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Abstract. Cerebrospinal f luid (CSF) hypovolemia is a 
common neurosurgical condition, which may be spontaneous 
or iatrogenic. At our institution, a substantial number of the 
reported cases of early post-operative CSF hypovolemia were 
identified to have unintentional or unrecognized post‑operative 
continuous excessive CSF leakage. Cases who presented with 
post-operative CSF hypovolemia several days after uneventful 
intracranial surgeries without continuous CSF leakage were 
rarely reported. A retrospective review of the medical records 
of these patients was performed to identify those patients who 
developed early post-operative CSF hypovolemia without 
the presence of post-operative continuous CSF leakage. A 
total of 7 patients, 5 of which were males, were identified in 
this retrospective study. They experienced CSF hypovolemia 
between days 1 and 7 after emergency or scheduled intracra-
nial surgeries. Ventricular collapse, cisternal effacement and 
midline shift are the most common radiological observations. 
With early diagnosis and management, 4 of the patients achieved 
a Glasgow Outcome Scale (GOS) score of 5, 1 achieved a 
GOS score of 4 and the remaining 2 had a GOS score of 3. No 
mortality was noted in this series. Although rare in incidence, 
early post-operative CSF hypovolemia may occur without the 

existence of post-operative continuous CSF leakage. When 
the diagnosis of CSF hypovolemia is reached, factors that may 
exacerbate CSF compensation should be promptly terminated. 
Trendelenburg position and sufficient intravenous hydration are 
practical and effective managements, and CSF hypovolemia 
may thereby be reversed in a substantial number of patients.

Introduction

Cerebrospinal fluid (CSF) hypovolemia, also referred to as 
intracranial hypotension (IH), is a common neurosurgical 
scenario, which may occur spontaneously or be iatrogenic. 
The clinical manifestation ranges from headache, cranial nerve 
palsy to mental state decline, and may result in death (1-4). 
Based on the medical history and characteristic symptoms of 
affected patients the diagnosis is relatively straight-forward. 
Regardless of the causes, patients with CSF hypovolemia 
frequently have pre-existent continuous CSF leakage (1-5). 
Post-operative CSF hypovolemia is a specific type of CSF 
hypovolemia and a substantial number of the reported cases of 
early post‑operative CSF hypovolemia were identified to had 
unintentional or unrecognized post‑operative continuous exces-
sive CSF leakage according to further investigation (1-3,6-9). 
The most severe types of post-operative CSF hypovolemia 
are pseudohypoxic brain swelling (PHBS) and post-operative 
IH-associated venous congestion (PIHV), which is character-
ized by effacement of basal cisterns, ventricular collapse, 
venous congestion and changes in bilateral deep gray structures 
on imaging (3,6-9). As a result of the excessive loss of CSF 
through lumbar drainage or sub-galeal suction drainage over 
a short period, patients with PHBS or PIHV often experience 
irreversible progressive exacerbation and death. The present 
study provided another series of patients who were diag-
nosed with post-operative CSF hypovolemia after uneventful 
intracranial surgery. Of note, in contrast to previous studies, 
no post-operative lumbar or sub-galeal suction drainage was 
placed. Due to early recognition and timely management, the 
affected patients experienced relatively favorable outcomes.

Case report

Between January 2011 and December 2015, 2,748 emergen-
cies or scheduled intracranial surgeries were performed at 
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the Department of Neurosurgery of the First Hospital of Jilin 
University (Eastern Division; Changchun, China). A retrospec-
tive review of the medical records of the patients was performed 
to identify those who developed early post-operative CSF 
hypovolemia without the existence of continuous CSF leakage. 
The present study was approved by the Ethics Committee of 
The First Hospital of Jilin University (Changchun, China). 
Written informed consent for the publication of their data and 
any accompanying images was obtained from the patients or 
their guardians. The definition of early post‑operative CSF 
hypovolemia without continuous CSF leakage was as follows: 
i) Progressive decline in mental state or other neurological 
symptoms that were not explainable by factors that may cause 
an acute increase in intracranial pressure (e.g., intracranial 
bleeding, massive ischemic stroke and hydrocephalus); 
ii) drainage modalities, as lumbar drainage and sub-galeal 
suction drainage were absent; iii) evidence of CSF hypovolemia 
by computed tomography (CT) (e.g., collapse of the ventricular 
system, effacement of the cisterns, sub-dural collection, brain 
sag and intracranial venous engorgement); iv) Low or normal 
intracranial pressure (ICP) identified by ICP monitoring or 
lumbar puncture; v) Exclusion of intra- and post-operative cere-
bral hypoxia; vi) evident improvement of the clinical symptoms 
when management for CSF hypovolemia was initiated.

