
152� © 2016 Journal of Medical Sciences | Published by Wolters Kluwer - Medknow

J Med Sci 2016;36(4):152‑157
DOI: 10.4103/1011-4564.188900

Received: March 07, 2016; Revised: May 25, 2016;  
Accepted: July 11, 2016 
Corresponding Author: Dr.  Chien‑Min Lin, Department 
of Neurosurgery, Taipei Medical University, Shuang 
Ho Hospital, No.  291, Chung‑Jan Road, Chung‑Ho 
City, Taipei, Taiwan, Republic of China. Tel: 
886‑2‑2490088 Ext. 8120; Fax: 886‑2‑29347054.  
E‑mail: m513092004@tmu.edu.tw

Preventing Intracranial Pressure Fluctuation in Severe Traumatic Brain Injury 
During Hemodialysis

Shih-Hao Yeh1,4, Chen-Yu Wang2, Chien-Min Lin1,3

Departments of 1Neurosurgery and 2Neurology, Taipei Medical University, Shuang Ho Hospital, 3School of Medicine, 
College of Medicine, Taipei Medical University, Taipei, 4Department of Surgery, Taoyuan Armed Forces General Hospital, 

Taoyuan, Taiwan, Republic of China

Background: Past studies have observed rises in intracranial pressure (ICP) during hemodialysis (HD) in the neurosurgical 
patient. This phenomenon may cause secondary brain injury and further compromise the patients’ recovery. While continuous 
renal replacement modalities can theoretically be more beneficial for the brain‑injured patient, this option is often not available 
due to limited resources. Modified prescriptions of intermittent HD may be the more easily accessible method. The purpose of 
this study is to clarify whether a less aggressive HD regimen in patients with severe traumatic brain injury (TBI) will prevent 
ICP fluctuation during HD. Patients and Methods: We present a single center experience with the enrollment of nine uremic 
patients with severe TBI who underwent decompressive surgery with ICP monitoring via external ventricular drain (EVD) 
between January 2003 and December 2006. These patients were divided into two groups based on different HD methods. In 
Group A, four patients received standard intermittent HD every other day, and in Group B, five patients received a modified, 
daily dialysis procedure that cut the amount of fluid removed per session and the dialysate flow rate by half. Results: All patients 
in both groups experienced an increased ICP during HD, but milder ICP changes were found in all five patients (P < 0.05) who 
had received the modified procedure (Group B). All patients in Group A had expired, but there were only two mortalities in 
Group B. Conclusion: ICP fluctuation may be minimalized by altering the HD protocol. A less aggressive HD procedure is 
recommended for uremic patients with severe TBI.
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In uremic patients with TBI, who requires HD, this 
necessary procedure aimed to clear waste, correct fluid, 
and electrolyte imbalance may be a trigger for further brain 
injury. In a preliminary study performed on uremic dogs 
and uremic human, patients had concluded that HD could 
raise the ICP in dogs and the intraocular pressure in humans, 
respectively  (intraocular pressure changes are known to be 
closely correlated to changes in ICP3). This phenomenon was 
further demonstrated in neurosurgical patients: significant ICP 
fluctuation was observed during HD in uremic patients who 
had received brain surgery with ICP monitoring;4 furthermore, 
another study found that this fluctuation not only resulted 

CASE ANALYSIS

INTRODUCTION

As the prevalence of acute and chronic renal failure rises, it is 
increasingly common for clinicians to encounter patients with 
traumatic brain injury (TBI) who require hemodialysis (HD). 
In the head injured patient, secondary brain injury may 
be detrimental and one of the causes is cerebral ischemia 
resulting from inadequate cerebral blood flow  (CBF). CBF 
can be estimated by cerebral perfusion pressure (CPP), which 
is related to intracranial pressure  (ICP) and mean arterial 
pressure. Hence, either elevated ICP and/or shock may lead 
to poor CPP and worsened prognosis. Recent evidence has 
identified ICP  >  20 mm  Hg as a cut point between patients 
with potentially good or poor outcomes.1,2
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in observable neurological deterioration but it also seemed 
to be correlated to the amount of fluid removed and the 
frequency of the HD.5 A different study has also postulated 
that exacerbation of brain injury during HD may be due to 
excessive ultrafiltration leading to reduced cerebral perfusion.6 
Hence, attempts to limit further brain injury that dialysis 
may potentially impose by tailoring standard HD protocols 
to accommodate the traumatic‑brain‑injured patient is very 
important in facilitating recovery.

