

m’aider dans le diagnos6c 
C. Je débute une ven6la6on non invasive par VNI
D. Je débute des an6bio6ques 

Op#on SIN 5
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QCM auto-évaluation 2 
Enoncé 2 : Pa7ent de 76ans, IRCT dialysé chronique depuis peu sur 
néphropathie diabé7que. Découverte récente de CMD hypokiné7que 
45% stenté sur coronaire droite avec sténose IVA non stentée. Mis 
sous CORDARONE et BISOPROLOL pour ACFA rapide. Sepsis urinaire à 
E Coli. Dernière dialyse il y a 3 jours. Appel pour dégrada7on 
respiratoire.
Clinique: crépitants diffus, OMI, oxygénothérapie majorée à 6l/min 
pour une satura>on à 98%. PA 113/76mmHg, PAM 65mmHg, FC 
68bpm, FR 30/min. T°C: 35,9. Score de Glasgow 14/15. 
Biologie: Na 134mmol/l, K 6,2mmol/l, Cl 94mmol/l, RA 5 mmol/l, Créat
333 umol/l, urée 29 mmol/l. CRP 70mg/l. BNP 36000pg/ml Tropo
80ng/ml. 
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} Voici sa radio

Op#on SIN 7

7

QCM auto-évaluation 2 

Q2 – Le cardiologue du CHU vous téléphone pour le prendre en 
charge dans votre USIN pour une dialyse en urgence. Parmi les 
proposi-ons suivantes, lesquelles vous semblent juste? 
A. Les renseignements clinico-biologiques sont suffisants pour accepter de 

prendre en charge le pa>ent. 
B. Aucun autre examen complémentaire n’est nécessaire avant d’accepter 

le pa>ent.
C. Je prévois une déplé>on hydro-sodée plutôt lente compte tenu de la 

cardiopathie sous jacente, je choisi un mode de dialyse con>nue  
D. Au vu des troubles ioniques, je prépare une hémodialyse intermibente 

avec un débit dialysat important. 
Op#on SIN 8
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Editor’s key points

† This systematic review addresses
the issue of outcome of patients
with end-stage renal disease
(ESRD) admitted to the intensive
care unit (ICU).

† In the 16 identified studies,
cardiovascular disease and sepsis
accounted for the majority of the
admissions.

† Compared to patients with acute
kidney injury requiring renal
replacement therapy, patients
with chronic ESRD had a better ICU
and hospital survival.

† Importantly, this review suggests
that appropriately selected
patients with ESRD frequently
benefit from ICU admission.

Summary. The number of patients with end-stage renal disease (ESRD) is
increasing worldwide, with a growing demand on healthcare services. A
systematic review of the literature was performed to determine the requirement
for intensive care unit (ICU) services, reasons for admission, predictors of
mortality, and short- and long-term outcomes of ESRD patients admitted to ICU.
Sixteen studies were identified, comprising 6591 ICU admissions. Cardiovascular
disease and sepsis accounted for the majority of admissions. Acute illness
severity scores tend to overestimate mortality among ESRD patients. Critical
illness associated with acute kidney injury (AKI) requiring renal replacement
therapy (RRT) is associated with significantly higher hospital mortality compared
with ESRD patients admitted to the ICU [odds ratio (OR) 3.9; 3.5–4.4; P,0.0001].
However, hospital mortality of ESRD patients is less favourable compared with
matched patients with mild AKI (OR 1.5; 1.4–1.6; P,0.0001). Although the
mortality rate remains high shortly after hospital discharge, the duration of
increased mortality risk is unclear. Patients with ESRD frequently benefit from
ICU admission, despite chronic co-morbidity. Further studies are required to
modify and validate existing illness severity scores for ESRD patients admitted to
the ICU, and to establish the duration of increased mortality risk after discharge
from ICU.

Keywords: intensive care; kidney, failure; renal

The incidence and prevalence of chronic kidney disease (CKD)
and end-stage renal disease (ESRD) are increasing appre-
ciably,1 2 reflecting an increased prevalence of hypertension,
type 2 diabetes mellitus, and an ageing population.3 The
prevalence of CKD in the USA is !13% among the adult
population,4 while the incidence of patients reaching ESRD
requiring renal replacement therapy (RRT) is 347.6 per
million population per year.1 Patients with ESRD (defined as
having an estimated glomerular filtration rate of ,15 ml
min21 1.73 m22) have significant co-morbidities and a
greater mortality risk compared with an age-matched
cohort. The relative risk for all-cause mortality, cardiovascu-
lar events, and hospitalization rates are 5.9, 3.4, and 3.1, re-
spectively, relative to patients with normal renal function.5

Morbidity and mortality are predominantly related to cardio-
vascular disease and sepsis.1 6

Despite the increase in numbers of patients with ESRD and
its associated complications, better provision of care for
these patients is associated with improved mortality rates.3

Consequently, a greater expectation of survival after critical
illness drives an ever-increasing demand for ICU facilities.7

Illness severity scores have not been specifically evaluated

to predict outcome in ESRD patients, since most scores allo-
cate points for physiological and laboratory data that are
usually outside the normal range in stable ESRD patients.
Establishing the requirement for ICU services, predictors of
mortality, and the short- and long- term outcomes among
the ESRD population is therefore important.

We reviewed the literature to determine the epidemiology
of patients with ESRD admitted to ICU, causes for admission,
factors associated with mortality, and short- and long-term
outcomes. The hospital mortality of ESRD patients was com-
pared with patients with AKI requiring RRT and with patients
with ‘mild renal injury’ admitted to the ICU.

Methods
We performed a review of the literature using the National
Centre for Biotechnology Information (NCBI) PubMed
database using a combination of medical subject headings
(MeSH), title, and abstract keywords. The search terms used
were: ‘end stage renal failure’ or ‘end stage renal disease’
or ‘dialysis’ and ‘intensive care’ or ‘critical care’. Reviews, edi-
torials, and individual case reports were excluded, as were

British Journal of Anaesthesia 110 (1): 13–20 (2013)
Advance Access publication 20 November 2012 . doi:10.1093/bja/aes401

& The Author [2012]. Published by Oxford University Press on behalf of the British Journal of Anaesthesia. All rights reserved.
For Permissions, please email: journals.permissions@oup.com

16 études, 6591 pa6ents admis en réa
Mode de dialyse: 88% HD, 12% DP
Cause d’admission: OAP 24%, Sepsis 20,5%, chirurgie non programmée 9-27%
Mortalité globale J90: 55%
àMortalité principalement dans les 6 mois après le passage en réa et stabilisa6on avec 
le temps 
àRisque de décès x3 la 1ere année, x2 la 2e année. 
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admission (for a minimum of 3 months). Data were collected on patient
characteristics at baseline, including demographics, day of admission and
reasons for admission, primary cause of ESRD and duration of dialysis
dependence as well as prior dialysis schedule (Monday, Wednesday and
Friday versus Tuesday, Thursday and Saturday), compliance with dialysis
and chronic treatment, causes of pulmonary oedema, biological, radiologic
and echocardiographic parameters, treatment and outcome.

Definitions

Routine outpatient dialysis discontinuation was used to characterize pa-
tients who had missed at least the last scheduled dialysis session in their
usual care centre prior to the admission in our ICU. Medication discontin-
uation was used for patients who stopped their chronic medications in-
cluding diuretics and blood pressure-lowering medications for at least 7
days prior to their admission of APO. Non-compliance with dialysis, diet
and medications were used to characterize patients who followed the
above irregularly. Excess interdialytic weight gain was diagnosed in pa-

tients with excessive weight gain between dialysis sessions, in the pres-
ence of adequate volaemic control in dialysis and appropriate target
weight. Inappropriate target weight assessment was defined in patients
with fluid congestion resulting from ineffective ultrafiltration during
dialysis. Lower respiratory chest infection was based on (i) fever, bio-
logical inflammatory syndrome, asymmetrical basal lung opacities on
chest X-ray, together with typical radiological signs of pulmonary oedema
before dialysis and (ii) resolution of the radiological signs of pulmonary
oedema following dialysis and of the basal asymmetrical opacities only
after treatment with antibiotics. Precipitating cardiac events were diag-
nosed in the presence of positive biomarkers (troponin).

Data were analysed with the use of SPSS! version 9.0.0 for Windows.
Comparisons used chi-squared test and equivalents for categorical variables
and t-test and Mann–Whitney U-test for quantitative variables. Logistic
regressionswere used to assess baseline variables thatwere likely predictors
of death during hospitalization. Unless stated otherwise, comparison tests
were two sided and a P-value<0.05was considered statistically significant.
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Fig. 1. Days of admission of patients (overall and according their past dialysis schedules: either Monday, Wednesday and Friday or Tuesday, Thursday
and Saturday). P-value <0.001 for the distribution.
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Abstract
Background. Acute pulmonary oedema (APO) in patients
undergoing chronic dialysis (CD), a common cause of hos-
pital admission in this population, is poorly documented.
The objective of this study was to determine the causes,
profile, clinical course and outcomes of APO in CD pa-
tients admitted in an intensive care unit (ICU).
Methods. Medical charts of all CD patients consecutively
admitted for APO in the renal ICU of the Tenon Hospital
(Paris, France) between January 2000 and December 2007
were considered. Data collection included patient charac-
teristics, etiologic factors for chronic renal failure and co-
morbidities, past history of APO, precipitating factors,
clinical evolution and outcomes.
Results. Of the 112 files considered, 102 (65% men) were
included in the final analysis. Patients were aged 20–88
years and had been dialysed for a median duration of 2
years. Hypertension (36.3%), chronic glomerulonephritis
(25.5%) and diabetes mellitus (17.6%) were the main etio-
logic factors of chronic renal failure; 38.2% had a past
history of APO. Acute pulmonary infection (26%), exces-
sive interdialytic weight gain (25%) and inappropriate dry
weight prescription (23%) were the leading causes of APO.
The duration of hospitalization was <4 days in 60% of
participants. Nine deaths (four being of cardiac origin)
were recorded. Being referred from another hospital service
was the main predictor of death.
Conclusions. APO fuelled in part by chest infection,
excessive interdialytic weight gain and inappropriate dry
weight are important causes of hospitalization in CD
patients. Mortality is high among those referred from other
services usually in critical conditions.

