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Since the first description of an arteriovenous haemofiltration 
technique by Kramer et al. in 1977, continuous renal replacement 
therapy (CRRT) has become the modality of choice for treating 
ICU patients with acute kidney injury (AKI), especially in the 
case of haemodynamically unstable AKI patients.[1] Nowadays, 
pump-driven venovenous systems have replaced arteriovenous 
techniques. Modern devices for CRRT are capable of providing 
different modes. Continuous venovenous haemofiltration 
(CVVH) is based on convection, whereas continuous venovenous 
haemodialysis (CVVHD) is based on diffusion. Continuous 
venovenous haemodiafiltration (CVVHDF) combines both 
methods. Due to the lack of comparative studies showing that 
one of these modalities is superior, the choice of the employed 
technique is mainly influenced by local experience, preference 
and availability. CVVHD is used relatively infrequently in 
comparison with the other modes. Based on published practice 
survey data in different countries and regions, it appears that 
CVVH and CVVHDF are, by far, the preferred modes of CCRT.
[2] Apparently, physicians tend to use a mode with at least some 
haemofiltration, perhaps anticipating a benefit associated with 
haemofiltration. 

Several theoretical differences between CVVH and CVVHD 
could be clinically relevant. During CVVH the ultrafiltrate 
produced is replaced by a sterile solution resulting in high 
ultrafiltrate rates, whereas ultrafiltrate rates during CVVHD are 
approximately equal to the set fluid loss. Consequently, CVVH 
requires more fluids and thus more bags need to be replaced. 
During CVVHD, solute removal depends on diffusive movement 
occurring via Brownian motion of the solute. Smaller molecules 
have greater kinetic energy and are preferentially removed 
based on the level of the concentration gradient. Thus, solute 
removal during CVVHD is proportional to the concentration 
gradient and size of each molecule. Dialysate flow is slower than 
the blood flow rate and is the limiting factor to solute removal. 
Therefore, small-molecular-weight solutes (<500 Dalton), such 

as blood urea nitrogen, potassium and creatinine, are more 
efficiently cleared by haemodialysis than by haemofiltration. 
During CVVH solute is removed by solvent drag, which is 
driven by hydrostatic pressure. CVVH provides better removal 
of medium and larger sized molecules than CVVHD. The 
question is to what extent these theoretical differences in 
solute clearance are relevant in clinical practice. It has been 
shown that the clearance of low-molecular-weight solutes is 
relatively equivalent for the two modalities.[3] Moreover, in a 
previous CVVH versus CVVHD study only a small difference in 
clearance of larger molecules was observed.[4] 

Since the difference in efficacy between CVVH and CVVHD 
with respect to solute clearance might not be clinically 
important, it is reasonable to focus on other practical aspects 
such as filter survival, costs and ease of use. In this issue of the 
Netherlands Journal of Critical Care, Dalhuisen et al. report the 
results of a study comparing CVVH with CVVHD in a cohort 
of 15 patients with AKI.[5] The paper describes a comparison 
between these two CRRT protocols using an elegant cross-over 
study design that was adapted from an Italian study with the 
same subject.[4] The main difference between the two studies is 
the anticoagulation strategies that were used to prevent clotting 
of the haemofilter. In the study reported in this issue of the 
journal, regional citrate anticoagulation was used versus heparin 
in the Italian study. Moreover, in the latter study both CVVH 
and CVVHD were administered based on a similar prescription 
dose and using the same filters, whereas in the Dutch study 
dose and filters were different between the two modalities. Both 
studies demonstrate that removal of solutes during CVVH and 
CVVHD is more or less similar. Moreover, both studies show 
a better filter survival during CVVHD. In addition to aspects 
of efficacy, the study by Dalhuisen et al. also focused on user-
friendliness and costs. The authors conclude that CVVHD is 
easier to handle and more cost-effective (24% cheaper) than 
standard CVVH. These are of course important aspects to take 
into consideration when choosing a mode of CCRT. It should be 
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noted that this study compares not only two CRRT modalities 
but also different filters, different citrate protocols and probably 
different CRRT equipment which is a shortcoming of the 
study. A well-designed and adequately powered trial would 
be necessary to establish the superiority of CVVHD. Yet, the 
study in this issue of the journal is a worthwhile read to anyone 
interested in CRRT and may aid in determining whether the 
method of CCRT that you apply in your unit is actually the most 
optimal.
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Abstract
Introduction: We aimed to evaluate continuous venovenous 
haemofiltration (CVVH) versus continuous venovenous 
haemodialysis without filtration (CVVHD) - using citrate as 
regional anticoagulation - on solute clearance, nurse workload, 
and costs.

Methods: Prospective crossover study in a cohort of ICU 
patients with acute kidney injury. We compared urea, creatinine 
and β2-microglobulin clearance, filter lifespan and membrane 
performance over 72 hours (maximal filter runtime) during 
15 CVVH and 15 CVVHD sessions. Anticoagulation was 
performed with tri-sodium citrate. Direct costs were calculated 
per 72 hours. Values indicate median and [P25-P75].

Results: Thirty filter runs were evaluated in 15 patients (9 male) 
with acute kidney injury (age 70 [59-76]). During CVVH, urea 
and creatinine clearances (34 [34-36] and 31 [27-33] ml/min) 
were comparable with CVVHD (32 [25-33] and 25[20-30] ml/
min, respectively; p=0.117 and p=0.041). The clearance of β2-
microglobulin was higher during CVVH (20 [16-22] ml/min) 
than during CVVHD (13 [12-14] ml/min; p=0.006). With a 
maximum allowed filter runtime of 72 hours, the filter survival 
time was longer during CVVHD (72 [4-73 h]) than during 
CVVH (43 [17-66 h]; p=0.004). CVVHD was considered less 
time-consuming and more user friendly than CVVH by most 
nurses, with less down time moments. Costs per 72 hours 
were lower during CVVHD: €1073 [€1072-€1146] than during 
CVVH €1427 [1225-1551]; p=0.002, with a cost saving of €354 
[€153-€405].

Conclusion: During locoregional citrate anticoagulation, 
CVVHD is similarly effective, easier to handle and more cost-
effective than standard CVVH. 

Introduction
Acute kidney injury (AKI) occurs frequently in patients 
admitted to the intensive care unit (ICU) with critical illness.
[1,2] AKI develops in 15-45% of all ICU admissions, while 2-6% 
require renal replacement therapy.[3,4] The underlying causes 
of AKI are multifactorial and include direct renal toxicity due 
to radiocontrast agents or medication, while hypovolaemic 
hypotension and shock may induce acute tubular necrosis. AKI 
frequently surfaces during the course of sepsis; the reported 
incidence varies from 20% in moderate sepsis to >50% in 
septic shock.[2,5] AKI is associated with a high mortality rate, in 
particular in sepsis, i.e. in patients with isolated AKI mortality is 
45%, whereas patients with AKI during the course of sepsis may 
demonstrate mortality rates of up to 70%.[5] 

The optimal way of performing continuous renal replacement 
therapy (CRRT) is not known. In haemodynamically unstable 
patients, intermittent haemodialysis is frequently not tolerated 
because of unwanted drops in blood pressure and risks of progressive 
shock or myocardial infarction. In practice, most patients with AKI 
are treated with CRRT.[6] The most frequently applied and efficient 
form of renal replacement therapy is continuous venovenous 
haemofiltration (CVVH) [6, 7]. This treatment modality, although 
effective, is not only expensive and laborious, but also associated 
with a number of important drawbacks, such as thrombosis, 
bleeding at line entry, sepsis due to line infection, as well as 
limitations in the patient’s mobility. An additional set-back, a 
frequent off-time due to filter circuit clogging, may be addressed by 
newer techniques with lower blood flow rates such as CVVH with 
dialysis without filtration (CVVHD).[8,9] In addition, current views 
on the way the extracorporeal circuit should be anticoagulated 
move towards regional citrate anticoagulation with improved filter 
patency, safety, costs, and even mortality in surgical ICU patients 
with sepsis.[10-14] 

We hypothesised that treatment with CVVHD using locoregional 
citrate anticoagulation is equally efficient to CVVH with respect 
to solute clearance, safety, costs and user friendliness.
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Patients and methods
Setting
We performed a single-centre prospective cross-over study 
in a 12-bed closed-format (intensivist led) mixed medical-
surgical intensive care unit (ICU) of Gelre Hospitals, a 654-
bed university-affiliated teaching hospital in Apeldoorn, the 
Netherlands. The study was approved by the local ethics 
committee of Gelre Hospitals Apeldoorn, which waived 
the necessity to obtain informed consent. Allocation was 
performed based on the availability of a CRRT machine with 
CVVHD capacity, i.e. when that machine was in use, the eligible 
patient was first treated with standard CVVH. If the machine 
was available, the patient started with CVVHD. In this way, the 
study was non-blinded. We aimed for 15 patients in line with a 
previous study on this subject.[15] Filter use was maximised at 
72 hours, i.e. even if the filter was still functional, the modality 
was stopped and the patient was then crossed-over to the other 
mode in the study.

AKI criteria
We classified the patients with AKI according to the RIFLE 
system: Risk of renal dysfunction, Injury to the kidney, Failure of 
kidney function, Loss of kidney function and End-stage kidney 
disease.[16]

Renal replacement therapies
CVVH procedure
CVVH was performed by using a Polysulfone filter, Ultraflux AV 
600S (Fresenius Medical Care). A blood flow of 200 to 300 ml/
min was used, and the substitution flow was set at 32 ml/kg/h. 
The blood flow was dictated partly by the machine software, 
which does not accept low blood flows with higher substitution 
rates because of an increased risk of filter coagulation. 
Anticoagulation was achieved by intravenous infusion of citrate 
into the afferent line of the CRRT machine with a separate 
volumetric pump (Alaris®) in accordance with a standard ICU 
protocol aiming at a citrate concentration between 4-7 mmol/l 
in the filter. Details of the protocol were described previously.[14] 

No anticoagulation bolus was given. Two kinds of substitution 
fluids were used, depending on base deficit: one bicarbonate-
buffered (Multibic; MedicalCare, Homburg, Germany) and 
one buffer-free (HF281; Medical Care). The maximum filter 
runtime was set at 72 hours.

