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Lithium: balancing mood, water, 
and renal function decline

D. Severs

Department of Internal Medicine, Division of Nephrology & Kidney Transplantation, Erasmus University 
Medical Centre, Rotterdam, the Netherlands. Corresponding author: d.severs@erasmusmc.nl

Lithia water was first marketed to consumers in the 1800s 
for its purported therapeutic merits for conditions ranging 
from gallstones to kidney disease.1 Although later revealed 
to be homoeopathically dilute and curing little more than 
thirst, at that time, few could have predicted the use of 
lithium as a highly effective mood stabilizer, much less, 
its significant renal toxicity. 
Lithium influences multiple elements in the renal 
urinary concentrating mechanism, potentially leading to 
nephrogenic diabetes insipidus (NDI). The pathophysiology 
of this condition includes entry of lithium into principal 
cells in the collecting duct by substituting for sodium on 
the epithelial sodium channel and accumulation in these 
cells, which dysregulates various downstream signaling 
pathways. One such pathway may involve the inhibition 
of glycogen synthase kinase type 3 (GSK3), which, 
paradoxically, may be protective in acute kidney injury.2 
Moreover, lithium-treated patients are characterized by 
elevated urinary prostaglandin E2 levels, likely the result of 
increased activity of cyclooxygenase-2. These, and possibly 
other events, reduce plasma membrane abundance of 
aquaporin-2 in affected cells, leading to impaired water 
reabsorption. In the longer term, lithium also lowers 
the ratio of principal to intercalated cells, resulting in 
augmentation of this effect.3

Prolonged exposition to lithium also places the kidney at 
risk for permanent injury via poorly defined pathways, 
in which inhibition of GSK3 again appears to be a 
cornerstone.4 Lesions associated with chronic use include 
interstitial fibrosis and proximal tubular atrophy, and at a 
later stage, glomerulosclerosis.5 The majority of patients 
with clinically evident lithium-induced nephropathy 
display microcyst formation, which is characteristic of 
lithium toxicity.6

Despite a large swathe of publications over the past 
decades, studies providing estimates of renal risks in 
unselected, well-monitored patients are still poorly aligned. 
In this issue of the Netherlands Journal of Medicine, 
Doornebal et al. report on a first cross-sectional baseline 

analysis of 98 lithium-treated patients recruited from two 
Dutch mental health centres for an ongoing prospective 
study.7 They gave eligible patients a 40 μg intranasal 
dose of a vasopressin analogue (dDAVP) to determine 
maximal urine osmolality. After an average of eight years 
on lithium, 51 percent had a moderately decreased urinary 
concentrating ability, while 16 percent were diagnosed 
with NDI. As expected, defects in urinary concentrating 
ability became more prevalent the longer patients had been 
on lithium, appearing in up to 78 percent of those who 
had used it for over 15 years. Interestingly, it appears that 
patient-reported symptoms such as thirst and nocturia, 
which are frequently reported by lithium-treated patients,8,9 
are poorly correlated with the presence of NDI. In addition, 
in this population and other published reports, defects in 
urinary concentrating ability, which may become partly 
irreversible, occurred before a decrease in the estimated 
glomerular filtration rate (eGFR). 

Most chronic kidney disease (CKD) appears only after 
at least a decade of lithium use.10 Of note, toxicity-
related discontinuation of lithium may have led to 
significant underreporting of such outcomes in this and 
previous cross-sectional studies. Data on predictors of 
the development of CKD during lithium treatment, in 
particular the relationship between baseline urinary 
concentrating ability and delayed eGFR decline, are 
lacking. Indeed, future data from the prospective study of 
this cohort will answer the question of whether more dilute 
urine in dDAVP-challenged patients may indeed be viewed 
as a presage to imminent kidney function decline. 
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A B S T R A C T

Chronic hepatitis C virus (HCV) infection is a global 
public health issue, which is associated with high rates of 
morbidity and mortality. The development of direct acting 
antivirals (DAAs) has transformed treatment: they offer us 
highly-effective therapy with superior tolerability compared 
to interferon-containing regimens. In 2016, the World 
Health Organization (WHO) therefore adopted several 
ambitious viral hepatitis elimination targets, aiming for 
a 90% reduction in new infections and a 65% reduction 
in mortality by 2030. The ultimate goal is to eliminate 
HCV completely. It is reasonable that these goals may be 
achieved in the Netherlands due to the low prevalence 
of chronic HCV, the availability of DAAs, and excellent 
healthcare infrastructure. This paper describes a national 
effort to curtail the HCV epidemic in the Netherlands 
through an HCV retrieval and linkage to care project 
(CELINE: Hepatitis C Elimination in the Netherlands).

K E Y W O R D S

HCV, chronic hepatitis C, elimination, retrieval

B A C K G R O U N D

Chronic hepatitis C virus (HCV) infection targets the 
liver and, if left untreated, may lead to liver-related 
complications such as fibrosis, cirrhosis, hepatocellular 
carcinoma and ultimately death (liver and non-liver 
related). In 2015, an estimated 71 million people were living 
with chronic HCV globally and approximately 400,000 
people died as a result of the infection.1 For many years, 
pegylated interferon as combination therapy with ribavirin 
was standard therapy. Cure rates were low (40-60%) 
and adverse effects were serious and occurred in many 
patients. The discovery and development of direct acting 
antivirals (DAAs) has led to new perspectives as HCV 
infection can be completely eradicated in the majority of 
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patients with a treatment period of 8 to 12 weeks. Curing 
HCV infection leads to drastically lower mortality rates 
even in patients with advanced liver disease.2 In 2016, the 
World Health Organization (WHO) adopted viral hepatitis 
elimination targets, aiming for a 90% reduction in new 
infections, and 65% reduction in mortality by 2030.3 The 
WHO calls for action in five separate service domains: 1) 
presence of an up-to-date registration system with accurate 
data, 2) better testing and quicker access to treatment, 3) 
engagement of public health, 4) health coverage that is in 
line with this vision, and 5) innovation in the diagnostic 
and therapy pipeline. In the Netherlands, these conditions 
are partially met, which suggests that with targeted 
effort it is possible to envision a drastic reduction of HCV 
prevalence and possibly nationwide elimination within 
a decade. The current paper illustrates the situation of 
the HCV epidemic in the Netherlands and highlights the 
targeted efforts that have been taken, thereby reducing 
HCV-associated morbidity and mortality. 

H C V  I N  T H E  N E T H E R L A N D S

Historical aspects of the Dutch HCV epidemic
The worldwide epidemic of chronic HCV dates from 
the 1940s and is probably the result of nosocomial and 
iatrogenic factors, such as transfusion of HCV-infected 
blood and blood products and use of unsafe medical 
equipment.4 These factors similarly fuelled the Dutch 
epidemic with an estimated 37% of the 1120 haemophilia 
patients testing HCV positive by the time HCV testing 
of blood products was introduced in 1992.5 Another key 
contributor to the Dutch HCV epidemic is risk behaviour 
such as injection drug use and high risk sex, which was 
popular during the infamous “flower power” period 
in the 1960s and 70s. In the Netherlands, this wave of 
intravenous heroin use created a cohort of 30,000 heroin 
users in the early 1980s. Two political measures were 
highly efficient in reducing the risks of heroin use: wide 
availability and accessibility of opioid substitution therapy 
such as methadone, and the use of sterile injection 
equipment as a result of needle exchange programs. By the 
beginning of the 21st century, hazardous intravenous 
drug abuse had largely vanished, and along with it a major 
contributor of the HCV epidemic.6,7 Injection drug use 
is still unpopular in the Netherlands, which is different 
from the situation in many other countries, including 
Europe.8 Male-male sexual contact continues to be the 
most common mode of transmission in the Netherlands 
during the last decade.9 Since 2000, sexually transmitted 
HCV infection outbreaks have been regularly reported in 
the Netherlands among HIV-infected men who have sex 
with men (MSM). These outbreaks are currently ongoing, 
although absolute numbers remain small.10 Finally, HCV 

is also introduced into the country by first-generation 
migrants from HCV-endemic countries. 
Overall, the HCV epidemic has led to excess mortality. 
Between 2002 and 2015, around 320 patients died annually 
due to HCV.11 

The Netherlands: the ideal battleground for HCV 
elimination
The prevalence of HCV in the Netherlands is relatively 
low (0.16% in 2016),5 compared to other European 
countries such as France (0.8%), Germany (0.4%), Italy 
(5.9%) and Romania (3.2%).12 Based on data derived from 
major relevant risk groups, the number of Dutch chronic 
HCV carriers in 2016 was estimated at 23,000 people 
(8,461 – 37,809).5 Group size estimates suggest that 
first-generation migrants from HCV-endemic countries 
account for more than half of all HCV-positive persons in 
the Netherlands (n = 13,819), followed by people who inject 
or have injected) drugs (PWID, n = 3,131), HIV-positive 
PWID (n = 303), HIV-positive MSM (n = 672), remaining 
HIV-positive patients (n = 327), haemophilia patients (n = 
423), and individuals at low risk for infection (n = 4,210).5 
The absence of nosocomial transmission and controlled 
injection drug use has led to a very low incidence of acute 
HCV infections with a reported incidence rate of 0.26 
infections per 100,000 in 2016.9 This has resulted in a 
stationary HCV-infected population of a manageable size. 
It is likely that if this population is systematically targeted 
and treated, this will result in a decrease and eventual 
disappearance of HCV in the Netherlands. Arguments in 
favour of this may stem from a study that modelled HCV 
in the Netherlands.13 Researchers tested various disease 
progression models to predict the future disease burden of 
HCV in the Netherlands. The study showed that the best 
and most realistic model of curtailing the HCV epidemic 
was the ‘increased efficacy and treatment uptake’ scenario, 
in which sustained virologic responses (SVR) were higher 
compared to those with the standard treatment regimen of 
that time (pegylated interferon/ribavirin) and in which a 
phased increase of treatment uptake was calculated based 
upon genotype and fibrosis stage. This strategy not only 
decreases the number of viraemic HCV patients in 2030 
by 85%, but also decreases the number of liver-related 
deaths and hepatocellular carcinoma by 65% and 67%, 
respectively. These numbers are aligned with the WHO 
goals for 2030.3 Obstacles in implementing this strategy 
in order to reduce prevalence of HCV and its complications 
include the high cost of DAAs and the lack of screening of 
risk groups for unidentified cases.

The first obstacle, high treatment cost, does not apply to 
HCV patients in the Netherlands due to the universal 
insurance system. The Netherlands has a compulsory 
and comprehensive insurance system with universal 
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coverage regardless of income, age, or employment 
status. Health insurance providers are legally required 
to provide a standard benefits package including 
care provided by general practitioners, hospitals and 
specialists, and prescription drugs without additional 
payment. This includes healthcare for chronic hepatitis 
patients in the 47 dedicated Dutch hepatitis centres, 
which is fully reimbursed with the exception of the 
standard non-refundable first payment of € 385.00 
for all patients. Since 2015, all European Medicines 
Agency (EMA)-approved DAAs are available and are fully 
reimbursed for all HCV genotypes, independent of fibrosis 
stage, mode of transmission, or comorbidity. The new 
DAAs yield higher SVR rates than pegylated interferon/
ribavirin combination therapy and they are generally much 
better tolerated, as is confirmed in real-world settings.14-17 
Even genotype 3 patients, previously considered to be 
difficult-to-treat patients, reach SVR in the majority of 
cases.18 Since DAA costs became eligible for reimbursment 
in the Netherlands, an estimated 2,700 patients have 
been treated in the first year alone.19 It has been estimated 
that more than 5,000 patients to date, have received 
DAA treatment. This exceeds the estimates of the model 
previously-mentioned and means that the current pool of 
chronic HCV carriers has been reduced from 23,000 to an 
estimated 18,000 people. This makes the Netherlands an 
ideal candidate for reaching the WHO viral hepatitis goals 
well before 2030.

National Hepatitis Plan 
In order to achieve the goal of controlling and eliminating 
the HCV epidemic, the Dutch National Institute of 
Public Health and Environment (RIVM, Rijksinstituut 
voor Volksgezondheid en Milieu) has facilitated the 
development of a National Hepatitis Plan. This plan 
describes a strategy to control both the hepatitis B virus 
(HBV) and HCV epidemics and focuses on five areas or 
pillars: 1) awareness and vaccination, 2) identification of 
infected patients, 3) diagnosis and treatment, 4) improved 
organization of hepatitis care, and 5) surveillance systems. 
The National Hepatitis Plan may be viewed as the Dutch 
practical translation of the WHO goal towards elimination 
of viral hepatitis by 2030. The National Hepatitis Plan is 
endorsed by all relevant stakeholders in the field, including 
leading HCV experts in the Netherlands, representatives 
of the Dutch liver patient association (NLV, Nederlandse 
Leverpatiënten Verening) and the pharmaceutical industry.

Strategy for elimination
The first step in HCV elimination is treating as many 
patients as possible, a paradigm called ‘treatment as 
prevention’. Two types of approaches seem feasible. First, 
identification of novel, unidentified cases as a result of 
screening specific risk groups and of active case finding by 

general practitioners (GP). Second, re-evaluation (retrieval) 
of patients with chronic HCV who have been cared for in 
the past but were lost to follow-up before they were cured. 
We will discuss both options below. 