Keywords: acute pulmonary oedema; chronic dialysis; intensive care
unit; outcome

Introduction

The global population of individuals with end-stage renal
disease (ESRD) has rapidly increased over the past two
decades [1, 2]. In Europe, for instance, available data
indicate an increase in both the incidence and the preva-
lence of chronic dialysis (CD) patients at the average
annual pace of 4% [2]. CD patients are at increased risk
of multiple organ dysfunctions resulting from pre-existing
medical conditions and secondary complications of renal
replacement therapy. As a consequence, they are frequently
hospitalized, particularly in intensive care units (ICUs). In a
recent study, it was estimated that 2% of CD patients per
year would require an ICU admission [3]. The evolution of
these patients in ICU is characterized by a significant mor-
bidity and mortality. Cardiovascular diseases including
acute pulmonary oedema (APO) are the most common
causes of hospital admission in CD patients [4, 5]. The
dramatic presentation of APO usually calls for emergency
care, usually in ICU. Available studies of APO have mostly
been conducted in acute coronary care units [6-10]. The
few reports about CD patients in ICU have generally
focused on the reason for their admission and on their
clinical course [3, 11, 12] but not specifically on APO.

The main purpose of this study was to determine the
causes of APO in CD patients admitted in an ICU and
second to determine the clinical course and outcomes.

Materials and methods

The study was conducted in the renal ICU and Transplantation Unit of Tenon
Hospital in Paris, France. This department is a referral centre with a capacity
of 12 ICU beds, a group of critical care nephrologists. Amean 500 admissions
are recorded per year. Medical records of CD patients admitted from January
2000 to December 2007 were retrospectively reviewed for evidence of APO
as reason for admission. Final diagnosis of APO was based on a set of clinical
and radiological findings such as onset of severe cough, dyspnoea, respiratory
distress and clinical and radiological signs of pulmonary congestion. Patients
were excluded if they were not already on chronic dialysis at the time of

! The Author 2011. Published by Oxford University Press on behalf of ERA-EDTA. All rights reserved.
For Permissions, please e-mail: journals.permissions@oup.com
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admission (for a minimum of 3 months). Data were collected on patient
characteristics at baseline, including demographics, day of admission and
reasons for admission, primary cause of ESRD and duration of dialysis
dependence as well as prior dialysis schedule (Monday, Wednesday and
Friday versus Tuesday, Thursday and Saturday), compliance with dialysis
and chronic treatment, causes of pulmonary oedema, biological, radiologic
and echocardiographic parameters, treatment and outcome.

Definitions

Routine outpatient dialysis discontinuation was used to characterize pa-
tients who had missed at least the last scheduled dialysis session in their
usual care centre prior to the admission in our ICU. Medication discontin-
uation was used for patients who stopped their chronic medications in-
cluding diuretics and blood pressure-lowering medications for at least 7
days prior to their admission of APO. Non-compliance with dialysis, diet
and medications were used to characterize patients who followed the
above irregularly. Excess interdialytic weight gain was diagnosed in pa-

tients with excessive weight gain between dialysis sessions, in the pres-
ence of adequate volaemic control in dialysis and appropriate target
weight. Inappropriate target weight assessment was defined in patients
with fluid congestion resulting from ineffective ultrafiltration during
dialysis. Lower respiratory chest infection was based on (i) fever, bio-
logical inflammatory syndrome, asymmetrical basal lung opacities on
chest X-ray, together with typical radiological signs of pulmonary oedema
before dialysis and (ii) resolution of the radiological signs of pulmonary
oedema following dialysis and of the basal asymmetrical opacities only
after treatment with antibiotics. Precipitating cardiac events were diag-
nosed in the presence of positive biomarkers (troponin).

Data were analysed with the use of SPSS! version 9.0.0 for Windows.
Comparisons used chi-squared test and equivalents for categorical variables
and t-test and Mann–Whitney U-test for quantitative variables. Logistic
regressionswere used to assess baseline variables thatwere likely predictors
of death during hospitalization. Unless stated otherwise, comparison tests
were two sided and a P-value<0.05was considered statistically significant.
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Fig. 1. Days of admission of patients (overall and according their past dialysis schedules: either Monday, Wednesday and Friday or Tuesday, Thursday
and Saturday). P-value <0.001 for the distribution.
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features of pulmonary oedema. Cardiovascular disorders
were the leading cause of pulmonary oedema in our study
population. However, extracellular volume expansion or
fluid overload secondary to poor compliance to diet and
inappropriate estimation of the dry weight, and chest in-
fections were also major causes for this condition. Infec-
tions and cardiovascular disease were the main causes of
death.

We are not aware of any similar study which could
provide comparative figures. Existing series of CD
patients in ICU have generally focused on causes of hos-
pitalizations and outcomes [3, 11, 12]. These studies,
however, have acknowledged the high prevalence of pul-
monary oedema among CD patients [3, 11, 12]. Our
study population was made up of more men, reflecting
the well-described male dominance among individuals
with chronic renal diseases [13]. A striking finding
was the pattern of admission day: patients on the
Monday-Wednesday-Friday maintenance dialysis sched-
ule were typically admitted on a Sunday, while those on
the Tuesday-Thursday-Saturday were typically admitted
on a Monday. Because these admission days are virtually
the days at which these patients would have received
their dialysis session in the absence of a Sunday gap,
we speculate that weekend gaps represent a key contrib-
utor to pulmonary oedema in our population. Recent
evidence suggests that ‘intensive dialysis’ (six sessions
per week) as opposed to conventional dialysis (three
sessions per week) does not affect hospitalization or
death unrelated to vascular access in the general popula-
tion of CD patients [14]. Our findings could thus merely
reflect a decreased tolerance to fluid overload in selected
patients with a poor heart condition and/or with poor
adherence to the common restrictions in salt and water
during the weekend.

Treatment and prognosis of pulmonary oedema depend
on its cause. As a result of the high cardiovascular risk
profile of individuals with CKD, cardiovascular disease
was an important cause of pulmonary oedema in our pop-
ulation [15-17]. Fluid and salt abuse have been reported as
the most common causes of pulmonary oedema in patients
on renal replacement therapy [20]. We also found a high
percentage of poor dietary compliance in our study. Over-
estimation of the dry weight and pulmonary infection
were also common causes in our patients. The estimation
of dry weight in patients on CD is a daunting task. It is
very often based on the occurrence of clinical signs attrib-
utable to extracellular volume contraction. The dry weight
should be reviewed often taking into account new clinical
events. An important finding was the number of patients
successfully treated medically, indicating that vasodilators,
nitrates and diuretics were still effective in CD patients.

The death rate in our study (9%) is similar to that reported
by studies of APO in patients with coronary diseases or heart
failure [6, 9, 18-20] and also in patients with APO in general
internal medicine [13] or in CKD patients in general in ICU
[11] This finding is striking and should be interpreted with
caution given the small size of our population. CVD and
infections have well been documented as leading causes of
death in CD patients [3, 15-17]. Interestingly, the cause of
pulmonary oedema was not a determinant of death in our
study. The association of hospital source with death is prob-
ably explained by the fact that patients often deteriorate
following inter-hospital transfers. Their underlying illnesses
were likely to be more severe. Mechanical invasive ventila-
tion is known as a predictor of death [11, 13, 19]. In our
study, the primary indication for mechanical ventilation in
many patients was not for pulmonary oedema, but instead
for pulmonary infection, a common cause of decompensa-
tion in this population.
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Original Article

Haemodialysis is associated with a pronounced fall in myocardial
perfusion

Judith J. Dasselaar1,2, Riemer H. J. A. Slart3, Martine Knip2, Jan Pruim3, René A. Tio4,
Christopher W. McIntyre5, Paul E. de Jong2 and Casper F. M. Franssen1,2

1Dialysis Center Groningen, 2Division of Nephrology, Department of Internal Medicine, 3Department of Nuclear Medicine and
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Abstract
Background. Whereas haemodialysis (HD) is lifesaving by
replacement of renal function, there are data to suggest that
the HD procedure itself may contribute to the high cardiac
risk in dialysis patients. The HD procedure is associated
with an increased risk of sudden death, and there is accu-
mulating evidence that HD can elicit myocardial ischaemia.
In this study, we evaluated the effect of HD on global and
regional myocardial blood flow (MBF) and left ventricular
(LV) function in non-diabetic, non-cardiac compromised
patients.
Methods. 13N-NH3 positron emission tomography (PET)
was used to quantify changes in MBF, LV wall motion,
cardiac output (CO), LV end-diastolic volume (LVEDV)
and end-systolic volume (LVESV) in seven non-diabetic
patients with uneventful cardiac histories. PET scans were
performed before and at 30 and 220 min of HD.
Results. In all patients global MBF fell during HD. At
30 min of HD without ultrafiltration (UF), global MBF
had fallen 13.5 ± 11.5% (P < 0.05) while CO, LVEDV
and LVESV were 4.6 ± 5.3% (NS), 5.6 ± 4.2% (P <
0.05) and 6.9 ± 7.2% (P < 0.05) lower, respectively. At
220 min of HD, after UF of 2.5 ± 0.9 l, global MBF had
fallen 26.6 ± 13.9% (P < 0.05) from baseline while CO,
LVEDV and LVESV were 21.0 ± 19.7%, 31.1 ± 12.7%
and 36.4 ± 17.5% (all P < 0.05) lower, respectively. In
two patients, new LV regional wall motion abnormalities
(RWMA) developed at 220 min of HD. MBF was reduced
to a greater extent in regions that developed LV RWMA
compared to those that did not.
Conclusions. Haemodialysis induced a pronounced fall in
MBF. Since MBF fell already early during HD not only hy-
povolaemia but also acute dialysis-associated factors seem
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sity Medical Center Groningen, Hanzeplein 1, 9713 GZ, Groningen,
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to play a role. Haemodialysis-associated reductions in MBF
may contribute to the high cardiac event rate of dialysis
patients.