CVVHD procedure
CVVHD was performed by using Polysulfone Ultraflux 
AV1000S filters (Fresenius Medical Care). A blood flow of 100 
to 120 ml/min was used, and the dialysate flow was set at 25 
ml/kg/h according to the specific manufacturer’s instructions. 
Anticoagulation was achieved by intravenous infusion of citrate 
into the afferent line of the CRRT machine with an integrated 
citrate-calcium (Ci-Ca) module in accordance with a standard 

ICU protocol based on the instructions of the manufacturer. No 
bolus of anticoagulation was given. Calcium-free dialysate fluid 
was used (Ci-Ca dialysate K2; Medical Care). The maximum 
filter runtime was set at 72 hours.

Properties of filters
Both the AV600S (1.4 m2) and AV1000S (1.8 m2) filters are 
steam sterilised polysulfone membrane filters. 

Efficacy of renal replacement therapy 
We compared creatinine, urea, and β2-microglobulin clearance. 
Samples of blood, urine and ultrafiltration were withdrawn 
at the start of treatment. Blood samples were taken from the 
patient and from the ultrafiltration fluids. Urea, creatinine 
and β2-microglobulin clearance were calculated using the 
formula U*V/P. For U we used the concentration of the solute 
measured in the ultrafiltrate; for V the substitution rate in case 
of haemofiltration was used and the dialysate dose in case 
haemodiafiltration was used; for P we entered systemically 
measured levels of the solute under calculation, obtained from 
an arterial line, not from the dialysis line. In that way we aimed 
to correct for recirculation, filter clotting and other effects, 
which might influence clearance from the circulation. For 
comparing efficacy between the two modalities, filtrate rates 
during CVVH were individually corrected to the same filtration 
dose (ml/kg/h) applied during CVVHD. This means that if a 
filtration dose of 2500 ml/h was used in a patient during CVVH, 
while during the subsequent CVVHD phase a dose of 1950 ml/h 
was used, the calculated solute clearance during CVVHD was 
mathematically corrected by a factor of 2500/1950.

Costs
Costs were calculated breaking down individual components, 
i.e. circuit costs, laboratory costs according to the protocol, 
substitution and dialysis fluids, required citrate and calcium 
infusion. Subsequently, cumulative costs were calculated in a 
period of 72 hours in both the CVVH period and the CVVHD 
period. For instance, with a filter life of 36 hours, the total circuit 
cost would be twice that of a filter life of 72 hours. We did not 
add labour costs of the nurses involved since nurses in the ICU 
are continuously present and this would not explain differences 
between the two modalities when evaluated at a departmental 
level.

User friendliness
The nurses who were working with CVVHD during the study 
were asked to answer a short questionnaire about workload, 
safety and user friendliness in comparison with the standard of 
care using CVVH. The following questions were asked: 1) Is the 
alarm incidence during CVVHD higher or lower than during 
CVVH?; 2) Was the post filter ionised calcium level lower than 
0.25 mmol/l?; 3) In terms of protocol friendliness: is the required 
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change in calcium and citrate flow easy and clear?; 4) Did any 
difficulties occur preparing the machine for CVVHD compared 
with CVVH?; 5) Did problems occur while changing fluid bags? 
; 6) Do you have comments about the treatment modality?

Statistical analysis
Statistical analysis was performed with the SPSS software 
package. Data are reported as median and interquartile range 
(IQR; P25-P75). Groups were compared with the non-parametric 
paired Wilcoxon’s test. Filter survival for each modality was 
tested using log-rank Mantel-Cox analysis. A p<0.05 was 
considered to indicate statistical significance unless multiple 
comparisons were performed. In that case, Bonferroni’s 
correction was applied.

Results
During the study period, 15 critically ill patients (9 male, 
6 female) were treated with CVVH and CVVHD for AKI 
according to the RIFLE criteria (age 70 [59-76]). Eight patients 
(53.3%) were initially treated with CVVHD, the other 7 patients 
(46.7%) initially started with CVVH. Patient characteristics are 
shown in table 1.

Table 1. Patient characteristics  

N 15

Age (years) 70 [59-76]

Male/female 9/6

Length (cm) 170 [162-175]

Weight (kg) 80 [75-89]

Diabetes 2 (13%)

APACHE-II score 26 [22-29]

SAPS-II score 58 [48-63]

RIFLE criteria

Risk 0

Injury 4

Failure 10

Loss of function 0

ESRD 1

Location of central venous catheter 

Femoral vein 13

Jugular vein 2

Subclavian vein 0

Admission type

Medical 11 (73%)

Surgical 4 (27%)

LOS-ICU (days) 21 [13-39]

Hospital death 4 (27%)

APACHE = Acute Physiology Age and Chronic Health Evaluation; SAPS = 
Simplified Acute Physiology Score; LOS-ICU = length of stay in the ICU; ESRD = 
end-stage renal disease

Filter characteristics, efficacy and survival
The blood flow used was higher during CVVH (250 [200-255]) 
than during CVVHD (100 [100-100]; p<0.001). Creatinine 
clearance (31[27-33]) was slightly higher during CVVH than 
during CVVHD (25 [20-30] ml/min, p=0.041). Clearance of 
urea was similar in the two modalities, while clearance of β2-
microglobulin was higher during CVVH (20 [16-22] ml/min) than 
during CVVHD (13 [12-14] ml/min; p=0.006). Keeping in mind that 
the maximum allowed filter runtime was 72 hours, the survival 
time of the filters was longer during CVVHD (72 [43-73] hours) 
than during CVVH (43 [17-66] hours; p=0.004); figure 1.

Costs
Cumulative costs per 72 hours were lower during CVVHD 
(€1073 [€1072-€1146]) than during CVVH (€1427 [€1225-
€1551]; p=0.002, table 2). The highest costs per 72 hours 
were laboratory analysis, followed by fluids used during renal 
replacement therapy, renal replacement kit, and citrate/calcium 
solutions used according to the protocol. 

User friendliness
The results of the questionnaire (figure 2) showed that the 
nurses felt comfortable with the CVVHD treatment when 
compared with the routinely used CVVH (5% reported some 
problems). Importantly, it was considered less time consuming 
than CVVH, particularly related to a longer runtime, lower 
frequency of changing fluid bags, as well as a lower frequency 
of equipment alarms. During CVVHD in patients with low 
measured post filter ionised calcium and normal systemic 
ionised calcium, no problems with bleeding occurred. Post filter 
ionised calcium below 0.25 mmol/l was measured in 21% of the 
patients during the treatments. Measuring calcium ratio and 
targeting citrate dose and calcium infusion rate during CVVHD 
proved to be easy and safe. Because of the lower blood flow and 

Figure 1. Filter survival during CVVH and CVVHD in 15 ICU patients. 

Maximum duration of filter use was 72 hours

Log Rank (Mantel-Cox analysis) p=0.004
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Table 2.  Comparison CVVH vs CVVHD in the first hour of RRT

CVVH CVVHD P-value

Blood flow(ml/min) 250[200-255] 100[100-100] <0.001

Dialysate flow/substitution 
flow (ml/kg/hr)

32 [29-35] 25 [24-27] 0.002

Creatinine clearance 
(ml/min)

31 [27-33] 25 [20-30]] 0.041

Urea clearance (ml/min) 34 [34-36] 32 [25-33] 0.117

B2M clearance (ml/min) 20 [16-22] 13 [12-14] 0.006

Platelets (x109/l) 146 [92-214] 96 [75-229] 0.570

Haematocrit (%) 26 [22-28] 23 [22-28] 0.779

APTT 39 [32-42] 34 [29-39] 0.814

Ca/Ca++ ratio 1.87 [1.83-1.93] 1.84 [1.73-1.87] 0.181

Ca++ (mmol/l) 1.03 [0.87-1.13] 1.19 [1.11-1.22] 0.143

Costs per 72 hours

RRT kit 168 [119-414] 121 [120-184] 0.05

Lab costs (protocol) 586 415 0.002

Citrate/calcium solutions 151 241 0.001

Fluids (substitution/
dialysis)

413 [336-486] 295 [295-295] 0.002

Total costs 1427 [1225-1551] 1073 [1072-1146] 0.002

B2M = β2-microglobulin; CVVH = continuous venovenous haemofiltration; 
CVVHD = continuous venovenous haemofiltration with dialysis without filtration; 
RRT = renal replacement therapy; aPTT = activated partial thrombin time; iCa = 
ionised calcium; Ca/Ca++ ratio = calcium vs ionised calcium ratio. Due to multiple 
comparisons, the statistical significance level was set at 0.005 after Bonferoni’s 
correction
For CVVHD, a Fresenius Multifiltrate machine was used with integrated pumps 
for calcium and citrate infusion, which pumps were not present on the machines 
used for CVVH. Details are described in the methods section.

lower alarm frequency, patients were more easily mobilised 
during CVVHD when compared with routine CVVH. Using the 
passive mobiliser, the patient could be moved to a chair, even if 
the catheter was placed in the femoral vein.

Discussion
This study directly compared CVVH and CVVHD during 
citrate anticoagulation in the same patients. We demonstrated 
that locoregional citrate anticoagulation in CVVHD is easy, 
user friendly, and cost-effective when compared with standard 
CVVH using citrate.
Many potential users of locoregional citrate anticoagulation are 
hesitant because of the risk of hypocalcaemia. Indeed, citrate 
has a history of being used as a local anticoagulant in patients 
with liver failure and inherent coagulation abnormalities where 
the use of heparin was regarded unsafe. Unfortunately, due 
to unwanted citrate accumulation in those patients, severe 
hypocalcaemia occurred.[17] These authors already warned to 
monitor Ca/Ca++ ratios, especially in patients with liver failure. 
Nevertheless, even in patients with liver failure citrate CVVHD 
may be used safely if strict monitoring of clotting factors and 
Ca/Ca++ ratios is practised.[18] This is most likely also true 
for standard CVVH, since during both modalities a similar 
citrate concentration is targeted in the filter, with inherent 
similar metabolic effects. In particular, protocols must take 
into account that calcium infusion is always linked to citrate 
use, which is specifically important when CRRT is temporarily 
stopped, or calcium infusion is inadvertently paused or 
not started when CRRT is resumed. However, even if strict 
protocols are in place, net calcium balance may prove to be 
negative warranting titration of local protocols.[19] We showed 
in our study that (ionised) calcium levels were stable during 
citrate anticoagulation, although the integration of citrate and 
calcium infusion pumps in the renal replacement machine may 
reduce errors.
We showed that filter survival time was at least 72 hours in 
most patients during CVVHD inherent to predefined stopping 
criteria. Filter survival during citrate renal replacement 
treatment was variable in previous studies. Using CVVHD 
and citrate anticoagulation, filter survival was 26 hours using 
low blood flows of 75 ml/min in a small study,[20] while others 
reported median filter survival times of 60 hours using higher 
blood flows up to 200 ml/min, dialysate flow 2000 ml/h in 
CVVHD.[21] Similar findings were reported in CVVHDF with 
an average filter survival of 64 hours using calcium containing 
dialysate fluids in 38 patients, with blood flow set at 150 ml/min 
and dialysate flow at 750 ml/h.[22] Indeed, filter survival seems 
to be considerably longer using citrate than during heparin 
anticoagulation in those settings.[23-25] Others confirmed that 
finding during CVVH with filter life spans of up to 157 hours.
[26] Also during CVVHD, the filter life span was longer;[15] 

in this study, median filter survival time was 37 hours, while 
it was 72 hours in our study, limited by an arbitrarily and 
predefined maximum filter use time of 72 hours. Blood flow 
and anticoagulation strategies were similar, which suggests that 
the difference in filters (they used AN69) may account for that 
difference. In fact, the difference in filter type may partially 