Screening 
Screening strategies designed to eliminate HCV, 
depending on local prevalence and cost-effectiveness, 
can either be adopted as a national population screening 
program or can be used to specifically target high 
risk populations. The Dutch National Health Council 
concluded in 2016 that a population-based screening 
program is not feasible in the Netherlands in view of the 
relatively low prevalence of HCV and the fact that the 
majority of infected people will not develop symptoms as 
a result of the infection. The Council is in favour of case 
finding in risk populations (such as former and current 
PWID or migrants) and argues that identification of these 
cases is the responsibility of related healthcare, such 
as Community Health Services (GGD, Gemeentelijke 
Gezondheidsdienst), addiction centres, and prisons. Lastly, 
the Council recommended screening of HCV among 
healthcare workers.20 The Minister of Health endorsed 
these recommendations for risk-based HCV testing as part 
of an overall strategy to prevent and control HCV infection 
and HCV-related disease. 

Retrieval 
Retrieval is the process of tracing patients through the 
assessment of medical records who have been previously 
diagnosed with HCV but were somehow lost to follow-up in 
the following years. These patients are either untreated (for 
instance, due to contraindications for pegylated interferon) 
or have been treated but not cured. There are also patients 
who tested positive for HCV but were not properly linked 
to care. The loss of follow-up from outpatient clinics 
of HCV patients who underwent liver biopsy during 
baseline evaluation has been estimated at 12% after three 
years,21 and other studies showed a staggering 30% loss 
to follow-up among patients with HCV at tertiary care 
centres.22,23 A number of reasons have been suggested 
for loss to follow-up, such as unawareness of follow-up 
appointments, or insufficient knowledge of the disease 
severity and treatment benefit. Prior to 2015, the standard 
of care for chronic HCV consisted of pegylated interferon 
combined with ribavirin. The expected side effects stopped 
many patients from starting therapy and in most cases 
were lost to follow-up.24 The superior efficiency and safety 
profile of DAA treatment offers patients a new perspective: 
cure of chronic HCV without loss of quality of life.25 The 
introduction of DAAs is the key development that spurred 
the initiation of HCV retrieval projects, which require 
cooperation between the primary care, secondary care, 
tertiary care, and public healthcare.
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Several retrieval projects in the Netherlands have been 
executed. GGD are municipal health organizations for 
preventive healthcare among the general populations 
(such as vaccination campaigns) and among certain risk 
groups for diseases or infections. Several regional GGDs 
have executed retrieval projects, which identified some 
lost-to-follow-up HCV patients. However, hospital-based 
initiatives achieved a larger yield by screening medical 
records. For example, the “Chronic Hepatitis B and C 
Recall Northern Holland” aimed to retrieve lost-to-follow-
up patients diagnosed with HVB and HVC between 2001 
and 2016 by using data files of the public health system 
and microbiology laboratories. This approach identified 
499 HCV-positive patients and registered 150/499 
(30.1%) as lost-to-follow-up. Unfortunately, 126 patients 
(84%) were not eligible for retrieval due to unknown 
primary healthcare physicians, unknown home addresses, 
imprisonment, or relocation to a different region. Four of 
the 24 retrievable patients were evaluated at the outpatient 
clinic, resulting in a change of management in 3/4 
(75%).23 A general practitioner-based retrieval project in 
the region of Groningen-Drenthe included patients who 
tested hepatitis B surface antigen or anti-HCV-positive 
between 2003 and 2013 but were never referred to a 
hospital. This project yielded 515 patients, of whom 162 
were HCV-positive. Ninety-three (57%) had false-positive 
HCV test results, died, or could not be traced. Twenty-five 
of the remaining 77 patients had a current indication 
for referral, of which 18 (72%) were actually referred 
to a hepatitis centre.26 The larger “REtrieval And Cure 
of chronic Hepatitis C patients in the Utrecht region” 
(REACH) initiative detected HCV patients through 
screening of HCV-positive test results between 2001 
and 2015. This project screened 2,487 HCV patients and 
filtering led to 269 patients (14.1% of total chronic HCV 
population in this region) who were eligible for retrieval 
and invited for screening. So far, 47/269 (17.4%) have 
visited the outpatient clinic.27 Lastly, a retrieval project 
executed in the region of Nijmegen-Den Bosch (the Track 
Trace Treat project) also detected HCV patients through 
screening of HCV-positive test results between 2003 and 
2017. So far, this project has resulted in identification of 
175 HCV-positive patients of whom 81 (46%) were lost to 
follow-up. This study is still ongoing.

Treatment as prevention
In the interferon era, screening and retrieval were not 
regularly executed, since treatment was not promising due 
to side effects and suboptimal efficacy. However, treatment 
with novel DAAs gives screening and retrieval an entirely 
new ethical line of reasoning. Especially in lost-to-follow-
up patients, caregivers have a certain ethical obligation to 
retrieve their patients to make them aware of the improved 
treatment options.

Besides preventing HCV complications, HCV treatment 
can limit further transmission. Two examples show that 
a systematic and targeted approach using treatment 
as prevention will reduce the HCV disease burden. 
A nationwide elimination program using DAAs in Iceland 
(TraP Hep C) suggests that treatment is a vital step 
in national elimination. In Iceland, the prevalence of 
chronic HCV is 0.3% (estimated 800-1,000 patients 
in a population of 330,000) and 15 months after 
launching the program, 479 patients had been evaluated, 
comprising 48-60% of the estimated total number of 
viraemic patients. At the time of writing, SVR rates 
were 96% in 188 of the 292 patients who had finished 
DAA therapy, and elimination of HCV from Iceland 
looks like a realistic prospect.28 The second example is 
the ATHENA effort, which collects Dutch nationwide 
data from 98% of HIV-infected patients receiving care 
since 1998. The database contains 23,574 HIV-infected 
patients who have ever been linked to care, and 1,471 HCV/
HIV co-infected patients (69% MSM, 15% PWID, and 
15% unknown HIV transmission route). HCV treatment 
initiated between 2000 and 2017 reached 1,284 patients 
(87%), of which 1,124 (76%) were cured. In 6% (92/1471), 
DAA treatment results are pending.29 When comparing 
incidence of acute HCV infections in the HIV-positive 
MSM part of this cohort before and after unrestricted 
access to DAAs, researchers found a 51% decrease.30 These 
real-world data are consistent with the concept that HCV 
“treatment as prevention” averts new HCV infections in a 
population at risk for acute HCV infections. 

HepNed and CELINE
HepNed is a Dutch research foundation supported by the 
Dutch Society of Hepatology that that is a collaboration 
between healthcare professionals who provide care for 
patients with viral hepatitis. As such, it is a consortium 
of gastroenterologists-hepatologists, internists-
infectious disease specialists, hospital pharmacists, 
and microbiologists from all eight Dutch University 
Medical Centres. HepNed is the operational branch 
that coordinates patient-related viral hepatitis research 
in the Netherlands. The efforts of HepNed have led 
to joint studies demonstrating the added value of this 
collaboration.31

In view of the WHO viral hepatitis elimination targets, 
recent international developments, and encouraging pilot 
projects, HepNed designed a strategy that facilitates a 
nationwide retrieval project: “Hepatitis C Elimination in 
the Netherlands” (CELINE). CELINE aims to tackle the 
HCV problem by identifying lost to follow-up chronic HCV 
patients and giving them appropriate care according to the 
latest evidence-based guidelines (the online-only available 
Dutch HCV guidelines32 and/or European Association 
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for the Study of Liver (EASL) Recommendations33). It is 
a three-year program which started in 2018. CELINE is 
financially supported through the HCV SCALE program 
(Screening Access and Linkage to CarE ) from Gilead 
Sciences.

Structure of CELINE
The CELINE steering committee ensures successful 
delivery of the project, which include maximizing 
benefits, monitoring business and strategic issues, and 
providing advice for the project teams on issues that 
may endanger the project or impact project rationale 
or success. The Advisory Board is made up of three 
experts from the RIVM and the National Institute of 
Mental Health and Addiction (Trimbos Institute), with 
considerable experience in various aspects (clinical, 
epidemiological, and managerial) of human viral 
hepatitis research. The project teams consist of doctors 
and researchers in close collaboration with the HepNed 
group, who coordinate the day-to-day activities and 
execute the actual retrieval. The pilot REACH project has 
provided significant knowledge with respect to planning, 
flow of communication, and development of technical, 
managerial, and production procedures that will be used 
to execute and improve CELINE. 

Deliverables
There are 4 measurable deliverables for CELINE:
1. Identification of traced patients and renewed access to 

healthcare.
2. Design of a structured compendium that describes 

design and execution of a sustainable, retrieval program 
that can be applied to other healthcare environments. 

3. Mapping of the disease landscape through an HCV 
specific database that logs the data points of the 
retrieval effort.

4. Establishment of a uniform electronic platform 
(website) that allows effective information exchange.

Identification of cases & establishment of the cohort 
CELINE aims to establish a cohort of chronic HCV-infected 
patients who fulfil the following criteria: 1) diagnosed with 
chronic HCV after the year 2000, 2) persistent viraemia 
at time of CELINE assessment, 3) lost to follow-up from 
regular clinical care, and 4) residence in the Netherlands. 
The investigator-initiated pilot studies (preliminary data) 
cover the geographical healthcare areas of 10 hepatitis 
centres. The focus of CELINE will be the 37 remaining 
hepatitis centres in the Netherlands.

Based on the results from various Dutch pilot projects, 
the Centre for Infectious Disease Control (CIb, Het 
Centrum Infectieziektebestrijding) has issued a guidance 
directed to GGD on the most effective strategy to retrieve 

and re-evaluate chronic hepatitis patients. This lends 
governmental support to retrieval as a tool to reduce the 
burden of chronic HCV. The input of patients with every 
retrieval effort comes from various sources such as social 
and traditional media campaigns, general practitioners, 
laboratories, and the GGD.
Based on best practices, the most effective way to detect 
lost-to-follow-up patients is through reassessment of 
prior laboratory tests (positive anti-HCV and/or HCV 
RNA results) in all local and regional laboratories that 
perform virological testing for the hepatitis centre of 
interest. The virology laboratories in the Netherlands 
have filed their results digitally, which allow tracing of 
individual HCV test results performed up to 15 years 
ago. They are legally and ethically allowed to share data 
from all HCV-positive tested patients with clinicians, 
since they are seen as members of the treatment team.34 
The treatment team has the obligation to provide the 
best patient care possible and retrieval is seen as an 
integral part of this responsibility. Clinical chart reviews 
are performed to ascertain follow-up and retrieve patient 
and disease characteristics necessary for the cohort 
registry. Most hospitals in the Netherlands currently 
have an integrated electronic patient management 
system, which enable physicians to follow the patient 
easily through the healthcare system. Current address 
information is requested from the Municipal Records 
Database, if possible. All retrieved patients are clinically 
assessed in one of the participating hepatitis centres, 
according to previously established screening protocols 
including a detailed interview; blood tests, including 
virology and genotyping; and transient elastography 
(Fibroscan) to evaluate liver fibrosis stage. After the 
screening visit, patients receive their test results 
together with a patient-tailored management advice. 
The results and outcome of patient counselling are 
shared with the general practitioner and further 
management and/or treatment according to current 
guidelines (the Dutch32 and/or EASL guidelines33) 
is planned. The choice of treatment regimen is dictated 
by the treating physician and will not be influenced by 
the researchers.

Registry
As part of CELINE, we built a dataset that includes 
data elements on routine demographics, such as 
route of transmission, co-morbidity, baseline viral 
load, HCV genotype, liver fibrosis assessments, prior 
treatment response (naïve, relapse, partial response, 
and non-response), virologic response to therapy, and 
therapeutic regimen. This is done as part of the HepNed 
nationwide registry for hepatitis C and is conducted 
in close collaboration with the Dutch HIV Monitoring 
foundation (SHM, Stichting HIV Monitoring).35
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Expected outcome
In view of the pilot studies and the estimated size of the 
HCV population in the Netherlands, we estimate that 
CELINE will retrieve 4,000 patients and that ultimately 
1,000 patients will commence DAA-based therapy (figure 
1). CELINE has set a number of ambitious goals and 
indicates that in > 80% of 37 hepatitis centres, case 
retrieval will be completed as outlined in the working plan, 
and that in > 80% of the centres where the retrieval stage 
is completed, case ascertainment will be performed for > 
50% of patients for whom a positive HCV laboratory test 
has been identified. Finally, the data of > 95% of patients 
who have been retrieved successfully will be entered into 
a central registry and > 50% of the patients who have 
had a complete case ascertainment will be provided case 
counselling.

