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Abstract

Background Long-term continuous intra-arterial nimodip-

ine infusion (CIAN) is a rescue therapy option in cases of

severe refractory cerebral vasospasm (CV) following acute

non-traumatic subarachnoid hemorrhage (SAH). However,

CIAN therapy can be associated with relevant side effects.

Available studies focus on intracerebral complications,

whereas extracerebral side effects are rarely examined.

Aim of the present study was to generate descriptive data

on the clinical course during CIAN therapy and

expectable extracerebral side effects.

Methods All patients treated with CIAN therapy for at

least 5 days between May 2011 and December 2015 were

included. We retrospectively extracted data from the

patient data management system regarding the period

between 2 days before the beginning and 5 days after the

termination of CIAN therapy to analyze the course of

ventilation parameters and pulmonary gas exchange,

hemodynamic support, renal and liver function, integrity of

the gastrointestinal tract, and the occurrence of infectious

complications. In addition, we recorded the mean daily

values of intracranial pressure (ICP) and intracerebral

problems associated with CIAN therapy.

Results Data from 28 patients meeting inclusion criteria

were analyzed. The mean duration of long-term CIAN

therapy was 10.5 ± 4.5 days. Seventeen patients (60.7%)

reached a good outcome level (Glasgow Outcome Scale

[GOS] 4–5) 6 months after SAH. An impairment of the

pulmonary gas exchange occurred only at the very begin-

ning of CIAN therapy. The required vasopressor support

with norepinephrine was significantly higher on all days

during and the first day after CIAN therapy compared to

the situation before starting CIAN therapy. Two patients

required short-time resuscitation due to cardiac arrest

during CIAN therapy. Acute kidney injury was observed in

four patients, and one of them required renal replacement

therapy with sustained low-efficiency daily dialysis. Dur-

ing CIAN therapy, 23 patients (82.1%) needed the

escalation of a previous antiinfective therapy or the onset

of antibiotics which was in line with a significant increase

of C-reactive protein and white blood cell count. Obsti-

pation was observed in 22 patients (78.6%). Ten patients

(35.7%) even showed insufficient defecation on at least

seven consecutive days. Compared to the situation before,

ICP was significantly higher during the whole period of

CIAN therapy.

Conclusions Long-term CIAN therapy is associated with

diverse side effects. The leading problems are an impair-

ment of the hemodynamic situation and cardiac problems,

an increase in infectious complications, a worsening of the

motility of the gastrointestinal tract, and rising ICP values.

Teams on neurointensive care units must be aware of these

side effects to avoid that the beneficial effects of CIAN

therapy on CV reported elsewhere are foiled by the prob-

lems this technique can be associated with.
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Introduction

Cerebral vasospasm (CV) following acute non-traumatic

subarachnoid hemorrhage (SAH) is a severe complication

which occurs in about 75% of patients surviving the initial

bleeding and which leads to delayed cerebral ischemia

(DCI) in 17–40% possibly causing serious secondary brain

damage [1]. The calcium antagonist nimodipine has been

shown to reduce the rate of DCI and poor outcome after

SAH [2–5]. Aggressive management of DCI seeking nor-

movolemic hypertension can contribute to improve

functional outcomes [6, 7]. However, some patients need

measures beyond this to avoid development of extensive

cerebral ischemia. Whereas a decrease in mortality and

improvement in the functional outcome of patients with

poor-grade SAH was seen in the decades from 1970 to

1990, the rate of patients with a favorable functional out-

come did not increase since then [8]. This reflects the need

for new therapeutic strategies.

Endovascular treatment with intra-arterial approaches,

may improve the outcome of patients with severe and

refractory vasospasm [9]. Thereby, long-term continuous

intra-arterial nimodipine infusion (CIAN) is a promising

technique for treatment of refractory CV [10] and is part of

our in-house standard in cases of severe refractory CV. In a

preliminary study, we could verify the feasibility of this

technique and found an improved overall outcome com-

pared to a historical cohort of patients with only maximum

conservative treatment [11].

CIAN therapy, however, can be challenging for inten-

sive care teams due to side effects. Preceding studies on

endovascular therapy focused on intracerebral effects and

complications. Hence, we conducted a retrospective

observation study to describe the clinical course during

CIAN therapy and quantify the frequency and severity of

side effects.

Methods

The study was approved and conducted according to the

Ethical Care Committee of the University of Regensburg

(approval number 15-104-0251).

