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Abstract

Introduction Fluid-resistant arterial hypotension can

result in hypoperfusion of the brain and other organs. Well-

known causes of arterial hypotension in neurosurgical

practice include cardiac failure, septic shock, adrenal

insufficiency, brainstem, and cervical spinal cord damage.

Fluid-resistant arterial hypotension can occur in patients

with brain edema without damage to brainstem when

hypothalamic nuclei suffer. This phenomenon is not a well-

documented cause of hypotension.

Methods We prospectively investigated 15 cases with

clinical syndrome of arterial hypotension in patients fol-

lowing surgery for sellar region tumors. These cases were

taken from 1005 patients operated between May 2003 and

December 2005. Pulmonary artery catheter was used to

investigate hemodynamic profile.

Results The mechanism of arterial hypotension consisted

of decrease of vascular tone (SVRI was 1503 ±

624 dyn�s�cm5�m2) and relative hypovolemia (CVP:

4.5 ± 2.6 torr, PAWP: 7.4 ± 3.5 torr). In all cases arterial

hypotension was corrected with phenylephrine after failure

to respond to fluid resuscitation alone. Fluid balance was

positive over the next 72 h. Twenty-seven percent of

patients had transitory thyroid insufficiency. In these situ-

ations dopamine was administrated as symptomatic therapy

and dose of thyroid hormone was increased. Mortality was

53%.

Conclusion Hypothalamic damage can result in life-

threatening vasodilatory arterial hypotension after sellar

region tumor surgery. b-Sympatomimetics are indicated in

cases with thyroid insufficiency.
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Introduction

Fluid-resistant arterial hypotension can result in hypop-

erfusion of the brain and other organs. For patients with

traumatic brain injury (TBI), short-term episodes of

arterial hypotension worsen outcomes [1, 2]. Well-known

causes of arterial hypotension in the neurosurgical ICU

are cardiac failure, septic shock, and adrenal insufficiency

[3]. Moreover, in neurosurgical practice, arterial hypo-

tension can develop in cases with brain stem and cervical/

upper thoracic spinal cord damage [4]. Patients with TBI

in early period frequently have arterial hypotension,

which requires usage of sympatomimetics [5]. Fluid-

resistant arterial hypotension can occur in patients with

brain edema and without evidence of brainstem or spinal

cord injury [6–8]. Hypothalamic nuclei can be damaged

in this scenario, but it is not a well-documented cause of

hypotension. Experimental data show the possibility of

development of arterial hypotension after isolated damage

of hypothalamus [9–21]. In this study we attempted to

better characterize the clinical syndrome of arterial

hypotension in patients following surgery for sellar region

tumors.
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Materials and Methods

Local ethics committee approved the study (number of the

investigation is RK VNTITs 0120.0 504351).

A series of cases with clinical syndrome of arterial

hypotension in the early postoperative period after sellar

were prospectively investigated. All patients were admitted

to neurological ICU (NICU) at Burdenko Neurosurgical

Research Institute between May 2003 and December 2005.

Inclusion criteria were: tumor of sellar region, and fluid-

resistant arterial hypotension, which required usage of

sympatomimetics during the early postoperative period

(7 days). There were 15 patients taken from 1005 patients

who were operated during the investigation period.

Demographic characteristics, description of tumors’

histological type, neurological, endocrine status of patients

before operation, and data about concomitant diseases are

available in Table 1. Part of patients’ preparation for sur-

gery were correction of endocrine insufficiency and

maintenance of normal fluid balance and correction of

diabetes insipidus.

Surgical events are shown in Table 2. Intraoperative

hemorrhage did not exceed 15% of the blood volume, and

it was adequately corrected during operation. Intraopera-

tive infusion therapy was aimed to achieve normovolemia

under monitoring of CVP measurement using central

venous catheter, hemoglobin, and hematocrit levels.