Strategies to prevent exacerbation of brain injury 
include reducing fluctuations in ICP and hemodynamic 
changes during HD. Ideally, continuous modalities of renal 
replacement therapy (RRT) such as continuous venous-venous 
hemodialysis  (CVVH) are a better choice for patients with 
brain injury due to gradual solute and fluid removal, which will 
result in less risk of hypotension and cerebral edema, as well 
as milder changes in ICP. 7 However, in clinical practice, due to 
limitations in the available equipment and resources, altering 
the prescription of intermittent HD may be the more feasible 
and easily accessible option in many clinical settings. Dialysis 
dosing for intermittent modalities is the function of dose per 
session and the frequency of treatment. In this study, we will 
investigate whether a less aggressive regimen, which includes 
reduction of dialysate flow and reduced fluid removal per HD 
session will have an impact of ICP fluctuation during and after 
the dialysis compared to the conventional HD protocol.

PATIENTS AND METHODS

Inclusion criteria
Patients with severe TBI who were admitted to Taipei 

Medical University, Wan Fang Medical Center during a 
48‑month period between January 2003 and December 2006 
were considered for enrollment. Severity of head injury was 
categorized as mild, moderate, or severe based on the Glasgow 
Coma Scale (GCS, mild: GCS ≥13, moderate: GCS 9–12 or 
severe: GCS ≤8). Out of these patients, we included uremic 
patients undergoing HD due to either acute or chronic renal 
failure who sustained a severe head injury  (admitting GCS 
scores  ≤8), for which they received decompressive brain 
surgery by either craniectomy and craniotomy or external 
ventricular drainage placement alone. We monitored the hourly 
ICP level via the accurate placement of EVD in all the cases.

Patient management and dialysis protocol
Patients were randomly assigned to two groups after their 

cranial surgery and consultation with a nephrologist: Group A 
received standard dialysis procedure every other day with a 4 h 
session until the amount of fluid removed was 5% of the body 

weight (Model number: TORAY TR‑321 EX). The blood flow 
was set at 200 mL/min. Group B received daily 4 h‑session 
dialysis, with the flow rate controlled at 100  mL/min; the 
total amount of dialyzed fluid was controlled at 2.5% of body 
weight. In both groups, no heparin was used for the fear of 
rebleeding. Blood pressure maintenance was achieved during 
HD via infusion of inotropic agents. Dialysate solution A 
and B  (HD concentrate NO.11, Ca 3.0 and Hemodialysis 
solution 300GB, Taiwan Biotech Co. Ltd., Taiwan) were 
used in this both protocols. Of the nine patients fulfilling the 
inclusion criteria, four patients were assigned to Group A and 
another four to Group  B. One patient received continuous 
venous‑venous hemodialysis (CVVH) for 24 h. We decided to 
include this patient in our study to determine if modified HD 
could produce similar results to that of CVVH. The CVVH 
was done by the GAMBRO PRISMA CRRT system and 
solution A and solution B (Taiwan Biotech Co. Ltd., Taiwan) 
were applied with 120 mL/min flow rate. The total amount of 
dialyzed fluid was 5% of the patient’s body weight.

Intracranial pressure measurement
The primary endpoint of this study was ICP; the 

measurements taken via EVD at 1  h before dialysis at the 
beginning of dialysis and then every hour for the successive 
seven measurement hours.

Statistical analysis
Univariate analysis was performed for assessing if a 

statistically significant different exists between the ICP levels 
of both groups; the one‑tailed t‑test was employed. Values for 
continuous parameters are presented as a mean  ±  standard 
deviation. Multivariate logistic regression analysis was 
performed using a backward conditional approach and 
variables with a statistically significant univariate association. 
Statistical significance was based on a P < 0.05.

RESULTS

Nine patients met our inclusion criteria and were enrolled 
in this study [Table 1]. The mean age was 44.78 ± 22.96. The 
male to female ratio was 6:3. The patients all had a GCS level 
of equal or <8 with the mean GCS score upon admission of 
6.33 ± 1.41. Of the nine patients, five (55.56%) had received 
HD because of end‑stage renal disease (ESRD) and the other 
four (44.44%) due to acute renal failure. Three had subdural 
hemorrhage  (SDH), three had concurrent intracerebral 
hemorrhage  (ICH) and intraventricular hemorrhage  (IVH), 
one had subarachnoid hemorrhage  (SAH), one patient had 
concurrent SDH and epidural hemorrhage, and another one 
had SAH and SDH. They were randomly assigned to either 
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Group  A, which followed a conventional HD or Group  B, 
which received a modified HD procedure. There was no 
significant difference in the initial ICP between the two 
groups (P = 0.39).