All patients older than 18 years treated on the neuroin-

tensive care unit of the University Hospital Regensburg

suffering from acute non-traumatic SAH between May

2011 and December 2015 were included when they needed

CIAN therapy for at least 5 days.

Additional to standard intensive care, all patients were

treated according to the in-house standard protocol for

acute non-traumatic SAH which complies with the rec-

ommendations given by the Neurocritical Care Society’s

Multidisciplinary Consensus Conference [12] and the

national German medical societies for neurology and

neurosurgery (www.awmf.de). Depending on the hemo-

dynamic situation, patients received oral or enteral

nimodipine (dosage up to 60 mg every 4 h) beginning on

the day of admission to the intensive care unit (ICU).

Cerebral aneurysms which were detected to be the bleeding

source were secured either by endovascular or surgical

technique as soon as possible. Alert patients with signs of

hydrocephalus and all comatose patients received an

external ventricular drain (EVD, NEUROVENT, Raume-

dic, Helmbrechts, Germany). All patients were daily

examined with transcranial Doppler (TCD) sonography.

In cases of increasing mean flow velocity (MFV) in a

middle cerebral artery in patients receiving sedative med-

ication to values higher than 160 cm/s or an increase of

more than 50% within 24 h or if a deterioration of the

neurological status in alert patients occurred, DCI was

assumed [13, 14]. The further diagnostic and therapeutic

steps were than performed according to a standard oper-

ating procedure (SOP, Fig. 1).

First computed tomography angiography (CTA) was

conducted. All patients with corresponding signs of severe

CV in the CTA (arterial narrowing of more than 50% of the

vessel diameter or irregularities in vessel diameter) were

immediately treated according to normovolemic hyperten-

sion strategy using norepinephrine to reach elevated values

of cerebral perfusion pressure (CPP). In alert patients, the

efficiency of this therapy was monitored by frequent clinical

examination of the neurological status. Sedated patients

received multimodal neuromonitoring by additional bilat-

eral measurement of brain tissue oxygen (PbtO2,

NEUROVENT-PTO, Raumedic, Helmbrechts, Germany,

Licox, Integra LifeSciences Corporation, Plainsboro, USA),

and monitoring of cerebral blood flow (CBF, Bowman

Perfusion Monitor, Hemedex, Cambridge, USA) in the area

supposed to be mostly affected. In cases of persisting

deteriorated neurological status, patients who did not

require sedation in the course of ICU treatment so far were

also intubated and sedated and received multimodal neu-

romonitoring as described above. When PbtO2 remained

below 15 mmHg and CBF below 20 ml/100 g/min indi-

cating persisting cerebral ischemic conditions despite

maximum extension of normovolemic hypertension ther-

apy, digital subtraction angiography (DSA) was conducted.

When severe CV was confirmed in DSA (arterial narrowing

of more than 50% of the vessel diameter or irregularities in

vessel diameter), CIAN therapy was started. Patients with

signs of cerebral infarctions in prior CT scans, however,

were generally excluded from CIAN therapy due to sus-

pected high risk of cerebral bleeding into the infarct areas

with the onset of therapeutic anticoagulation.
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To enable CIAN therapy, a 6-French guiding catheter

(Envoy Guiding Catheter, DePuy Synthes, Raynham, USA)

was inserted through an introducer in a femoral artery.

Depending on the distribution and aspect of CV in DSA,

one or two microcatheters (RebarTM14, Medtronic,

Minneapolis, USA) were placed through this guiding

catheter in one or both internal carotid arteries and in one

vertebral artery, respectively. Adapted to the approach

suggested by Mushal et al. [15] at each microcatheter,

infusion of undiluted nimodipine solution (0.2 mg/ml,

Bayer, Leverkusen, Germany) was started with 0.5 mg/h

and sodium chloride 0.9% was added in bypass at a rate of

22.5 ml/h. In addition, therapeutic anticoagulation with

non-fragmented heparin was begun with an aimed partial

thromboplastin time (PTT) of 50–60 s.

In the further course of treatment, the dosage of

nimodipine was adapted up to a maximum rate of

1.6 mg/h per catheter to maintain values of PbtO2 and

CBF above the cutoff 15 mmHg and 20 ml/100 g/min,

respectively. The previously initiated normovolemic

hypertension therapy was continued in parallel. After

reaching stable conditions with continuing PbtO2 higher

than 15 mmHg and CBF above 20 ml/100 g/min and low

MFV in TCD, infusion of nimodipine was gradually

reduced. The microcatheters were removed as soon as

the values of PbtO2 and CBF remained within the target

range for more than 24 h after pausing of nimodipine

infusion. In patients with reoccurrence of severe CV,

CIAN therapy was repeated if necessary. The enteral

application of nimodipine was stopped during CIAN

therapy and subsequently started again. During CIAN

therapy, norepinephrine was primary used for hemody-

namic support. All patients got at least one cerebral CT

scan after the end of CIAN therapy.