Keywords: 13N-NH3 positron emission tomography;
haemodialysis; myocardial ischaemia; myocardial
perfusion; left ventricular function

Introduction

Haemodialysis (HD) patients have markedly elevated car-
diac mortality rates [1]. Much research has been directed
at the mechanisms behind this excess mortality, but little
attention has been given to the HD procedure itself as a po-
tential cause of cardiac complications. It is evident that HD
is stressful for the cardiovascular system since haemody-
namic instability is one of its most frequent complications
[2]. The risk of sudden cardiac death is increased during and
immediately after an HD session [3]. Previous studies using
electrocardiography [4–7], cardiac troponin T levels [8–11],
99Tc-sestamibi single-photon emission computed tomogra-
phy [12] and echocardiography [13,14] suggest that HD
may elicit myocardial ischaemia in a proportion of patients.
Recently, McIntyre et al. demonstrated that HD is indeed
capable of inducing regional myocardial ischaemia [15].
Using intra-dialytic H2

15O positron emission tomography
(PET) and echocardiography, they showed that HD treat-
ment elicited reversible left ventricular (LV) regional wall
motion abnormalities (RWMA) with matched reductions in
myocardial blood flow (MBF).

The patient group in the study of McIntyre et al. con-
sisted of four patients, three of whom had diabetes mellitus
as the cause of renal failure [15]. Although these patients
did not have significant coronary artery disease, their long-
standing diabetes may have caused structural and functional
microvascular alterations that render them susceptible
for the development of myocardial ischaemia. We ques-
tioned whether and to what extent an uncomplicated HD

C© The Author [2008]. Published by Oxford University Press on behalf of ERA-EDTA. All rights reserved.
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Fig. 2. Relative change from baseline of the left ventricular end-diastolic volume (LVEDV, A), left ventricular end-systolic volume (LVESV, B), cardiac
output (C) and myocardial blood flow (D). Each line represents an individual patient. In each of these figures, the same symbols are used for individual
patients. The patient numbers correspond with those used in Table 1.
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Fig. 3. Relationship between the relative change in myocardial blood flow
and the relative change in cardiac output (both from baseline). The open
squares represent the correlation at 30 min of HD (not significant). The
closed squares represent the correlation at 220 min of HD (r = 0.84; P =
0.03).

At baseline and at 30 min of HD, no LV RWMA were
observed. At 220 min of HD, LV RWMA were observed in
two patients (patients NR 1 and 2 from Table 1). In patient
NR 1, new LV RWMA developed in 3 of the 17 LV seg-
ments at 220 min. In this patient, the mean change in MBF
was −26 ± 5% in segments that developed LV RWMA and
−13 ± 9% in those that preserved normal function (P =
0.03). In patient NR 2, new LV RWMA developed in 8 of
the 17 LV segments. Compared with baseline, the mean
change in MBF for segments in which LV RWMA devel-
oped and those that preserved normal function was −47 ±
6% and −33 ± 13%, respectively (P = 0.004). These data
demonstrate that the reduction in regional LV contractility
was associated with relative perfusion defects in the corre-
sponding regions in both patients. In the two patients that

developed LV RWMA, the cardiac output had decreased
by −39.4% and −32.3% at 220 min of HD, respectively,
whereas the average fall in the cardiac output in the remain-
ing patients was −13.6 ± 20.5% (non-significant).

Discussion

This study demonstrates that the HD procedure is associ-
ated with a significant fall in myocardial perfusion. This
was observed in ‘relatively healthy’ dialysis patients that
were selected for having a low cardiovascular risk, e.g.
non-diabetic patients with stable HD sessions and unevent-
ful cardiac histories. Two of the seven patients who were
studied developed regional LV dysfunction in regions with
the greatest fall in MBF. Notably, these cardiac derange-
ments were clinically silent.

Our results confirm the recent data from McIntyre et al.
[15] who reported similar intra-dialytic reductions in MBF.
In their study, all four (three of whom had diabetes) patients
developed segmental LV dysfunction with matched reduc-
tions in MBF [15]. These and our data, together with the
observation of functional post-dialysis recovery [15], indi-
cate that HD is capable of inducing myocardial ischaemia
and myocardial stunning.

Various factors render HD patients sensitive for the de-
velopment of cardiac ischaemia. Uraemic patients have a
high prevalence of coronary atherosclerotic lesions [27,28]
and structural and functional alterations in the microcir-
culation [29,30] as well as abnormalities in myocardial
metabolism [31]. Specifically, a reduction in capillary den-
sity (‘myocyte-capillary mismatch’) has been described
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Background and objectives: Hemodialysis (HD)-induced myocardial stunning driven by ischemia is a recognized compli-
cation of HD, which can be ameliorated by HD techniques that improve hemodynamics. In nondialysis patients, repeated
ischemia leads to chronic reduction in left ventricular (LV) function. HD may initiate and drive the same process. In this study,
we examined the prevalence and associations of HD-induced repetitive myocardial injury and long-term effects on LV
function and patient outcomes.

Design, setting, participants, & measurements: Seventy prevalent HD patients were assessed for evidence of subclinical
myocardial injury at baseline using serial echocardiography and followed up after 12 mo. Intradialytic blood pressure,
hematologic and biochemical samples, and patient demographics were also collected at both time points.

Results: Sixty-four percent of patients had significant myocardial stunning during HD. Age, ultrafiltration volumes,
intradialytic hypotension, and cardiac troponin-T (cTnT) levels were independent determinants associated with its presence.
Myocardial stunning was associated with increased relative mortality at 12 mo (P ! 0.019). Cox regression analysis showed
increased hazard of death in patients with myocardial stunning and elevated cTnT than in patients with elevated cTnT alone
(P < 0.02). Patients with myocardial stunning who survived 12 mo had significantly lower LV ejection fractions at rest and on
HD (P < 0.001).

Conclusions: HD-induced myocardial stunning is common, and may contribute to the development of heart failure and
increased mortality in HD patients. Enhanced understanding of dialysis-induced cardiac injury may provide novel therapeutic
targets to reduce currently excessive rates of cardiovascular morbidity and mortality.

Clin J Am Soc Nephrol 4: 914–920, 2009. doi: 10.2215/CJN.03900808

D ialysis patients display hugely elevated rates of car-
diac mortality (1), and this rate of cardiovascular
attrition is not driven by the same risk factors, or

pathophysiological processes, that are important in the general
population (2). Classical complicated atherosclerotic disease
appears not to be the predominant mode of death in hemodi-
alysis (HD) patients. US registry data have identified HD as an
independent risk factor for the development of de novo and
recurrent heart failure with a 2-yr mortality after diagnosis of
congestive heart failure as high as 51% (3).

Hemodialysis-induced myocardial stunning, as well as the
potential (at least in the short term) to abrogate dialysis-in-
duced cardiac injury with dialysis techniques that improve
hemodynamic tolerability, is well described (4,5). A recent
study using H2

15O positron emission tomography (PET) to
measure myocardial blood flow (MBF) during HD in patients
without angiographically significant coronary disease con-
firmed that HD-induced segmental left ventricular (LV) dys-
function correlates with matched reduction in MBF (6), both

globally and co-localizing with segments exhibiting significant
HD-induced reduction in contractile function. The details of the
mechanisms involved in HD-induced myocardial stunning are
currently largely unresolved. However, during HD, patients
are particularly susceptible to myocardial ischemia for a num-
ber of reasons, including: high prevalence of coronary artery
atheroma (7), LV hypertrophy (8), intradialytic hypotension
and instability (9), and reduced coronary flow reserve (CFR)
even in the absence of coronary vessel stenoses (10,11).

In the nondialysis population, repeated episodes of demand
ischemia and stunning can result in chronic reduction in LV
function (12,13). In HD patients, recurrent episodes of ischemia
precipitated by HD may have negative consequences that lead
to further myocardial injury, eventual nonviable myocardium,
and irreversible reduction in LV function.

The aims of this study were to ascertain the prevalence of
myocardial stunning in the HD population and understand the
longer term consequences of this phenomenon on LV function,
intradialytic hemodynamics, and survival. In addition, this study
provided an opportunity to define the risk factors and their inter-
actions in relation to the development of acute cardiac injury.

Materials and Methods
Subjects. Seventy prevalent standard HD patients were recruited

for a 12-mo observational cohort study from a single hospital-based
hemodialysis unit of around 200 patients. Patients were excluded if
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nation and fibrosis leading to fixed segmental LV systolic dys-
function (22). As such, these patients with fewer regions dis-
playing a reduction in %SF during HD may represent
progression of disease from myocardial stunning to fixed sys-
tolic dysfunction.