Figure 2. User satisfaction as perceived by ICU nurses working with CVVHD 

renal replacement therapy

CVVHD = continuous venovenous haemofiltration with dialysis; Ci-Ca = 

citrate – calcium; RRT = renal replacement therapy; CVVH = continuous 

venovenous haemofiltration
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explain our results in that filter survival was much longer in the 
CVVHD group, although a markedly lower required blood flow 
may be the most important factor in explaining the long filter 
life span. In contrast to these findings, no difference in filter 
survival time was shown using locoregional citrate coagulation 
in a small study comparing heparin and citrate in burn patients.
[27] Similar findings were reported in a retrospective dataset 
in a larger group of patients.[28] Moreover, no difference in 
filter survival time was found when citrate and nadroparin 
anticoagulation were compared.[14] In this study, filtration 
rates were high (4000 ml/h) with blood flow rates of 200 ml/
min, which may partly explain these results. In this study the 
AN69 filter was used as well. Most interestingly, however, they 
found that the use of citrate proved to be independently related 
to better survival, a factor that remains to be elucidated. Filter 
survival seems to be related to several factors mainly blood 
flow, the filter used, locoregional anticoagulation or systemic 
anticoagulant, although citrate seems a useful and effective way 
to increase the time of filter patency.
Our findings with respect to the efficacy of CVVHD were in 
line with those obtained in a heparin anticoagulated CVVH 
versus CVVHD study, i.e. clearances of urea and creatinine were 
similar in both modalities, while clearance of β2-microglobulin 
was lower using CVVHD.[15] The actual clearance of solutes 
may be related to filter survival time with an inherently higher 
down-time of the circuit during CRRT. Indeed, median down-
time for CVVH was three hours in a 160 patient observational 
study, mean down-time even being longer than five hours, 
which proved to affect azotaemic control.[29] 
Although intermittent haemodialysis may be cheaper in the 
ICU,[30] modalities of choice in the ICU will predominantly 
be continuous modes, particularly due to haemodynamic 
intolerance. Few studies have described the effects on costs 
when comparing citrate and heparin anticoagulation during 
CRRT. In a prospective analysis in CVVHDF treatments, total 
CVVHDF costs were higher during heparin (€ 5580/72 hours) 
than during citrate anticoagulation (€921/72 hours).[24] This 
was partly explained due to a higher incidence of intestinal 
bleeding episodes in the heparin group with inherent frequent 
assessment of haemoglobin levels. A switch from standard 
CVVH to CVVHD will also decrease the requirements for fluid 
use. Indeed, this was shown to impact CRRT-related costs in 
the UK.[31] Although these findings illustrate that the choice 
of modality and filter life are strongly related to total costs, 
absolute values are difficult to compare due to differences in 
local reimbursement policies. 
Prescribing CRRT requires knowledge and experience by the 
attending ICU nurses, which will put demands on the number of 
nurses that need to be trained, considering that educated nurses 
should staff all shifts. Since many factors should be taught, 
intensive training programs and e-learning modules have been 
proposed.[32] Others proposed to shift this specific workload 

to pharmacy technicians.[33] Most importantly, this illustrates 
that relative simplicity and safety are important factors to 
consider when implementing a new CRRT modality in the ICU. 
Although our questionnaire was not rigorously validated, we 
showed that the citrate CVVHD method was considered safe 
and user friendly by regular ICU nurses, leading to continuity 
of knowledge in all ICU nurses, not only in a smaller working 
group. 
The strength of this study is its cross-over design. However, 
several serious study limitations should be acknowledged. 
Firstly, dosages of filtration and dialysis, and also the filters 
used, were not the same in the two study arms. Although we 
tried to mathematically correct for this factor, it is difficult 
to perform this correction when considering the clearance of 
creatinine, urea and β2-microglobulin during haemofiltration 
combined with dialysis. One has also to keep in mind that solute 
saturation in the filter is affected by the blood flow/dialysate 
flow during CVVHD. However, treatment was standardised in 
the CVVHD group, so we do not think this seriously affected 
the results. Secondly, this is a small single-centre study from the 
Netherlands. However, due to the study design and in view of the 
results, we think the data reflect daily critical care in the ICU. 
Thirdly, we used local costs in our hospital setting. Although 
costs may differ in other settings, the difference between CVVH 
and CVVHD was predominantly due to the difference in filter 
survival time. Hence, it is likely that the cost benefit in favour 
of CVVHD would also be present in other settings. Finally, 
separate infusion pumps for citrate were used during CVVH. 
Although one may suggest that this will lead to more labour 
time for the nurses, we consider the sole presence of one more 
pump not relevant in the ICU setting.

Conclusions
Using CVVH in a standard dose is similar to CVVHD with 
respect to creatinine and urea clearance, although CVVH is 
more effective in removing middle molecular weight molecules. 
During locoregional citrate anticoagulation, CVVHD is safe, 
easier to handle and more cost-effective than standard CVVH.
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Case
A previously healthy 42-year-old male presented to our 
emergency department with severe dyspnoea. He had been 
complaining of cough since aspirating some swimming pool 
water at a sauna in Finland five weeks previously. Five days before 
presentation at our hospital he visited his general practitioner, 
who prescribed amoxicillin for suspected pneumonia.

At presentation, he was in severe respiratory distress. His 
oxygen saturation was 54% at room air, improving to 84% with 
15 l/min of supplemental oxygen. His respiratory rate was 30/
min. Auscultation revealed crackles bilaterally at the basal lung 
fields. His blood pressure was 145/85 mmHg with a regular 
pulse of 118 beats/min and he had a fever of 40°C. Laboratory 
studies showed a leucocytosis of 19 x 109/l and a CRP of 602 
mg/l. A chest X-ray revealed extensive bilateral consolidations 
(figure 1). Microbial cultures were obtained and he was started 
on cefotaxime and erythromycin. Gram staining was negative as 
was urinary analysis for Legionella antigen.

He was admitted to our intensive care unit and intubated for 
mechanical ventilation. He required high ventilator pressures to 
maintain adequate oxygenation, and we instituted intermittent 
prone position ventilation.

What is your diagnosis?

Answer
You will find the answer on page 145 in this issue.

Figure 1. Chest X-ray showing extensive bilateral consolidations
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Abstract
Central pontine myelinolysis is a rare and potentially life-
threatening complication of a sudden rise in serum osmolality. 
Here we describe a 51-year-old male with alcohol dependence 
syndrome who was treated for severe hyponatraemia. The 
clinical course was complicated by neurological symptoms, 
eventually recognised as the consequence of evolving 
central pontine myelinolysis. This case report underlines the 
importance of recognising risk factors predisposing the patient 
to the development of central pontine myelinolysis.

Introduction
Central pontine myelinolysis (CPM) is a syndrome that is 
characterised by rapid destruction of myelin sheaths of mainly 
oligodendritic cells,[1] generally caused by a rapid rise in serum 
osmolality. Along with extrapontine myelinolysis, it is part of 
the osmotic demyelination syndrome (ODS). In most cases, 
ODS occurs in patients with chronic hypotonic hyponatraemia 
which is corrected too quickly. Known risk factors include severe 
hyponatraemia, alcoholism, thiazide use, hypokalaemia and 
malnourishment.[1] The exact incidence is unknown; a study by 
Singh et al. demonstrated that central pontine myelinolysis was 
present in 29% of postmortem examinations of liver transplant 
patients.[2] A relatively recent study by Louis et al.[3] showed that 
mortality rates might be close to 31%, much lower than previously 
thought.[4] Initial symptoms include confusion, quadriplegia and 
pseudobulbar palsy which occur 2-6 days after a rise in serum 
osmolality.[1] The advised rate of correcting chronic hyponatraemia, 
especially in high-risk patients, is 4-6 mmol/l for any 24-hour 
period with an advised maximum of 8 mmol/l to prevent ODS.[5]

Case report
A 64-year-old male with a history of alcohol dependence 
syndrome, gout and hypertension was admitted to the 
emergency department with slowly progressing lower back 
pain, weakness and collapse. After initial examination which 

showed hypotension (95/57 mmHg), a regular heart rate of 
93 beats/min and a haematoma in the left lumbar region, the 
patient was resuscitated as a trauma patient with intravenous 
fluids in the ambulance (500 ml of Ringer’s lactate) and in 
the emergency department (1500 ml NaCl 0.9%) because of 
potential internal haemorrhage due to his fall. Laboratory testing 
revealed elevated inflammatory parameters, a mild elevation 
in liver enzymes, hypo-osmolar hyponatraemia (osmolality: 
261 mmol/l, sodium: 115 mmol/l), hypokalaemia and acute 
renal failure (creatinine: 199 µmol/l) supposedly because of 
hypovolaemia due to inadequate fluid intake in combination 
with the use of a thiazide diuretic (ultrasound renal imaging 
showed no abnormalities). His urine analysis revealed a urine 
osmolality of 276 mmol/l with a sodium level of 10 mmol/l, 
which fitted with the supposed hypovolaemia and might also 
be related to inadequate sodium intake or extra-renal loss. After 
initial treatment in the emergency department, the patient was 
admitted to the medical ward. 