Some patients required more than one episode of intra-

arterial nimodipine infusion. To facilitate comparison

between the patients, the period of CIAN therapy was

defined to be the space of time from starting CIAN for the

first time until the end of the last episode of intra-arterial

infusion (‘‘Day 1’’ to ‘‘Last day’’). For each day of this

period of CIAN therapy and, in addition, the 2 days prior to

(‘‘Day -2,’’ ‘‘Day -1’’) and the 5 days after (‘‘Day +1’’ to

‘‘Day +5’’) the period of CIAN therapy, the parameters

shown in Table 1 were extracted from the patient data

management system (PDMS, MetaVision SuiteTM, iMD-

soft, Tel Aviv, Israel). Furthermore, available documents

were screened as for noticeable extracerebral and cerebral

complications which occurred during ICU treatment.

Statistical analysis was performed using IBM SPSS

StatisticsTM 24 (IBM, Armonk, USA). Categorical data

were expressed according to the distribution frequency as

count (%). Metric data were displayed as mean ± standard

deviation together with minimum and maximum or were

graphically represented using box plot diagrams. For

comparisons of single time-points, Wilcoxon signed-rank

test was used. P values <0.05 were considered statistically

significant.

Fig. 1 Standard operating procedure for CIAN therapy. SOP Stan-

dard operating procedure CIAN therapy, SAH subarachnoid

hemorrhage, TCD transcranial Doppler sonography, CT computed

tomography, CV cerebral vasospasm, PbtO2 brain tissue oxygen, CBF

cerebral blood flow, DSA digital subtraction angiography, CIAN

continuous intra-arterial nimodipine infusion
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Results

Demographic Data

Within the observation period, 214 patients with SAH were

admitted to the ICU. Thirty-five patients (16.4%) were

treated with CIAN therapy. Twenty-eight patients (13.1%)

fulfilled inclusion criteria, 18 of them female (64.3%) and

10 male (35.7%). Seven patients who had CIAN therapy

were excluded due to age under 18 years (two patients) and

duration of CIAN therapy shorter than 5 days (five

patients), respectively. Table 2 shows the demographic

data of the study patients including localization of the

aneurysm and Glasgow Outcome Scale (GOS) score at the

time of ICU discharge and 6 months after SAH.

Mean age was 51.6 ± 7.9 years (minimum 32 years;

maximum 64 years). The severity of SAH was classified as

World Federation of Neurosurgical Societies (WFNS)

grade 1 in six (21.4%), WFNS 2 in six (21.4%), WFNS 3 in

four (14.3%), WFNS 4 in four (14.3%) and WFNS 5 in

eight patients (28.6%). More than one cerebral aneurysm

was detected in three patients (10.7%); no bleeding source

could be found in one patient. In most cases, the aneurysm

was secured by endovascular technique (24 patients,

85.7%), and three patients required surgical treatment. An

EVD was established in 27 patients within 4 days after

admission, and one patient needed no external drainage of

cerebrospinal fluid during the whole course of ICU treat-

ment. The mean period of ICU stay was 36.2 ± 11.7 days

(minimum 14 days; maximum 68 days). Three patients

died in the ICU as treatment was aborted due to infaust

prognosis because of severe intracerebral bleeding in one

and multiple cerebral infarction despite CIAN therapy in

two patients, respectively. The severe intracerebral bleed-

ing in patient # 27 was caused by changing of the EVD due

to occlusion. This patient was treated with dual antiplatelet

therapy after placement of a flow diverter for securing of

the aneurysm and, in addition, a mild therapeutic antico-

agulation with non-fragmented heparin.

Overall, 17 patients (60.7%) reached good outcome

levels (GOS 4 or 5) 6 months after SAH. Within the 12

patients with poor-grade SAH (WFNS 4 or 5), seven

(58.3%) had a good outcome, and within the 16 patients

with SAH, WFNS 1–3 ten (62.5%).