Higher UF volumes, intradialytic hemodynamic instability

and raised biochemical markers of myocardial damage (cTnT)
were all associated with the presence and severity of HD-
induced RWMAs. Logistic regression analysis confirmed these
factors were independent determinants of myocardial stunning
and that the risk associated with higher UF volumes and
greater drops in SBP increased disproportionately with each
additional unit of measure. It is certainly not unusual in clinical
practice for patients to have UF volumes set at two liters or
more and to experience a drop in SBP of more than 20 mmHg.
Previous studies into HD-induced RWMAs have demonstrated
that UF volume during dialysis is not the only factor that
determines their development (4,5). Similarly in this study,
there were no significant differences in UF volume between the
studies at baseline and at 12 mo.

Hemodialysis-induced myocardial stunning was associated
with increased mortality and time to first cardiovascular event.
Intradialytic hypotension (IDH) is an independent risk factor
for mortality in HD patients (23). Although there is evidence
that both larger interdialytic weight gain (24) and higher UF
rates (25) are associated with worse survival, there are currently
no available data illustrating the potential differential effects of
volume and rate. Although some patients with high UF re-
quirements did not develop RWMAs, overall there was a sig-
nificant association between UF volumes and the presence of
RWMAs. This finding is crucially important and represents a
potential therapeutic target. More frequent daily or nocturnal
HD therapies can improve cardiovascular outcome measures
and quality of life (26,27). Such treatments have been shown to
improve both intradialytic hemodynamics (by reducing IDH)
(28) and plasma concentrations of biochemical markers of myo-
cardial injury (29). We have already demonstrated that dialysis-
based strategies such as cooled dialysate can improve intradia-
lytic hemodynamics and reduce myocardial stunning (5). It
could rightly be argued that a decline in SBP is a result rather
than a cause of myocardial stunning; either way, targeting
treatments that minimize UF rates and improve IDH should
prevent the acute development of RWMAs and may improve
long-term cardiovascular outcomes.

At baseline, both groups of patients had similar LVEFrest.
During HD, patients with significant RWMAs had a significant
drop in their LVEFHD. After 12 mo, LVEFrest had fallen in
patients with HD-induced RWMAs, and their ability to re-
spond to the challenge of HD was further compromised. Pa-
tients without significant RWMAs at baseline maintained their

Table 3. The effect of increasing ultrafiltration (UF) volume and worsening intradialytic haemodynamics on the
development of HD-induced RWMAs

Factor associated with presence of myocardial stunning Odds Ratio P value

UF volume during HD of 1L 5.1 0.007
UF volume during HD of 1.5L 11.6
UF volume during HD of 2L 26.2
Maximum SBP reduction during HD of 10 mmHg 1.8 0.002
Maximum SBP reduction during HD of 20 mmHg 3.3
Maximum SBP reduction during HD of 30 mmHg 6.0

Figure 2. The association of hemodialysis-induced RWMAs
with mortality and outcome. (A) The development of HD-
induced RWMAs was associated with increased relative mor-
tality at 12 mo (P ! 0.019) and (B) reduced survival to a
composite end point of mortality and time to first cardiovascu-
lar event (P ! 0.017).
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Of these, 74% (38/51) had significant RWMAs during HD. Of
the 31 follow-up patients with evidence of myocardial stunning
at baseline, 94% (29/31) continued to have evidence of signif-
icant RWMAs during HD, and 45% (14/31) had an increase in
the number of affected regions. Two patients had a reduction in
the number of RWMAs below significance. Of the 20 follow-up
patients without evidence of RWMAs at baseline, 45% (9/20)
showed development of significant RWMAs; however, 55%
(11/20) continued to be unaffected.

At baseline, LVEF at rest (LVEFrest) was not significantly
different between patients who did and did not develop HD-
induced RWMAs (62.1 ! 11.4% versus 60.1 ! 7.7%, P " 0.4).
After 12 mo, LVEFrest had significantly deteriorated in patients
with RWMAs (62.1 ! 11.4% versus 54.7 ! 10.1%, P # 0.0008)
but remained unchanged in those patients without (60.1 ! 7.7%
versus 55.8 ! 5.5%, P " 0.09). Baseline LVEF at peak dialytic
stress (LVEFHD) was significantly lower in patients who had
RWMAs compared with those who did not (57.3 ! 10.1% versus
67 ! 6.8%, P # 0.0001). Although there was a reduction in
LVEFHD after 12 mo in patients both with and without HD-
induced RWMAs (57.3 ! 10.1% versus 50.9 ! 8.9, P # 0.001 and
67 ! 6.8% versus 61.3 ! 9.3, P " 0.007 respectively), the differ-
ence in LVEFHD between the two groups remained significant
(61.3 ! 9.3 versus 50.9 ! 8.9, P # 0.0001).

After 12 mo, both groups of patients (with and without
evidence of HD-induced RWMAs) exhibited a significant dete-
rioration in SBP during HD. Mean reduction was greater in
patients with RWMAs at both time points (-18.6 ! 6.9 mmHg to
$23.3 ! 7.2 mmHg, P # 0.01 and $7 ! 3.6 mmHg to $14 ! 4.8
mmHg, P # 0.001, respectively). However, the separation re-
mained between patients developing RWMAs versus those who

did not ($23.3 ! 7.2 mmHg versus $14 ! 4.8 mmHg, P #
0.001).

Presence of HD-induced Myocardial Stunning and Patient
Survival

The presence of HD-induced RWMAs was associated with
increased relative mortality at 12 mo (P " 0.019). Survival to a
composite end point of mortality and first cardiovascular event
also demonstrated almost complete separation between pa-
tients with and without HD- induced myocardial injury, with
only one patient in the unaffected group, compared with 13 in
the myocardial stunning group (P " 0.017, hazards ratio of 8,
95% CI 1.264 to 10.99, Figure 2). Death resulted overwhelm-
ingly from cardiovascular causes.

Higher baseline plasma cTnT concentrations were associated
with mortality after 1 yr (0.067 ! 0.076 !mol/L versus 0.136 !
0.059 !mol/L, P # 0.001). Cox regression analysis demon-
strated an increased hazard of death in patients with RWMAs
and an elevated cTnT than in patients with elevated cTnT alone
(P " 0.02).

Discussion
This study demonstrates for the first time that dialysis-in-

duced cardiac injury is common and associated with reductions
in myocardial contractile function and patient survival. Al-
though the exact influence of a number of biologic variables
within this model remains unknown, we have identified spe-
cific elements of the dialysis process that may drive heart
failure and other adverse cardiovascular outcomes in HD pa-
tients.

Diabetes was associated with the presence of HD-induced
RWMAs. IHD was of only borderline importance, but it is
possible that with a larger sample size this association would
have reached statistical significance. In the HD population
there is increasing evidence that decline in LVEF is not due to
traditional cardiac risk factors (2). Indeed, HD patients with
diabetes and normal epicardial coronary anatomy have signif-
icantly reduced CFR (11) predisposing to the development of
demand ischemia, but at present, the exact nature of the rela-
tionship between diabetes, coronary artery disease, and HD-
induced myocardial stunning remains unclear.

Lower serum albumin levels were associated with dialysis-
induced RWMAs (on a univariate basis only). Considerable
evidence exists linking malnutrition and inflammation with
atherosclerosis in end-stage renal patients (21). Other inflam-
matory markers (e.g., IL-6) may provide additional information
about the association between HD-induced myocardial stun-
ning, malnutrition, and inflammation but was outside the scope
of this study.

After 12 mo, over 90% of patients affected at baseline contin-
ued to have RWMAs precipitated by HD, and nearly half had
progressed with greater numbers of regions involved. In addi-
tion, nearly half of patients unaffected at baseline had subse-
quently developed RWMAs on HD. Two patients with an
apparent improvement did in fact merely transit to globally
reduced %SF in all segments. Myocardial stunning is just the
beginning of a disease continuum involving myocardial hiber-

Figure 1. Reduction in systolic BP (SBP) during hemodialysis
(HD) in patients with and without HD-induced regional wall
motion abnormalities (RWMAs). At baseline there was a sig-
nificant reduction in SBP during HD in patients with HD-induced
RWMAs (P # 0.0001); however, patients without such RWMAs
did not have a significant reduction in their SBP (P " 0.16).
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Take-home message: Chronic dialysis
patients admitted to the ICU with septic
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early improved survival followed by similar
or worse survival compared to non-dialysis
patients. The former also differ from non-
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organisms, site of infection and delayed
empiric antimicrobials. Improvements in
timely antimicrobial therapy could optimize
outcomes.
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Abstract Objectives: To describe
the clinical characteristics and in-
hospital mortality of chronic dialysis-

dependent end-stage kidney disease
patients with septic shock in com-
parison to septic shock patients not
receiving chronic dialysis. Meth-
ods: Using an international,
multicenter database, we conducted
a retrospective analysis of data col-
lected from 10,414 patients admitted
to the intensive care unit (ICU) with
septic shock from 1989 to 2013, of
which 800 (7.7 %) were chronic
dialysis patients. Data on demo-
graphic characteristics, sites of
infection, microbial pathogens,
antimicrobial usage patterns, and in-
hospital mortality were aggregated
and compared for chronic dialysis
and non-dialysis patients. Multivari-
ate time-varying Cox models with
and without propensity score
matching were constructed to deter-
mine the association between
dialysis and in-hospital death. Re-
sults: Septic shock secondary to
central venous catheter infection,
peritonitis, ischemic bowel, and
cellulitis was more frequent in
chronic dialysis patients. The isola-
tion of resistant organisms (10.7 vs.
7.1 %; p = 0.005) and delays in
receiving antimicrobials (6.0 vs.
5.0 h) were more common in
chronic dialysis patients than in non-
dialysis patients. Delayed appropri-
ate antimicrobial therapy was
associated with an increased risk of
death in chronic dialysis patients

Intensive Care Med (2016) 42:222–232
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chronic dialysis patients included Pseudomonas aerugi-
nosa (9.4 vs. 7.1 %; P = 0.022), Enterococcus species
(6.5 vs. 4.1 %; P = 0.004), Clostridium difficile (3.6 vs.
2.3 %; P = 0.038), and methicillin-resistant S. aureus
(MRSA) (7.6 vs. 4.6 %; P = 0.004). Streptococcus
pneumonia (8.6 vs. 2.7 %; P\ 0.0001), group B, C and G
streptococcal species (2.1 vs. 0.5 %; P = 0.040), and
Haemophilus influenza (1.8 vs. 0.5 %; P = 0.042) were
more frequent in non-dialysis patients. In aggregate,
highly resistant organisms, including MRSA, van-
comycin-resistant enterococci, and extended-spectrum b-
lactamase E. coli, were more common in dialysis patients
than in non-dialysis patients (10.4 vs. 7.1 %; P = 0.005).