Hemodynamics were stable during operation. Coagulopa-

thy was absent. All patients were anesthetized with

propofol (45 mkg/kg/min), fentanyl (0.03 mkg/kg/min),

and inhalation of nitrous oxide (N2O:O2 = 3:1).

Postoperatively and before arterial hypotension devel-

opment baseline fluid management was 1.6 ± 0.3 ml/kg/h

intravenously and 10–15 ml/kg per day enterally. Nonin-

vasive monitoring of hemodynamics including

echocardiography was performed.

Invasive hemodynamic monitoring with pulmonary

artery catheter (PAC) and catheterization of radial artery

was performed in 30 min after arterial hypotension onset in

all cases. Hemodynamic profiles were measured every 6 h

or when clinically needed. All PAC-derived hemodynamic

measurements were recorded during the first 72 h after the

onset of hypotension. Echocardiographic investigations

were performed, but therapy was determined by invasive

monitoring data. Generally echocardiographic data were

similar to PAC results.

Statistical Analysis

We found normal of distribution of values with Lilliefors

probabilities at every point of time. We used nonparametric

methods, because the data incompletely corresponded to

normal distribution. We used Friedman ANOVA for the

determination of discrepancy significance. When we found

discrepancy in Friedman ANOVA test we used Mann–

Whitney U and Wald–Wolfowitz tests for specification dis-

crepancies between data at different points of time. Data are

presented as mean ± SD (m ± d). Logarithmic approxi-

mation is made when needed. We used Statistica v. 6.0.

Table 1 Patient characteristics (N = 15)

Demographic characteristics

Age (years): 33–66 (median 50)

Males: 10 (67%)

Females: 5 (33%)

Histological characteristic of tumora

Pituitary adenoma: 7 (47%)

Craniopharyngioma: 6 (40%)

Others 2b: (13%)

Neurological status before operation

Chiasmatic syndrome: 14 (93%)

Mental disorders: 6 (40%)

Pyramidal signs: 2 (13%)

Endocrinology status before operation

Secondary hypocorticism and hypothyroidism: 6 (40%)

Need for replacement therapy, including desmopressin acetate: 7

(47%)

Concomitant medical diseases

Essential hypertension: 11 (73%)

a In the total number of patients (1005 patients), adenomas corre-

sponded to 74%, craniopharyngiomas: 14%, and other tumors: 12%.

Thus, most cases with arterial hypotension among 1005 patients were

associated with craniopharyngiomas
b Meningioma of sellar region and paraganglioma of sellar region

Table 2 Surgical events

Surgical approach

Subfrontal: 5 (33%)

Pterional 2: (13%)

Transcallosal: 1 (7%)

Combined—pterional and transcallosal: 3 (20%)

Transsphenoidal: 4 (27%)

Extent of tumor removal

Total removal: 4 (27%)

Subtotal removal: 6 (40%)

Partial removal: 5 (31%)

Damage of pituitary stalk

Pituitary stalk surgically cut or destroyed with tumor: 4 (40%)

Pituitary stalk saved: 9 (60%)

Urgent surgical interventions during first 7 days after tumor removal

Removal of tumor bed hematoma: 1 (7%)

External ventricular drainage due to hemorrhage: 2 (13%)
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Results

All our tumors were large or giant (in our Institution

classification tumor of sellar region is giant if its size

exceeds 60 mm, and large when more than 35 mm) with

infiltrative growth and invasion of the floor of the III

ventricular. There was an intention to perform a total

resection of sellar region tumors. Total tumor removal from

the third ventricular was attempted in all cases. Data about

extent of tumor resection are presented in Table 2. Causes

of injury of hypothalamic nuclei and its frequency are

given in Table 3.

Arterial hypotension developed in the early postopera-

tive period in all cases (Table 4). At the time of arterial

hypotension onset patients had APACHE II scale 25–27. In

seven cases arterial hypotension developed on the first

postoperative day. These patients did not recover after

operation (Table 5). Fatal outcome was found in three

patients (Table 4). Four cases recovered in 5 ± 2 days

after correction of arterial hypotension.