CIAN Therapy

Table 3 shows how CIAN therapy was performed in the

individual patients. The mean time of onset of CIAN therapy

was day 8 ± 3 (minimum day 1; maximum day 13) after

admission to ICU. More than one episode of CIAN therapy

was required in 11 patients. The mean duration of the period

of long-term CIAN therapy as defined above was

10.5 ± 4.5 days (minimum 5 days; maximum 20 days).

The mean cumulative dose of nimodipine given during

CIAN therapy is shown in Fig. 2. The dosage was raised

rapidly and then gradually reduced.

Course of ICU Treatment During CIAN Therapy

Analgosedation

At the time of conducting CTA according to the SOP, 15

patients (53.6%) had already require analgosedation and

ventilation, and 13 patients (46.4%) were still alert. During

CIAN therapy, all patients had deep sedation (Richmond

Agitation Sedation Scale, RASS-5) with propofol, mida-

zolam, ketamine, and sufentanil.

Ventilation and Pulmonary Complications

The time course of PaO2/FiO2 reflecting the impairment of

pulmonary gas exchange is illustrated in Fig. 3. PaO2/FiO2

Table 1 Parameters examined during period of CIAN therapy

Analgosedation: dosage of propofol, midazolam, ketamine and sufentanil

Ventilation parameters and pulmonary gas exchange: PaO2/FiO2 (arterial partial oxygen pressure/fraction of inspired oxygen)

Hemodynamic support: dosage of norepinephrine

Renal function: serum creatinine and urine output for calculation of AKIN criteria score [16, 17].

Infect situation: C-reactive protein (CRP), white blood cell count (WBC), antiinfective therapy

Gastrointestinal tract: mean daily gastral reflux, defecation pattern.

Classification of defecation pattern according to [18]. Sufficient daily defecation: cumulative stool volume >150 ml/day or enough formed

stool corresponding to the assessment of the attending nurse; inadequate defecation pattern: at least more than three consecutive days

without sufficient daily defecation

Liver: serum total bilirubin and serum alanine aminotransferase (ALT)

ICP: mean daily value of ICP

ALT alanine aminotransferase, AKIN acute kidney injury network, CRP C-reactive protein, ICP intracranial pressure, PaO2/FiO2 arterial partial

oxygen pressure/fraction of inspired oxygen, WBC white blood cell count
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was significantly lower (P = 0.011) on ‘‘Day 2’’ compared

to ‘‘Day 1.’’ The values, however, returned to base level for

the rest of the period of CIAN therapy.

Hemodynamic Situation and Cardiac Complications

During CIAN therapy, all patients needed vasopressor

support with norepinephrine to realize the CPP aims of

normovolemic hypertension strategy. The required daily

dosage of norepinephrine before, during, and after CIAN

therapy is shown in Fig. 4. Compared to the day before

CIAN therapy was started (‘‘Day -1’’), the dosage of

norepinephrine was significantly higher on all days during

and the first day after CIAN therapy (‘‘Day -1’’ vs. ‘‘Day

1’’ P < 0.001; ‘‘Day -1’’ vs. ‘‘Day 2’’ P < 0.001; ‘‘Day

-1’’ vs. ‘‘Middle’’ P < 0.001; ‘‘Day -1’’ vs. ‘‘Next to last

day’’ P < 0.001; ‘‘Day -1’’ vs. ‘‘Last day’’ P < 0.001;

‘‘Day -1’’ vs. ‘‘Day +1’’ P < 0.001).

Table 2 Demographic data, localization and therapy of aneurysm, preexisting diseases, and outcome

Patient Gender Age Body

weight

WFNS Aneurysm Therapy GOS (end

of ICU)

GOS

(6 months)

Preexisting diseases Duration of

ICU treatment

1 F 59 58 2 ACoA;

MCA

Coiling 3 4 AH, COPD 68

2 F 50 130 1 ACoA Coiling 3 4 Obesity 33

3 F 45 62 3 ACA Coiling 5 5 – 25

4 M 60 100 3 ACoP Coiling 5 5 AH, AF 35

5 F 51 52 1 ACoA Coiling 5 5 AH 38

6 F 50 65 3 ACI Coiling 2 1 AH 14

7 F 46 65 5 ACoA Coiling 2 3 – 46

8 M 53 80 5 ACoA Coiling 4 4 – 37

9 F 56 65 5 ACoA Coiling 4 5 Depression 44

10 F 53 60 2 ACI Coiling 4 5 – 50

11 M 39 75 4 PICA Coiling 5 5 Alcohol/nicotine abuse 35

12 F 42 85 4 ACoA Coiling 5 5 Obesity 29

13 F 55 65 5 MCA Clipping 3 3 Depression, substance abuse,

condition after cancer

39

14 M 61 70 1 ACoA;

MCA;