The patient received intravenous potassium chloride and was to 
be given 2000 ml of NaCl 0.9% in the first 24 hours of treatment 
with an expected rise in serum sodium levels of 5.2 mmol/l 
as calculated: 1500 ml in the emergency department and 500 
ml for the rest of the 24-hour period on the medical ward 
(figure 1). Also, thiamine, vitamin B and ascorbic acid were 
prophylactically started to prevent Wernicke encephalopathy. 
Approximately 16 hours after admission, the sodium levels 

Figure 1. Adrogue-Madias formula

Adapted from Adrogue and Madias:[6] 308 mmol – 115 mmol)/((60 kg x 0.6) 

+ 1) = 5.2 mmol/l
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increased to 124 mmol/l after which the infusion was switched 
to NaCl 0.45% and glucose 2.5%. The patient received glucose 
5% infusion when sodium levels increased another 2 mmol/l to 
126 mmol/l within the first 24 hours (figure 2).

In the following week the sodium levels normalised with a 
daily increase of 1-3 mmol/l. The potassium levels normalised 
quickly as well. However, during this period, the patient 
developed ataxia, resting tremors and a disturbance in rump 
balance. An MRI of the brain, performed to rule out cerebellar 
pathology, showed only global cortical and cerebellar 
atrophy. Vitamin doses were switched from prophylactic to 
therapeutic because Wernicke encephalopathy was suspected. 
Furthermore, benzodiazepines were started to prevent 
potential alcohol withdrawal syndrome. In the following days 
the patient developed an increasingly incomprehensible speech 
and ptosis of the right eye. In order to rule out new cerebral 
focal pathology, a cerebral CT was performed, showing no 
other lesions than previously described on MRI. Eventually, 
he was admitted to the ICU because of ongoing neurological 
symptoms and sepsis of unknown origin (blood culture was 
positive for Enterococcus faecalis) for which he received 
amoxicillin-clavulanic acid and a single gift of tobramycin. 
Additional lumbar puncture revealed no pathogens and 
normal glucose and white blood count levels. When the 
fever subsided but the neurological symptoms persisted, he 
was admitted to the stroke care unit where his EMV score 
gradually deteriorated. Opsoclonus myoclonus syndrome 
was considered along with a paraneoplastic syndrome, 
investigated by conducting paraneoplastic antibody testing 
(the results turned out to be negative). He was readmitted to 
the ICU because of difficulty in swallowing and the MRI was 

repeated demonstrating central pontine myelinolysis (figures 
3A-C). In the following days the patient’s neurological status 
deteriorated eventually leading to a ‘locked in’ state, when he 
was only able to open and move his eyes. 

After excessive multidisciplinary deliberation, weighing his 
medical history, limited social network and poor prognosis, 
it was decided to abstain from oxygen therapy and antibiotic 
treatment, and palliative care was started, after which the 
patient died the following day. 

Discussion
Here we present a case of hypo-osmolar hyponatraemia in 
a patient with a history of alcohol dependence syndrome, 
complicated by central pontine myelinolysis probably due to an 
overly rapid correction of plasma osmolality. Although sodium 
correction exceeded the advised rate (maximum of 8 mmol/l in 
24 hours) by only 3 mmol/l, the clinical course was complicated 
by severe neurological symptoms eventually leading to death.

Central pontine myelinolysis
Under pathophysiological conditions, cells protect themselves 
against oedema due to chronic hyponatraemia by adjusting 
cellular osmolality via the release of organic osmolytes. With 
this form of slow adaption, cells can only adjust their osmolality 
to balance a fall in serum osmolality by a certain rate. If, 
subsequently, the serum osmolality rises too quickly, e.g. due to 
a rapid correction of the plasma osmolality, the brain cells are 
unable to rapidly compensate for their relatively hypo-osmotic 
state putting them at risk for myelinolysis.[1] In our patient it 
seems that the combination of multiple (known) risk factors 
eventually led to CPM.

Figure 2. Sodium levels and neurological symptoms in time; D1 is the day 

of admission

*   First MRI scan showing only global cortical and cerebellar atrophy

**   Second MRI scan showing obvious hyperintense signal intensity as well 

as some degree of swelling of the pons indicating CPM

Figure 3. MRI imaging demonstrating central pontine myelinolysis

A The axial FLAIR sequence (19 days after the initial normal brain MRI) 

demonstrates obvious hyperintense signal intensity as well as some 

degree of swelling of the pons. 

B T2 series clearly demonstrates elevated signal intensity. 

C Diffusion weighted imaging in this case hardly shows any diffusion 

restriction. Most of the high signal is the result of oedema, T2 shine-

through, since apparent diffusion coefficient imaging is negative. 

Diffusion might have been more restricted earlier in the disease process 

and now returning to normal values.

A B C
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Potential risk factors leading to an unexpected rise in serum 
sodium levels
Besides the correction in osmolality, we hypothesise that several 
other factors contributed to the changes in osmolality during 
our treatment, predisposing the development of CPM. First, 
a sudden correction of (chronic) hypovolaemia could have led 
to a fall in antidiuretic hormone secretion. In turn, this would 
lead to less retention of water in the collecting tubules of the 
nephron resulting in a rise of plasma sodium concentrations 
(autocorrection).[7] Second, cessation of a thiazide diuretic 
also predisposes a more rapid rise in serum sodium levels. By 
withdrawing the thiazide diuretic, the Na/Cl co-transporter 
in the distal tubule of the nephron is reactivated leading to 
retention of sodium.[8] The Adrogue-Madrias formula does not 
take both of these factors into account, which could explain the 
unexpected distinct rise in sodium osmolality in the first 24 
hours of admission. Third, hyponatraemic patients with chronic 
alcoholism often suffer from polydipsia (although in our patient 
this was not proven) and malnourishment, which may cause 
a deficiency in organic osmolytes preventing the brain from 
reabsorbing these solutes to balance the rapid rise in serum 
osmolality.[9] Fourth, our patient presented with hypokalaemia, 
which is often described as a predisposing factor to developing 
CPM, although the exact mechanism remains unclear.[10] In our 
patient the combination of all of the above (hyponatraemia, 
alcoholism, hypokalaemia, malnourishment, use of a thiazide 
diuretic and hypovolaemia) seems to have contributed to the 
fierce increase in sodium concentrations, with the correction of 
chronic hypovolaemia and the cessation of the diuretic agent as 
the most important causative factors. We would like to stress that 
when dealing with severe hyponatremia, all known risk factors 
should be taken into account when treating your patient.[5,7]

Recommendations
In retrospect, the chronological presentation of symptoms, 
reflecting extensive neurological deterioration (from 
corticobulbar fibre involvement, to corticospinal tract 
involvement, and finally to total pontine failure) are consistent 
with the known literature.[1] Nonetheless, the recognition of 
CPM was difficult in our patient; possibly the combination of 
the extremely low incidence of CPM, the absence of pontine 
damage on the primary MRI scan and/or not recognising and 
weighing all risk factors delayed the diagnosis.
The development of CPM might have been prevented by 
early recognition of the pitfalls described above. Even though a 
number of different possible diagnoses were considered, such 
as alcohol withdrawal, Wernicke encephalopathy, opsoclonus-
myoclonus syndrome and paraneoplastic encephalopathy, CPM 
was only diagnosed after the neurological course progressed and 
the second cerebral MRI scan was performed. The characteristic 
(extra)pontine lesions of CPM might become apparent on MRI 
within days up to four weeks after the onset of clinical symptoms.

[11,12] Therefore an early MRI might not lead to the early detection 
of CPM . Unfortunately, when the second MRI was performed, 
the symptoms were already considered irreversible.

Despite adequately using the Adrogue-Madias formula, frequent 
control of sodium levels and treatment with NaCl 0.9%, NaCL 0.45% 
and eventually glucose 5% infusion, the sodium levels increased 
too quickly (only once; 11 mmol/l in the first 24 hours). Given the 
fact that our patient had multiple risk factors in combination with 
severe hyponatraemia (<120 mmol/l) he would likely have benefited 
from a more intensively controlled rise in serum sodium levels or 
more aggressive lowering of sodium levels when overcorrection 
became apparent. Lowering of sodium levels in the early stages of 
neurological deterioration,[13] either by glucose 5% at an early stage 
and/or by administration of desmopressin according to the Dutch 
guideline,[14] has shown favourable outcomes. 
Moreover, in patients with hyponatraemia without other risk 
factors or symptoms, a safe and adequate rise in sodium levels 
might initially be achieved without intravenous sodium suppletion, 
but solely by fluid restriction with or without regular oral electrolyte 
supplements.[15]

Conclusion
Although CPM is a rare complication of a rapid correction of 
serum osmolality (as is often the case in chronic hyponatraemia), 
clinicians should always be aware of this irreversible 
complication. Especially in patients with multiple risk factors, 
CPM might be prevented by frequent control of electrolytes 
and osmolality in combination with volume status and urinary 
output. New methods such as point-of-care testing could be 
helpful to monitor shifting electrolyte levels more closely and 
thereby this could provide physicians ways to treat severe 
hyponatraemia more adequately. When these methods are not 
readily available, intensive care treatment should be considered.
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Abstract
Formalin is an aqueous solution with formaldehyde, a colourless, 
water-soluble gas. Usually formalin contains methanol as a 
stabilising agent. The solution is often used as a disinfecting 
agent. A 85-year-old woman was admitted to the emergency 
department with altered levels of consciousness after she 
accidentally drank formaldehyde cleaning detergent. She was 
treated with intravenous folinic acid in order to increase the 
elimination rate of formic acid. However, she rapidly developed 
signs of shock with multi-organ failure requiring symptomatic 
treatment, including intubation, supportive vasopressor 
treatment and renal replacement therapy, and recovered with 
time and intensive treatment. The literature suggests that 
intoxication with formalin is fatal. We present a case of an 
elderly lady surviving a severe illness caused by a moderate 
formalin intoxication. 

Introduction
In the literature, most case reports regarding formalin 
intoxications [1-6] describe high-dose formalin intoxication with 
a fatal end. The purpose of this paper is to describe the clinical 
treatment of formalin intoxication. Although our patient ingested 
a small dose (±1 gram) of this toxic substance in comparison with 
the fatal cases described (>10 gram formaldehyde), it still caused 
severe illness with multiple organ failure.

Case report
An ill 85-year-old woman, previously diagnosed with insulin-
dependent diabetes mellitus, hypertension and chronic 
obstructive pulmonary disease GOLD-1, was referred to our 
emergency department (ED) with altered levels of consciousness. 
At the ED, we saw a somewhat drowsy patient, with thirst and 
mild abdominal pain as her chief symptoms. 