Antimicrobial treatment of septic shock

In the total cohort, chronic dialysis patients were less
likely to receive appropriate and timely antimicrobial
administration relative to non-dialysis patients [see
Electronic Supplementary Material (ESM) Table 1].
Inappropriate initial empiric antimicrobials were given in
20.0 % of cases of chronic dialysis patients compared to
15.8 % (P = 0.002) of non-dialysis patients. No appro-
priate antimicrobial therapy before death was received by
5.6 % of chronic dialysis patients compared to 4.3 % of
non-dialysis patients (P = 0.068). There was no differ-
ence between the two groups in the frequency of receipt

Fig. 1 Primary source of
infection in chronic dialysis and
non-dialysis patients with septic
shock. CVC Central venous
catheter, SST skin and soft
tissue, PBSI primary blood
stream infection, UTI urinary
tract infection, IA intra-
abdominal, SSI surgical site
infection, CNS central nervous
system, Gyne gynecologic

Fig. 2 Primary causative
pathogens in chronic dialysis
and non-dialysis patients with
septic shock. MRSA
Methicillin-resistant
Staphylococcus (S.) aureus,
VRE vancomycin-resistant
enterococci, ESBL E. coli
extended spectrum beta-
lactamase Escherichia coli, C.
Clostridium, Ps. Pseudomonas,
S. pyogenes, S. pneumoniae
Streptococcus pyogenes,
Streptococcus pneumoniae, H.
Haemophilus
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Bacterial infections in hemodialysis patients: Pathogenesis
and prevention

Principal discussant: BERTRAND L. JABER

Department of Medicine, Tufts University School of Medicine; and Division of Nephrology, Department of Medicine,
Caritas St. Elizabeth’s Medical Center, Boston, Massachusetts

CASE PRESENTATION
A 62-year-old African American man with end-stage

renal disease secondary to hypertension who had been
treated with hemodialysis for almost 5 years had multi-
ple vascular access problems. After multiple thrombec-
tomies of right and left arm arterio-venous grafts (AVGs),
as well as an episode of life-threatening bleeding from
the left arm AVG, he underwent insertion of a LifeSite®

catheter in the left internal jugular vein 4 years ago. Four
months later, he was hospitalized for an episode of chills
and rigors, and was found to have methicillin-resistant
Staphylococcus aureus (MRSA) bacteremia, which was
treated with intravenous vancomycin and oral rifampin.
A trans-esophageal echocardiogram revealed no valvu-
lar vegetation. Because he was a nasal carrier of MRSA,
he was given a 2-week course of mupirocin ointment to
his nares for eradication of MRSA colonization.

Extensive discussions ensued with the patient about
the future of his vascular access and the likelihood of

The Nephrology Forum is funded in part by grants from Amgen, Incor-
porated; Merck & Co., Incorporated; and Dialysis Clinic, Incorporated.

Key words: end-stage renal disease, pneumonia, sepsis, uremia,
catheter-related infections.

C© 2005 by the International Society of Nephrology

eradicating the infection with medical therapy alone.
Given his history of multiple thrombosed AVGs, and that
the implanted catheter might have been his last option for
satisfactory dialysis access, the decision was made not to
remove the catheter and for him to receive an 8-week
course of dual antibiotic therapy. The patient then did
well until 13 months later, when erosion of the skin over
the arterial port of the LifeSite® catheter required surgi-
cal relocation of the port and skin closure.

Seventeen months later, he presented with fever and
abdominal pain one day following a dialysis session.
Blood cultures from a peripheral vein and from the
dialysis catheter grew coagulase-negative staphylococcus
species. An abdominal CT scan revealed pneumatosis
and air tracking in the superior mesenteric and splenic
veins consistent with ischemic bowel disease. Broad-
spectrum antibiotics were initiated and he was given
intravenous fluids prior to undergoing an emergent ex-
ploratory surgery. Laparotomy revealed a gangrenous
small bowel from the ligament of Treitz to the ileo-cecal
valve. Intraoperative Doppler studies revealed no pulse
in the arcade of the mesentery of the small intestine. Be-
cause of these findings and the overall poor prognosis, no
intestinal resection was attempted, and the abdominal
surgical wound was closed. As expected, the patient con-
tinued to deteriorate clinically and died due to this dev-
astating complication and overwhelming staphylococcal
sepsis. No autopsy was performed.

DISCUSSION
DR. BERTRAND L. JABER (Department of Medicine,

Tufts University School of Medicine; and Vice Chair-
man for Clinical Affairs, Division of Nephrology, Depart-
ment of Medicine, Caritas St. Elizabeth’s Medical Center,
Boston, Massachusetts): Bacterial infections represent a
common and important health problem for patients with
end-stage renal disease (ESRD) who undergo mainte-
nance hemodialysis (HD), and this patient illustrates the
challenges inherent to this problem. Considerable gains
have been made in deciphering the pathogenesis of bac-
terial infections in this high-risk population. These gains
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notwithstanding, the therapeutic goal of preventing bac-
terial infections in HD patients remains unfulfilled. This
Forum reviews the magnitude of the problem in the HD
patient population, our progress in understanding the
pathogenesis of bacterial infections, the use of novel di-
agnostic tools, and prospects for preventing such occur-
rences, while outlining areas of uncertainty.

The clinical problem
Infection is an important cause of morbidity and mor-

tality among patients with ESRD. According to the
United States Renal Data System (USRDS) registry,
infection is the second leading cause of death in pa-
tients with ESRD (the first is cardiovascular disease), and
septicemia accounts for more than 75% of these infec-
tious deaths [1]. Indeed, among ESRD patients undergo-
ing dialysis, the total death rate is 176/1000 patient-years,
and septicemia and pulmonary infections combined ac-
count for close to 26/1000 patient-years [1]. Annual death
rates due to pneumonia and sepsis are markedly higher in
dialysis patients compared with the general population;
in the 65- to 74-year-old category, the magnitude of dif-
ference is on the order of 10- and 100-fold, respectively
(Fig. 1) [2, 3]. Whereas the presence of diabetes mellitus
confers an additional risk for sepsis-related deaths, this
comorbid condition appears to exert little influence on
pneumonia-related deaths [2, 3].

Bacterial infections are a major cause of hospitaliza-
tion. In a recent study on the epidemiology of septicemia
in HD patients, hospital admission rates for septicemia
during the first year of HD rose by 51% over the 8-year
period from 1991 to 1999 [4]. Hospitalization for sep-
ticemia also was associated with an increased risk of my-
ocardial infarction, congestive heart failure, stroke, and
peripheral vascular disease at 6 months and 5 years after
the original hospitalization [4]. These data suggest that
septicemia has become more common in dialysis patients
in the U.S. and is associated with an increased risk of car-
diovascular events and death. Evidence is emerging that
HD patients also have a higher incidence of infective en-
docarditis [5–7]. In one study, the proportion of patients
with infective endocarditis who were undergoing HD in-
creased from 7% to more than 20% over a 7-year period
[5], and this observation was paralleled by a significant in-
crease of Staphylococcus aureus-associated endocarditis
from 10% to 68% [5]. In the U.S., the incidence of infec-
tive endocarditis in the dialysis population has been es-
timated at 483 episodes/100,000 patient-years compared
with only 7 episodes in the general population [6]. In this
study, HD therapy was a strong risk factor for infective
endocarditis, which was associated with a 1.5-fold higher
risk of death [6].

In a longitudinal cohort study of incident ESRD pa-
tients, older age and diabetes were independent risk fac-
tors for septicemia in all patients [8]. Among HD patients,
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Fig. 1. Annual death rates due to sepsis (A) and pulmonary infections
(B) among dialysis patients (black line) compared with the general pop-
ulation (gray line). The data are stratified by age and are shown on a
logarithmic (A) or normal (B) scale. Reproduced with permission from
[2, 3].

low serum albumin level, temporary vascular access, and
dialyzer reuse also were associated with increased risk
[8], and septicemia carried a markedly increased risk of
death. These data suggest that improving nutrition and
avoiding temporary vascular access might decrease the
incidence of septicemia, and that dialyzer reuse practices
might contribute to this risk. In a recent study reporting
on a staged program to stop dialyzer reprocessing, conver-
sion to a single-use dialyzer practice was associated with
improved survival [9]. This trend lagged by at least 60
days following abandonment of the dialyzer reuse prac-
tice and was ascribed to a cumulative decline in exposure
to trace industrial products or repeated inflammatory and
infectious insults, which only become clinically manifest
over time [9].