Patient characteristics. A total of 7 patients, 5 of which were 
male, were identified in the present retrospective review 
(Table I). The patient age ranged from 44 to 61 years (mean, 
47.86 years). They experienced CSF hypovolemia between 
days 1 and 7 after emergency or scheduled intracranial surgery. 
Ventricular collapse, cisternal effacement and midline shift 
are the most common radiological observations. Sub-dural 
effusion (SDE) was identified in two patients, one of whom 
experienced spontaneous absorption after mannitol ceasing 
and intravenous hydration, and the other one underwent 
decompressive craniectomy to halt irreversible progressive 
decline in mental state. A total of 4 patients achieved a Glasgow 
Outcome Scale (GOS) score of 5, 1 achieved a GOS of 4 and 
the other 2 a GOS of 3. No mortality was noted in this series.

Illustrative cases
Case 1. A 47-year-old healthy man was admitted after a car 
accident. Head CT revealed an acute subdural hematoma 
at the right frontoparietotemporal region and an evident 
midline shift to the left side (Fig. 1A). An emergent decom-
pressive craniectomy was performed. A head CT performed 
at 1 day post-operatively revealed complete evacuation 
of the subdural hematoma and restoration of the midline 
shift (Fig. 1B). The patient experienced an uneventful 
recovery process until his consciousness began to decline on 
post-operative day 5. Although the decompressive site was 
soft on palpation and the ICP monitoring result was 80 mm 
H2O, CT revealed brain swelling, collapse of the ventricular 
system, effacement of the cisterns and midline shift to the left 
side (Fig. 1C and D). Intravenous (iv) administration of 50 g 
mannitol three times a day (tid) was prescribed. The patient's 
mental state continued to decline. CT performed at 10 days 
post-operatively revealed exacerbation of the brain swelling 
and effacement of the cisterns, and a more evident midline 
shift. The presence of CSF hypovolemia was then considered. 

Intravenous mannitol was ceased and intravenous hydration 
and Trendelenburg position were subsequently initiated, 
following which the patient's consciousness was obviously 
regained. CT performed at 14 days post-operatively indicated 
re-expansion of the ventricular system and cisterns, as well 
as restoration of the midline (Fig. 1E and F). The patient 
experienced a favorable recovery and a custom-made tita-
nium cranioplasty was performed after 4 months. His GOS 
score was 5 at 1 year's follow-up.

Case 3. A 46-year-old woman was admitted to our 
department for subarachnoid hemorrhage (Fig. 2A). The 
subarachnoid hemorrhage was demonstrated to be rupture 
of a left middle cerebral aneurysm by further CT angiog-
raphy. No past medical history was reported. She underwent 
an uneventful microsurgical clipping of the aneurysm. 
Administration of mannitol (50 g, tid, iv) was prescribed to 
prevent post-operative brain edema. Three days post-opera-
tively, the patient's mental state declined. CT revealed basal 
cistern effacement and left SDE (Fig. 2B and C). The opening 
pressure was 110 mm H2O on subsequent lumbar puncture 
in the lateral decubitus position. As CSF hypovolemia was 
suspected, mannitol was ceased and intravenous hydration 
was initiated, following which the patient's consciousness 
began to recover gradually. At 7 days post-operatively, the 
SDE disappeared spontaneously with midline restoration 
(Fig. 2D). The patient was discharged with a Glasgow Coma 
Scale (GCS) score of 15 (10).