C O N C L U S I O N 

The Netherlands is one of the countries with the lowest 
prevalence of chronic hepatitis C in Europe. There 
is a standard of healthcare, availability of DAAs, and 
the societal recognition to eliminate HCV; CELINE is 
well-positioned to perpetuate this momentum. Within 
the definitions set by the WHO, CELINE aims are to limit 

HCV complications, prevent new infections, and ultimately 
eliminate the disease. Modelling studies suggest that 
the Netherlands is an ideal battleground, giving us the 
opportunity to meet the WHO goals of 65% reduction in 
HCV-related mortality well before 2030. In doing do, we 
hope to become an example for other countries trying to 
reach this WHO goal. Achievement of HCV elimination 
(the ultimate WHO target) in Europe will require aligned 
regional and/or national strategies. 
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Figure 1. Measurable endpoints of CELINE: the HCV elimination program in the Netherlands
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A B S T R A C T

Background. Lithium is the most effective drug for mood 
stabilization in bipolar disorder. However, lithium 
exposure has been associated with an impaired renal 
concentrating ability (RCA) and glomerular filtration rate 
(GFR). We examined RCA and estimated GFR in a cohort 
of patients treated with lithium.
Methods. 134 patients (≥ 18 years of age) with a mood 
disorder treated with lithium were screened; 100 patients 
were included. Demographic and clinical characteristics 
and blood and urine samples were collected. Additionally, 
a dDAVP-test was performed to determine maximal RCA. 
Results. A dDAVP-test was performed in 98 patients 
(37 males, 61 females). Mean age was 51 years (SD: 12), 
median duration of lithium therapy 7 years (IQR: 4-15), 
mean maximal urine osmolality (U

osmol
) 725 mOsmol/

kg (SD: 153), and median eGFR 84 ml/min/1.73 m2 (IQR: 
68-95). Fifty patients (51%) had an impaired RCA and 17 
patients (17%) had nephrogenic diabetes insipidus (U

osmol
 

600-800 and < 600 mOsmol/kg, respectively). Notably, 
clinical symptoms did not predict an impaired RCA. 
Nineteen patients (19%) had an eGFR ≤ 60ml/min/1.73 m2. 
Multivariable regression analysis showed a significant 
association between the duration of lithium treatment and 
maximal U

osmol
 (B = -6.1, 95%-CI: -9.4, -2.9, p < 0.001) 

and eGFR (B = -0.6, 95%-CI: 0.2, -3.3; p < 0.01). 
Conclusions. RCA is impaired in the majority 
of lithium-treated patients. Both RCA and eGFR are 
inversely associated with the duration of lithium 
therapy. Prospective follow-up will enable us to evaluate 

if abnormalities in RCA can be used to predict the 
development of lithium-induced chronic kidney disease.

K E Y W O R D S

Mood disorders, lithium, renal concentrating ability, 
nephrogenic diabetes insipidus, glomerular filtration rate, 
chronic kidney disease. 

I N T R O D U C T I O N

Bipolar disorder (BD) is a common mental illness that is 
characterized by recurrent episodes of major depression, 
mania, and hypomania.1 The estimated lifetime prevalence 
of BD among adults worldwide is 1-3% and the mean age 
of onset is approximately 20 years.2,3 Lithium has become 
the most effective and widely prescribed drug for mood 
stabilization in patients with mood disorders.4 Until now, 
lithium remains a mainstay of treatment for BD, especially 
for acute mania and maintenance therapy. Furthermore, 
lithium has been shown to reduce the risk of suicide in 
patients with BD.5 However, lithium exposure has been 
associated with several forms of renal injury. The most 
common renal side effect is nephrogenic diabetes insipidus 
(NDI). Although initially reversible, NDI can become 
irreversible with continued lithium use.6 As a result, 
patients are not able to limit their urine output and must 
maintain a high fluid intake to avoid volume depletion. 
Since volume depletion increases proximal reabsorption 
and serum lithium levels, NDI places the patient at an 
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increased risk for acute lithium intoxication. Furthermore, 
long-term lithium therapy has been associated with 
chronic kidney disease (CKD).7 However, available data do 
not allow firm conclusions of the magnitude and clinical 
relevance of lithium-induced CKD. 

Aims of the study
The aim of our cross-sectional study is to evaluate the 
prevalence and severity of NDI and CKD in lithium-treated 
patients. This cohort will be followed prospectively and the 
results will be published separately to provide insight intp 
the association of renal concentrating ability and estimated 
glomerular filtration rate (eGFR) in patients on lithium 
maintenance therapy.

Figure 1. Flowchart of patients participating in the 
study

CABG = coronary artery bypass graft

In phase I of the study, patients with a mood disorder treated at the 
psychiatry outpatient clinic were screened and invited to participate in 
a prospective cohort study. In this article, the cross-sectional analysis 
of the baseline data are presented. In phase II of the study, a dDAVP 
test was performed in a subset of 98 patients to determine maximal 
urine osmolality as a measure of renal concentrating ability.

M A T E R I A L  A N D  M E T H O D S

Sample
The design of the study is shown in figure 1. The study 
was divided into two phases. For phase I, patients with a 

mood disorder treated at the outpatient psychiatry clinics 
of the Canisius Wilhelmina Hospital (CWZ), Nijmegen 
or GGZ inGeest Mental Health Center, Amsterdam, the 
Netherlands were screened between November 6th, 2012 
and August 27th, 2013. Since we aimed to include 100 
patients in phase II and estimated that 50% of patients 
would be willing to participate, the target population for 
phase I of the study was 200 patients.
Patient selection was performed based on the following 
inclusion criteria: 1) age ≥ 18 years, 2) diagnosis of BD or 
unipolar depression, and 3) current lithium treatment. 
Exclusion criteria included: patients 1) with a physical or 
psychiatric unstable condition, 2) who were hospitalized 
at the time of screening, or 3) who were unable to provide 
written informed consent. Two hundred forty-six patients 
were screened, provided with written information and 
invited by their treating psychiatrist to participate in 
phase I of the study. Informed consent was obtained 
from 201 patients (81%). Participants were asked to 
visit the outpatient clinic once for 30-45 minutes. Prior 
to this visit, they were asked to fill out a questionnaire 
including demographic characteristics (sex, age, race); 
psychiatric diagnosis; lifetime course of mood disorder; 
duration, dose and interruptions of lithium use; lithium 
intoxications; and alcohol and smoking habits. During the 
visit at the outpatient clinic, questionnaire information 
was discussed and the following additional data was 
collected: medical history, complaints of polyuria, thirst 
and polydipsia, micturition complaints, and current use 
of medication. This information was verified with the 
respective patient’s medical and pharmacy records. Body 
height, weight, and waist circumference were recorded 
and blood pressure and heart rate were measured with 
an automatic blood pressure monitor (Omron 705IT). 
In addition, blood and urine samples were collected 
for measurements of serum urea, creatinine, sodium, 
potassium, calcium, phosphate, bicarbonate, osmolality, 
albumin, glucose, glycosylated haemoglobin (HbA

1c
), total 

cholesterol, HDL cholesterol, LDL cholesterol, triglycerides, 
thyroid stimulating hormone and free thyroxin, 25-OH 
vitamin D, parathyroid hormone and urine dipstick (pH, 
glucose, erythrocytes, leukocytes, nitrite), creatinine, and 
albumin. Finally, additional blood and urine samples were 
collected and stored for future research. 
Participants of this first phase were also invited to take 
part in phase II of the study, which included an additional 
1-desamino-8-D-arginine vasopressin (dDAVP) test to 
determine maximal urine osmolality as a measure of renal 
concentrating ability. To this end, 134 patients participating 
in phase I were screened for eligibility to participate 
in phase II of the study between November 30th, 2012 
and July 8th, 2013. The inclusion criteria were identical. 
The following additional exclusion criteria were applied: 
inability to comply with water restriction, moderate 
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to severe CKD (MDRD-eGFR ≤ 45 ml/min/1.73m2), 
hyponatraemia (sodium < 130 mmol/l), hypo- and 
hyperkalaemia (potassium < 3.0 or > 5.5 mmol/l), severe 
hypercalcemia (calcium > 2.80 mmol/l), hyperglycaemia 
(glucose > 10.0 mmol/l), established primary polydipsia 
or central diabetes insipidus, history of Sjögren syndrome, 
amyloidosis, sickle cell anaemia or previous treatment 
with ifosfamide, current treatment with desmopressin 
or demeclocycline, or pregnancy. Informed consent 
was obtained from 100 patients. The dDAVP test was 
performed during an additional 6-hour visit to the 
outpatient clinic. We followed the protocol of Tryding et al. 
with slight modifications.8 Fluid intake was restricted from 
22.00 hrs. the evening prior to the test. On the following 
morning, a fluid intake of 250 ml and a light breakfast 
were allowed. During the test, an additional fluid intake of 
250 ml was allowed. At baseline, we recorded the presence 
of polyuria, thirst, polydipsia, micturition frequency and 
measured body height, weight, blood pressure, and heart 
rate. Blood samples were collected for measurements 
of serum creatinine, sodium, potassium, calcium, 
osmolality, glucose, and lithium levels. Additionally, urine 
samples were collected of measurements of creatinine, 
sodium, and osmolality. After voiding, 40 µg dDAVP was 
administered intranasally. Water intake, body weight, blood 
pressure, and heart rate were determined at six hours after 
administration of dDAVP and additional urine samples 
were collected at four and six hours after administration 
of dDAVP. Maximal renal concentrating ability was 
determined by measuring osmolality in the collected 
urine samples. The dDAVP test was not performed in two 
patients. One patient was scheduled for coronary artery 
bypass graft and another patient was excluded because of 
hyperglycemia and glycosuria. 

Definitions
For the purpose of these analyses, the following definitions 
were used: duration of lithium use (total treatment duration 
with subtraction of periods of discontinuation of lithium); 
hypertension (systolic blood pressure ≥ 140 mm Hg, 
diastolic blood pressure ≥ 90 mm Hg and/or treatment 
with antihypertensive drugs); dyslipidaemia (HDL 
cholesterol < 1.04 mmol/l, LDL cholesterol > 4.14 mmol/l, 
total cholesterol > 6.22 mmol/l, and/or treatment with 
lipid-lowering drugs);9 diabetes mellitus (random plasma 
glucose ≥ 11.1 mmol/l, HbA

1c 
≥ 48 mmol/l, and/or 

treatment with oral glucose-lowering drugs); cardiovascular 

comorbidity (history of cardiovascular events and/
or treatment with acetylsalicylic acid, dipyridamole, or 
clopidogrel). Patients with a maximal urine osmolality 
600-800 mOsmol/kg and < 600 mOsmol/kg were 
diagnosed as lithium-induced impaired renal concentrating 
ability and NDI, respectively. eGFR was calculated from 
serum creatinine values using the Chronic Kidney Disease 

Epidemiology Collaboration (CKD-EPI) equation.10 To 
estimate the proportion of cases with different degrees 
of CKD, patients were classified according to the Kidney 
Diease: Improving Global Outcomes 2012 Clinical Practice 
Guideline for the Evaluation and Management of Chronic 
Kidney Disease.11

Statistical analysis
Continuous variables are reported as median and 
inter-quartile range (IQR) or mean and standard deviation 
(SD). We compiled two separate directed acyclic graphs 
(DAGs), by using DAGitty software (http://www.dagitty.
net), to select a minimal sufficient adjustment set 
of variables that would allow the identification of an 
unconfounded effect of duration of lithium treatment on 
our two outcome measures, e.g. maximal urine osmolality 
and eGFR. The DAGs were built by identifying all known 
factors affecting duration of lithium treatment, maximal 
urine osmolality, or eGFR. Variables in the minimal 
sufficient adjustment set blocked all non-causal but not 
the causal pathway between duration of lithium treatment 
and maximal urine osmolality or eGFR, and included 
current age, gender (male versus female), race (Caucasian 
versus other), centre (Amsterdam versus Nijmegen), 
psychiatric diagnosis (bipolar disorder versus other), and 
psycho-pharmacological comedication (anticonvulsants, 
antidepressants, antipsychotics, and sedatives). With linear 
regression analysis, we studied the independent effect of 
duration of lithium therapy on maximal urine osmolality 
or eGFR as dependent variables adjusted for all variables 
that were identified for the minimal sufficient adjustment 
set (age, sex, race, center, psychiatric diagnosis, and 
psycho-pharmacological comedication). Since cigarette 
smoking, body mass index, hypertension, dyslipidaemia, 
diabetes mellitus, maximal urine osmolality, or eGFR 
and cardiovascular comorbidity are likely intermediate 
variables in the pathway between duration of lithium 
treatment and maximal urine osmolality or eGFR, our 
multivariable models did not include these variables as 
potential confounders. Any association was considered 
statistically significant if the p-value was less than 0.05.

The study protocols were approved by the central ethics 
committee on research involving human subjects and 
the local ethics committees of the participating sites. 
All patients gave written informed consent before inclusion 
in the study. The study was performed in accordance with 
the Declaration of Helsinki.