In eight cases arterial hypotension developed 2–7 days

after operation. These patients recovered after operation.

Features of patients’ condition at the time of arterial

hypotension are presented in Table 5. Linear velocity of

blood flow, measured with transcranial Doppler, was nor-

mal in all cases. Five patients died and three had a

favorable outcome in this subgroup (Table 4).

Mechanism of fluid-resistant arterial hypotension after

resection of sellar region tumor consists in marked

decrease of vascular tone and development of relative

hypovolemia. Signs of cardiac failure were not found.

Decrease of vascular tone was confirmed with moni-

toring of the index of systemic vascular resistance (SVRI),

which was reduced during the entire period of invasive

hemodynamic monitoring. A trend toward of increasing

SVRI was observed during the investigation (Fig. 1). SVRI

increased from 1503.3 ± 623.5 dyn�s�cm5�m2 at the start

of the study, and during arterial hypotension development

to 1747.47 ± 417.2 dyn�s�cm5�m2.

Selective a-sympatomimetics were used to treat hypo-

tension, and unusally phenylephrine. Its dose (Fig. 2) was

determined by SVRI and mean ABP.

Hypovolemia was confirmed because central venous

pressure (CVP) and pulmonary artery occlusion pressure

(PAOP) were decreased. The combination of these data

with severe decrease of SVRI suggested relative hypovol-

emia. During the invasive monitoring period both CVP and

PAOP were increased. CVP significantly rose from

4.5 ± 2.6 to 6.8 ± 3.5 torr (Fig. 3). PAOP increase was

statistically insignificant (from 8.1 ± 3.5 to

11.9 ± 3.5 torr). During the period of arterial hypotension,

all patients received fluids 6.3 ± 1.9 ml/kg/h, pressors

(phenylephrine: 1.2 ± 1.1 mcg/kg/min [minimum level],

4.6 ± 3.4 mcg/kg/min [maximum level] and dopamine

6.5 ± 0.8–7.5 ± 1.3 mcg/kg/min), and hormonal therapy,

(recommended for patients with hormonal insufficiency in

Table 3 Cause of diencephalic damage

Cause of damage Quantity

Infiltration of the floor of III ventricular

with tumor and/or its growth into the

cavity of III ventricular before operation

15 (100%)

Intraoperative tumor separation from the

floor of III ventricular

7 (47%)

Attempt of total tumor removal from

the third ventricular

15 (100%)

Table 4 Onset time of arterial hypotension development and

outcomes

Postoperative day Quantity Outcomes

1st 7 (47%) Lethal outcome in 3 cases

2nd 3 (20%) Lethal outcome in 2 cases

3rd 1 Recovered

4th 1 Died

5th 1 Died

6th 1 Recovered

7th 1 Died

Table 5 Features of patients’ condition on the moment of arterial

hypotension development

Neurological status

Coma (GCS 5–7): 15 (100%)

Stereotypic unpurposeful activity and episodes of motor agitation: 9

(60%)

Secondary brain stem syndromea: 15 (100%)

Presence or worsening of motor hemiparesis: 6 (40%)

Medical status

Mechanical ventilation: 15 (100%)

Dynamic ileus: 6 (40%)

Diabetes insipidus: 15 (100%)

Hyperglycemia: 15 (100%)

Hyperthermiab: 11 (73%)

Hypothermia: 4 (27%)

CT scan

Brain edema: 9 (60%)

Blood found in tumor bed: 7 (47%)

Intraventricular hemorrhage: 2 (13%)

Hemorrhage in tumor bed: 1 (6.5%)

a Secondary brain stem syndrome: miosis, horizontal and vertical

divergent strabismus, absent light response, and lack of reflective

upward gaze
b Sepsis was excluded in all cases
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conditions of severe stress). Dose of hydrocortisone was

400–500 mg per day; dose of L-thyroxin was 2–3 lg/kg/

day; and dose of desmopressin acetate was 0.2–0.8 mg per

day (Table 6). Hormone levels were investigated once a

day during the 72-h period of the survey (Table 6).