Case 5. A 52-year-old man was admitted to our department 
following a car accident. Head CT performed at the emergency 
room revealed an extensive subdural hematoma at the right 
side (Fig. 3A). Physical examination indicated decerebrate 
rigidity, anisocoria and a GCS score of 4. He had a history 
of diabetes for 2 years, as well as smoking and alcohol abuse 
for >30 years. An emergent decompressive craniectomy was 
performed. On day 1 post-operatively, he was able to withdraw 
from painful stimuli and his pupils were symmetrical and 
reactive to light. The ICP monitoring results ranged from 5 to 
11 mm Hg. On day 2 post-operatively, he developed a decor-
ticate response and anisocoria. No elevation of the ICP was 
noted. Immediate CT revealed epidural hematoma, collapse 
of the ventricular system and a midline shift to the left side 
(Fig. 3B). An emergency epidural hematoma evacuation was 
performed. However, his neurological state did not recover 
after the second operation. Another CT indicated no improve-
ment of the collapse of the ventricular system and midline 
shift (Fig. 3C). The patient was placed in a Trendelenburg 
position and given sufficient intravenous hydration. His pupils 
began to become symmetrical and reactive. CT performed 
on day 5 post-operatively indicated re-expansion of the 
ventricular system and cisterns, as well as restoration of the 
midline (Fig. 3D). A custom-made titanium cranioplasty was 
performed 3 months later. His GOS score was 3 at 2 year's 
follow-up.

Discussion

According to a literature review performed as part of the 
present study, there are two types of post-operative CSF 
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hypovolemia. The first one comprises an early decline in 
mental state or even fatal incidents due to unintentional or 
unrecognized continuous excessive CSF depletion (1‑3,6‑9). 
The most typical cases were reported by Van Roost et al (3), 
for which 17 cases of post-operative diffuse brain swelling 
and sulcal effacement were reported. Further investigation 
revealed that excessive sub-galeal suction drainage of CSF 
was responsible for this phenomenon. As the alterations on 
imaging were similar to those of cerebral hypoxia (effacement 
of basal cisterns, ventricular collapse, venous congestion, and 
changes in bilateral deep gray structures on imaging investiga-
tions), PHBS or PIHV, which are terms adopted by subsequent 
studies, was selected to describe this scenario to distinguish 
the pathology from real cerebral hypoxia (6-9). The second 
type features immediate deterioration in mental state after 
CSF depletion or sampling (usually lumbar puncture) several 
weeks after decompressive craniectomy (11-13). The most 
typical study was published recently by Creutzfeldt et al (13). 
Through performing a study on patients at their institution 
and a literature review, they concluded that lumbar puncture 
at ≥1 month after decompressive craniectomy posed a risk 

of provoking paradoxical herniation. However, none of the 
patients developed symptomatic CSF hypovolemia in the 
early post-operative period of their study. Komotar et al (14) 
reported 11 cases of post-operative CSF hypovolemia after 
uneventful clipping of intracranial aneurysms in 137 patients. 
Although intra-operative lumbar drainage was deemed as 
the cause, issues regarding post-operative sub-galeal suction 
drainage and hyperosmotic therapy were not mentioned.

The present study provided a case series of a type of 
post-operative CSF hypovolemia that requires early diagnosis 
and management. Even though post-operative lumbar or 

Figure 1. Head CT performed in different stages. (A) Preoperative CT indi-
cated an acute subdural hematoma at the right frontoparietotemporal region 
and an evident midline shift to the left side; (B) postoperative CT indicated 
complete evacuation of the subdural hematoma and restoration of the midline 
shift; (C and D) CT on the 5th postoperative day indicated brain swelling, 
collapse of the ventricular system, effacement of the cisterns and midline 
shift to the left side; (E and F) CT performed at postoperative day 14 indi-
cated re-expansion of the ventricular system and cisterns, and restoration of 
the midline. CT, computed tomography.

Figure 2. Head CT performed at different stages. (A) Preoperative CT 
indicated subarachnoid hemorrhage, (B and C) CT on postoperative day 5 
indicated basal cistern effacement and left subdural effusion and (D) CT on 
postoperative day 7 indicated subdural effusion disappears spontaneously 
with midline restoration. CT, computed tomography.