R E S U L T S

See tables 1 - 6.
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Table 1. Clinical characteristics of study participants

Phase I Phase II

Number of patients 201  98

Age, years (mean, SD) 51.2 (12.5) 51.5 (11.8)

Male sex (n, %) 86 (43) 37 (38)

Caucasian race (n, %) 190 (95) 89 (91)

Diagnosis

Bipolar disorder (n, %) 178 (89) 84 (86)

Schizo-affective disorder (n, %) 10 (5) 7 (7)

Unipolar depression (n, %) 13 (7) 7 (7)

Lithium

Serum lithium concentration, mmol/l (mean, sd) 0.71 (0.15) 0.72 (0.15)

Time on lithium, years (median, iqr) 8.0 (4.0-14.0)  7.5 (4.0-15.3)

Cardiovascular risk factors

Obesity

BMI, kg/m2 (median, IQR) 26.7 (24.4-29.3) 27.1 (24.5-30.0)

> 30 kg/m2 (n, %) 40 (20) 24 (25)

Smoking

Former (n, %) 66 (33) 33 (34)

Packyears (median, iqr) 13 (3-24) 15 (5-26)

Actual (n, %) 62 (31) 26 (27)

Packyears (median, iqr) 21 (8-31) 15 (8-26)

Hypertension (n, %) 91 (45) 49 (50)

Systolic blood pressure, mm hg (mean, sd) 131 (18) 132 (22)

Diastolic blood pressure, mm hg (mean, sd) 77 (10) 77 (11)

Antihypertensive drugs (n, %) 54 (27) 30 (31)

Dyslipidaemia (n, %) 67 (33) 37 (38)

Total cholesterol, mmol/l (mean, sd) 5.2 (1.1) 5.2 (1.0)

Ldl cholesterol, mmol/l (mean, sd) 2.8 (0.9) 2.8 (0.9)

Hdl cholesterol, mmol/l (mean, sd) 1.5 (0.5) 1.6 (0.6)

Statins (n, %) 19 (10) 8 (8)

Diabetes mellitus (n, %) 12 (6) 3 (3)

Glucose, mmol/l (mean, sd) 5.1 (4.7-5.6) 5.1 (4.8-5.6)

Hba1c, mmol/mol (mean, sd) 35 (32-38) 36 (33-38)

Oral blood glucose-lowering drugs (n, %) 11 (6) 3 (3)

Cardiovascular history (n, %) 13 (7) 7 (7)

Numbers are in n and percentage (%), mean and standard deviation (SD) or median and interquartile range (IQR). BMI = body mass index; LDL = low-
density lipoprotein; HDL = high-density lipoprotein; HbA1c = glycated haemoglobin
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Table 2. Medication use of study participants

Phase I Phase II

Number of patients 201 98

Lithium

Preparation

Priadel (n, %) 118 (59) 59 (60)

Camcolit (n, %) 36 (18) 18 (18)

Lithium carbonate (n, %) 46 (23) 21 (21)

Dose, mg/day (mean, sd) 848 (281) 849 (296)

Schedule, once a day (n, %) 189 (94) 89 (91)

Psychopharmacological medication

Anticonvulsants (n, %) 33 (16) 17 (17)

Antidepressants (n, %) 69 (34) 37 (38)

Tca (n, %) 22 (11) 11 (11)

Ssri (n, %) 46 (23) 24 (25)

Other (n, %) 4 (2) 3 (3)

Antipsychotics (n, %) 71 (35) 36 (37)

Typical (n, %) 14 (7) 5 (5)

Atypical (n, %) 61 (30) 32 (33)

Sedatives (n, %) 77 (38) 33 (34)

Benzodiazepine-agonists (n, %) 68 (34) 30 (31)

Other (n, %) 15 (8) 9 (9)

Antihypertensive drugs (n, %) 54 (27) 30 (31)

Beta blockers (n, %) 35 (17) 19 (19)

Propranolol (n, %) 20 (10) 10 (10)

Ace inhibitors/arb (n, %) 12 (6) 7 (7)

Calcium channel blockers (n, %) 11 (6) 6 (6)

Diuretics (n, %)

Amiloride (n, %) 7 (4) 5 (5)

Thiazide diuretics (n, %) 17 (9) 10 (10)

Other (n, %) 2 (1) 1 (1)

Statins (n, %) 19 (10) 8 (8)

Oral blood glucose-lowering drugs (n, %) 11 (6) 3 (3)

Other

Platelet aggregation inhibitors (n, %) 13 (7) 7 (7)

Nitrates (n, %) 3 (2) 1 (1)

Oral anticoagulants (n, %) 1 (1) 1 (1)

Numbers are in n and percentage (%). ACE inhibitors = angiotensin converting enzyme inhibitors; ARB = angiotensin receptor blockers; SSRI = 
selective serotonin re-uptake inhibitors; TCA = tricyclic antidepressants
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Patient characteristics
The patients screened, invited, participated, and evaluated 
in phase I and II of the study are shown in figure 1. 
Baseline demographic and clinical characteristics are 
shown in table 1. Ninety-eight patients participated in 
phase II of the study, 37 males and 61 females. The mean 
age was 51 years (SD: 12). The majority of these patients 
(86%) had a diagnosis of BD. Patients had been treated 
with lithium for median 7 years (IQR: 4-15). Twenty-two 
patients (22%) were on lithium for > 15 years. According to 

the questionnaire, medical records and examination at the 
psychiatry outpatient clinic, 24 patients (25%) were obese 
(BMI > 30 kg/m2); 33 patients (34%) smoked cigarettes; 49 
patients (50%) had hypertension, with 30 of them (31%) 
being treated with antihypertensive drugs; 37 patients 
(38%) had dyslipidaemia, with 8 of them (8%) being 
treated with statins; 3 patients (3%) had diabetes mellitus 
type 2, all of them being treated with oral blood-glucose 
lowering drugs; and 7 patients (7%) had experienced a 
cardiovascular event.

Table 3. Subjective symptoms, renal concentrating ability, eGFR and albuminuria

Phase I Phase II

Number of patients 201 98

Lithium

Adverse effects

Polyuria (n, %) 91 (45) 46 (47)

Micturition frequency at day-time (median, iqr) NA 6 (5-8)

Micturition frequency at night-time (median, iqr) NA 1 (0-2)

Thirst (n, %) 102 (51) 54 (55)

Polydipsia (n, %) 81 (40) 51 (52)

Renal concentrating ability

Serum sodium concentration, mmol/l (mean, sd) 141 (2)

Serum osmolality, mosmol/kg (mean, sd) 294 (5)

Max. Urine osmolality, mosmol/kg (mean, sd) NA 725 (153)

< 300 mOsmol/kg (n, %) NA 1 (1)

300-599 mOsmol/kg (n, %) NA 16 (16)

600-799 mOsmol/kg (n, %) NA 50 (51)

> 800 mOsmol/kg (n, %) NA 31 (32)

Renal function

Serum creatinine, μmol/l (median, iqr) 77 (69-88) 80 (70-90)

eGFR, ml/min/1.73 m2 (median, IQR) 89 (74-100) 84 (68-95)

eGFR ≤ 60 ml/min/1.73 m2 (n, %) 17 (9) 12 (12)

Albumin/creatinine ratio, mg/mmol creatinine (median, iqr) 0.8 (0.5-1.4) 0.8 (0.5-1.4)

Micro-albuminuria (n, %) 23 (11) 9 (9)

Macro-albuminuria (n, %) 2 (1) 1 (1)

Chronic kidney disease (n, %) 32 (16) 19 (19)

Numbers are in n and percentage (%), mean and standard deviation (SD) or median and interquartile range (IQR). eGFR = estimated glomerular 
filtration rate according to the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) creatinine equation; chronic kidney disease, eGFR < 
60 ml/min/1.73m2 and/or albuminuria; NA = not available
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Table 2 shows the medication use of participants in 
both study phases. Focusing on phase II, participants 
had been treated with Camcolit (18%), generic lithium 
carbonate (21%), or Priadel (60%). Eighty-nine patients 
(91%) had been using lithium on a once-a-day schedule. 

The mean daily dose at the time of examination was 
849 mg (SD: 296).

Adverse effects, urine osmolality and renal function
Table 3 shows that patients frequently reported complaints 
of polyuria (n = 46, 47%), thirst (n = 54, 55%), and 
polydipsia (n = 51, 52%). Patients who reported polyuria 
also reported a higher micturition frequency both during 
the day (median 5 vs. 6, p = 0.012) and night-time (median 
1 vs. 2, p = 0.012) compared to patients who did not report 
polyuria. Patients reporting polyuria also more frequently 
reported thirst compared to patients who did not report 
polyuria (35 of 46 patients [76%] vs. 19 of 52 patients [37%], 
respectively; p < 0.01) and polydipsia (36 of 46 patients 
[78%] vs. 15 of 52 patients [29%], respectively; p < 0.01). 
Mean urine osmolality at baseline was 484 mOsmol/
kg (SD: 201). Administration of dDAVP resulted in an 
increase of urine osmolality to 685 mOsmol/kg (SD: 149) 
at four hours and 715 mOsmol/kg (SD: 157) at six hours 
after administration of dDAVP (figure 2). Maximal urine 
osmolality (725 mOsmol/kg, SD: 153) was reached after four 
hours in 21 patients (21%) and after six hours in 77 patients 
(79%). The mean maximal urine osmolality in our study 
population was 725 mOsmol/kg (SD: 153). Fifty patients 
(51%) had an impaired renal concentrating ability (maximal 
U

osmol
 600-800 mOsmol/kg) and 17 patients (17%) were 

diagnosed with lithium-induced NDI (maximal U
osmol

 F 
600 mOsmol/kg). Patients with NDI had been longer on 
lithium therapy (median 14 vs. 7 years, p = 0.011). Table 4 
shows that a disturbance in renal concentrating ability was 

Table 4. Max. Uosmol and eGFR in relation to duration of lithium use

0-5 yrs, n = 29 6-10 yrs, n = 30 11-15 yrs, n = 15 > 15 yrs, n = 23

Male sex (n, %) 11 (38) 11 (37) 4 (27) 10 (44)

Age (median, IQR) 45 (37-56) 48 (44-56) 53 (48-59) 61 (55-66)

Max. Uosmol (median, IQR) 802 (674-910) 727 (672-821) 638 (591-828) 679 (492-758)

< 300 (n, %) 0 0 0 1 (4)

300-599 (n, %) 2 (7) 4 (13) 4 (27) 6 (26)

600-799 (n, %) 12 (41) 18 (60) 7 (47) 12 (52)

> 800 (n, %) 15 (52) 8 (27) 4 (27) 4 (17)

eGFR (median, IQR) 91 (80-103) 93 (82-97) 73 (64-89) 63 (58-84)

> 90 (n, %) 15 (52) 17 (57) 3 (20) 2 (9)

60-89 (n, %) 12 (41) 11 (37) 10 (67) 13 (57)

45-59 (n, %) 2 (7) 0 2 (13) 7 (30)

30-44 (n, %) 0 2 (7) 0 1 (4)

Numbers are in n and percentage (%), mean and standard deviation (SD) or median and interquartile range (IQR). Max. U
osmol

 = maximal urine 
osmolality determined by a dDAVP test. eGFR = estimated glomerular filtration rate according to the Chronic Kidney Disease Epidemiology 
Collaboration (CKD-EPI) creatinine equation

Figure 2. Urine osmolality (mean and standard 
deviation) at baseline, 4 and 6 hours after intranasal 
administration of 40 ug 1-desamino-8-D-arginine 
vasopressin (dDAVP)
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already observed within five years of lithium treatment. 
The prevalence of an impaired renal concentrating ability 
increased from 58% in patients treated with lithium for ≤ 
5 years to 83% in patients treated for > 15 years. Patients 
with NDI had a slightly higher serum osmolality (median 
298 vs. 294 mOsmol/kg, p = 0.045) and significant lower 
eGFR (median 64 vs. 86 ml/min/1.73 m2, p = 0.005) 
compared to patients with a normal or impaired renal 
concentrating ability. Surprisingly, patients with NDI 
did not have significantly more complaints of polyuria 
(53% vs. 46%, p = 0.59), day or night-time micturition 
frequency (median 5 vs. 6, p = 0.23 and 1 vs. 1, p = 0.60), 

thirst (71% vs. 52%, p = 0.16), or polydipsia (71% vs. 48%, 
p = 0.09) compared to patients with normal or impaired 
renal concentrating. In addition, the urinary creatinine 
concentration measured in a urine sample collected in the 
morning after an overnight fluid restriction did not predict 
the renal concentrating ability.
The median eGFR in our study population was 
84 ml/min/1.73 m2 (IQR: 68-95). Twelve patients (12%) 
had an eGFR < 60 ml/min/1.73 m2 and 10 patients 
(10%) had albuminuria. Of the total population, 19 
patients (19%) had CKD. Patients with an eGFR < 60 ml/
min/1.73 m2 were older than patients with an eGFR ≥ 

Table 5. Regression analysis of maximal urine osmolality at baseline

Beta p-value 95% - confidence interval

Univariable regression analysis

Intercept 805 766 843

Years of lithium treatment -7.4 < 0.001 -10.3 -4.6

Multivariable regression analysis

Intercept 888 717 1058

Years of lithium treatment -6.1 < 0.01 -9.4 -2.9

Current age -0.9 0.54 -3.3 1.5

Gender (male versus female) -4.7 0.88 -54.8 45.5

Race (caucasian versus other) 44.7 0.42 -47.8 137.2

Centre (amsterdam versus nijmegen) -54.6 0.09 -106.8 -2.3

Diagnosis (bipolar disorder versus other) 5.8 0.90 -67.4 79.1

Psychopharm. Comedication -14.5 0.65 -67.0 38.1

Table 6. Regression analysis of estimated GFR at baseline

Beta p-value 95% - confidence interval

Univariable regression analysis

Intercept 93.3 89.1 97.4

Years of lithium treatment -1.0 < 0.001 -1.3 -0.7

Multivariable regression analysis

Intercept 144.8 130.3 159.3

Years of lithium treatment -0.6 < 0.01 -0.8 -0.3

Current age -0.7 < 0.001 -0.9 -0.5

Gender (male versus female) -2.8 0.28 -7.1 1.5

Race (caucasian versus other) -3.2 0.50 -11.0 4.7

Centre (amsterdam versus nijmegen) -9.0 < 0.01 -13.4 -4.5

Diagnosis (bipolar disorder versus other) -2.2 0.56 -8.4 4.0

Psychopharm. Comedication -1.8 0.50 -6.3 2.7
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60 ml/min/1.73 m2 (median age 65 vs. 50 years, p < 
0.001), had been treated with lithium longer (median 21 
vs. 7 years, p = 0.003), had hypertension more often 
(100% vs. 44%, p = 0.03), and had a lower maximal urine 
osmolality (median 542 vs. 745 mOsmol/kg, p < 0.001). 
As expected, both groups of patients had similar serum 
lithium concentrations (median 0.76 vs. 0.71 mmol/l, p = 
0.64), but were treated with a lower lithium dose (median 
600 vs. 800 mg/day, p = 0.007).

