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Objectives: Septic shock is often complicated by severe metabolic 
acidosis, for which renal replacement therapy may be considered. 
However, little is known about the use of intermittent hemodialysis to 
manage this condition. The aim of this study was to compare physio-
logic and biochemical variables and vasopressor requirements before 
and after intermittent hemodialysis among patients who received 
intermittent hemodialysis to manage metabolic acidosis during resus-
citation of septic shock.
Design: This retrospective, cross-sectional study was conducted 
between April 2014 and September 2015.
Settings: The ICU of a non-university-affiliated teaching hospital.
Patients: Patients who were admitted to the ICU with septic shock 
and underwent intermittent hemodialysis to manage metabolic acido-
sis within 48 hours after the diagnosis of septic shock.
Measurements and Main Results: The main outcomes were mean arte-
rial pressure, minute ventilator volume, norepinephrine requirement, 
bicarbonate and pH before and after intermittent hemodialysis. Of 
1,190 patients screened, 34 were included, and 33 accomplished a 
planned session of intermittent hemodialysis. After intermittent hemo-
dialysis, an increased mean arterial pressure (+9.0 mm Hg; 95% CI, 

6–13; p < 0.001), decreased minute ventilatory volume (–2.0 L/min; 
95% CI, –3.3 to 0.8; p = 0.002), decreased norepinephrine require-
ment (–0.07 µg/kg/min; 95% CI, –0.12 to –0.02; p = 0.009), increased 
bicarbonate level (+7.2 mmol/L; 95% CI, 6.1–8.3; p < 0.001), and 
increased pH (+0.17; 95% CI, 0.13–0.21; p < 0.001) were observed 
in comparison to those before intermittent hemodialysis.
Conclusions: In conclusion, intermittent hemodialysis appeared to be 
feasible and to stabilize hemodynamic and respiratory conditions in 
patients with septic shock complicated by metabolic acidosis during 
resuscitation.
Key Words: acute kidney injury; hemodialysis; intensive care; 
metabolic acidosis; renal replacement therapy; septic shock

Septic shock is often complicated by severe metabolic acidosis. 
Therapeutic intervention to correct metabolic acidosis may 
be considered when hemodynamic and respiratory deterio-

ration rapidly progress (1, 2). In general, continuous renal replace-
ment therapy (CRRT) is the preferred mode of renal replacement 
therapy (RRT) in hemodynamically unstable critically ill patients 
with regard to hemodynamic stability (1, 3, 4). However, intermit-
tent hemodialysis (IHD) may have potential advantages for those 
requiring RRT to manage clinically significant metabolic acido-
sis during resuscitation of septic shock in that IHD more rapidly 
removes low molecular weight solutes than CRRT (4). Currently, 
little is known about the use of IHD to manage this condition (5).

IHD rather than CRRT may be employed as a mode of RRT even 
for hemodynamically unstable patients for various reasons such as 
cost and limited access to CRRT. For example, in our ICU, 24/7 CRRT 
service was not available. In addition, CRRT is performed with very 
low intensity (12–16 mL/kg/hr) in Japan because of a daily maximum 
dose limitation of CRRT solution products covered by public health 
insurance (6). Although CRRT with an intensity of greater than or 
equal to 35 mL/kg/hr has been demonstrated to have no benefit as 
compared with that with an intensity of 20–25 mL/kg/hr (7–9), one 
may be concerned about providing CRRT with a very low intensity in 
such conditions as rapid solute removal is thought to be ideal.
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The aim of this study was to compare respiratory physiology 
and acid-base biochemistry and vasopressor requirements before 
and after IHD among patients who had metabolic acidosis during 
resuscitation of septic shock.

MATERIALS AND METHODS

Study Design and Setting
This retrospective, cross-sectional study was conducted at an ICU in 
Kameda Medical Center between April 2014 and September 2015. 
Kameda Medical Center is a non-university-affiliated teaching hos-
pital with 917 beds. The ICU was a medical-surgical ICU with a 
closed-ICU policy and approximately 1,000 annual admissions.

Ethics
The institutional review boards of the hospital approved the study 
protocol (approval number: 15-071). Requirement to obtain 
informed consent was waived by them.