Sepsis

Pneumonies
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- Biofilm prevention
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- Neutrophil dysfunction
- Monocyte dysfunction
- Impaired T-cell activation
- Impaired humoral responses

- Vascular access
- Skin integrity disruption
- Dialyzer reuse practice
- Water system treatment

- AVF rate optimization
- Antimicrobial ointments
- Single use dialyzer
- Ultrapure dialysate

- Vaccination strategies
- Immune modulating therapy

- Virulence genes
- Biofilm formation
- Adherence properties

Bacterial virulence

Impaired host immunity

Dialysis-related factors

Fig. 2. Pathogenesis of bacteremia in hemodialysis patients. Gray boxes contain common pathogenic factors, white boxes therapeutic strategies.

In the HEMO study, the incidence of infection-related
deaths was not reduced by higher dose of dialysis or
by high-flux dialyzers, and most infection-related hos-
pitalizations were not attributed to vascular access [10].
However, the frequency of infection-related hospitaliza-
tions attributed to vascular access was disproportionately
higher among patients with central venous catheters com-
pared with those who had grafts or fistulas [10].

Pathogenesis
In the past two decades, major gains have been realized

in our understanding of the pathogenesis of bacterial in-
fections in HD patients. I will emphasize the interaction of
three pivotal factors: host immunity, bacterial virulence,
and the dialysis procedure per se (Fig. 2). The following
section reviews the various components of this “access of
evil,” with special emphasis on the pathogenesis of bac-
teremia and bacterial pneumonia.

Impaired host immunity. Uremia is associated with al-
terations in primary host defense mechanisms, which in-
crease the risk of bacterial infections. Indeed, neutrophils
exhibit impaired chemotaxis, oxidative metabolism,
phagocytic activity, degranulation, and intracellular
killing, as well as dysregulated programmed cell death or
apoptosis [11–14]. A number of factors have been incrim-
inated in neutrophil dysfunction, including malnutrition,
trace element deficiencies, iron overload, impaired glu-
cose metabolism, hyperparathyroidism, dialysis per se,
and uremic retention solutes [12, 15–18].

Abundant in vitro and clinical studies have linked iron
overload to an increased risk of bacterial infections in HD
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Fig. 3. Kaplan-Meier survival curves for bacterial infections (bac-
teremia and pneumonia) stratified by iron storage indices prior to initi-
ation of intravenous iron therapy. Functional iron deficiency is defined
as ferritin = 100 to 800 ng/mL and transferrin saturation (TSAT) <20%;
iron deficiency, ferritin <100 ng/mL and TSAT <20%; and iron replete
state, ferritin = 100 to 800 ng/mL and TSAT >20%. Reproduced with
permission from [23].

patients [17, 19–21], including modest iron storage levels
(ferritin level of 100–800 ng/mL and transferrin satura-
tion of 10% to 50%) (Fig. 3) [22, 23]. Iron overload mod-
ulates this risk by affecting host defense mechanisms and
bacterial virulence. Indeed, iron overload has been as-
sociated with reduced phagocytic function and oxidative
burst, as well as impaired bacterial killing [17, 20, 21].
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lung, but studies investigating the underlying mecha-
nisms are scarce and it is imperative that special consider-
ation is given to patients presenting with CKD and lung
disease. This review describes mechanisms of interest sup-
porting lung and kidney cross talk in the context of CKD
(Fig. 1), delineates how those mechanisms provide interor-
gan communication, and explores targeted treatment
strategies for patients with CKD.

PHYSIOLOGICAL AND MOLECULAR
MECHANISMS OF LUNG-KIDNEY CROSS TALK

Immune Response

The immune system plays a central role in many chronic
diseases. Proinflammatory cytokines such as interleukin (IL)-
1b, IL-6, and tumor necrosis factor (TNF)-a are commonly

Figure 1. Mechanisms of kidney-lung cross talk. The lungs and kidneys are interconnected through a variety of mechanistic pathways including immune
response, phosphate metabolism, hormonal imbalances, acid-base balance, fluid dynamics, and oxidative stress. Frequently, more than one of these path-
ways may be contributing to interorgan cross talk that leads to worse prognosis for patients with chronic kidney disease and acute or chronic lung disease.

LUNG-KIDNEY INTERACTIONS IN PULMONARY DISEASE

L626 AJP-Lung Cell Mol Physiol ! doi:10.1152/ajplung.00152.2021 ! www.ajplung.org
Downloaded from journals.physiology.org/journal/ajplung at HINARI - Mauritania (158.232.240.073) on February 3, 2023.
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REVIEW

Inter-Organ Communication in Homeostasis and Disease

Lung-kidney interactions and their role in chronic kidney disease-associated
pulmonary diseases

Seth Bollenbecker,1 Brian Czaya,2 Orlando M. Guti!errez,2 and Stefanie Krick1,3
1Division of Pulmonary, Allergy, and Critical Care Medicine, Department of Medicine, The University of Alabama at
Birmingham, Birmingham, Alabama; 2Division of Nephrology, Department of Medicine, The University of Alabama at
Birmingham, Birmingham, Alabama; and 3Gregory Fleming James Cystic Fibrosis Research Center, The University of
Alabama at Birmingham, Birmingham, Alabama

Abstract

Chronic illnesses rarely present in a vacuum, devoid of other complications, and chronic kidney disease is hardly an excep-
tion. Comorbidities associated with chronic kidney disease lead to faster disease progression, expedited dialysis dependency,
and a higher mortality rate. Although chronic kidney disease is most commonly accompanied by cardiovascular diseases and
diabetes, there is clear cross talk between the lungs and kidneys pH balance, phosphate metabolism, and immune system
regulation. Our present understanding of the exact underlying mechanisms that contribute to chronic kidney disease-related
pulmonary disease is poor. This review summarizes the current research on kidney-pulmonary interorgan cross talk in the con-
text of chronic kidney disease, highlighting various acute and chronic pulmonary diseases that lead to further complications in
patient care. Treatment options for patients presenting with chronic kidney disease and lung disease are explored by assess-
ing activated molecular pathways and the body’s compensatory response mechanisms following homeostatic imbalance.
Understanding the link between the lungs and kidneys will potentially improve health outcomes for patients and guide health-
care professionals to better understand how and when to treat each of the pulmonary comorbidities that can present with
chronic kidney disease.

chronic kidney disease; FGF23; inflammation; interorgan cross talk; phosphate

INTRODUCTION

Chronic kidney disease (CKD) is broadly described as renal
dysfunction that persists for three or more months (1).
Patients with CKD have a glomerular filtration rate (GFR) of
<60 mL/min/1.73 m2 or albuminuria !30 mg/24 h lasting
the aforementioned time span (2). The Centers for Disease
Control and Prevention estimates that 37 million US adults
have CKD (3), but fewer than 10% of individuals are aware
that they have the disease, leading to diagnosis at advanced
stages when dialysis or transplant may be necessary (4).

Beyond the common CKD-associated complications, lung
diseases can have profound negative effects on kidney func-
tion, especially in the presence of other comorbidities, and
correlate independently with increased mortality in patients
with CKD (5). Lung diseases are a major cause of mortality
and morbidity worldwide, with chronic obstructive pulmo-
nary disease (COPD) alone causing more than 2.7 million
deaths, even further complicated by a prevalence rate of
4.7% in patients with CKD (6, 7). Individuals with CKD are

more likely to die from a respiratory disease (8) and age is
one of many risk factors shared between CKD and lung dis-
ease, suggesting that the world’s aging population will con-
tinue to see a rise in these comorbidities (9).

Elucidating kidney-lung interorgan cross talk is key to for-
mulating novel treatment plans for patients with chronic
kidney disease (CKD) (5). As kidney function declines in
patients with CKD, there is a correlating increase in comor-
bidities (10). Studies have found that CKD can predispose
patients to the development of lung disease and that, as re-
nal function declines, there is a corresponding increase in
prevalence of obstructive (6% in stage 1%–11% in stage 5) and
obstructive (9% in stage 1%–36% in stage 5) lung dysfunction
(5, 11). In cases where both CKD and restrictive lung dysfunc-
tion are present, mortality risk rises significantly, with a
subhazard ratio of 1.80 compared with patients with CKD
alone (5). Similar mortality increases have been found in
patients with CKD and other lung diseases, such as pulmo-
nary hypertension (PH; hazard ratio, 1.38) (12). These
reports highlight associations between the kidney and
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infec6ons 
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Les spécificités de l’atteinte respiratoire 
des patients dialysés chroniques 
} Fragilité intrinsèque liés aux comorbidités (HTA, diabète)= 

mortalité court terme et long terme augmentée/pa6ents en 
IRC non dialysés 

} Popula6on souvent âgée
} « Immunodéprimée »
} Délit de « faciès » = tout n’est pas OAP 
} E6ologie plurifactorielle= surcharge hydro-sodée et 

infec6ons+++
} Biomarqueurs souvent non validés dans ceRe popula6on 
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Définitions: Insuffisance respiratoire aigue 

} L’insuffisance respiratoire aigue = défini6on 
gazométrique 

} La détresse respiratoire aigue = signes cliniques qui 
sont associés ou pas à l’insuffisance respiratoire 
aigue. 
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Définition: Insuffisance respiratoire aigue
} L'insuffisance respiratoire aigue ̈ est un syndrome défini par une 

altéra7on aiguë de l'hématose en rapport avec la défaillance d'un ou 
plusieurs composants du système respiratoire (voies aériennes, 
parenchyme pulmonaire, plèvre, vaisseaux, muscles respiratoires et 
commande respiratoire). La conséquence peut être: 

} - une hypoxémie profonde (PaO2<60mmHg) : on parle alors 
d’insuffisance respiratoire aiguë (IRA) de type I, hypoxémique

} - une hypercapnie (PaCO2>45mmHg) : IRA de type II, hypercapnique 
(parfois appelée insuffisance ven>latoire aiguë, notamment s’il n’existe 
pas d’hypoxémie associée à l’hypercapnie). 