BA

Coiling 2 3 AH, chronic renal

insufficiency, nicotine

abuse

41

15 F 47 65 1 BA Coiling 1 – – 10

16 M 49 80 1 ACoA Coiling 3 4 AH 32

17 F 53 65 5 MCA Clipping 3 5 Nicotine abuse 43

18 F 32 87 2 BA Coiling 3 5 Nicotine abuse 36

19 M 52 75 4 ACI Coiling 3 4 Condition after apoplexy 45

20 F 64 70 5 ACoA Clipping 2 2 AH 40

21 M 48 90 5 ACA Coiling 3 2 AH, nicotine abuse 46

22 F 44 70 4 ACoP;

MCA

Coiling 3 5 – 45

23 M 41 85 5 ACoA Coiling 3 3 AH 43

24 M 64 80 1 No

aneurysm

5 5 AH 30

25 F 59 60 2 ACI Coiling 1 – Alcohol and nicotine abuse,

condition after cancer

18

26 F 49 65 2 ACoA Coiling 2 2 – 39

27 M 59 80 3 PICA Flow

diverter

1 – Asthma 18

28 F 64 70 2 ACoA Coiling 4 5 COPD, AH, AF, alcohol

abuse

38

ACA anterior cerebral artery, ACoA anterior communicating artery, ACoP posterior communicating artery, ACI internal carotid artery, AF atrial

fibrillation, AH arterial hypertension, BA basilar artery, COPD chronic obstructive pulmonary disease, GOS Glasgow Outcome Scale, MCA

middle cerebral artery, PICA posterior inferior cerebellar artery, WFNS World Federation of Neurosurgical Societies grade
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Table 3 Performance of CIAN

therapy
Patient Begin CIAN (day of ICU treatment) Duration CIAN Localization of microcatheters

1 7 17 RACI

2 5 7 RACI + LACI

3 8 19 LVA; LVA + RACI

4 11 9 RACI + LACI; LACI

5 12 8 RACI + LACI

6 1 9 LACI

7 5 20 RACI + LACI; LACI + LVA

8 13 5 RACI + LACI

9 13 11 RACI + LVA

10 10 15 RACI + LACI; LACI + LVA; LACI

11 8 16 RACI + LACI; RACI + LACI

12 11 5 RACI

13 9 20 RACI + LACI; RACI

14 7 12 LACI + LVA

15 5 5 LACI

16 7 12 RACI + LACI; RACI + LACI

17 11 10 RACI + LACI

18 7 12 LACI + LVA; LACI + LVA

19 6 18 RACI; LACI; RACI

20 11 7 RACI + RVA

21 13 10 RACI

22 7 15 LACI + LVA; RACI + LACI

23 9 13 RACI + LACI

24 9 7 LACI

25 6 8 LACI

26 8 16 LACI; RACI + LACI; RACI + LACI

27 9 8 RACI + RVA

28 9 7 RACI + LACI

LACI left internal carotid artery, LVA left vertebral artery, RACI right internal carotid artery, RVA right

vertebral artery
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Fig. 2 Daily dose of nimodipine for CIAN therapy (mg/die). CIAN

continuous intra-arterial nimodipine infusion
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* 

Fig. 3 PaO2/FiO2 during period of CIAN therapy. CIAN continuous

intra-arterial nimodipine infusion, PaO2/FiO2 arterial partial oxygen

pressure/fraction of inspired oxygen
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An inverse takotsubo cardiomyopathy was reported in

one patient. However, this diagnosis was already ascer-

tained prior to the beginning of CIAN therapy. Four

patients with stable sinus rhythm before showed episodes

of atrial fibrillation or flutter during CIAN. Two patients

required short-time resuscitation due to cardiac arrest, and

two other patients had a self-limiting episode of ventricular

tachycardia and asystole during CIAN therapy, respec-

tively. In one patient, hemorrhagic pericardial effusion

without hemodynamic implications was diagnosed 2 weeks

after the end of CIAN therapy.

Infect Situation and Antiinfective Therapy

The time course of C-reactive protein and white blood cell

count before, during, and after CIAN therapy is illustrated

in Fig. 5. CRP was significantly higher from ‘‘Day 2’’ on

until ‘‘Day +5’’ compared to the base level on ‘‘Day -1’’

(‘‘Day -1’’ vs. ‘‘Day 2’’ P = 0.009; ‘‘Day -1’’ vs.