Patients
Septic shock patients who received IHD in the ICU for the man-
agement of metabolic acidosis within 48 hours after the diagnosis 
of septic shock were included. Septic shock was defined based on 
the 2001 International Sepsis Definitions (10). Decision to per-
form IHD for the correction of metabolic acidosis was made by 
each treating intensivist. Those who did not complete a session of 
IHD were excluded from the analysis of physiologic and biochem-
ical parameters but included in the analysis of clinical outcomes.

Intermittent Hemodialysis
IHD was performed via a double-lumen hemodialysis catheter 
(12F, Gentle Cath; Medtronic, Dublin, Ireland) percutaneously 

inserted into either the internal jugular or femoral vein. A DBB-
100NX dialysis machine (NIKKISO, Tokyo, Japan) and either a 
KF12 or KF15 synthetic hydrophilic membrane (Asahi Kasei 
Medical, Tokyo, Japan) was used. Blood and dialysate flow were 
200 mL/min and 500 mL/min, respectively. The duration of one 
IHD session was 4 hours but extended up to 6 hours if deemed 
necessary. Unfractionated heparin or nafamostat mesilate (Torii 
Pharmaceutical, Tokyo, Japan) was administered for anticoagula-
tion during IHD. For those with bleeding or high risk of bleeding, 
IHD was performed without anticoagulation.

Study Variables
Physiologic variables included systolic blood pressure (SBP), mean 
arterial pressure (MAP), heart rate (HR), and measured minute 
ventilatory volume (MV). Biochemical variables included pH, 
biocarbonate (Hco3

–), Paco2, base excess, and lactate and were 
obtained from arterial blood gas analysis. These data were collected 

Figure 1. Flow chart of the study cohort. IHD = intermittent hemodialysis.

TABLE 1. Baseline Characteristics of the Study 
Patients (n = 34)

Characteristic Value

Age, yr 75 (66–81)

Female, n (%) 11 (32)

Sequential Organ Failure Assessment 13 (10–15)

Acute Physiology and Chronic Health 
Evaluation II

28 (23–33)

Simplified Acute Physiology Score II 69 (54–80)

Serum creatinine, mg/dL 2.16 (1.34–2.83)

Serum potassium, mM 4.6 (4.0–5.1)

Pre IHD total fluid volume, mL 4,700 (3,200–6,600)

Time to IHD after ICU admission, hr 3 (1.4–17.8)

Mechanical ventilation, n (%) 27 (79)

Use of norepinephrine, n (%) 34 (100)

Use of steroids, n (%) 25 (74)

Use of vasopressin, n (%) 13 (38)

Admission route, n (%)

 Emergency department 18 (53)

 Ward 10 (29)

 Operating theater 6 (18)

Primary source of infection, n (%)

 Respiratory 10 (29)

 Urinary tract infection 7 (21)

 Intra-abdominal sepsis 4 (12)

 Bloodstream 5 (15)

 Others 8 (23)

IHD = intermittent hemodialysis.
Quantitative variables are displayed as medians and interquartile ranges and 
categorical variables are displayed as counts and percentages.
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from the electronic medical records. Clinical outcome data, such as 
ICU mortality, in-hospital mortality, 28-day and 90-day mortality, 
ICU-free days and alive, RRT-free days and alive, ventilator-free 
days and alive at the 28th day were also retrieved from the elec-
tronic medical records.

Statistical Analysis
Data were analyzed descriptively. Continuous or categorical vari-
ables were described as medians and interquartile ranges (25–
75th) or as counts and percentages, respectively.

It was not assumed that the continuous study variables were nor-
mally distributed; bootstrapping methods were used to estimate the 
means and CIs for differences in these variables before and after IHD. 
All statistical analyses were performed using R 3.4.1 (R Core Team 
2017; R Foundation for Statistical Computing, Vienna, Austria.).

RESULTS
A total of 1,190 patients admitted to the ICU were screened for 
study eligibility. A total of 34 patients fulfilled the study inclusion 
criteria (Fig. 1). The baseline characteristics of the study popula-
tion are shown in Table 1. Two patients (5.9%) had 1,000 mL of 
fluid removal. Only one patient (2.9%), who was an 81-year-old 
female with septic shock of unknown origin, failed to complete a 
planned session of IHD due to a decision to withdraw, which was 
made during IHD, followed by her immediate death.