Association of lithium duration with Uosmol and eGFR
As shown in table 5, the univariable regression model 
showed a negative association between the duration of 
lithium therapy and maximal urine osmolality (B = -7.4, 
95% confidence interval (CI) -10.3 to -4.6, p < 0.001). After 
correction for the confounding effects of age, sex, race, 
center, psychiatric diagnosis, and psycho-pharmacological 
comedication, duration of lithium therapy remained 
independently and inversely associated with maximal 
urine osmolality (B = -6.1, 95%-CI -9.4 to -2.9, p < 0.01). 
This means that after adjusting for the set of potential 
confounders, each additional year of lithium therapy 
results in a loss of maximal renal concentrating ability of 
6.5 mOsmol/kg.
A similar model was built for the association between 
duration of lithium therapy and renal function (table 
6). The univariable regression model showed a negative 
association between the duration of lithium therapy and 
eGFR (B = -1.0, 95%-CI -1.3 to -0.7, p < 0.001). After 
correction for the confounding effects of age, sex, race, 
center, psychiatric diagnosis, and psycho-pharmacological 
comedication, each year of lithium therapy leads to an 
additional decline of eGFR of 0.6 ml/min/1.73 m2 (95%-CI 
-0.8 to -0.3, p < 0.01). Of note, in the multivariable 
analysis, centre was also associated with a lower eGFR 
(9.0 ml/min/1.73 m2, 95%-CI -13.4 to -4.5, p < 0.01). 

D I S C U S S I O N

This study shows that a majority of lithium-treated patients 
had complaints of polyuria, thirst, and polydipsia. The data 
also demonstrate that almost one-fifth of patients did have 
a lithium-induced NDI. Surprisingly, polyuria, thirst, 
and polydipsia did not predict NDI as determined by a 
dDAVP test. Our study does add that a questionnaire of 
symptoms alone cannot be used to accurately identify 
patients with an impaired renal concentrating ability.12-14 In 
addition, maximal urine osmolality could not be predicted 
by the urinary creatinine concentration measured 
in an urine sample collected after an overnight fluid 
restriction. Furthermore, duration of lithium therapy was 
independently and significantly associated with a decline 
in maximal urine osmolality. A disturbance in renal 

concentrating ability was already observed within five years 
of lithium treatment and the prevalence of an impaired 
renal concentrating ability increased with the duration 
of lithium maintenance therapy. These findings are in 
agreement with other studies which included patients 
with a comparable age, duration of lithium therapy, and 
renal function.15-17

In addition, we observed a prevalence of CKD exceeding 
10%. Multivariable linear regression analysis showed that 
eGFR was associated with duration of lithium treatment. 
Several earlier studies reported no significant change18-23 or 
only a slight deterioration in renal function with long-term 
lithium exposure.13,17,24 In contrast, recent studies have 
shown a marked increase in the prevalence of CKD (eGFR 
< 60 ml/min/1.73 m2), especially in patients treated for 
many years.7,25-28 Moreover, several authors have shown 
that long-term lithium therapy causes end-stage renal 
disease in a small proportion of patients.29-34 One possible 
explanation for these apparently conflicting results is that 
earlier studies often relied on serum creatinine values 
alone which might have resulted in an underestimation 
of the prevalence of CKD. In addition, earlier studies 
predominantly reported on patients who were treated 
with lithium < 10 years. However, it may take decades 
before lithium-treated patients develop CKD. Our data 
show that duration of lithium treatment is independently, 
significantly and inversely associated with eGFR. This 
finding is more relevant, since CKD is associated with an 
increased risk of cardiovascular morbidity and mortality.35 
We therefore agree with Kripalani et al. that monitoring 
of cardiovascular risk factors is important to prevent 
cardiovascular events in this patient population.36

We studied the independent effect of duration of lithium 
therapy on maximal urine osmolality and eGFR as 
dependent variables adjusted for age, sex, race, center, 
psychiatric diagnosis, and psycho-pharmacological. 
However, our multivariable models did not include 
cigarette smoking, body mass index, hypertension, 
dyslipidemia, diabetes mellitus, maximal urine 
osmolality, or eGFR and cardiovascular comorbidity. 
We therefore performed an additional analysis including 
these potentially causal risk factors which confirmed 
that duration of lithium therapy was independently, 
significantly and inversely associated with maximal urine 
osmolality and eGFR.
It should be noted that a significant decline in renal 
concentrating ability was observed in 14 out of 29 
individuals (48%) treated with lithium for ≤ 5 years. This 
observation is in accordance with findings of others who 
showed that lithium acutely and, with prolonged lithium 
exposure, progressively impairs renal concentrating ability. 
In healthy subjects, even a single oral dose of lithium 
carbonate has been shown to impair the antidiuretic 
response to hypertonic saline infusion, resulting in an 
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increased urine output (median 3.7 vs. 1.9 ml/min, p 
= 0.05).37 In addition, a 4-week treatment of healthy 
volunteers with lithium carbonate also significantly 
reduced renal concentrating ability (mean maximal urine 
osmolality 960 vs. 1040 mOsmol/kg, p < 0.01).38 In 
patients with mood disorders, longer exposure to lithium 
results in a progressive decline in renal concentrating 
ability.39 Although this inability to adequately concentrate 
urine is initially reversible,40-43 prolonged lithium exposure 
has been demonstrated to result in irreversible NDI.44 It 
is not clear at which point lithium-induced NDI becomes 
irreversible. In most patients, a decrease in eGFR below 
60ml/min/1.73 m2 became apparent after treatment with 
lithium for at least 10 years. This observation suggests 
that a decline in renal concentrating ability likely precedes 
a decrease in eGFR. Our prospective study will enable 
us to investigate the predictive value of impaired renal 
concentrating ability with regard to the risk of developing 
lithium-induced CKD.
On the other hand, it can be argued that approximately half 
of patients had a normal renal concentrating ability after ≤ 
5 years of lithium therapy. This suggests that there might 
be differences between individuals in sensitivity of the 
renal collecting ducts to lithium toxicity. We propose that 
future studies should focus on these differences.
Our study has several strengths. Besides lithium use 
and eGFR, we also report on albuminuria, prevalences 
of additional risk factors, and comorbidities like 
obesity, smoking, hypertension, diabetes mellitus, and 
cardiovascular morbidity and use of comedication. 
In addition, we report maximal renal concentrating 
ability determined by the current gold standard, a dDAVP 
test in a relatively large population. Only two similar 
studies have been published since 1990 reporting on 
renal concentrating ability in lithium-treated patients 
determined by a dDAVP test.17,45 Our study also has some 
limitations. We performed a cross-sectional analysis 
and are therefore unable to ascertain causality between 
our covariates and renal concentrating ability or eGFR. 
Second, only patients currently treated with lithium were 
included in our study. Since lithium therapy may have been 
discontinued in patients who had developed a clinically 
significant reduction in renal concentrating ability or 
eGFR, bias towards including individuals with a more 
favourable course cannot be excluded. In this respect, the 
differences between the centres Amsterdam and Nijmegen 
are notable. This suggests unreported differences between 
the patient populations from both centers. Alternatively, 
we cannot exclude a difference between centres in 
back-referral to primary care. Furthermore, our study has 
a relatively small sample size resulting in an impaired 
statistical precision and lacks a control group.

C O N C L U S I O N

In conclusion, our results demonstrate that both renal 
concentrating ability and eGFR are significantly and 
inversely associated with duration of lithium treatment. 
In addition, a significant decline in renal concentrating 
ability was observed in half of the individuals treated 
with lithium for ≤ 5 years, whereas in most patients, a 
decrease in eGFR below 60 ml/min/1.73 m2 became 
apparent after treatment with lithium for at least 10 years. 
This observation suggests that a disturbance in renal 
concentrating ability precedes the development of CKD. 
Further research is needed to elucidate if abnormalities 
in renal concentrating ability predict the development of 
lithium-induced CKD. If so, renal concentrating ability 
can be used to select patients at high risk for CKD, 
which is not only worthwhile for selection of patients 
for increased surveillance, but also for future research, 
including placebo-controlled trials to investigate the benefit 
of amiloride to prevent lithium-induced CKD.
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I N T R O D U C T I O N

Drug-induced immune haemolytic anaemia (DIIHA) 
is a rare condition affecting approximately 1:1,000,000 
patients. DIIHA has been reported for several 
antimicrobials, non-steroidal anti-inflammatory drugs 
and some platinum-based chemotherapy agents.1-4 While 
cisplatin is the most commonly reported platinum-based 
agent to cause DIIHA, some reports of carboplatin and 
oxaliplatin causing DIIHA are published.5-10 The incidence 
of DIIHA due to carboplatin is unknown. Anaemia is 
a common finding in patients treated with carboplatin 
and even when haemolysis is considered, it may not be 
recognised due to its similarity to regular auto-immune 
haemolytic anaemia. The discriminative test for DIIHA 
is the direct antiglobulin test (DAT).11 Several theories 
exist on the biochemical steps that lead to the formation of 
antibodies, but the exact pathophysiological mechanism 
behind DIIHA is still unclear.2 We report a case of a patient 
developing haemolytic anaemia after the administration 
of carboplatin, despite previously having numerous 
successful treatments with this drug, and the course of 
action in our patient. 

C A S E  R E P O R T

A 52-year-old woman with ovarium carcinoma was treated 
with neo-adjuvant chemotherapy, interval debulking, and 
adjuvant chemotherapy (carboplatin and paclitaxel) since 
2010. In 2014, peritoneal metastases were discovered, which 
were treated with the same neoadjuvant, optimal debulking, 
and adjuvant schedule. Unfortunately, the patient relapsed 

in May 2016. She responded to carboplatin, gemcitabine, 
and bevacicumab, but relapsed again in December 2017 
under bevacizumab monotherapy. She was still considered 
platinum-sensitive. Therefore, carboplatin was restarted. 
During these years, she came to the emergency room six 
times, all because of infections. Four of those emergency 
visits resulted in admission. When home after the 21st 
cycle, she experienced a fever and tingling sensation in all 
extremities and returned to the emergency room. In addition 
to her complaints, she mentioned a red discoloration of her 

What was known on this topic? 
Carboplatin can lead to drug-induced immune 
haemolytic anaemia which can be a lethal adverse 
event. 

What does this add? 
Awareness for drug-induced immune haemolytic 
anaemia. Recognition is difficult while anaemia has 
a high incidence, especially in patients treated with 
chemotherapy, though drug-induced haemolytic 
anaemia is rare.

Table 1. Results from urine dipstick analysis

Results Reference values

pH 6.5 4.5-7.8

Leukocytes +++ Negative

Blood +++ Negative

Nitrite Positive Negative

Bilirubin ++ Negative

Urobilinogen +++ Normal a

Bacteria Positive Negative
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urine without dysuria. Upon clinical examination, a visible 
tremor in all limbs was noticed and she was subfebrile. 
Results from urinalyis and laboratory test results are shown 
in tables 1 and 2, respectively. Based on these acute changes 
in lactate dehydrogenase and bilirubin, immeasurably low 
haptoglobin, and the presentation of symptoms almost 
directly after administration of carboplatin, drug-induced 
immune haemolytic anaemia (DIIHA) was suspected, but 
an autoimmune haemolytic anaemia and co-occurrence with 
a urinary tract infection could not be ruled out. Therefore, 
immediate treatment with antibiotics and high dose of 
prednisone (one milligram per kilogram body weight) 
was started. Carboplatin was not administered again. 
The tremor, tingling sensation and discoloration of the urine 
disappeared within a few days and the prednisone dose was 

tapered. Moreover, lactate dehydrogenase and haptoglobin 
slowly returned to normal during the following months (see 
table 3). The DAT turned out positive (IgG 4+, complement 
negative), confirming the diagnosis. Further diagnostic 
tests were run, including fragmentocytes, fibrinogen, 
blood coagulation tests, and parvovirus, all of which were 
negative, supporting the diagnosis DIIHA. For complete 
determination, blood was sent to the national reference 
laboratory to test for in vitro drug-dependent reactions. 
Unfortunately, no tests were performed as the laboratory 
considered this too high-risk due to the involvement of 
chemotherapy. While we were investigating whether the 
test could be performed abroad, our patient died due to 
pulmonary embolism and tumor progression, confirmed 
by autopsy.