‘‘Middle’’ P = 0.001; ‘‘Day -1’’ vs. ‘‘Next to last day’’

P = 0.024; ‘‘Day -1’’ vs. ‘‘Last day’’ P = 0.006; ‘‘Day -

1’’ vs. ‘‘Day +1’’ P = 0.003; ‘‘Day -1’’ vs. ‘‘Day +5’’

P = 0.032). In line with this, WBC was also significantly

higher on all days during CIAN therapy and ‘‘Day +1’’

(‘‘Day -1’’ vs. ‘‘Day 2’’ P = 0.001; ‘‘Day -1’’ vs.

‘‘Middle’’ P < 0.001; ‘‘Day -1’’ vs. ‘‘Next to last day’’

P = 0.001; ‘‘Day -1’’ vs. ‘‘Last day’’ P = 0.001; ‘‘Day -

1’’ vs. ‘‘Day +1’’ P = 0.016).

On ‘‘Day -1,’’ 14 patients (50%) already required

antiinfective therapy. In ten cases, this was due to pneu-

monia and in three cases due to a suspected infection of the

cerebrospinal fluid. The infect focus could not be specified

in one patient. Within the beginning until 5 days after the

end of CIAN therapy, 23 patients (82.1%) required esca-

lation of a previous antiinfective therapy or the onset of an

antiinfective therapy. Thereby, during CIAN therapy,

pneumonia was diagnosed in nine patients, an infection of

the cerebrospinal fluid in five patients, pneumonia together

with urinary tract infection in two patients, and pneumonia

together with an infection of the cerebrospinal fluid in three

patients. In four patients, the focus remained unclear.

Renal Function

No patient included in the study had an impaired renal

function when admitted to the ICU. Until the end of the

observation period, three patients (10.7%) fulfilled criteria

for being classified as stage 1 according to acute kidney

injury network (AKIN) criteria, and no patient reached

AKIN criteria stage 2. One patient had to be classified as

stage 3 and required renal replacement therapy with sus-

tained low-efficiency daily dialysis beginning 2 days after

the end of CIAN therapy.

Gastrointestinal Tract

The mean daily gastral reflux through the gastric tube indi-

cating an impaired motility of the upper gastrointestinal tract

is shown in Fig. 6. Compared to ‘‘Day -1,’’ a significantly

higher mean volume of daily gastral reflux was recognized in

the middle (P = 0.002) and on the last day (P = 0.045) of

the period of CIAN therapy and on ‘‘Day +1.’’

An inadequate defecation pattern according to the defi-

nition given above was recognized in 22 patients (78.6%)

within the period 2 days before the beginning until 5 days

after the end of CIAN therapy. Ten patients (35.7%) even

had episodes with insufficient daily defecation on at least

seven consecutive days. However, no patient required

laparotomy. One case of esophageal rupture after the

insertion of a gastric tube was diagnosed with consecutive

thoracotomy and esophageal resection. Indications for a

previous ischemic lesion of the esophageal wall were not

found in the histological examination. Thereby, an asso-

ciation with CIAN therapy seemed to be improbable.
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Fig. 4 Dosage of

norepinephrine (mg/die) during

period of CIAN therapy. CIAN

continuous intra-arterial

nimodipine infusion
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Liver

All patients had normal values of serum total bilirubin and

serum alanine aminotransferase level on the day of

admission to ICU. After the beginning of CIAN therapy,

high levels of serum total bilirubin (>50.0 lmol/l)

occurred in two patients. Moderate elevated levels of ALT

(>1.500 lkat/l) were measured in seven patients. All

values returned to normal in the further course of ICU

treatment. No patient developed relevant complications or

required specific therapy.

Other Complications

One patient developed a heparin-induced thrombocytope-

nia type 2 in context with the therapeutic anticoagulation

with non-fragmented heparin. The situation could be han-

dled by switching to an anticoagulation with argatroban.

No noticeable venous or arterial thromboembolic compli-

cations occurred.

Complications associated with the femoral artery intro-

ducer were observed in three patients. One patient

developed an aneurysma spurium at the femoral artery, in
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WBC (1.000/µL) 
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Fig. 5 Daily values of CRP and WBC. CRP C-reactive proteine, WBC white blood cell count
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one case, a dissection of the femoral artery occurred, and

one patient presented with an arterial thrombosis of the leg.

In no case, further complications occurred, and no patient

required surgical treatment.