As seen in Table  2, in the patients of Group A, ICP had 
begun to rise during the 1st  h following HD and reached 
a peak level at the 2nd  h of HD. Mean ICP rose from 
16.5 ± 2.4 mmHg before HD up to 36.5 ± 9.8 mmHg at the 
2nd h of HD (P = 0.012). ICP returned to the original value after 
4 h after the dialysis [Figure 1]. All the patients of Group A 
had expired within 3 days after surgery due to central failure. 
In the patients of Group B, ICP also began to rise during the 
1st h following HD and peaked at the 2nd h of HD. Mean ICP 
from 16.0 ± 2.2 mmHg before HD up to 24.0 ± 1.6 mmHg 
at the 2nd  h of HD  (P  =  0.00015). ICP in all patients were 
slightly elevated to around 20 mmHg [Figure 2]. There were 
two mortalities in Group B, in both cases, the cause of death 
was also a central failure. Whereas the initial ICPs were not 
statistically different between Group  A and Group  B, we 
saw a higher mean ICP value in Group A, 36.5 ± 9.8 mmHg 
compared to Group  B, 24.0  ±  1.6  mmHg  (P  =  0.028). The 
mean ICP  values of both groups are shown in Figure  3. In 
the single patient who underwent CVVH, the ICP remained 
relatively stable [Figure 4]. However, due to having only one 
data set in this group, further interpretation is of limited value.

DISCUSSION

Rises in ICP during HD had been previously observed 
in uremic animals and humans.1 This phenomenon poses 
an important risk for patients with head injury and brain 

hemorrhage because IICP leads to higher mortality and worse 
outcome. In this study, we examined whether prescribing a 
less aggressive HD could prevent excessive ICP rise during 
the procedure.

In our study, the patients of both Group A and Group  B 
experienced a rise in their ICP following HD and peaked 
at the 2nd  h; however, whereas Group  A’s mean ICP went 
from 16.5 ± 2.4 mmHg before HD to 36.5 ± 9.8 mmHg and 
Group  B’s mean ICP increased from 16.0  ±  2.2  mmHg to 

Table 1: Characteristics of nine uremic patients with severe brain injury
Case number Age Body 

weight (kg)
Sex Diagnosis Surgical 

procedure
Duration of previous 

dialysis (years)
Dialysis type Renal 

failure
GCS on admission 

(E, M, V)
Outcome

A

1 56 67 Male SDH Craniectomy 10 HD Chronic 7 (2, 4, 1) Death

2 67 60 Male SDH Craniectomy 6 HD Chronic 6 (1, 4, 1) Death

3 6 26 Male SDH; EDH Craniectomy ‑ HD Acute 3 (1, 1, 1) Death

4 56 38 Female ICH; IVH EVD 7 HD Chronic 6 (1, 4, 1) Death

B

5 24 53 Male SAH; SDH Craniectomy ‑ CVVH Acute 8 (1, 5, 2) Alive

6 46 72 Male ICH; IVH EVD 4 Modified HD Chronic 7 (1, 4, 2) Alive

7 53 66 Male SDH Craniectomy ‑ Modified HD Acute 8 (1, 5, 2) Death

8 43 48 Female ICH; IVH Craniectomy 2 Modified HD Chronic 6 (1, 4, 1) Alive

9 52 55 Female SAH Craniectomy ‑ Modified HD Acute 6 (1, 4, 1) Death

Mean±SD 44.78±22.96 53.89±13.95 3.22±3.52 6.33±1.41
SDH = Subdural hemorrhage; EDH = Epidural hemorrhage; ICH = Intracranial hemorrhage; IVH = Intraventricular hemorrhage; SAH = Subarachnoid 
hemorrhage; EVD = External ventricular drain; HD = Hemodialysis; SD = Standard deviation; GCS = Glasgow Coma Scale

Table 2: Mean intracranial pressure before and 2 h after 
hemodialysis
Group Mean ICP before 

HD (mmHg)
Mean ICP 2 h 

after HD (mmHg)
P

A 16.5±2.4 36.5±9.8 0.012

B 16.0±2.2 24.0±1.6 0.00015
ICP = Intracranial pressure; HD = Hemodialysis

Figure 1: Intracranial pressure changes in Group A during hemodialysis
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24.0 ± 1.6 mmHg at the 2nd h of HD. It is notable that both 
groups had higher ICPs compared to the patient who had 
received CVVH. Of course, there is only one patient who 
underwent CVVH, therefore making further interpretation 
and analysis from this single data set difficult. However, 
since keeping ICP level at <20 mmHg is the general goal in 
TBI patients, it is likely that the rise ICP levels during HD 

in the other two groups contributed to the patients’ outcomes. 
A larger sample size and perhaps extensive workup including 
CT scanning for patients who deteriorate after the HD to 
rule out other confounding factors contributing to post‑TBI 
mortality such as delayed bleeding, hydrocephalus, or other 
metabolic abnormalities would provide stronger evidence 
regarding the relationship between this rise in ICP during HD 
and outcome.