Table 2. Laboratory test results for the first day of admission compared to earlier blood testing three days before 
admission/infusion

Results three days 
prior to admission 

Results at admission Reference values

Aspartate aminotransferase 25 U/l 107 U/l < 31 U/l 

Alanine aminotransferase 21 U/l 31 U/l < 34 U/l 

Alkaline phosphatase 76 U/l 81 U/l < 98 U/l 

γ-glutamyl transferase 67 U/l 68 U/l < 38 U/l 

Total bilirubin 7 µmol/l 26 µmol/l < 17 µmol/l 

Direct bilirubin - 10 µmol/l < 5 µmol/l 

Lactate dehydrogenase 205 U/l 1464 U/l < 247 U/l 

Creatine kinase - 114 U/l < 145 U/l 

Creatinine 55 µmol/l 58 µmol/l 44-80 µmol/l 

Magnesium - 0.58 µmol/l 0.75-0.95 mmol/l 

C reactive protein - 29 mg/l < 5.0 mg/l 

Haemoglobin 6.8 mmol/l 6.1 mmol/l 7.2-10.0 mmol/l 

Reticulocytes - 21.5 x 109/l 5.0-25.0 x 109/l 

Thrombocytes 79 x 109/l 61 x 109/l 150-400 x 109/l 

Ferritin - 8018 µg/l 10-205 µg/l 

Haptoglobin - < 0.08 g/l 0.3-2.0 g/l 

Direct antiglobulin test - IgG 4+; C -

Table 3. Course of parameters for haemolysis over time

2 weeks after initiation of 
treatment

1 month after initiation of 
treatment

2 months after initiation of 
treatment

Lactate dehydrogenase (U/l ) 479 539 411

Haptoglobin (g/l) < 0.08 0.1 1.5

Haemoglobin (mmol/l) 4.5 4.7 6.7
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D I S C U S S I O N

DIIHA is a rare and life-threatening condition that 
can occur after administration of platinum-based 
chemotherapy.2 While cisplatin is the most commonly 
reported platinum-based agent to cause DIIHA, reports of 
carboplatin and oxaliplatin causing DIIHA also exists.5-10 
More than half of these cases had lethal outcomes. 
It should be noted that DIIHA is often not recognized 
as the cause of anaemia, because platinum-based 
chemotherapy leads often to anaemia.12

Little is known about the development of DIIHA or the 
most optimal treatment. It is hypothesized that drugs 
interacting and loosely binding with red blood cells 
(RBCs) activate the immune system and lead to the 
formation of anti-drug immune complexes, leading to 
haemolytic anaemia. The initial treatment in this case 
is to stop the causative agent as soon as the DIIHA is 
recognized. Steroids or intravenous immunoglobulins 
are not recommended for drug-dependent DIIHA. There 
are also drug-independent antibodies that will react 
in vitro without the drug present. Garratty and Petz 
suggested a modification of the membrane, creating 
an epitope, which allows RBCs to bind the antibody 
without formation of the drug-RBC complex.13 Moreover, 
sometimes non-immunological proteins (e.g. albumin) 
can bind due to the modification, and lead to prolonged 
increased haemolysis. Drug-independent DIIHA can 
benefit from treatment with steroids given the similarities 
to auto-immune haemolytic anaemia and has been shown 
to occur in carboplatin.2,11,14 There is no clear consensus 
on the treatment of DIIHA caused by carboplatin or any 
other platinum-based agents. Most important is stopping 
the agent inducing the haemolysis. Whether or not to 
add a high dose of prednisone cannot be decided during 
the initial days, because it is too early for information on 
drug-dependency at presentation. Because our patient was 
seriously ill and the diagnosis of auto-immune haemolytic 
anaemia was also considered, we had no choice and 
treated her with prednisone. Recently an in vitro study was 
published showing that carboplatin-loaded nanoparticles 
using biodegradable polymer poly (ε-caprolactone) (PCL) 
enhanced the cellular uptake of carboplatin.15 Normally 
larger doses of carboplatin need to be administered to 
achieve therapeutic levels due to poor cellular uptake of 
carboplatin, which causes harmful side effects including 
haemolysis. Carboplatin delivery as PCL nanoparticles 
was able to avoid every sign of haemolysis. These results 
suggest that carboplatin delivered in the form of PCL 
nanoparticles are biocompatible and a safer way to treat 
cancer compared to free carboplatin, avoiding carboplatin-
induced DIIHA cases.15 However, the clinical relevance 
of this PCL is limited because DIIHA is rare; however, 
carboplatin is widely used for the treatment of many types 
of malignancy. To conclude, in this case report, we want 

to create awareness of DIIHA and make it recognizable 
as a serious and lethal adverse event. Terminating drug 
administration is obviously the first step of treatment. 
While some patients were treated with prednisone, a 
standard plan of action remains unclear as it could depend 
partly on drug-independent antibodies. New improvements 
of carboplatin administration (such as the PCL-enhanced 
administration) could be an alternative for patients with 
a carboplatin-sensitive tumour, but in whom carboplatin 
leads to DIIHA. However, more research is needed before 
this can be safely implemented into clinical practice.
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K E Y W O R D S

Acquired haemophilia A (AHA), malignancy

A B S T R A C T

Acquired haemophilia A is a rare disorder caused by 
spontaneous formation of auto-antibodies (inhibitors) 
against coagulation factor VIII. This can lead to 
life-threatening haemorrhages. Six to twenty-two percent 
of patients with acquired haemophilia have an underlying 
malignancy. We describe a 69-year-old woman with 
metastatic breast cancer and non-small cell lung carcinoma 
who presented at the emergency room with spontaneous 
bruising, and who was using a vitamin K antagonist. 
She had a prolonged activated partial thromboplastin time 
(aPTT) due to a coagulation factor VIII deficiency caused 
by factor VIII antibodies. She was treated with prednisone 
and cyclophosphamide.

I N T R O D U C T I O N

Acquired haemophilia A (AHA) is a disease caused by 
spontaneous formation of auto-antibodies (inhibitors) 
against coagulation factor VIII. This can lead to severe and 
potentially life-threatening haemorrhages. 
AHA is rare, with a reported incidence of 1.48 million/
year. Its frequency increases with age; the median age at 
diagnosis is 73.9 years.1,2 Aan underlying condition can be 
identified in about half of all cases. The most commonly 
associated conditions are autoimmune disorders, 
postpartum period, and solid or haematological tumours. 
In literature, the incidence rates for the coexistence of 

AHA and malignancy varies between 6-22%.3 Underlying 
malignancy is associated with worse prognosis of AHA.2

C A S E  R E P O R T

A 69-year-old woman presented at the emergency 
department with spontaneous bruising which started 

What was known on this topic?
Acquired haemophilia A is a rare disorder caused 
by spontaneous formation of auto-antibodies 
(inhibitors) against coagulation factor VIII. 
This can lead to life-threatening haemorrhages. 
Acquired haemophilia should be considered in 
patients with increased bleeding tendencies with 
a prolonged activated partial thromboplastin time, 
normal prothrombin time and platelet count, and 
a non-correcting mixing test. First-line treatment of 
acquired haemophilia A consists of prednisone and/
or cyclophosphamide. 

What does this add?
Acquired haemophilia A is a haematological 
emergency. When there is suspicion, the diagnosis 
should be made as soon as possible and a 
haemophilia treatment centre should be consulted. 
Six to twenty-two percent of patients with acquired 
haemophilia have an underlying malignancy. This 
is the first case described where there is acquired 
haemophilia A in a patient with two malignancies. 
Because it is a rare condition, registration of patients 
is of great importance to gain more insight into the 
etiology, treatment, and prognosis of the disorder.
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a week prior. Her medical history included metastatic 
breast cancer, for which palliative hormonal therapy 
(letrozole) was started, and non-small cell lung carcinoma, 
for which she had received chemoradiation therapy 
with curative intention. In addition, she had chronic 
obstructive pulmonary disease (COPD) and a mechanical 
aortic valve for which she used a vitamin K antagonist 
(acenocoumarol). Furthermore, she taking chlortalidone, 
metoprolol, losartan, Lyrica®, and oxycodone.
At physical examination, she had a blue, swollen right 
hand and a big haematoma on her left upper leg (figure 1). 
Laboratory testing showed a prolonged prothrombin time 
(PT) of 25.4 seconds and aPTT of 141 seconds (reference 
values: PT 9.5-12.5s, aPTT 20-30s). Platelet count was 
normal. After correction of the PT with prothrombin 
complex and vitamin K, the aPTT remained considerably 
prolonged (83s). Plasma mixing studies failed to correct 
the aPTT (57.2s after mixing, normal control 29.7s). 
The Rosner Index was 20.7, which indicates the presence 
of an inhibitor. The diagnosis of AHA was confirmed when 
there appeared to be an undetectably low concentration 
of factor VIII (< 0.01 IU/mL, normal value > 0.5 IU/mL) 
with a high titre of factor VIII antibodies (100.7 Bethesda 
Units, BU).
The day after admission, she started with high-dose 
prednisone (1 mg/kg) and was transferred to a haemophilia 
treatment centre. Given the high titre, it simultaneous 

administration of prednisone and cyclophosphamide 
was considered. However, the patient had recently been 
treated with chemoradiation therapy and therefore 
was already susceptible to serious infections. Starting 
cyclophosphamide, with great chance of additional 
toxicity, was considered too risky. Because of the extensive 
haematomas, the vitamin K antagonist was stopped. 
Given the risk of thrombosis of her aortic valve, we 
refrained from administration of a bypassing agent (like 
activated protrombincomplex or recombinant factor VIIa) 
and carefully followed the bleeding, which fortunately 
stabilized without the need for a bypassing agent. A few 
weeks after starting prednisone, the bleeding tendency 
was clinically reduced and the antibody titre dropped to 
27 BU. The aPTT, however, remained prolonged (around 
70s) and the factor VIII activity immeasurably low. 
Therefore, cyclophosphamide (100 mg a day) was started. 
However, because of intensive care admission with 
respiratory insufficiency due to a viral infection and an 
exacerbation of COPD, the immunosuppressive therapy 
was discontinued shortly after initiation. She received 
recombinant factor VIIa because of persistent bleeding 
after central line removal. After recovery from the 
infection, the cyclophosphamide was restarted at a dose of 
50 mg a day. Three months after starting treatment, she 
reached remission with unmeasurable antibody titre and 
normalization of factor VIII. At this point, her vitamin 
K antagonist was restarted. She did not experience any 
thrombotic complications related to her mechanic aortic 
valve. 

D I S C U S S I O N

There is a clear association between acquired haemophilia 
A and malignancy. The presence of factor VIII antibodies 
is considered a paraneoplastic phenomenon. Due to the 
rarity of the disease, there is insufficient data to make 
statements about haemophilia A in specific types of 
cancer, but there seem to be differences in prevalence. 
Previous studies show that about a quarter of patients with 
AHA and malignancy had a lung tumour and one-fifth 
to a quarter had prostate cancer or a gastro-intestinal 
malignancy.1,4,5 In total, there are four known cases of 
patients with haemophilia A and breast cancer. There are 
no cases known of patients with a double tumour. If the 
diagnostic work-up of a new AHA patient shows evidence 
of malignancy, it is important to consider that tissue biopsy 
must be deferred until remission of AHA, as there is a 
high risk of bleeding complications.
Acquired haemophilia A should be considered in all 
patients with a recent onset of increased bleeding tendency 
and a prolonged aPTT with a normal PT and platelet count. 
Given the seriousness of the disease, additional tests 

Figure 1. Extensive haematoma on the left upper leg 
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must be done as soon as possible to confirm (or reject) 
the diagnosis. If the aPTT does not correct with a mixing 
test, this indicates the presence of a circulating inhibitor 
directed against one of the coagulation factors (VIII, IX, 
XI or XII), but the presence of lupus anticoagulans can 
also lead to a non-correcting mixing test. To make the 
diagnosis, the activity of the coagulation factors must be 
measured. If there is a coagulation factor VIII deficiency, 
the antibodies can be quantified by the Bethesda assay 
(the Nijmegen modification of the assay). Recent studies 
demonstrate there is a significant association between the 
height of the antibody titre and factor VIII activity on the 
time to achieve remission and on overall survival.6,7 
Because of the rarity and severity of the condition, a 
haemophilia treatment centre must always be consulted 
and transfer should be discussed. Based on retrospective 
cohort studies and clinical research, guidelines and 
recommendations have been developed for the treatment 
of acquired haemophilia A. First advice is to strive for 
adequate haemostasis by means of recombinant factor 
VIIa (NovoSeven®) and activated prothrombin complex 
(Feiba®).8,9 No clinically relevant differences in efficacy 
and safety have been demonstrated and, if necessary, both 
products can be used simultaneously or sequentially if the 
effect of one product is insufficient.
As long as the antibody circulates in the blood, the risk 
of bleeding remains, and eradication of the inhibitor 
is therefore important. The development of antibodies 
against coagulation factor VIII is seen as an autoimmune 
phenomenon and is treated with immune suppressants. 
There are two treatment strategies: treatment with 
prednisolone only (1 mg/kg/day) or in combination with 
cyclophosphamide (1-2 mg/kg). Meta-analyses focusing 
on treatment results suggest that combination therapy 
is superior to prednisolone alone in achieving complete 
remission and disease-free survival. However, overall 
survival was not significantly better, probably because 
cyclophosphamide is associated with many severe and 
life-threatening side-effects like neutropenia-related 
infections.6,7,10 Therefore, the requirement to reduce the 
risk of severe bleeding always needs to be balanced 
with the risk of side effects, especially in the elderly 
and in patients with comorbidity that makes them more 
susceptible to infection. Treatment is monitored by 
determining aPTT, factor VIII activity and antibody titre. 