Figure 3. Head CT performed at different stages. (A) Preoperative CT 
indicated acute subdural hematoma at the right side, (B) CT on the 2nd post-
operative day indicated epidural hematoma, collapse of the ventricular system 
and midline shift to the left side, (C) CT indicated collapse of the ventricular 
system and midline shift to the left side after the second operation, (D) CT 
on the 5th postoperative day indicated re-expansion of the ventricular system 
and cisterns, and restoration of the midline. CT, computed tomography.
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sub-galeal drainage were not present, CSF hypovolemia 
occurred in these cases. Perhaps as a result of the absence of 
persistent excessive CSF depletion and early management, 
favorable recovery was achieved. According to our experience, 
the causes of CSF hypovolemia in this case series may be as 
follows: i) Substantial loss of CSF during surgery that was 
not readily compensated by post-operative CSF production, 
ii) inappropriate early post-operative hyperosmotic therapy 
exacerbated CSF depletion, iii) focal cerebral edema exacer-
bated the condition of CSF hypovolemia, and iv) atmospheric 
pressure imposed on the brain tissue due to decompressive 
craniectomy.

The mechanism of post-operative CSF hypovolemia was 
similar to that of spontaneous CSF hypovolemia. Two major 
pathophysiological processes prevail in this scenario. First, 
substantial depletion of CSF impairs its buoyancy effect 
on the intracranial structures. Downward migration of the 
intracranial contents results in traction and compression of 
the neurovascular structures. Subsequently, according to the 
doctrine of Monro-Kellie, a decrease in CSF must be compen-
sated by other intracranial contents (15). Therefore, subdural 
fluid collection, engorgement of venous structures, and cyto-
toxic as well as vasogenic brain edema occurs, which leads to 
further deterioration of the mental state or even irreversible 
brain edema and fatal outcome (3,4,6-9,16). Of note, patients 
with pre-existing cerebellar tonsillar herniation are more 
likely to have a fatal outcome (4,17,18). The condition is more 
complex when a cranial defect is present (18). Atmospheric 
pressure further exacerbates compression of the neurovascular 
structure and downward displacement of the intracranial 
contents.

The terminology for describing symptoms of CSF 
depletion varies between different studies. Certain studies 
prefer the term IH, while others prefer ‘CSF hypovolemia’. 
According to Miyazawa et al (5), certain patients with 
so-called IH demonstrated normal CSF pressure despite the 
presence of typical symptoms. The buoyancy effect of CSF 
on the intracranial contents depends on the CSF volume, not 
the intracranial pressure. The typical alterations (subdural 
fluid collection, engorgement of venous structures, as well 
as cytotoxic and vasogenic brain edema) are also due to 
CSF volume depletion, not intracranial pressure. According 
to our experience and the descriptions in other studies, we 
prefer the term ‘CSF hypovolemia’ over ‘IH’ to describe this 
specific entity (1,2,5).

The management of early post-operative CSF hypovolemia 
without continuous CSF leakage is similar to that of CSF 
hypovolemia caused by spontaneous or iatrogenic continuous 
CSF leakage. The key step is its correct and early diagnosis. 
When the diagnosis of CSF hypovolemia is reached, factors 
including continued CSF drainage, hyperosmotic agents 
and positions with head elevation that may exacerbate the 
condition should be avoided. Trendelenburg position and 
sufficient intravenous hydration are practical and effective 
methods which are able to reverse the pathology in a substan-
tial number of patients (1,13,18). In rare circumstances, 
an emergent decompressive sub-occipital craniectomy is 
lifesaving (4).

In conclusion, although rare in incidence, early 
post-operative CSF hypovolemia may occur without the 

existence of intentional or unintentional post-operative contin-
uous CSF drainage. When the diagnosis of CSF hypovolemia 
is reached, factors that may impair CSF compensation should 
be promptly terminated. Trendelenburg position and sufficient 
intravenous hydration are practical and effective treatments, 
and the pathology was thereby reversed in a substantial number 
of patients.
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