Intracranial Pressure and Intracerebral Complications

Intracranial pressure was measured in all patients during

the whole period of CIAN therapy. Figure 7 illustrates the

time course of the mean daily values. Compared to ‘‘Day -

1,’’ the mean daily value of ICP was significantly higher

during the whole period of CIAN therapy (‘‘Day -1’’ vs.

‘‘Day 1’’ P = 0.014; ‘‘Day -1’’ vs. ‘‘Day 2’’ P < 0.001;

‘‘Day -1’’ vs. ‘‘Middle’’ P = 0.007; ‘‘Day -1’’ vs. ‘‘Next

to last day’’ P = 0.005; ‘‘Day -1’’ vs. ‘‘Last day’’

P = 0.025). The mean daily values of ICP, however,

remained always within the normal range of ICP. The high

upper limit seen on ‘‘Last Day’’ is explained by rapidly

raising but not further treated ICP in the three patients with

aborted ICU therapy due to fatal intracerebral hemorrhage

and multiple cerebral infarction, respectively.

A clinical relevant intracerebral hemorrhage after initi-

ation of CIAN therapy and in context with the therapeutic

anticoagulation needed for CIAN therapy was observed in
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three patients. One patient finally died due to this

complication.

During CIAN therapy, no clinically relevant infarction

caused by a thromboembolic event was observed. In one

patient, occlusion of an internal carotid artery occurred,

while the microcatheter was inserted requiring immediate

endovascular thrombectomy. The affected patient did not

suffer from any recognizable harm.

Discussion

A recently published meta-analysis in which the clinical

outcome of patients with CV following aneurysmal SAH

revealed an unfavorable outcome in 33.6% patients treated

with endovascular therapy compared to 49.8% without [9].

One approach of endovascular intervention is the intra-

arterial infusion of nimodipine. The feasibility and safety

of a short-term intra-arterial infusion of nimodipine could

be shown repeatedly [10, 19]. However, the results of this

technique remained unsatisfying as a prolonged effect on

the cerebral vessels was not seen [20]. The long-term

continuous intra-arterial infusion of nimodipine, therefore,

seemed to be a promising approach. The feasibility and

safety of CIAN was already shown in previous publications

[11, 15, 21, 22]. The present study was conducted to gather

information about the clinical course and systemic side

effects associated with long-term CIAN therapy as to our

knowledge there is no previous report in the literature.

Systemic Side Effects and Complications

We did not record serious alterations with a markable

clinical impact regarding the pulmonary gas exchange

during the period of CIAN therapy.

Concerning hemodynamic side effects, we needed

significantly higher dosages of norepinephrine during the

whole period of CIAN therapy compared to the situation

before. However, it was not necessary to discontinue

CIAN therapy due to uncontrollable low systemic blood

pressure. Nimodipine causes systemic arterial vasodila-

tion and reduction of systolic and diastolic blood pressure

[23]. All included patients, however, had received enteral/

oral nimodipine prior to CIAN therapy. Probably, the

effect of nimodipine on blood pressure was less distinc-

tive due to low bioavailability when administered

enterally [24]. During CIAN therapy, we sought deep

sedation (RASS-5) to avoid dislocation of the micro-

catheters. The patients therefore required high dosages of

sedatives and opiates. This regime may have been jointly

responsible for the elevated need for vasopressor support

during CIAN therapy. A markable observation was that

two patients required short-time resuscitation due to

cardiac arrest and two other patients had a self-limiting

episode of ventricular tachycardia and asystole during

CIAN therapy, respectively. It is well known that cere-

brovascular events can cause cardiac arrest. But,

typically, these events are observed early in terms of out-

of-hospital cardiac arrest [25] and not in the late course of

disease. Based on our data, we are not able to depict the

reason for the cardiac arrests during CIAN therapy. In any

case, mechanical resuscitation with inserted micro-

catheters is highly dangerous and can theoretically cause

rupture of cerebral vessels. Fortunately, no serious com-

plication occurred in our patients.

A distinctive result of our study is the observed high rate

of infectious complications with considerably elevated

levels of WBC and CRP after onset of CIAN therapy. This

could also have contributed to exceeding high dosages of

norepinephrine. Irrespectively, we need to consider the

reason for the high rate of infectious complications. It is

improbable that the intra-arterial infusion of nimodipine

per se is responsible for infectious complications as we

cannot find any evidence in the literature. Unfortunately, in

the present study in no case bacterial colonization of a

microcatheter was excluded by microbiological testing.