Meanwhile, attention should also be paid to the treatment 
of an underlying condition, if present.
In recent years, rituximab has been given more and 
more as second-line treatment. There are no randomized 
prospective studies comparing rituximab with other 
immunosuppressive treatments. Therefore, rituximab 
cannot yet be recommended as first line treatment.6,8,11 
In conclusion, AHA is a rare disorder that should be 
considered as a haematological emergency. It is idiopathic 
in half of all patients, and in the other half, there is a clear 
association with an underlying condition, for instance a 
malignancy. Since few data are available on treatment and 
prognosis, registration of patients is of great importance 
to gain more insight into this disorder, and its etiology, 
treatment, and prognosis. 
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A B S T R A C T

Introduction. Waterpipe (hookah) smoking is popular; in 
Dutch surveys, 26% of the respondents have smoked a 
waterpipe at least once. However, waterpipe smoking is not 
without risk. We present a series of carbon monoxide (CO) 
poisonings after waterpipe smoking and discuss the etiology 
and treatment of CO intoxication after waterpipe smoking. 
Case descriptions. We present three patients who presented 
with syncopial episodes and a variety of other neurological 
and circulatory symptoms after smoking a waterpipe. 
All patients had significantly elevated carboxyhaemoglobin 
levels (26%, 19% and 26%). Patients were treated with 
oxygen, following Dutch guidelines; one patient was 
admitted for eight hours of oxygen therapy. The other 
two patients were observed shortly, diverging from the 
guidelines because symptoms passed and the carboxyhae-
moglobin normalised.
Discussion. Reviewing combustion chemistry, the 
formation of CO is a logical consequence of using burning 
coals as a heat source. This is due to CO

2
 reduction with 

carbon. This chemical process has not previously been 
related to waterpipe smoking. Dutch guidelines advise 
eight hours of oxygen therapy. The research this guideline 
is based on, justifies therapy directed at symptom relief 
and carboxyhaemoglobin normalisation. This strategy may 
prevent unnecessary hospital admissions and exposure to 
high-dose oxygen. 
Conclusion. We described three cases of CO intoxication 
after waterpipe smoking and argue why this may not be 
an incidental finding. Greater awareness of this risk is 
urgently needed. We conclude that the literature does not 
firmly support a fixed treatment duration. 

K E Y W O R D S

Carbon monoxide, intoxication, hookah, toxicology, 
waterpipe, emergency

I N T R O D U C T I O N

Waterpipe (hookah) smoking is very popular, and the 
number of hookah lounges is growing. Studies in the 
United States show that waterpipe smoking is almost as 
popular as regular cigarette smoking.1 A survey in the 
Netherlands showed that, even though a small fraction 
(2-8%) of the population uses the waterpipe more than 
once a month; 26% of responders had experienced 
smoking a waterpipe at least once.2 Previous publications 
have described the risks of waterpipe smoking, in 
particular carbon monoxide (CO) intoxication.3 In this 
paper we describe a series of CO intoxications after 
waterpipe smoking and why this problem is likely to 
be a logical consequence. Furthermore, we discuss the 

What was known on this topic? 
Previous publications have reported carbon 
monoxide intoxications after waterpipe smoking. 
It is important to recognise this, often subtle, 
presenting intoxication because of possible serious 
complications and simple effective treatment 
possibilities. Most cases are best treated with high 
flow (normobaric) oxygen.
Waterpipe users and primary care clinicians should 
be aware that due to the process of CO

2
 reduction, 

carbon monoxide is formed with a burning coal as 
a heat source and therefore is forming a risk of CO 
intoxication.

What does this add? 
There is little evidence supporting a fixed duration 
of O

2 
treatment. Taking into account the possible 

adverse effects of high flow oxygen and necessity 
to admit patients, we advise treatment aimed on 
symptom relief and normalization of HbCO levels.
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treatment of CO intoxication and the rationale behind fixed 
treatment duration as described in the Dutch guidelines.

C A S E S

Patient A
Patient A, an 18-year-old male with mild asthma had 
smoked the waterpipe for one hour. After getting up 
from his seat, he lost consciousness for approximately 
two minutes, where after he managed to get up. When 
he collapsed a second time, bystanders called emergency 
services. Evaluation by ambulance personnel showed 
a widened gait and he was transported to the hospital. 
On assessment in the emergency department, the patient 
complained of mild dyspnea and a vibrating sensation 
throughout his body. Physical examination showed 
normal vital parameters, and pulse oximetry showed a 
saturation of 100% with no supplemental oxygen. Further 
physical examination, including neurological evaluation, 
showed no abnormalities. An echocardiogram (ECG) 
was unremarkable, and a venous blood gas analysis (VBG) 
was performed to screen for electrolyte disorders. The VBG 
showed a carboxyhaemoglobin (HbCO) concentration 
of 26% (normally ≤ 10% in smokers).4 The patient was 
treated with oxygen (O

2
) at 15L/min via a non-rebreathing 

mask (NRM). A VBG 90 minutes later showed a HbCO 
of 10% and after two hours, the patient was free of 
complaints. Further treatment was initiated according 
to Dutch guidelines in “het Acute Boekje”;5 the patient 
was admitted for eight hours of treatment with high-flow 
oxygen, where after he was discharged in good condition.

Patient B
Patient B, a 17-year-old male with no relevant past 
medical history, collapsed three times after smoking 
a waterpipe. In between the syncopal episodes, he felt 
lightheaded and vomited twice. On evaluation in the 
emergency department, he felt general weakness. Physical 
examination showed a tachycardia of 115/min, an O

2
 

saturation of 97%, and an occipital haematoma. The ECG 
and head computed tomography scan were unremarkable 
and the VBG showed a HbCO of 19%. Treatment 
with high-flow oxygen was started. After 1 hour and 
45 minutes, the patient was symptom-free and the HbCO 
was normalized to 7%. Because of complete resolution of 
symptoms, normalisation of HbCO and patient’s strong 
objection to admission, the patient was discharged home. 

Patient C
Patient C, a 24-year-old female with no relevant past 
medical history, presented after sitting in a hookah lounge 
for several hours, while only smoking for a brief period of 
time.

After getting up from her seat she felt unstable, weak, 
and subsequently collapsed. She had had no complaints 
of dyspnea, palpitations, or headache. In the emergency 
department, she was free of symptoms. Vital parameters, 
physical examination and ECG showed no abnormalities. 
VBG showed a HbCO of 26% and high-flow oxygen 
was started. After 90 minutes, the HbCO declined to 
9% and the patient was free of complaints. The treating 
physician diverged from the Dutch guidelines and decided 
to discharge the patient home. He did so because the 
initial symptoms were only mild and completely resolved; 
importantly, HbCO levels were normalised.

D I S C U S S I O N

All three described patients had a different presentation 
of an intoxication with CO after smoking a waterpipe. 
Previous publications have described how a waterpipe 
works and emphasised the fact that waterpipe smoking is 
more harmful than cigarette smoking.3,6 The best-known 
source of CO is incomplete combustion; this process plays 
a role in inhalation of smoke or exhaust fumes or gases 
from a malfunctioning heater. Yet, during waterpipe 
smoking another important CO-forming process, known 
as the Boudouard reaction, may play a role.7 
According to this reaction, reduction of CO

2
 with the hot 

carbon leads to the formation of CO: 
CO

2
 (g) + C (s)  2CO (g)

This reaction is temperature-dependent, and CO formation 
starts around 600°K (327°C) and exponentially increases 
at higher temperatures. Although no reports in medical 
literature exist on exact burning temperatures of hookah 
coals, hookah coal manufacturers report burning 
temperatures up to 650°C. Even though CO production 
starts dominating the reaction at temperatures exceeding 
700°C, the fraction of CO formed may well be relevant in 
causing CO intoxication.8 

In China, the formation of CO in burning coals is so 
widely known that many suicide attempts are done by 
burning coals in a sealed room.9

Taking into consideration both CO-forming processes, the 
chance of exposure to CO while inhaling over a glowing 
piece of coal is considerable. In electric waterpipes, the 
reduction of carbon will not play a role considering the 
absence of hot carbon.
After inhalation, CO has an affinity for haemoglobin 
200-300x that of oxygen. Furthermore, the oxygen affinity 
of CO-free haem groups is increased, thus impairing 
oxygen delivery. Consequently, CO impairs both oxygen 
uptake and delivery capacity. Besides the effects on oxygen 
transport, studies have also shown evidence that CO 
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interferes with the electron transport chain by impairing 
cytochrome C oxidase function.10 
Other experimental (ex vivo and animal) studies show 
evidence for CO-related oxidative stress and leukocyte 
mediated-inflammatory changes causing neuronal injury. 
Although incompletely understood, these non-HbCO-
dependent mechanisms may explain why symptoms 
at specific HbCO levels vary widely between patients. 
Therefore, interpretation of HbCO values alone does 
not provide a good estimation of the severity of the 
intoxication. Severe intoxications may present with 

relatively low HbCO levels, thus clinical symptoms should 
be leading. 

Table 1 describes general staging as described in recent 
literature.11 Aside from the acute symptoms, CO intoxication 
leads to persisting or later developing neurologic sequelae 
in 10-32% of patients. These late symptoms usually occur 
within days but may take months to develop. A diversity of 
symptoms has been described ranging from headache to 
impaired concentration (table 2).12 
As soon as the clinical suspicion of CO intoxication rises, 
high-flow oxygen over a non-rebreather mask should start 
immediately. Diagnostics should consist of a VBG; arterial 
blood gas has no diagnostic superiority.13 Normal values 
for HbCO vary from 0-5% in non-smokers to just over 
10% in heavy smokers. Thus, HbCO values over 5% in 
non-smokers and 10% in smokers, in combination with 
symptoms should be considered a CO intoxication.4,11 Pulse 
oximeters are not reliable in patients with CO intoxication 
because they cannot discriminate oxyhaemoglobin from 
carboxyhaemoglobin. This means the oxygen saturation 
value indicated reflects the sum of HbCO plus the true 
oxygen saturation (HbO2).4

Oxygen therapy displaces the CO from the haemoglobin; 
the half-life of HbCO is hereby reduced from approximately 
320 minutes to approximately 75 minutes.9 In some cases, 
hyperbaric oxygen therapy (HBOT) may be indicated. 
Using HBOT, it is possible to dissolve an amount of free 
oxygen in the plasma that meets tissue needs, regardless 
of the amount of haemoblogin blocked by CO. Moreover, 
HBOT has also been shown to inhibit leukocyte-mediated 
inflammatory changes and oxidative stress in the brain.14,15 
Several studies have shown a positive effect of HBOT on 
preventing neurologic sequelae.14 However a systematic 
review on the efficacy of HBOT in CO intoxication showed 
conflicting results. The pooled data from the six trials 
showed an odds ratio for neurologic sequelae of 0.78 
(95% CI: 0.54 to 1.12) compared to normobaricoxygen.16 
Considering the possible harmful effects (barotrauma, 
oxygen toxicity) and limited availability, this therapy is 
only indicated for a limited category of patients. HBOT can 
be indicated in case of a high-risk intoxication including 
patients with ECG changes, coma, severe lactic acidosis, 

Table 1. General staging of CO intoxications.11 Please note no clear correlation between HbCO level and symptom 
severity exists and clinical symptoms are leading in determining intoxication severity

Mild Moderate Severe

Suggested carboxy-
haemoglobin (HbCO) % 

< 10% 10-25% 20-25%

Symptoms None Headache, lethargy, tiredness Loss of consciousness, 
confusion, signs of cardiac 
ischemia

Table 2. Late and persisting sequelae of CO 
intoxications12

Neurologic Cognitive/psychologic

Parkinson-like syndromes Concentration disorders

Walking and movement 
disorders

Memory loss

Bradykinesia Cognitive disorders

Intention tremor Dementia

Myoclonia Personality changes

Dyspraxia Anxiety

Dysphasia Emotional lability

Ataxia Psychosis

Postural instability Depression

Vertigo Mania

Cortical blindness Insomnia

Loss of hearing

Chorea

Electroencephalography 
(EEG) abnormalities

Epilepsy

Peripheral neuropathy

Recurrent headaches

Incontinence
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or pregnancy. For these patients, early consultation with a 
hyperbaric centre is essential.
One of our patients was admitted for oxygen therapy; 
this treatment strategy was chosen based on Dutch 
guidelines. These guidelines state that any patient 
with a CO intoxication (with no contra indications for 
treatment and no indication for hyperbaric treatment), 
treatment should consist of eight hours of high-flow 
oxygen. However, evidence for this treatment strategy 
is weak. The recommended eight hours originate from 
a study analysing the average time to diminishing of 
symptoms and normalising of HbCO, during treatment 
with normobaric high-flow oxygen and HBOT. In the 
normobaric oxygen group (n = 30), an average of 4.2 hours 
(SD 3 hours) was found in this study.14 Treatment until 
symptom resolution and HbCO normalisation seems 
just as effective in both short and long-term.4 Using this 
strategy, which is recommended by authorities such as the 
United States’ Centers for Disease Control and Prevention 
(CDC), unnecessary admission and exposure to high 
concentrations of oxygen can be prevented.17 In patients 
with sepsis, traumatic brain injury, and cardiac ischaemia, 
hyperoxygenation has been related to adverse effects 
including increased formation of reactive oxygen species 
that cause reperfusion injury and worse outcomes.18 These 
outcomes justify prudence in using high-flow oxygen for 
an extended period of time.