Regarding the physiologic parameters, an increase in MAP 
and a decrease in MV were observed after IHD. In contrast, there 
was no significant difference in HR before and after IHD. For bio-
chemical parameters, increases in Hco3

– and pH were observed 
after IHD (Table 2 and Fig. 2A–D). In addition, the noradrena-
line requirement and inotropic score (11) decreased after IHD 

(Table  2). All patients completed the 90-day follow-up after the 
initiation of IHD. ICU mortality, in-hospital mortality, 28-day 
and 90-day mortality were 15 (44%), 17 (50%), 12 (35%), and 16 
(47%), respectively. ICU-free days and alive, RRT-free days and 
alive, and ventilator-free days and alive on the 28th day were 8 
(5–12), 10 (0–26), 15 (0–25), respectively (Table 3).

DISCUSSION
In this study, it was observed that IHD in patients who had meta-
bolic acidosis during resuscitation of septic shock was associated 
with improvement not only in biochemical parameters but also 
in respiratory and circulatory physiology with decreased norepi-
nephrine requirement as compared with pre-IHD status.

Our findings raise a question regarding the consensus that IHD 
should be avoided for hemodynamically unstable patients including 
those who suffer from septic shock complicated by clinically signifi-
cant metabolic acidosis. When providing RRT in hemodynamically 
unstable patients, the current common understanding is in favor of 
CRRT rather than IHD for fear of further deterioration of hemody-
namics (12–17). A randomized controlled trial comparing IHD and 
CRRT in patients with septic shock complicated by acute kidney 
injury (AKI) showed an increase in SBP 2 hours after the initiation 
of CRRT, whereas a decrease in SBP at 0.5 hours and 2 hours after 
the initiation of IHD (5). However, the study population and the 
aim of RRT in the study were different from those of our study, in 
which IHD was performed in order to manage metabolic acidosis in 
patients with septic shock while being resuscitated.

Serum lactate level after IHD in the study population decreased 
slightly, although it remained at a high level. In a previous study, lac-
tate clearance was inversely associated with increased risk of death 
over the first 6 hours after ICU admission (18). However, data on 

TABLE 2. Comparison of Variables Before and After Intermittent Hemodialysis (n = 33)

Variables
Before IHD,  
Mean (sd)

After IHD,  
Mean (sd)

Bootstrap Difference,  
Mean (95% CI) Bootstrap p

Norepinephrine (µg/kg/min) 0.28 (0.20) 0.21 (0.18) –0.07 (–0.12 to –0.02) 0.009

Inotropic score 30 (23) 23 (20) –7 (–12 to –1) 0.012

Physiologic

Systolic blood pressure (mm Hg) 101 (13) 115 (21) 15 (9–21) < 0.001

Mean arterial pressure (mm Hg) 69 (8) 79 (11) 9 (6–13) < 0.001

Heart rate (/min) 99 (21) 100 (23) 1 (–3 to 5) 0.532

Minute volume (L/min) 14.1 (4.3) 12.0 (3.7) –2.0 (–3.3 to –0.8) 0.002

Biochemical

pH 7.22 (0.12) 7.40 (0.09) 0.17 (0.13–0.21) < 0.001

Bicarbonate (mmol/L) 12.6 (3.4) 19.7 (2.7) 7.2 (6.1–8.3) < 0.001

Paco2 (mm Hg) 31.5 (10.0) 33.6 (9.5) 2.1 (–0.2 to 4.5) 0.079

Base excess (mmol/L) –13.7 (4.0) –4.4 (2.8) 9.3 (7.9–10.8) < 0.001

Lactate (mmol/L) 6.9 (4.7) 6.2 (3.7) –0.9 (–1.7 to –0.3) 0.010

IHD = intermittent hemodialysis.
Differences were estimated by bootstrapping and described as mean and 95% CIs.
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lactate clearance by RRT are limited and conflicting (19). Some 
researchers suggest that increased lactate clearance may be the 
improved endogenous acid-base and metabolic status achieved dur-
ing RRT rather than the removal of large amounts of lactate by RRT 
(20). We assumed that improvement of circulation was associated 
with a slightly decreased lactate level and IHD may contributed to 
hemodynamic stabilization. Significant acidosis is associated with 
catecholamine-refractory hypotension through a mechanism that 
involves a decreased number of β adrenergic receptors and decreased 
myocardial contractility (21, 22). In contrast, improvement of meta-
bolic acidosis is associated with an enhanced effect of catecholamines 
and an alleviated effort for respiratory compensation.