The prolonged deep sedation (RASS-5) and immobilization

required for CIAN therapy could be a major aspect for

explaining the high rate of infectious complications. It is

well known that long-term sedation and intubation lead to

an elevated rate of ventilator-associated pneumonia

[26, 27]. Beyond that, patients require an immobilization in

permanent supine position during CIAN therapy to avoid

dislocation of inserted microcatheters. This treatment is in

contradiction to the principles of basic intensive care of

ventilated patients and actual guidelines on positioning

therapy [28] to reduce pulmonary complications. In our

study, 14 patients (50.0%) needed the escalation of a pre-

existing antiinfective therapy or the onset of an

antiinfective therapy due to suspected or proven

pneumonia.

We identified three patients (10.7%) who fulfilled cri-

teria for being classified as stage 1 according to AKIN

criteria. This is within the range that was observed in

patients suffering from SAH without treatment with con-

tinuous intra-arterial infusion of nimodipine [29, 30] and

had no clinical impact for the further course of ICU

treatment. One patient, however, required sustained low-

efficiency daily dialysis. This patient suffered from a

serious and protracted septic shock which has probably

caused the severe renal failure. We recognized an impaired

motility of the upper gastrointestinal tract and an inade-

quate defecation pattern in 78.6% of all patients during the

period from the onset until 5 days after the end of CIAN

therapy. An insufficient daily defecation on at least seven

consecutive days was observed in ten patients. These
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results, however, did not differ from our own preceding

study where we observed similar rates in a not further

selected population of critically ill neurosurgical patients

[18].

Intracerebral Complications

We observed increased levels of ICP after onset of CIAN

therapy. This could be explained by cerebral vasodilation

which is the intended effect of the intra-arterial infusion of

nimodipine into cerebral vessels. This again could have led

to rising ICP levels according to Monro-Kellie doctrine.

The ICP values, however, did regularly not reach critical

levels and did not lead to discontinuation of CIAN therapy.

This is in line with preceding studies where the ICP levels

also remained within tolerable ranges during intra-arterial

infusion of nimodipine [11, 31]. We did not observe a

clinically relevant infarction caused by a thromboembolic

event during CIAN therapy. Unfortunately, magnetic res-

onance tomography of the brain was not regularly

conducted after CIAN therapy. Thus, we cannot exclude

that small thromboembolic infarctions occurred which we

could not detect with CT imaging.

To avoid thromboembolic complications during

endovascular procedures, it is necessary to initiate a ther-

apeutic anticoagulation [32]. On the other hand, the

administration of non-fragmented heparin with a PTT of

50–60 s in patients with an external ventricular drainage

and intracerebral probes for multimodal neuromonitoring

can increase the risk of intracerebral hemorrhage. We

observed three relevant bleeding events. One patient died

due to this complication. In this case, the aneurysm was

secured with a flow diverter for which reason platelet

inhibition additionally to therapeutic anticoagulation was

needed. Patients who require platelet inhibition due to

complex endovascular securing of the aneurysm should be

probably excluded from CIAN therapy since an appropriate

management of antithrombotic medication and platelet

inhibitors does not exist yet.

Limitations

We could only include a small number of cases in our study

and did not have a control group with matching conditions

not treated with long-term CIAN. Therefore, it is impos-

sible to state any causative relations between long-term

CIAN and the intended effects and the side effects of this

therapy. Our study, however, was a first step to gather

information about the clinical course in case this special

approach of endovascular intervention is used for vasos-

pasm therapy. This information will be useful for teams on

neurointensive care units using long-term intra-arterial

infusion of nimodipine for treatment of severe CV.

To enable causative analysis, a setting with a larger

number of patients included and the presence of a control

group not treated with CIAN will be necessary. As the

occurrence of refractory severe CV requiring measures

beyond standard treatment occurs rarely even in high-vol-

ume SAH centers, this study will probably need a

multicenter setting.

Conclusion

Studies on endovascular approaches for treatment of severe

and refractory CV following SAH mostly focus on

intracerebral effects and complications. Thereby, espe-

cially the extracerebral side effects could have an

enormous influence on the outcome. We observed primary

major implications on the hemodynamic situation, even

with cases of cardiac arrest, during CIAN therapy and a

substantial high number of infectious complications.

According to previously published work, long-term CIAN

therapy seems to be a beneficial rescue option for treatment

of refractory CV. However, teams on neurointensive care

units must be aware of the potential side effects of this

approach and have to know strategies of how to deal with

these problems.
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