She was approached according to the ABCDE protocol. There 
were no signs of airway obstruction. Signs of cyanosis were 
absent; SpO2 was 95% on room air, the breathing frequency 
was 14/min. Pulmonary examination showed no abnormalities. 
Circulatory examination revealed cold extremities, a capillary 
refill time of 5 sec, a blood pressure of 105/67 mmHg and a 
heart rate of 93/min, regular. Her abdomen was soft and non-
tender. The Glasgow Coma Scale was 12 (E3 M6 V3), pupils 
were equal, round and reactive to light. There were no signs of 
lateralisation. Her body temperature was 35.4oC. 
Laboratory investigation revealed a severe metabolic acidosis 
with elevated serum lactate levels and a widened anion gap 
(table 1). The elevated serum lactate levels could not completely 
explain the widened anion gap. Because of the absence of 
ketonuria, we ruled out keto-acidosis. We considered she might 
have ingested a toxic substance. 
Since our patient did not remember what had happened, we 
contacted her husband. He had found her an hour before she 
arrived at the ED, sitting at the table with altered levels of 
consciousness. Next to her he saw a soft drink bottle with an 
extra label with ‘formaldehyde detergent’, which he received 
years ago as a cleaning agent. She drank about 20 ml of the 
fluid in the bottle with a straw, and stopped drinking when she 
noticed a different taste.
Oral inspections showed no ulcerations but, as mentioned, 
our patient drank the fluid with a straw. She did not display 
the characteristic smell of formaldehyde. A serum ethanol was 
negative (<0.1 mg/l), but blood tests for toxic alcohols were 
positive for methanol, with a concentration of 70 mg/l. This 
was below the antidote treatment range of serum methanol 
(>200 mg/l).[13] Because of the usual combination of formalin 
and methanol in cleaning agents, the presence of methanol in 
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her serum supported our presumed diagnosis of a formalin 
intoxication. The bottle was sent to the pharmaceutical 
laboratory for further analysis. 
Due to the severe metabolic and lactic acidosis, an abdominal 
CT was ordered to exclude mesenteric ischaemia and 
perforation. This CT scan revealed an oedematous gastric wall 
with no signs of perforation. There were no signs of mesenteric 
ischaemia. The Toxicological Centre of the Netherlands (NVIC) 
and hospital pharmacology department were consulted for 
supplementary treatment advice.
For further evaluation and observation, our patient was initially 

hospitalised on the medical ward with ‘accidental formalin 
auto-intoxication’ as the most likely diagnosis. Treatment with 
intravenous folinic acid (1 mg/kg every 4 hours) was started 
to improve conversion of formic acid into carbon dioxide and 
water. In order to reduce the severe metabolic acidosis, sodium 
bicarbonate was added to the treatment.
The next day, she showed signs of shock with worsening 
hypotension and anuria. Our patient was admitted to the 
intensive care unit (ICU) for further treatment. In the first 
two hours after ICU admission, the metabolic acidosis was 
combatted with sodium bicarbonate. A gastroscopy was 
performed, revealing mild oesophageal and duodenal lesions 
and moderately severe gastric lesions. However, during 
this procedure aspiration occurred and respiratory failure 
because of worsening metabolic acidosis. Our patient was 
then intubated and sedated. A bronchoscopy to evacuate the 
aspirate fluids revealed no pathological tracheal or bronchial 
lesions. Laboratory investigation at that time showed severe 
metabolic acidosis and worsening of renal failure (table 1), both 
interpreted in the context of formic acid and shock. 
Laboratory analysis of the fluid in the bottle showed a watery fluid with 
5.4% (54 mg/ml) formaldehyde and 4.9% (49 mg/ml) of methanol. 
She had swallowed approximately 20 ml; this means she ingested 
approximately 1080 mg of formaldehyde and 980 mg of methanol. 
Commercially available disinfecting agents with formaldehyde 
normally contain 37-50% formaldehyde and 8-15% methanol. The 
fluid our patient ingested contained lower concentrations, probably 
because of an evaporating process and water added.
We decided to start continuous venovenous haemofiltration 
(CVVH) to combat the severe metabolic acidosis and renal 
failure and to improve elimination of methanol and formic acid. 
The sodium bicarbonate was stopped the same day after the 
acidosis had improved during CVVH. Antibiotics (piperacillin/
tazobactam 4 g/0.5 g 3 dd iv) were started because of aspiration 
and gastrointestinal lesions with signs of septic shock. Over 
the next few days, the patient showed both haemodynamic and 
respiratory stabilisation. Because of the improvement in anion 
gap and acidosis, the folinic acid could be stopped on the third 
day after ICU admission.
A second gastroscopy performed at the fourth day of the ICU 
stay showed gastric necrosis but no pathology in the oesophagus 
or duodenum. A nasal duodenal tube was inserted in order to 
start post-pyloric feeding. In the following days her condition 
improved. On day 5 of her ICU stay she was extubated. During 
the next few days her renal function improved with spontaneous 
diuresis and improvement of creatinine clearance (table 1). 
After 13 days, our patient was discharged to the medical ward 
for further recovery. A new gastroscopy was performed, which 
showed improvement of the gastric necrosis, with in fundo a 
superficial area with ulceration and centrally a partially black 
mucosa. The nasal duodenal tube was removed and our patient 
was allowed to expand her diet to normal. After a 29-day stay 

Table 1. Laboratory results of the patient

t0 t1 t2 t3

Haemoglobin 
(mmol/l)

11.4 11.4 5.4 mmol/l

Haematocrit (l/l) 0.56 0.53 0.26 l/l

Erythrocytes 
(10^12/l)

5.81 10^12/l

MCV (fl) 96 fl

RDW (%) 12.7 %

Thrombocytes 
(10^9/l)

280 221 640 10^9/l

Leucocytes (10^9/l) 30.9 20.9 18.7 10^9/l

Na+  (mmol/l) 139 145 146 mmol/l

K+ (mmol/l) 4.7 4.4 3.6 mmol/l

Cl- (mmol/l) 100 106 109 mmol/l

Urea (serum) 11.5 13.3 11.2 mmol/l

Creatinine (serum) 145 190 78 μmol/l

Albumin (g/l) 33 21 24 g/l

Osmolality (mOsm/
Kg)

321 mOsm/Kg

pH 7.19 7.41 7.11 7.44

pCO2 (kPa, mmHg) 4.0 (30) 4.0 (30) 7.6 (57) 4.9 (36.75) kPa 
(mmHg)

pO2 (kPa, mmHg) 10.8 (81) 14.7 
(110.25)

12.2 (91.5) 10.9 
(81.75)

kPa 
(mmHg)

HCO3- (mmol/l) 11 19 18 25 mmol/l

Base excess (mmol/l) -15.6 -4.5 -11 0.9 mmol/l

Lactate (mmol/l) 3.5 3.6 4.9 0.8 mmol/l

FiO2 (%) 21 22 100 30 %

Glucose (mmol/l) 14.6 14.7 7.2 mmol/l

Anion gap1 34.45 29.15 19.6

Osmol gap2 3

t0 = presentation at ED, t1 = admission at ICU, t2 = prior to intubation and start of 
CVVH, t3 = day of discharge to medical ward (no renal replacement therapy). 
1. Anion gap calculated as ([Na+] + [K+] – ([HCO3-) + [Cl-]) + (0.25*(40-[Alb])). 
In physical values:
t0: (139 + 4.7) – (11 + 100) + (0.25*(40-33)) 
t1: (145 + 4.4) – (19 + 106) + (0.25*(40-21))
t3: (146 + 3.6) – (25 + 109) + (0.25*(40-24)) 
2. Osmol gap calculated as serum osmolality -  ((2 x [Na+]) + [glucose] + [urea]). In 
physical values: 321 – ((2 x 145) + 14.7 + 13.3)
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in hospital, our patient was referred to a revalidation clinic for 
further recovery.

Discussion
Formaldehyde toxicology and kinetics
Formaldehyde is a colourless, water-soluble, pungent gas. 
Since the pure gas tends to polymerise, formaldehyde is stored 
in solution. An aqueous solution with formaldehyde is called 
formalin. As methanol is frequently used as a stabiliser in 
formaldehyde, one should be aware of methanol co-intoxication 
after ingestion of formaldehyde. The solution is often used as 
a disinfecting agent. Formaldehyde is also an endogenous, 
intermediary metabolite in mammals,[7] with an endogenous 
concentration <4 mg/l in human plasma.[8] 

Formaldehyde has a high protein-binding capacity, probably 
caused by the high grade of chemical reactivity of formaldehyde 
with amino acid groups of proteins. Formaldehyde bonded to 
proteins is mainly metabolised to formic acid in the liver by 
hepatic aldehyde dehydrogenase (figure 1) and to a lesser extent 

in erythrocytes, brain, kidneys and muscle. The conversion of 
formaldehyde into formic acid is rapid, resulting in an average 
plasma half-life of 90 seconds for formaldehyde.[7] The plasma 
half-life for circulating formic acid is 90 minutes depending 
on the urine pH and folic acid stores.[7] For the metabolism of 
formic acid to carbon dioxide and water, folate is necessary and 
is the speed limiting step.[7,9,10]

Ingestion of solutions containing formaldehyde can cause a 
varied number of both local and systemic symptoms. Local 
corrosive effects after ingestion can cause erythema, erosions, 
ulcerations and perforations in the mouth, laryngopharynx, 
oesophagus, stomach and duodenum, which can result in 
symptoms such as nausea, vomiting, abdominal pain and 
respiratory distress.[1,2] Later on diarrhoea, hematemesis and 
melena can develop. Even after weeks to months, stenosis of 
mainly the oesophagus and pylorus can occur[1] due to corrosive 
effects on  the mucosa. 
Systemic effects that can occur are shock, unconsciousness, 
convulsions and acute respiratory failure.[1,7,8,11] Formic acid may 
cause rapid coagulation necrosis and protein precipitation of 
cells in the heart, brain, kidneys and liver and tissue fixation. 
In severe intoxications, renal failure and anuria due to renal 
tubular necrosis are frequent complications.[8] Formic acid 
may also cause an anion gap metabolic acidosis. Many of these 
symptoms were observed in our patient.