C O N C L U S I O N

Waterpipe smoking and using hot coals as a heat source is 
popular but more harmful than one might consider due 
to the risk of CO intoxication. A broader awareness of this 
risk in both waterpipe users and primary and emergency 
care providers is essential. In patients presenting with 
altered mental status or atypical neurological complaints, 
CO intoxication should be included in the differential 
diagnosis. Informing about waterpipe use and VBG 
analysis are rapid and simple but essential in diagnosing 
CO intoxication.
We advise that patients should be treated with high-flow 
oxygen until symptoms resolve and HbCO normalises. 
Standard treatment duration is not strongly supported by 
studies and treatment with high-flow oxygen may well have 
harmful effects. 
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P H O T O  Q U I Z

To diagnose from scratch: crusted scabies 
mimicking a T-cell lymphoma

B.J. Visser*1, R.J. Bosman2, J.W.M. Engelen3, P.H.J. van der Voort2

Departments of 1Internal Medicine, 2Intensive Care, 3Dermatology, Onze Lieve Vrouwe Gasthuis, 
Amsterdam, the Netherlands. *Corresponding author: b.j.visser@amsterdamumc.nl

C A S E  R E P O R T

A 68-year-old male from Suriname was admitted to our 
intensive care unit (ICU) with progressive respiratory 
failure with a cavitating lung lesion. On admission, a 
de novo HIV infection with a CD4 count of 370 cells/µl 
and a viral load of 2.132.715 copies/ml was diagnosed. 
Cachexia was present (body mass index 16.9 kg/m2) 
with a blood pressure of 100/60 mmHg, pulse 124/
min and a temperature of 39.4°C. The patient was 
erythroderm and covered with brown-white plaques 
and profound white-yellowish scaling (figures 1A and 
B). His whole body, including his face and scalp was 
affected. His nails were discoloured, thickened and 
some were dystrophic. He continuously experienced 
pruritus, despite daily washing of his skin and twice 

daily applying Vaseline or indifferent ointment on 
his skin by nurses or family members. Severe scaling 
of the skin necessitated his bedsheets to be replaced 
frequently. A skin biopsy (from the elbow, see figure 
1A) showed an orthokeratotic keratinizing epidermis, 
also slightly acantholytic thickening with an influx of 
lymphocytes. Immunohistochemical additional colouring 
did not identify herpes simplex, herpes zoster, or Borrelia. 
The intra-epidermal and peri-vascular lymphocytes were 
positive for marker CD3 and particularly CD4. Markers 
CD20 and CD30 were negative. 

W H A T  I S  Y O U R  D I A G N O S I S ? 

See page 161 for the answer to this photo quiz. 

Figure 1A. Brown-white hyperkeratotic plaques on the 
elbow

Figure 1B. Erythaema with fine white scaling and 
yellow-white plaques
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The pathologists concluded an atypical population of T 
cells suspicious for mycosis fungoides or Sezary-syndrome 
(cutaneous T-cell lymphoma). To confirm this diagnosis, 
blood samples were sent to a reference centre for 
immunophenotyping. However, this showed a more 
reactive T-cell population with CD8+ cells with an effector 
phenotype, activated HLA-DR (Human Leukocyte Antigen 
- DR isotype) and normal expression of CD2,3,4,5,7 and 
8; only a small number of CD8+ cells expressed CD30. 
Hence, the diagnosis of cutaneous T-cell lymphoma was 
not confirmed. Treatment of this T-cell lymphoma was 
postponed because of his critical illness. During his 
stay in the ICU, his skin condition somewhat improved 
after systemic antibiotics (meropenem and ciprofloxacin) 
were started for a pulmonary infection. Anti-retroviral 
therapy with dolutegravir, emtricitabine and tenofovir 
was initiated almost directly after admission but did 
not affect his skin lesions. Two weeks after the start of 
systemic antibiotics, steroid cream (class 4) was advised 
by the dermatologist and applied twice daily for treatment 
of his T-cell lymphoma. The patient experienced less 
itching, the crusted skin lesions disappeared slowly, and 
the non-crusted skin became darker. However, the skin 
lesions did not disappear completely, still affecting the face, 
armpits, elbows, legs, and abdomen.

Approximately two months after ICU admission of our 
patient, a nurse was diagnosed with scabies by his general 

practitioner. This fact alarmed the staff that the patient 
could have unrecognized crusted or “Norvegian scabies”. 
A skin-scraping and microscopy examination was then 
performed on the patient, which identified countless mites 
and mites eggs (figures 2A and B) and thus confirmed 
the diagnosis of crusted scabies. Treatment consisted 
of ivermectin orally on days 1, 2, 8, 9, 15, 22, and 29. 
Permetrin 50 mg/g cream was applied on the skin daily. 
After a few days, his crusted skin lesions completely 
disappeared. With the diagnosis of scabies in mind, the 
histopathology was revised and sent out for second opinion; 
in addition to scabies, there was still a strong suspicion 
of a cutaneous T-cell lymphoma (CD8-positive mycosis 
fungoides). Unfortunately, the patient died due to other 
complications before receiving treatment for this suspected 
T-cell lymphoma.

Crusted or disseminated scabies is a diagnosis that is 
frequently missed and can lead to hospital outbreaks.1 
It can occur in patients that have compromised cellular 
immunity, e.g. HIV-infection, human T-cell lymphotropic 
virus type 1 (HTLV-1) infection, lymphoma, and Hansen’ 
disease (leprosy). A high number of scabies mites are 
present, and it is therefore very contagious. In our hospital, 
the Outbreak Management Team identified approximately 
400 health workers who had some form of contact with 
the patient. They all received, according to Dutch national 
guidelines a prophylactic treatment of a single dose of 
ivermectin. Four individuals who nursed the patient 
intensively in the ICU department were diagnosed with 

Figure 2A. Scabies mite Figure 2B. Scabies eggs

(Both photos from patient)

A N S W E R  T O  P H O T O  Q U I Z  ( P A G E  1 6 0 )
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scabies. The high-level standard hygienic measures (strict 
hand hygiene, wearing gloves and medical gowns at all 
patient-related activities) probably explains the low number 
of health workers infected, compared to other previous 
hospital outbreaks.2 Retrospectively, the skin lesions 
significantly improved and the skin was less discoloured 
2-3 days after starting meropenem and ciprofloxacin. There 
are no similar reports published, except for a 7-day course 
of co-trimoxazol which was not effective against scabies.3 
The most plausible explanation in our opinion, is that 
these systemic antibiotics treated unrecognised secondary 
bacterial infections of the skin (e.g. cellulitis), which are 
common in crusted scabies but more difficult to diagnose 
in dark skin. The effects of topical corticosteroids are 
known to diminish hyperkeratotic skin lesions and reduce 
the pruritus, and is therefore often described as “scabies 
incognito”. It is known that a skin biopsy in crusted scabies 
can mimic other cutaneous diseases, such as Langerhans 
cell histiocytosis.4 The revised histopathology showed a 
strong suspicion of a T-cell lymphoma; however, several 
diseases can mimic CD8+ T-cell lymphoproliferative 
disorders.5 This emphasizes the indispensability of clinical-
pathological correlation in pathology requests. 

This case illustrates that we, as physicians, are prone to 
several forms of cognitive bias. We relied too heavily on the 
presumptive diagnosis of the pathologist and we failed to 
make a proper list of differential diagnosis. This is a form 
of “anchoring”, a cognitive bias when a person relies too 
heavily on the initial piece of information he/she receives 
when making a diagnosis. Here, anchoring resulted in 
premature closure in the diagnostic process and delay in 
appropriate treatment. 
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P H O T O  Q U I Z

A spleen like you’ve never seen?
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C A S E  R E P O R T

A 59-year-old female was admitted to the Intensive Care 
Unit (ICU) in respiratory distress. She was admitted to the 
general ward three days before with misery and fatigue, and 
became rapidly dyspnoeic at day three. Influenza A virus 
testing was positive, despite her annual preventive influenza 
vaccination.
Medical history revealed proven systemic lupus 
erythematosus (SLE), nephritis with slow progressive 
kidney failure, living related kidney transplant in 
1995 resulting in chronic allograft nephropathy, living 
unrelated kidney transplant in 2015, mild mitral valve and 
moderate aortic valve insufficiency with left ventricular 
hypertrophy, and interstitial lung disease since 2018. 
Known prescribed medications were omeprazole, 
prednisolone, tacrolimus, everolimus, irbesartan and 
montelukast. 
Physical examination showed a very tachypnoeic patient 
with use of accessory respiratory muscles, respiratory rate 
40/minute, SatO

2
 68% with 15 litres/minute oxygen on a 

non-rebreather-mask, blood pressure of 190/105 mmHg, 
heart rate of 155/minute and tympanic temperature of 
37.4°C. Blood gas analysis showed a non-compensated 
metabolic acidosis (pH 7.27, pCO

2
 6.1 kPa, HCO3- 

21.0 mmol/l, base excess -5.9 mmol/l) and hypoxia (pO
2
 

8.1 kPa, SatO
2
 88%). We started respiratory support with 

non-invasive ventilation. Laboratory results showed no 
leukocytosis, elevated C-reactive protein of 116 mg/l, 
lactate of 3.0 mmol/l and n-terminal prohormone of 
brain natriuretic peptide (NT-proBNP) of 34847 pg/mL. 
Chest X-ray showed extensive bilateral infiltration of lower 
lung fields and pleural effusion. CT scan of the chest was 
performed to exclude pulmonary emboli, which were not 
present. We suspected cardiogenic pulmonary oedema 
and started treatment with furosemide, nitroglycerine, 
milrinone, and hydrocortisone stress scheme. Moreover, 
we treated her with oseltamivir and cefotaxime, later on 
switched to ceftazidime because of a sputum culture 
showing Pseudomonas. With this treatment, our patient 
recovered rapidly, and we waived further diagnostics (on 
for instance Aspergillosis).
While reviewing the X-ray and CT scan (figure 1), we 
noticed an odd and interesting image directly under the 
left hemidiaphragm.

W H A T  I S  Y O U R  D I A G N O S I S ?

See page 164 for the answer to this photo quiz.

Figure 1A-C. X-ray and CT scan of the chest, showing an odd and interesting image directly under the left 
hemidiaphragm. Panel A: chest X-ray; panel B: CT scan chest axial view; panel C: CT scan chest sagittal view)

A B C
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X-ray and CT scan of the chest showed extensive 
small-sized calcifications of the spleen (figure 1). 
Various autoimmune disorders can cause splenic 
abnormalities, like splenomegaly and splenic infarction. 
SLE is a chronic multisystemic autoimmune disease, 
in which several organs and tissues are damaged by 
pathogenic autoantibodies and immune complexes. 
Abdominal involvement of SLE can occur in virtually 
any organ within the abdominal cavity, although only 
renal involvement integrates diagnostic criteria.1 Rupture, 
splenomegaly, infarction, infections, and atrophy of the 
spleen have been recognized in patients with SLE. Rapid 
enlargement of the spleen in a lupus patient should raise 
concern for the possibility of lymphoma.2 
Splenic calcifications have been reported in SLE and 
in various other diseases such as rheumatoid arthritis, 
systemic sclerosis, amyloidosis, sickle cell anaemia, 
anthracosilicosis, lymphoma, infections (histoplasmosis, 
tuberculosis, brucellosis, candidiasis, Pneumocystis 

jirovecii), trauma and coeliac disease.3-5 Despite this wide 

range of causes, splenic calcifications still remain rare 
and reports on prevalence are not available. In our case, 
these other causes of splenic calcifications like infections 
(negative HIV testing, interferon gamma-release 
assay – tuberculosis negative), sickle cell anaemia, 
lymphoma and environmental causes were ruled out 
from the history, clinical examination and laboratory 
findings. Segmental splenic infarction associated with 
lupus anticoagulants and anti-cardiolipin antibodies 
can also result in splenic calcification, however were 
negative in our patient. Whether splenic calcification 
can predispose to hyposplenism remains unclear.3 
It may precede autosplenectomy and hyposplenism, 
possibly emphasizing the importance of pneumococcal 
vaccination.6 
The guideline on hyposplenism from the ‘Dutch National 
Institute for Public Health and the Environment’ 
recommends vaccination and antibiotics for patients 
with sickle cell disease, splenic infarction and radiation 
of the spleen. In other diseases able to cause functional 
hyposplenism (table 1) like SLE, this is less clear. 
Peripheral blood smear without Howell-Jolly bodies does 

Table 1. Diseases with risk of functional asplenia (adapted from the guideline Asplenia, Dutch National Institute 
for Public Health and the Environment)

Diseases

Cardiac Congenital cyanotic heart diseases

Intestinal Celiac disease*
Inflammatory bowel diseases (mainly colitis ulcerosa)

Liver Cirrhosis, with or without portal hypertension*
Chronic active hepatitis

Haematological Sickle cell disease*
Other haemolytic anaemia with extreme haematopoiesis
Primary thrombocythemia

Auto-immune Vasculitis (splenic infarction)*
Systemic of discoid lupus erythematosus*
Rheumatoid arthritis

Infiltrating Amyloidosis
Sarcoidosis

Vascular Splenic artery occlusion
Splenic vein thrombosis
Coeliac artery thrombosis

Other Graft versus host disease
Stem cell transplantation*
High dosed steroids
Radiation of spleen (Hodgkin’s disease)*
HIV infection with low CD4-cell count

* One of more common causes of functional asplenia

A N S W E R  T O  P H O T O  Q U I Z  ( P A G E  1 6 3 )

A  S P L E E N  L I K E  Y O U ’ V E  N E V E R  S E E N ?
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not exclude functional hyposplenism, and ultrasound and 
CT imaging is inefficient to judge splenic function. Spleen 
scintigraphy could be conclusive, but is invasive. So, in 
these cases, the advice to treating medical specialists is 
to not routinely provide vaccination and antibiotics to all 
patients with potential hyposplenism, but to individually 
assess each case in consultation with an infectious diseases 
consulant.7
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