To artificially compensate metabolic acidosis in hemodynami-
cally unstable septic shock patients, CRRT is generally preferred 

to IHD. Current AKI guidelines recommend delivering CRRT at 
an effluent volume of 20–25 mL/kg/hr in patients with AKI (4). 
In Japan, however, CRRT is generally delivered at a lower inten-
sity (12–16 mL/kg/hr, up to 800 mL/hr) than the recommended 
intensity because of limited daily maximum use of CRRT solu-
tions covered by public health insurance (6). In addition, our ICU 
had limited access to CRRT during the study period. Although 
these rare environments forced us to use IHD to manage clinically 
significant metabolic acidosis during septic shock resuscitation, in 
our observation, IHD is a feasible and even beneficial therapeu-
tic option to manage this condition. As the typical dose of IHD 
(500 mL/min = 30,000 mL/hr) is much higher than that of CRRT, 
comparison to CRRT is of particular interest. Other potential ben-
efits of IHD as compared with CRRT include earlier mobilization 

Figure 2. Changes in mean arterial pressure (MAP), heart rate (HR), measured minute ventilatory volume (MV), and norepinephrine (NE) over time after the start 
of intermittent hemodialysis (IHD).



Observational Study

Critical Care Explorations www.ccejournal.org 5

of patients, less staff-time requirements to provide RRT, simpler 
antibiotic dosing, shorter and less exposure to anticoagulants, and 
lower costs associated with RRT.

Little is known about the safety and efficacy of IHD use in 
hemodynamically unstable patients with septic shock. This study 
described changes in physiologic and biochemical parameters and 
decreased norepinephrine requirement before and after IHD, and 
major clinical outcomes such as mortality and event-free days, in 
patients who received IHD for the management of severe meta-
bolic acidosis while resuscitation of septic shock.

Our study has several limitations. First, our study was a single-
center retrospective study that described within group, before IHD 
and after IHD changes in regard to physiologic and biochemical 
parameters without a control group. Second, decisions to initiate 
IHD for metabolic acidosis correction were made by attending 
intensivists without any formal objective criteria. Third, our study 
population was limited to very old Japanese patients (median age, 
75 yr) who lived in a rural area. This may limit the generalizabil-
ity of the study interpretation. Fourth, one patient, who withdrew 
during IHD followed by immediate death, was excluded for the 
analysis of physiologic and biochemical variables. This potentially 
caused selective bias toward favorable effects of our practice. Fifth, 
IHD efficiently removes most of the commonly used antibiotics 
such as β-lactams, potentially resulting in therapeutic underdose, 
although special attention to this issue was always paid in our ICU.

CONCLUSIONS
Favorable changes in physiologic and biochemical variables and 
norepinephrine dependency were observed after IHD in patients 
with septic shock complicated by metabolic acidosis during resus-
citation. Further studies are needed to show feasibility and benefit 
of IHD for this purpose.
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TABLE 3. Clinical Outcomes of Study Patients 
(n = 34)

Outcomes Value

ICU-day, median (IQR) 8 (5–12)

28-d ICU-free survival day, median (IQR) 8 (5–12)

28-d renal replacement therapy-free  
survival day, median (IQR)

10 (0–26)

28-d ventilator-free survival day, median (IQR) 15 (0–25)

ICU death, n (%) 15 (44)

In-hospital death, n (%) 17 (50)

28-d death, n (%) 12 (35)

90-d death, n (%) 16 (47)

IQR = interquartile range (25–75th).
Quantitative variables are displayed as medians and IQRs and categorical 
variables are displayed as counts and percentages.