Methanol co-intoxication
After co-ingestion of methanol, maximum methanol plasma 
concentrations are reached within 30-60 minutes. Methanol 
is metabolised to formaldehyde by alcohol dehydrogenase,[12] 
mainly in the liver (90-95%), and partly in the kidneys, retina 
and optic nerve. The resulting formaldehyde is metabolised 
to formic acid as described above. Since part of the methanol 
is metabolised in the kidneys, retina and optic nerve, this can 
cause local accumulation of formic acid and results in local toxic 
effects as vision disturbances, temporary or even permanent 
blindness and acute kidney failure.[12] 

Shortly after ingestion (within 0.5-4 hours), methanol causes 
symptoms such as sedation, ataxia and unrestrained behaviour. 
After 12-24 hours (up to 48 hours after co-ingestion with 
ethanol), due to the conversion of methanol to formic acid, 
systemic symptoms such as headache, vomiting, stomach pain 
and coma and convulsions may occur. Methanol also increases 
the osmol gap.
After ingestion of formaldehyde with methanol as stabiliser, 
next to formaldehyde, methanol contributes to the acid base 
imbalance, since the oxidation of methanol to formic acid results 
in accumulation of lactic acids. Accumulation of both formic 
acid and lactic acids causes metabolic acidosis, which can lead 
to the typical Kussmaul breathing pattern and an increase of the 
anion gap.[7,12] 

Treatment of a formalin intoxication
Due to the short half-life of formaldehyde, determination of 
the formaldehyde plasma concentration is useless in case of 
suspected formaldehyde intoxication. The presence of an anion-
gap acidosis can contribute to the diagnosis of formaldehyde 
intoxication.[12] If available in the hospital, the blood 
concentration of formic acid and methanol can be determined.
There are no specific antidotes for intoxications with 
formaldehyde and, therefore, symptomatic treatment is advised. 
Active coal to inhibit absorption is not recommended by the 
NVIC[11] because the literature is not consistent and it will 
impede inspection by endoscopy. 
Sodium bicarbonate can be used for the correction of metabolic 
acidosis. Intravenous administration of folinic acid (1 mg/
kg every 4 hours) should be considered in intoxications with 
formaldehyde,[8,12] since the availability of tetrahydrofolate is 
the speed-limiting step in the elimination of formic acid, as 
described in the toxicology section. Folinic acid increases the 
elimination rate of formic acid. 
Haemodialysis may be considered to remove the formic acid 
and methanol because these substances are water soluble. 
Haemodialysis is also used for correction of acidosis, electrolyte 
disturbances and kidney failure. Because of the high protein 
bonding of formaldehyde, this substance is not substantially 
removed by haemodialysis. Hantson et al.[13] studied formate 
kinetics in methanol poisoning and found an endogenous 

Figure 1. Metabolic pathway of methanol and formaldehyde
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formate elimination half-life of 205±90 minutes and 
haemodialysis formate elimination half-life of 150±37 minutes. 
Continuous arteriovenous haemofiltration or CVVH may be 
considered if haemodialysis is contraindicated. 
We considered early invasive ventilation to improve the balance 
between oxygen delivery and utilisation, because of the high 
work of breathing secondary to the severe metabolic acidosis. 
Although she was elderly, she could still hyperventilate to 
balance the acidosis. Before starting mechanical ventilation, 
we hoped to improve her metabolic situation with bicarbonate 
and CVVH, because we suspected deepening of the acidosis 
immediately after commencing mechanical ventilation. In our 
experience, spontaneous ventilation will usually better balance 
metabolic acidosis than mechanical ventilation will. 
To assess the intestinal complications and extent of this formalin 
intoxication, we decided to perform a gastroduodenoscopy. 
Before performing this investigation, we discussed whether 
or not she would benefit from this diagnostic procedure, 
since it could harm her because of a possible perforation of 
her gastrointestinal tract and possible aspiration. She did not 
undergo this procedure earlier because it was thought she only 
had a minor intoxication at presentation, but this procedure was 
still performed well within the first 24 hours as recommended.
[11] We decided to perform this gastroscopy not only to 
investigate the extent of the formalin intoxication, but also to 
be able to insert an enteral feeding tube to prevent stricture of 
her oesophagus. Furthermore, we started early enteral feeding 
to preserve the enteric mucosa. As described earlier, after oral 
intake of formalin, in general the stomach suffers the most. This 
was established in our patient too. Although she developed 
necrosis of the stomach, no signs of perforation were seen on 
the abdominal CT, nor signs of intestinal perforation later on 
in the clinical course. Since it is recommended to start gastric 
acid inhibitory therapy,[7] we decided to start proton pump 
inhibitory therapy (pantoprazole 2 dd 40 mg iv). We also started 
antibiotic therapy not only because we use selective intestinal 
decontamination therapy, but also to treat a possible secondary 
bacteraemia because of suspected intestinal lesions due to the 

caustic effects of the formalin and the suspected intestinal 
ischaemia secondary to her severe shock. 
We have described a case of an elderly woman with not only local 
damage to the intestinal mucosa due to a formalin intoxication, 
but also severe metabolic acidosis and multiple organ failure. 
Although the literature suggests that (high-dose) formalin 
intoxications are often fatal,[1-6] our patient survived. This is 
probably due to the small amount she used unintentionally 
(approximately 1080 mg of formaldehyde and 480 mg of 
methanol) as well as our intensive treatment approach (folinic 
acid (1 mg/kg every 4 hours), dialysis and ICU management for 
multiple organ failure). Even low-dose formalin intoxications 
should therefore be seen as serious intoxications.
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Abstract
This report describes a single clinical observation in which 
arterial blood pressure and cerebral blood flow velocity were 
concomitantly measured during manual chest compressions 
in cardiac arrest. During basic life support in human cardiac 
arrest we observed that cerebral blood flow velocity in the 
brain is quickly restored to normal levels even when no relevant 
systemic arterial blood pressure can be detected concurrently. 
This observation illustrates that even in the absence of relevant 
arterial blood pressure, cerebral blood flow velocities may be 
quickly restored during basic life support. 

Case report
Maintenance of cerebral blood flow during resuscitation is 
critical to neurological function and cognitive outcome. In this 
brief report, we describe a clinical observation regarding the 
relationship between the cerebral blood flow velocity (CBFV) 
in the middle cerebral artery and concomitant arterial blood 
pressure (ABP) in a patient while being resuscitated from 
cardiac arrest.

A 74-year-old male was admitted to the intensive care unit 
(ICU) after scheduled and uncomplicated coronary artery 
bypass grafting. After written informed consent, the patient 
was included in a study protocol (trialregister.nl, NTR5064), 
and monitored continuously for haemodynamic parameters, 
including ABP (radial artery catheter), central venous pressure 
(venous catheter inserted in right jugular vein), airway pressure 
(at the T-tube of the breathing circuit) and CBFV of the 
right middle cerebral artery with transcranial Doppler (TCD, 
insonation depth of 50 mm, Pioneer TC4040, Uberlingen, 
Germany) using different fractions of inspired oxygen. The 
TCD 2MHz-probe was fixated in a Marc 500 TCD head frame 
(Spencer Technologies Inc. USA). Cardiac output was monitored 
with arterial pulse power analysis using the LiDCOplus 
haemodynamic monitoring system (LiDCO Ltd, Cambridge, 

UK). The parameters of ABP, central venous pressure, CBFV and 
airway pressure were recorded simultaneously at a frequency of 
100 Hz and stored on a computer for further analysis.
The patient was mechanically ventilated (Evita-4, Dräger, 
Lübeck, Germany) and sedated using continuous infusion of 
propofol and sufentanil in the ICU.

All vital signs were normal on physical examination at the 
time of ICU admission. The ABP and cardiac output dropped 
significantly within the first hour after admission. Shortly 
thereafter, a pulseless electrical activity was observed and 
resuscitation was initiated immediately. At that time, the mean 
arterial pressure dropped to 22 mmHg and cardiac output was 0.0 
l.min-1. During manual chest compressions, a large discrepancy 
was observed between peak systolic CBFV (51 cm.sec-1) and 
peak systolic ABP (33 mmHg). CBFV increased sharply to 
60% of pre-circulatory collapse levels after the institution of 
chest compressions and was completely restored to baseline 

Figure 1.  Showing values of mean arterial blood pressure (MAP) and cerebral 

blood flow velocity (CBFV) before, during and after cardiopulmonary 

resuscitation (CPR). Time points where CPR was initiated and time point of 

administration epinephrine are indicated. 
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levels within 100 seconds after the start of cardiopulmonary 
resuscitation (CPR), whereas peak ABP increased only after 
administering a 1 mg bolus of epinephrine (figures 1 and 2). 
Return of spontaneous circulation was achieved 255 seconds 
after the initiation of CPR (ABP was 83/35 mmHg and cardiac 
output 6.1 l.min-1). Unfortunately the patient developed a 
second cardiac arrest in his clinical course and remained in 
cardiogenic shock. Despite maximal therapy the patient died in 
the ICU due to multi-organ failure.

During CPR we observed a notable difference between the course 
of ABP and CBFV in the middle cerebral artery. In contrast with 
the observed effects in the cerebral circulation, the systemic 
ABP did not initially respond to manual chest compressions and 
only returned after epinephrine was administered. 
The human brain is exquisitely sensitive to changes in cerebral 
blood flow and harbours a complex mechanism by which 
cerebral blood flow is maintained at a constant level independent 
of ABP, which is known as cerebral autoregulation.[1] However, 
it is widely assumed that the process of cerebral autoregulation 
does not function below a systolic systemic arterial pressure 
of about 50-70 mmHg.[1,2] We observed a very rapid increase 
in CBFV during chest compressions whereas systemic ABP 
was still below this threshold. When cerebral autoregulation 
is intact, the cerebral vasculature responds to a lower blood 
pressure with vasodilatation. The resulting decrease in vascular 
resistance may induce an increase in cerebral blood volume, 
and a decrease in CBFV. However, no decrease in vascular 
resistance and CBFV may have been possible since the ABP fell 
below the range of cerebral autoregulation. The increased CBFV 
measured is therefore probably a direct consequence of the 
instituted chest compressions. As perfusion pressure remains 
essential to maintaining or restoring cerebral blood flow, the 

increase in blood pressure was further warranted by administering 
epinephrine during CPR. There could also be a direct cerebral 
vascular effect of epinephrine although is it believed that cerebral 
vessels do not contain α1-receptors.
It is conceivable that during chest compressions, the peak 
systolic pressure was sufficient to maintain or restore cerebral 
autoregulation and reinstitute preferential blood flow. In line with 
this, studies in humans have showed that peak systolic pressures 
over 60 mmHg can be observed during cardiopulmonary 
resuscitation.[2,3] It is tempting to speculate that, directly after 
cardiac arrest, the discrepancy between peak ABP and CBFV may 
be explained by differences in vascular resistance or differences in 
vasomotor tone between the cerebral circulation and the systemic 
circulation, considering that blood output volume will primarily 
circulate to organs with less vascular resistance. Thus, blood flow 
generated by manual chest compressions may predominantly 
redistribute to the cerebral circulation. This effect may be more 
prominent after administration of epinephrine. In the later period 
after resuscitation, we noted a close relation between systemic ABP 
and CBFV after the administration of epinephrine (figures 1 and 2). 