} NB: cebe défini>on exclue les IRA sans hypoxémies associées. 
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Cause de l’hypoxémie 
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Rapport de ventilation/perfusion
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Ex: Embolie 
pulmonaire

Ex: Pneumonie
Espace mort Effet shunt

21

Classification des détresses respiratoires aigues 
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Tableau 1 
 DRA hypoxémiques 

(type I) 
DRA hypercapniques  

(type II) 
DRA sans hypoxémie 
avec hypoxie tissulaire 

DRA sans hypoxémie 
sans hypoxie tissulaire  

Mécanismes  inadéquation VA/Q 
 shunt 
 trouble de la diffusion 

 hypoventilation alvéolaire  TaO2  
  respiration cellulaire 

 

Organes/Tissus impliqués  alvéoles pulmonaires 
 membrane alvéolo-

capillaire 
 vaisseaux pulmonaires 

 système nerveux central 
 nerfs et muscles 

respiratoires 
 paroi thoracique 
 bronches 

 tous les tissus dont les 
muscles respiratoires 

 

Anomalies biologiques  PaO2 < 60 mm Hg 
 SpO2 < 90% en air 
 D(A-a)O2 

 PaCO2 > 45 mm Hg ET 
  pH (<7.35) 
 D(A-a)O2 normale * 
 bicarbonates sanguins** 

 

  lactate artériel 
 acidose métabolique  

 

Syndromes cliniques  OAP hydrostatique 
 SDRA 
 pneumopathie 
 atélectasie 
 embolie pulmonaire 
 pneumothorax 
 épanchement pleural 
 pathologie interstitielle 

pulmonaire 
 traumatismes 

thoraciques 

 coma 
 exacerbations de BPCO*** 
 asthme *** 
 pathologies 

neuromusculaires 
 SOH 
 cyphoscoliose 

 chocs 
 anémie 
 intoxication au CO 
 intoxication au cyanure 
 sepsis grave 

 obstruction des VAS, 
de la trachée ou des 
bronches **** 

 DRA psychogène 
 syndrome 

d’hyperventilation 

* en cas d’hypoventilation alvéolaire isolée ; ** oriente vers une DRA sur IRC ; *** Implique aussi une inadéquation des VA/Q ; 
**** évolution possible vers l’hypoxémie et/ou l’hypercapnie en cas d’épuisement respiratoire. 

22



12

Les signes cliniques (gravités)
} Signe de lu>e= augmenta6on du travail respiratoire

} Polypnée > 30/min
} Mise en jeu des muscles accessoires = 8rage sus 

claviculaire, sus sternale, intercostaux, ba?ements des 
ailes du nez

} Signe de faillite = défaillance neuro-musculaire du 
système respiratoire
} Bradypnée 
} Respiratoire abdominale paradoxale 
} cyanose
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Signes de gravité: signes extra pulmonaires
} Insuffisance circulatoire

} Pouls paradoxal 
} Cœur pulmonaire aigu = tachycardie > 120/minute, 

hypotension, marbrures, temps de recolora6on cutanée > 3 
secondes, turgescence jugulaire, hépatalgie, reflux 
hépatojugulaire

} Reten6ssement neurologique 
} Confusion 
} Agita8on
} Coma
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Démarche diagnostique 
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Examens complémentaires:
- Radiographie thoracique 
- Echographie 

cardiaque+/pulmonaire/vasculaire 
- Gaz du sang 
- Lactates artériels
- Hémocultures 
- ECG
- Angio-TDM thoracique 
- Troponine 
- NTproBNP

FOP

25

Démarche diagnostique 
« moderne » 
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 Le BLUE-protocol 

Les vidéos des BLUE-profiles 
sont visibles sur www.ceurf.net 

CEURF - D. Lichtenstein - Réanimation Médicale - Hôpital Ambroise-Paré 

FALLS-protocol 
Fluid Administration Limited by Lung Sonography 

Un arbre décisionnel séquentiel schématique 

CEURF - D. Lichtenstein - Réanimation Médicale - Hôpital Ambroise-Paré 

                    NOTE CRITIQUE

   L’évaluation hémodynamique est un 
domaine particulièrement complexe. Le 
FALLS-protocol ne prétend pas résoudre 
toutes ces issues, et est ouvert à toute 
critique. 

   Lire juste quelques développements sur 
C E U R F . n e t  o u   C H E S T 
2015;147:1659-1670. 

   Les réponses à de nombreuses questions 
fréquemment posées sont consultables 
dans Lung Ultrasound in the Critically Ill, 
Chap 30, Springer 2016

26
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Savoir reconnaitre toutes ces situations 
radiologiques typiques 

Op#on SIN 27

 

10/14 
 

 
IV.1 DIAGNOSTIC D’UNE OBSTRUCTION DES VOIES AERIENNES SUPERIEURES 
 
Il s'agit en fait de la 1ère étape en pratique, à la fois du fait de l'urgence extrême, et parce que sa 
prise en charge diffère radicalement de celle des autres étiologies de détresse respiratoire aiguë. 
Il s’agit avant tout d’un diagnostic clinique 
 

◼ A l’inspection :  
− patient paniqué, portant souvent les mains à son cou, et gesticulant, mais sans émettre 

de son ; 
− bradypnée inspiratoire avec allongement du temps inspiratoire qui devient supérieur au 

temps expiratoire ; en cas d'obstruction totale (urgence vitale extrême), les 
mouvements respiratoires ne produisent aucun flux ; 

− dysphonie (aphonie en cas d'obstruction totale). 
− bruit inspiratoire dit de « cornage », stridor (voir https://semiologiepneumologique.com). 

Principales causes d’obstruction des voies aériennes supérieures 
◼ Inhalation de corps étranger. Elle survient le plus souvent aux âges extrêmes de la vie : 

− chez le petit enfant (80% ont moins de 3 ans) ; 
− chez le sujet âgé porteur d’anomalies de la déglutition ou de la dentition. 

◼ Laryngite (chez l’enfant), épiglottite (devenue rarissime depuis la généralisation de la 
vaccination anti-Haemophilus influenzae chez le nourrisson). 

◼ Œdème de Quincke 
◼ Sténoses trachéales (bénignes ou non) 
◼ Tumeur laryngée. 

 
Figure 3 : profils radiologiques typiques des grandes causes de détresse respiratoire 

accompagnées d’anomalies radiologiques 

 

27

Principe de la prise en charge ventilatoire 
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ComplianceConfort

î MortalitéÉviter l’intubation 

Ne pas aggraver lesions 
pulmonaires sous-jacentes 

ì PaO2, PaO2/FiO2

î Effort Insp, 
WOB

Traitement idéal
insuffisance respiratoire aiguë hypoxémique

Amélioration gaz du sang

Soulagement muscles 
inspiratoires

28
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Principe de la prise en charge ventilatoire  

} Libéra6on des voies aériennes
} Monitoring con6nu de la satura6on en oyxgène et de 

la FC 
} Oxygénothérapie en urgence pour une cible de 

satura6on entre 90 et 95% et PO2 60 et 80mmHg 

} Message clé: Pas de contre-indica6on à 
l’oygénothérapie

Op#on SIN 29
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Moyens d’administration de l’oxygène

Op#on SIN 30
36 

 

Tableau 1. Modalités d’administration de l’oxygène. 

Modalités Avantages Inconvénients Débit de gaz FiO2 délivrée Indication 
Lunette  

 

 Confort du patient  Fuites 
(buccales+++) 

 FiO2 basse 
 

1-5 L.min-1 24-40% en 
fonction du débit, 
des fuites 

Après 
stabilisation de 
la DRA 

Masque simple 

 

 Limitation des fuites  Inconfortable 
 Gêne la toux  
 Empêche  

l’alimentation 
 FiO2 modérée 

5-10 L.min-1 40-60% En première 
intention devant 
une DRA 

Masque haute concentration 

 

 Délivrance de FiO2 
élevée 

 Limitation des fuites 

 Inconfortable 
 Gêne la toux  
 Empêche  

l’alimentation 

8-15 L.min-1 40-90% en 
fonction du débit, 
de la fréquence 
respiratoire, du 
volume courant… 

En première 
intention devant 
une DRA 

Oxygénothérapie à haut débit 

 

 Confort 
 Réchauffement et 

humidification des 
gaz 

 FiO2 réglable 

 Dispositif 
spécifique 

 Coût 
 Niveau de 

preuve faible 

10-50 L.min-1 21-100% En 2ème intention 
en cas 
d’hypoxémie 
sévère en 
réanimation 

VS-PEP (valve Boussignac) 

 

 Administration 
d’une PEP 

 Délivrance de FiO2 
élevée 

  postcharge du VG 

 Inconfortable 
 

Fonction du niveau 
de PEP souhaité 
(30L.min-1 pour 
une PEP de 5 cm 
H2O) 

21-100% Traitement de 
l’OAP 
cardiogénique 

DRA = détresse respiratoire aiguë ; FiO2 = fraction inspirée en oxygène ; OAP = œdème aigu pulmonaire ; PEP = pression expiratoire positive ; VG = ventricule gauche ; VS-PEP = 
ventilation spontanée en pression expiratoire positive (CPAP en anglais). 

30
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Limites de l’oxygénothérapie 

Op#on SIN 31

 Adjusted OR (95% CI) P value 

O2 flow, per l/min 0.77 (0.69-0.86) 0.0002 

Respiratory rate> 30/min 1.76 (1.13-2.78) 0.04 

Height, per cm 1.06 (1.03-1.09) 0.0001 

Drop in PaCO2, mmHg, per point 1.05 (1.02-1.10) 0.02 

 

Facteurs diminuant la FiO2 ?