The limitations of this study include small sample size due 
to the difficulty in enrolling uremic patients with severe TBI. 
Although we tried to include patients who were determined 
to be cases of severe TBI  (which was defined by their 
initial GCS upon admission), there was still heterogeneity 
among the enrolled patients with regards to hemorrhage 
type, hemorrhage location, and extent of the brain injury. 
Their indication for HD was also different, with some 
patients requiring HD due to ESRD while others due to 
acute renal failure; this is important because these patients 
therefore have different preexisting comorbidities with those 
already receiving HD due to ESRD before the traumatic 
event possibly having poor compliance of cerebrovascular 
structures after long‑term HD. Another limitation is that 
we only recorded data for ICP before, during, and after the 
patient’s first HD session postoperatively. Perhaps we will 
see a different outcome during subsequent HD sessions as 
the patients’ clinical conditions progresses. Finally, assuming 
that a gentler HD is indeed beneficial in these TBI patients, 
there is the question of whether these alterations can provide 
adequate HD  (such as adequate urea toxin removal) as the 
number of subsequent HD session increase, and if it will 
affect that patient’s long‑term mortality and morbidity. In 
other words, other than preventing ICP fluctuation, we do 
not know whether the changes in these parameters will yield 
the best patient outcome. While we focused on the flow rate 
and the amount of fluid removed, there are other ways of 
potentially limiting the harmful effects of HD in SDH and 
ICH patients, including using minimally bio‑incompatible 
small surface area dialyzers with lower blood flows, shorter 
dialysis sessions, in combination with higher sodium and 
cooled dialysate.8

When discussing ICP changes during HD, many existing 
papers further relate to the topic of dialysis disequilibrium 
syndrome  (DDS). DDS is a clinical phenomenon of acute 
neurological symptoms that varies in severity, which includes 
symptoms of headache, nausea, disorientation, restlessness, 
blurred vision, and asterixis. In general, symptoms of DDS are 
self‑limited. Some patients, however, may progress to confusion, 
seizures, coma, and even death. It is thought to be attributable 
to cerebral edema that occurs due to a reversed osmotic shift 
induced by urea removal.9,10 Several predisposing factors have 

Figure 2: Intracranial pressure changes in Group B during hemodialysis

Figure 3: Mean intracranial pressure changes in Groups A and B patients

Figure 4: Intracranial pressure changes in patient who received CVVH
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been described to be associated with DDS, including the first 
HD, severe uremia, age, preexisting neurological disorders, 
and metabolic acidosis.11 While the evidence of ICP changes 
in cases with DDS had been lacking, there are now a few case 
reports and case studies have directly observed ICP changes in 
patients with DDS.5,12‑14 Despite that the relationship between 
IICP and DDS and its mechanism require further elucidation, 
these studies show us that ICP monitoring during HD may 
help guide management and that measurements to prevent 
DDS, especially in high risk, neurosurgical patients, may 
also aid in preventing ICP fluctuation and thus warrant our 
consideration. In the prevention of DDS during HD, a slow 
and gentle start of HD (slow removal of urea) and/or adding 
an osmotically active agent such as increasing dialysate 
sodium levels or administering mannitol or glycerol may 
help.15 Some authors also suggest that CVVH or sustained 
low‑efficiency dialysis  (SLED) may also be used to prevent 
DDS.12,13 Although we did not statistically analyze whether 
regular HD or modified HD was inferior to CVVH in terms 
of ICP stability due to only having one participating patient 
in the CVVH group, we hypothesize that as an RRT modality, 
CVVH would be even more suited in the TBI patient than our 
modified HD due to smaller changes in plasma osmolality and 
cardiovascular stability offered by convective transport rather 
than diffusion. Future studies should enroll more patients with 
CVVH to clarify this.

Similarly, SLED, in which conventional HD machines 
are used to provide extended duration RRT  (8–12  h), has 
emerged as an alternative to CRRT in terms of providing the 
same hemodynamic stability as CRRT while demanding fewer 
resources. However, in a cross‑over study comparing the 
effects of hemodynamic parameters and ICP between SLED 
and CVVH in ten dialysis patients with brain hemorrhage, the 
authors found that regardless of which modality, there was 
an increased ICP 3 h after dialysis and there was no evidence 
to show an advantage of CVVH over SLED in regarding to 
stability of ICP.16 These results were similar to ours in terms 
of observing an increase in ICP after dialysis, but we further 
demonstrated that the HD prescription could potentially affect 
the magnitude of the ICP fluctuation. Larger prospective 
studies are required to further compare these modalities to 
intermittent HD or to modified HD.

CONCLUSION

In uremic patients with TBI, HD may potentially lead to 
poor ICP control and worsen prognosis; the risk of DDS is 
also increased due to their neurological lesions. In this report, 
we suggest that physicians should tailor the prescription of the 
HD in accordance to the needs of these patients, aiming for 

gentler and slower HD session to prevent poor ICP control and 
possibly DDS.
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