Reports on the effects of resuscitation on cerebral perfusion and 
circulation in humans are scarce. Our observation is unique in 
the sense that we were able to continuously measure cerebral 
blood flow velocities in the middle cerebral artery during an 
unexpected cardiopulmonary resuscitation. To the best of our 
knowledge, only one previous report has demonstrated a similar 
effect during cardiac arrest since a direct effect of immediate 

Figure 2.  Mean arterial blood pressure (MAP) and cerebral blood flow 

velocity (CBFV) depicted as a percentage of baseline value before 

cardiopulmonary collapse during cardiopulmonary resuscitation (CPR). This 

figure shows a rapid normalisation of CBFV in contrast to the absence of an 

increase in MAP during CPR

Figure 3.  Two screenshots of the original data recording

Channel 1: arterial blood pressure in red; Channel 3: central venous 

pressure in blue; Channel 5: cerebral blood flow velocity of right middle 

cerebral artery in green; Channel 2: airway pressure in black. X-axis is time 

in seconds; Y-axis is pressure in mmHg or CBFV in cm/sec. Screenshots are 

produced during off-line analysis of measurements using Beatscope 1.1a 

(Finapres Medical Systems, Enschede, the Netherlands).

Upper panel: An original data recording, of a randomly chosen period, 

before cardiac arrest; Lower panel: original data recording at start of 

resuscitation.
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institution of CPR on cerebral tissue oxygen tension in a patient 
with traumatic brain injury was shown.[4] While we acknowledge 
that CBFV in the middle cerebral artery is not a direct equivalent 
to general cerebral blood flow, the use of transcranial Doppler 
for assessing changes in the cerebral circulation has previously 
been evaluated in an experimental setting of cardiopulmonary 
resuscitation.[5] Based on earlier animal studies, it is advised to 
start CPR as soon as possible after a witnessed cardiac arrest 
because of the observed relation between the height of restored 
cerebral blood flow and the moment resuscitation is started.[6,7] 
In our patient, CPR started immediately after the cardiac arrest 
was observed at the bedside. 
A preclinical study in pigs measured continuous cerebral cortical 
blood flow during cardiac arrest and showed that standardised 
manual compressions during cardiac arrest resulted in a mean 
cortical blood flow of only 40% in relation to baseline blood flow.[8] 
In this and another study, chest compressions with the Lund 
University Cardiac Assist System (LUCAS) device resulted in 
much improved cerebral blood flow and it was noted that even 
brief interruptions of compressions resulted in significantly 
decreased cerebral perfusion.[8.9] In line with this preclinical 
evidence, we conclude that during basic life support in human 
cardiac arrest, CBFV in the brain is quickly restored even when 
no relevant systemic blood pressure can be detected.
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Abstract
We report two cases of leptospirosis with multi-organ failure 
after fishing for carp in fresh water. One patient died of 
progressive liver failure, while the other patient recovered fully. 
Leptospirosis is the most common zoonosis in humans, with 
a potentially fatal outcome. We expect an increase in the near 
future due to global warming and societal changes. 

Introduction 
Leptospirosis is a potentially fatal zoonosis, infecting both 
animals and humans. The disease is endemic in the tropics with 
an incidence approximately tenfold higher than in temperate 
regions, although it does occur worldwide. In most cases 
leptospirosis is mild and self-limiting; however, the mortality 
rate increases to 52% in ICU patients.[1] In the Netherlands there 
has been an increase of leptospirosis over the last few years 
with an estimated 40 cases a year during the period 1925-2008, 
increasing to up to 80 diagnosed cases in 2015.[2] In this case 
report we describe two patients who were admitted to our ICU 
within one week with severe systemic leptospirosis and multi-
organ failure. 

Case reports 
Case 1
A 58-year-old man presented to the emergency department 
with fever, myalgia of the legs, dyspnoea and abdominal 
pain. His occupation was rat breeding and one week before 
presentation he had been fishing for carp. Based on the 
suspected relationship between the fishing and the start of 
symptoms, leptospirosis was presumed. A positive polymerase 
chain reaction (PCR) confirmed the diagnosis. Despite maximal 
respiratory and haemodynamic support, renal replacement 
therapy, corticosteroids and broad-spectrum antibiotics, which 
were changed to penicillin after confirmation of the diagnosis, he 
died of progressive liver failure and haemodynamic instability. 

Case 2
A 54-year old man presented to the emergency department 
with progressive weakness of the muscles of his upper legs, 
nausea and vomiting. A week before he had been fishing and 
swimming in a lake. Afterwards he developed a headache and 
general weakness, which resolved spontaneously. Shortly before 
presentation he developed progressive muscle weakness of the 
upper legs. Leptospirosis was suspected, which was confirmed 
by PCR. He was treated with penicillin and supported by 
mechanical ventilation and renal replacement therapy. 
Corticosteroids were not given. Laboratory results showed 
elevated liver enzymes, but no signs of acute liver failure. A 
couple of days after extubation he developed a haematothorax 
without trauma, which was thought to be associated with the 
leptospirosis, because no other cause could be found. After a 
couple of weeks the patient could be discharged home with 
improving liver enzymes and independent of haemodialysis. 

Discussion 
Leptospirosis is caused by the spirochete Leptospira spp. 
Diagnostics in leptospirosis are difficult because laboratory 
findings are non-specific. In the Netherlands, PCR is the most 
common method, which is positive in blood up to a week after 
presentation.[3,4] About a million infections of leptospirosis are 
estimated to occur worldwide annually.[5] The acute phase is due 
to toxin release by spirochetes. The most common symptoms 
are headache, jaundice, myalgia, fever, and conjunctival 
oedema, which is specific for leptospirosis. Symptoms may 
worsen after initiation of therapy due to a Jarisch-Herxhimer 
reaction, in which there is a significant increase in toxin release 
due to killing of the spirochetes.[6-8] In our patients a Jarisch-
Herxhimer reaction did not occur. In the convalescent phase, 
symptoms are immune-related and can usually be attributed 
to vasculitis. Renal failure and bleeding, mainly respiratory 
(severe pulmonary haemorrhage syndrome), is specific for 
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leptospirosis although acute respiratory distress syndrome, 
liver failure, bleeding in other sites and aseptic meningitis may 
occur as well. All symptoms may be reversible after treatment of 
the infection, which consists of antibiotic treatment (penicillin) 
and supportive treatment.[9] The role of corticosteroids is not 
specified yet, though they are generally given as a last resort 
in severely ill patients.[10,11] Most cases of leptospirosis are self-
limiting. Mortality rates vary widely in the literature, increasing 
to 52% when admission to ICU is necessary.[12,13] 

Environmental considerations 
Leptospirosis is a zoonosis, transferred by contaminated surface 
water, with small animals being a reservoir for the disease, 
excreting the spirochetes with their urine.[14] Leptospirosis is 
endemic in resource-poor countries, where water is more likely 
to be contaminated than in the Western world. Because of global 
warming and an increase in outdoor activities the number of 
leptospirosis epidemics is increasing, transferring from the 
Third World to more developed countries. The risk of getting 
infected is thought to be greater with higher concentrations 
of spirochetes in the ground water.[15] Examination of the 
contaminated water itself by culture is thought to be useless, 
because no difference between non-pathogenic and pathogenic 
spirochetes can be seen. However, differentiation by PCR is 
possible, but is not performed on a large scale due to lack of 
protocols, the high costs and a lack of highly sensitive and specific 
tests.[16] Therefore, identification and eradication of rodent hosts 
is thought to be more useful. Vaccination against Leptispores is 
widely available for animals, although in humans it has generally 
been restricted to individuals in high-risk occupations. Human 
vaccination is possible after determination of the accountable 
serovars, although vaccination is accompanied with local pain 
and general discomfort. Fewer side effects were reported in a 
chemically defined medium, but efficacy was low and therefore 
it is not used.[2] According to the literature weekly doxycycline as 
prophylaxis can be given to individuals at high risk of exposure 
in endemic areas.[17] 

Conclusion 
We report two cases of severe systemic leptospirosis with 
septic shock and multi-organ failure. Even though this severe 
clinical course is uncommon in the Netherlands, we expect an 
increase in the near future due to global warming, which will 
cause expansion of the (sub)tropic region where leptospira 
are endemic. Furthermore we expect an increase due to the 
concomitant increase in outdoor activities. We doubt whether 
the current strategy of rodent extermination will be adequate in 
the future. We advocate for a more proactive rodent control and 
optimising protocols on microbiological examination of water 
by PCR in popular outdoor natural swimming areas. 
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Article
Myocardial and haemodynamic responses to two fluid regimens 
in African children with severe malnutrition and hypovolaemic 
shock (AFRIM study).[1] This article was published online in 
Critical Care on 3 May 2017.

Why was this research done?
Current WHO guidelines make a distinction in fluid volume and 
rate of correction of hypovolaemic shock between malnourished 
children and those who are not malnourished.[2] The rationale 
for this difference is the presumed risk of biventricular failure 
due to malnourishment and subsequent risk of fluid overload. 
However, the evidence for this recommendation is weak 
and research shows conflicting results.[3-5] For example, the 
important FEAST trial showed increased mortality in the fluid 
bolus group; however, this excluded patients with dehydration 
due to gastroenteritis. Severe dehydrating diarrhoea is a 
common complication in malnourished children with a high 
mortality rate.[6]

What was the research question?
To determine the effect of two fluid replacement strategies in 
hypovolaemic shock due to gastroenteritis in malnourished 
children on mortality, haemodynamic parameters and cardiac 
function.

How was this investigated?
In two East African hospitals severely malnourished children 
between 6 months and 5 years of age and admission because 
of hypovolaemic shock due to gastroenteritis were included. 
Group 1 followed the WHO standard protocol with a bolus 
of 15 ml/kg of Ringer’s lactate in one hour, repeated once in 
case of persistent shock. This was followed by half strength 
Darrow's/5% glucose at 4 ml/kg/h. Group 2 received 10 ml/
kg/h of Ringer’s lactate for in total five hours. Both groups were 
further treated similarly according to the WHO guidelines. 