R. Coudroy.

Facteurs qui diminuent la FIO2 délivrée au paRent

31

Limites de l’oxygénothérapie Haut débit nasal
et débit expiratoire de pointe

Sim. Anesthesia 2008; 63: 938-40 
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Oxygénothérapie conven%onnelle    Oxygénothérapie haut débit 

32
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Effets physiopathologique de 
l’OHD dans l’IRA hypoxémique 

FiO2 élevée, amélioration PaO2, ± PaCO2 

Expiration 
• Recrutement 

alvéolaire 
• Lavage espace mort

Diminution WOB :
• Effort inspiratoire
• Fréq respiratoire

Effets physiologiques OHD 
dans IRA hypoxémique

Prévention 
micro-

atélectasies ?

confort

Humidification 
Réchauffement

Inspiration 
• Couverture débit 

inspiratoire pointe
• Recrutement 

alvéolaire

Haut débit

33

Surveillance clinique sous OHD

Op#on SIN 34APHP – COVID19                                                               PAGE 5 SUR 7 

ROX =  

SPO2/FiO2/FR 

 

 

 

ROX 

Oui  

Envisager 
intubation 

>2.85 

Poursuivre OHD 
et surveiller 

OHD 
max 

Non,  

Mettre en OHD max et 
réévaluer après 30 min 

<2.85 

Entre  

 

 

 

H0  

 

Et  

 

H2 
Après 30 min 

Augmentation 
du ROX > 0.5 

Poursuivre OHD 
et surveiller 

• Pas d’augmentation 
du ROX  

• Ou Augmentation du 
ROX < 0.5 

Envisager 
intubation 

OHD maximale =  

• débit 60L/min 
(ou 50 L/min si OHD délivrée 
par un ventilateur) 

• ET FiO2 100% 
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Indication OHD 

} Insuffisance respiratoire aigue de novo 
} P/F inférieur à 200? (Frat et al, NEJM 2015)
} Niveau de preuve faible: (Lewis et al, Cochrane, 

2021)
} A>en6on à la sélec6on des pa6ents:

} Instabilité hémodynamique
} Coma
} Détresse respiratoire: FR sup à 40/min, Épuisement respiratoire (non défini), 

Encombrement bronchique Acidose ph inf à 7h35, Sat inf à 90% pendant plus de 
5min

Op#on SIN 35
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Effets physiologique de la VNI

Op#on SIN 36

Augmentation PaO2

Diminution charge 
travail musculaire

Effets physiologiques VNI
au cours IRA hypoxémique

PEP
• Recrutement alvéolaire
• Diminution shunt 

artério-veineux

Aide Inspiratoire
• Recrutement alvéolaire
• Augmentation du VT

Diminu6on du travail 
respiratoire
Diminu6on de la demande 
neuro-musculaire

36
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Mise en place de la VNI
} Mise en condi*on du pa*ent:
} Rassurer, expliquer, prendre son temps
} Poser le masque sur le visage sans le fixer 
} Eviter un serrage excessif

} Pressions modérées
} Adapta%on progressive des réglages 

} Réglages ini*aux: 
} VS-AI ++

} Privilégier les ven%lateurs monobranche à fuite (meilleure tolérance des pa%ents)
} PEP 0 à 3 cmH2O, AI + 8 – 12 cmH2O
} FiO2 pour SpO2 ≥ 90 % (ini%alement 30 %) 
} Alarmes : VM max et min, FR max, VT max 

Op#on SIN 37
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Objectifs à atteindre 

} Régression de la dyspnée
} Absence de 6rage
} SaO2 ≥ 90 %, diminu6on progressive de la PaCO2 
} FR < 35/mn, VT exp > 6 ml/kg
} Fuites < 30 %
} Confort
} Prescrip6on gaz du sang: réévalua6on rapide+++

Op#on SIN 38
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Indication de la VNI+-CPAP

Op#on SIN 39

Assistance	ventilatoire	de	l’œdème	aigu	pulmonaire

39

Indication de la VNI+-CPAP

Op#on SIN 40
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Flash code 6 

Ventilation non invasive 

Indications formellement validées de VNI ou de VS-PEP 
Pathologies Modalité Lieu de réalisation 
 Exacerbation aiguë de BPCO avec 

acidose respiratoire (pH<7,35) 
VNI Réanimation ± SAMU/Urgences 

 Œdème aigu du poumon avec 
détresse respiratoire 

VS-PEP ou VNI SAMU/Urgences/Réanimation 

 IRA  hypoxémique de 
l’immunodéprimé 

VNI Réanimation 

 Hypoxémie post-opératoire de 
chirurgie lourde 

VNI Réanimation 

 Prophylaxie de l’IRA post 
extubation 

VNI Réanimation 

BPCO = bronchopneumopathie chronique obstructive ; IRA = insuffisance respiratoire aiguë ; VNI = ventilation 
non-invasive ; VS-PEP = ventilation spontanée en pression expiratoire positive (CPAP en anglais). 
 
 
Contre-indications à la VNI 
 environnement inadapté, expertise insuffisante de l'équipe 
 patient non coopérant, agité, opposant à la technique 
 intubation imminente (sauf VNI en pré-oxygénation) 
 coma (sauf coma hypercapnique de l’insuffisance respiratoire chronique) 
 épuisement respiratoire 
 état de choc, troubles du rythme ventriculaire graves 
 sepsis sévère 
 immédiatement après un arrêt cardio-respiratoire 
 pneumothorax non drainé, plaie thoracique soufflante 
 obstruction des voies aériennes supérieures (sauf SAOS, laryngo-trachéomalacie) 
 vomissements incoercibles 
 hémorragie digestive haute 
 traumatisme crânio-facial grave 
 tétraplégie traumatique aiguë à la phase initiale 
SAOS = syndrome d’apnée obstructive du sommeil. 
 
 
Critère d’échecs de la VNI 
 inefficacité de la VNI à faire disparaitre les signes de DRA, ou à corriger les anomalies 

gazométriques 
 apparition d’une contre-indication à la VNI 
DRA = détresse respiratoire aiguë. 
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Contre-indication à la VNI
• environnement inadapté, expertise insuffisante de l'équipe

• patient non coopérant, agité, opposant à la technique 

• intubation imminente (sauf VNI en pré-oxygénation) 
• coma (sauf coma hypercapnique de l’insuffisance respiratoire chronique) 

• épuisement respiratoire 

• état de choc, troubles du rythme ventriculaire graves 

• sepsis sévère

• immédiatement après un arrêt cardio-respiratoire 

• pneumothorax non drainé, plaie thoracique soufflante 

• obstruction des voies aériennes supérieures (sauf SAOS, laryngo-trachéomalacie) 

• vomissements incoercibles 

• hémorragie digestive haute 
• traumatisme crânio-facial grave 

• tétraplégie traumatique aiguë à la phase initiale 
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Indications d’intubation 

} SpO2<90% sous oxygène ou VNI,
} inefficacité ou contre-indica@on à la VNI 
} troubles de conscience
} état de choc incontrôlé

Op#on SIN 42

= défaut d’oxygéna6on, aggrava6on des GDS 
ou appari6on d’une nouvelle défaillance

42
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Algorithme décisionnel pour le patient 
dialysé 

Op#on SIN 43

Détresse respiratoire aigue

OAP

Oxygénothérapie 
conven6onnelle 

Etablir rapidement un diagnos6c (RxTh, ETT, GDS+– AngioTDM, lactate)

Présence d’une deuxième 
défaillance associée 

Transfert en réanima6on 
Essai VNI/CPAP 
selon exper6se 

IRA hypoxémique 

Si échec 

Si échec 

Pneumopathies

Oxygénothérapie 
conven6onnelle 

IRA hypercapnique 

- Circulatoire 
- Neurologique
- Hépa6que  Essai 

VNI?Place 
de 
l’OHD?
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QCM autoévaluation 1 : réponses

} Q1: Parmi les proposi7ons suivantes lesquelles sont justes:
A. Je demande des BNP pour confirmer l’OAP
B. Je réalise une échographie cardiaque et pulmonaire pour m’aider 

dans le diagnos>c 
C. Je débute une ven>la>on non invasive par VNI
D. Je débute des an>bio>ques 

Op#on SIN
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QCM autoévaluation 2 : réponses 
Q2 – Le cardiologue du CHU vous téléphone pour le prendre en charge 
dans votre USIN pour une dialyse en urgence. Parmi les proposi7ons 
suivantes, lesquelles vous semblent juste? 
A. Les renseignements clinico-biologiques sont suffisants pour accepter de prendre 

en charge le pa6ent. 
B. Aucun autre examen complémentaire n’est nécessaire avant d’accepter le 

pa6ent.
C. Je prévois une déplé6on hydro-sodée plutôt lente compte tenu de la 

cardiopathie sous jacente, je choisi un mode de dialyse con6nue  
D. Au vu des troubles ioniques, je prépare une hémodialyse intermipente avec un 

débit dialysat important. 
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Fin du cours…

} h>ps://www.fun-mooc.fr/fr/cours/ven6la6on-
ar6ficielle-les-fondamentaux/

} www.ce-mir.fr
} h>ps://splf.fr
} h>p://cep.splf.fr
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https://www.fun-mooc.fr/fr/cours/ventilation-artificielle-les-fondamentaux/
https://www.fun-mooc.fr/fr/cours/ventilation-artificielle-les-fondamentaux/
http://www.ce-mir.fr/
https://splf.fr/