All patients underwent clinical assessment with physical 
examination, blood tests, electrocardiogram, haemodynamic 
monitoring and transthoracic echocardiography before and 
after treatment.

Main findings
After screening 174 patients, eleven patients were included in the 
bolus arm (group 1) and nine patients received the intervention 
treatment (group 2). Two patients died in group 2 before the 
intervention could be completed. Mortality after 48 hours was 
46% in group 1 and 33% in group 2. The 28-day mortality was 
82% versus 56% in group 1 and 2, respectively. However, the study 
was not powered to yield statistical significance on mortality. 
Left ventricular fractional shortening, stroke volume index, 
global radial strain and inferior vena cava collapsibility index 
could not reliably distinguish survivors from non-survivors. 
Echocardiographic data were very heterogeneous; however, no 
evidence of fluid overload could be found and all deaths were 
deemed largely secondary to underlying comorbidities.

Conclusion and consequences for daily practice
This study does not support a restrictive fluid strategy in 
malnourished children admitted with hypovolaemic shock 
due to gastroenteritis in resource-poor settings. Furthermore, 
this study shows that in resource-poor settings complex 
pathophysiology studies in critically ill children are possible 
which will help to improve the care of this vulnerable patient 
group. 
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Case
A 73-year-old lady had been admitted to the Gastroenterology 
Department because of symptomatic normocytic anaemia due 
to bleeding from a large stomach ulcer at the incisura angularis. 
The ulcer was coagulated and she was treated with proton pump 
inhibitors. During admission, she became hypoxic and a computer 
tomography (CT) scan of the thorax was performed to exclude 
pulmonary embolism. When the patient sat up after scanning, she 
collapsed and cardiopulmonary resuscitation (CPR) was initiated. 
Upon arrival of the CPR team, within minutes, radial pulsations 
were palpable. Shortly thereafter she regained full consciousness. 
CT images showed an intracardiac air pocket after intravenous 
injection of contrast agent (figure 1). An accidental injection of air 
together with the contrast agent was suspected. CT scan of the 
thorax was immediately repeated, showing no residual intracardiac 
air (figure 2). She recovered without neurological sequelae. A 
cause of her dyspnoea was not discovered. Careful examination of 
the incident showed the contrast syringe had wrongfully not been 
de-aired by the radiology assistant due to stress-related factors. 
The contrast injection protocol was consequently adjusted to 
prevent future events.

Figure 1. CT scan of the thorax showing intracardiac pocket of air (white 

arrow)

Figure 2. CT scan after resuscitation showing full resolution of 

intracardiac air
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A N S W E R  T O  P H O T O  Q U I Z

Do you harvest what you sow?

Diagnosis
The patient had a Legionella pneumonia despite a negative 
urine analysis for Legionella antigen. We cultured Legionella 
longbeachae from the bronchoalveolar lavage. Treatment was 
therefore switched to ciprofloxacin.

The predominant pathogen found in legionellosis patients in 
the Netherlands is Legionella pneumophila (>90%), often found 
in water reservoirs and mainly distributed by inhalation of 
aerosols. A recent study by Peci et al. showed that the sensitivity 
of Legionella urinary antigen testing compared with culture 
was 87% with a specificity of 94.7%, and a sensitivity of 74.7% 
and specificity of 98.3% compared with PCR.[1] However, the 
urinary antigen test only detects the predominant Legionella 
pneumophila serogroup 1.

Legionella longbeachae pneumonia was first isolated in Long 
Beach, California. It is one of the main pathogens found in 
legionellosis in New Zealand, Australia and Thailand, and is 
found in garden soils and compost.[2]

As our patient’s travel history, with a sauna visit abroad, was 
suspect for Legionella pneumophila pneumonia, we started 
treatment for potential atypical pneumonia at presentation. 

The finding of Legionella longbeachae prompted us to look 
further into his history, which revealed that he used potting soil 
to develop a vegetable patch at home in the weeks prior to his 
hospital admission. The patient’s potting soil was cultured as 
well; however, no Legionella longbeachae could be detected.

As his fever persisted, we switched ciprofloxacin to levofloxacin 
on day seven. Two days later he was extubated successfully. He 
was transferred to the medical ward and discharged from the 
hospital within a week.

Conclusion
A negative urine analysis does not rule out Legionella 
pneumonia. In suspected cases, empirical Legionella treatment 
should be continued until culture results are negative.
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of the corresponding author and, if it is a re submission, the previous 
Neth J Crit Care number and year. The language of the journal is British 
English. Authors who are unsure of proper English usage should have their 
manuscript checked by someone proficient in the English language. All text 
should be double spaced. The manuscript pages, including references and 
legends, should be sequentially numbered throughout
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General guidelines on house style
-  The title of the manuscript should be in typeface Times New Roman, size 20. 

With the exception of the first word and proper nouns, initial capitals are not 
used in the title.

-  The names of departments should be in typeface Times New Roman, size 12.
- The names of hospitals should be written in English.
- Write ‘the Netherlands’, without capitalising the t.
-  Generally, abbreviations should not be used in the title (see Table of standard 

abbreviations for exceptions).
-  The corresponding author only provides his/her email address on the title page.
- Please provide a minimum of three keywords and a running title.
-  The abstract of original and review articles should be written in a structured format.
- Unstructured abstracts should take the form of a single paragraph.
- Headings must be in bold. Use no more than two levels of headings. 
-  Paragraphs starting immediately under headings and subheadings should begin 

at the left margin. Subsequent paragraphs should be indented. 
-  Non-standard abbreviations (see table of standard abbreviations) should always 

be explained and their use kept to a minimum.
-  Use British English spelling – except in titles of institutions that have chosen to 

use US spelling, e.g. Academic Medical Center, Amsterdam. Examples: anaemia 
(instead of anemia), oesophagus (instead of esophagus), litre (instead of liter), 
colour (instead of color), labelling (instead of labeling), practice (noun), and 
practise (verb). This should be used consistently. Use the s-form spelling, e.g. 
minimise, randomisation.

- Do not use full stops in initials, abbreviations and academic titles.
-  References are numbered sequentially in the text and placed in square brackets 

after the punctuation. [..]
-  Genus names should be written in italics, e.g. Staphylococcus aureus, S. aureus.
-  Numbers under 10 are spelled out except for measurements with a unit (10 

mmol/l) or age (4 weeks old), or when in a list with other numbers (5 mice, 6 
rats, 12 gerbils).

-  When referring to tables or figures in the text, use italics; do not use a capital 
letter, e.g. see table 2.

Tables
Tables are to be numbered independently of the figures with Arabic numbers and 
are uploaded as separate documents.
-  Tables should be laid out in Word, using the table function. Other tables (e.g. 

in pdf format or PowerPoint) will not be accepted;
- Do not use internal horizontal or vertical lines;
- Do not use spaces, tabs or hard returns in tables;
- Each piece of data must be contained in its own cell;
- Numbers and percentages are presented in the same cell;
-  Tables should always be cited in the text in consecutive numerical order;
-  For each table, please supply a title explaining the components of the table;
- Any abbreviations used in the table must be defined in a legend; 
- Tables should not exceed the printed area of the page (174 x 234 mm).

Figures
Figures should also be numbered with Arabic numbers and are uploaded in 
separate documents. Legends should be given in the document that contains the 
text, references, and tables. Authors wishing to include figures or tables that have 
already been published elsewhere are required to obtain permission from the 
copyright owner and provide evidence that such permission has been granted 
when submitting their paper. Colour figures can be published. Short, clear 
legends make additional description in the text unnecessary. Figures should be 
provided in electronic format (TIFF or JPEG).
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sponsored the research (consultant, member of board). All sources of funding 
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can be downloaded from the website. The completed and signed form should 
be uploaded as a separate document when submitting the manuscript. If no 
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Author agreement 
All authors must certify they have seen and approved the manuscript being 
submitted. All authors warrant that the article is the authors’ original work, has 
not been published previously and is not under consideration for publication 
elsewhere. The author agreement form can be downloaded from the website. An 
article will only be published when this form is completed, signed and returned.

Copyright
Copyright ownership is to be transferred in a written statement, which must 
accompany all manuscript submissions and must be signed by all authors. 
The agreement should state: ‘The undersigned authors transfer all copyright 

ownership of the manuscript (title of article) to the Netherlands Journal of 
Critical Care’. Any relevant papers that may be considered as duplicating in 
part the current submission should be reported.
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How to submit
Please submit manuscripts directly to the Editorial Office through our online 
submission system at www.njcc.nl.

Peer review
All papers are subject to a peer-review system handled by the editors. Authors are 
encouraged to resubmit, when invited, the revised paper within two weeks after the 
editorial decision. The changes made in the revised paper should be highlighted 
and the manuscript accompanied by a letter with a point-to-point rebuttal.

Proofs
The corresponding author will receive proofs of accepted papers by email. 
Corrected proofs should be returned within 48 hours of receipt.

Production process
Decisions of the editors are final. All material accepted for publication is 
subject to copyediting. The Neth J Crit Care reserves the right to edit for 
house style, clarity, precision of expression, and grammar. Authors review 
these changes at the proof stage but must limit their alterations in the proof 
to correcting errors and to clarifying misleading statements.

Table of commonly used abbreviations

AIDS acquired immunodeficiency syndrome
ALI acute lung injury
ARDS adult respiratory distress syndrome
APACHE acute physiology and chronic health evaluation
BIPAP biphasic positive airways pressure
CCU coronary care unit
COPD chronic obstructive pulmonary disease
CPAP continuous positive airway pressure
CT computed tomography
ECG electrocardiogram
ECMO extracorporeal membrane oxygenation
EEG Electroencephalogram
ELISA enzyme-linked immunosorbent assay
ETCO2 end-tidal carbon dioxide
HIV human immunodeficiency virus
IC intensive care
ICU intensive care unit
IM Intramuscular
INR international normalised ratio
IPPV intermittent positive pressure ventilation
IV Intravenous
MAP mean arterial pressure
MODS multiorgan dysfunction syndrome
MRI magnetic resonance imaging
PACU post anaesthesia care unit
PEEP positive end expiratory pressure
PET positron emission tomography
SARS severe adult respiratory syndrome
SIRS systemic inflammatory response syndrome
SOFA sequential organ failure assessment
SPECT single-photon emission computed tomography 
TIA transient ischaemic attack
TRALI transfusion-related acute lung injury 
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