Infusion therapy was guided by dynamic control of

levels of CVP and PAOP that allowed us to use the highest

possible dose of infusion. On average, daily total quantity

of fluid was 7000–8000 ml, but occasionally it achieved

15,000–16,000 ml per day in cases of severe diabetes in-

sipidus or considerable hypovolemia due to another cause

(Fig. 4).

Myocardial contractility was not impaired. Stroke index

(SI) was normal or increased in all cases during the entire

period of invasive monitoring. It reached 53.8 ± 13.3 ml/

m2 at the beginning of the investigation and

54.2 ± 12.8 ml/m2 at the end of invasive monitoring

period.

Average value of cardiac index (CI) in the whole group

did not change during the investigation. CI was normal or

increased (beginning of investigation: 4.4 ± 1.6 l/min/m2,

end of investigation: 4.2 ± 0.8 l/min/m2), but analysis of

CI trends for every patient individually showed that four

patients had slight reduction of CI (Fig. 5). The cause of CI

decrease was severe bradycardia. This phenomenon was

not very common and developed only in four cases

(Fig. 6). Bradycardia was always combined with hypo-

thermia and dynamic ileus. These symptoms are typical for

severe hypothyroidism. Since bradycardia was regarded as

sign of decompensated hypothyroidism, b-sympathomi-

metics were used. Major feature of therapy with thyroid

hormone was combination of T4 with T3. Thyroid hormone

levels in plasma and dose of hormonal agents are presented

in Table 6. Hypothyroidism was largely diagnosed clini-

cally, because diagnostic value of plasma hormone level is

less useful with thyroid therapy. The b-sympathomimetics

dopamine was used in dose 4–9 mcg/kg/min. Exact dose

was determined levels of CI and heart rates (HR). Dopa-

mine was used in four cases increased until the dose of

thyroid hormone normalized CI and HR.

Management described above led to normalization of

arterial blood pressure (Fig. 7).

Mortality was 53%. The outcome was fatal in three

cases during 1–28 days period and lethal in five cases

above 28 days after operation. Causes of death were veri-

fied at autopsy and are shown in Table 7.

Discussion

The clinical phenomenon of fluid-resistant arterial hypo-

tension after sellar region tumor is very uncommon.

500

700

900

1100

1300

1500

1700

1900

2100

2300

2500

84420
Hrs.

D
in

*s
/(

cm
5 *m

2 ).

Fig. 1 Trends of mean values ± SD of SVRI. Normal ranges are

1970–2390 dyn s/(cm5 m2). Data are presented as mean ± SD

(m ± d). Logarithmic approximation is made for every index. SVRI

was significantly less, than normal values, at the beginning of the

investigation: 1503.3 ± 623.5 dyn s/(cm5 m2) (m ± d). There was a

significant increase of SVRI by 72nd hour of the investigation:

1747.47 ± 417.2 (m ± d)
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Fig. 2 Trends of mean values of phenylephrine doses. Recom-

mended doses are 0.5–5 mcg/kg/min. Data are presented as mean (m).

Maximal average phenylephrine dose was 4.9 mcg/kg/min. This dose

had to be used at the end of the first investigation day. By the end of

the investigation average phenylephrine dose fell to 1.2 mcg/kg/min
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Fig. 3 Trends of average values of CVP. Normal ranges are 8–

10 mmHg. Data are presented as mean (m). Logarithmic approxima-

tion is shown. Mean CVP was 4.5 mmHg at the beginning and it

increased to 6.8 mmHg after 72 h of the investigation
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According to our data, it develops in approximately 1.5%

patients in early postoperative period. However, it is a

major cause of death. This prompted us to further study this

phenomenon.

A search for clinical studies in MEDLINE was unsuc-

cessful. On the other hand, there are several experimental

studies, which investigated hemodynamic response after a

variety of injury to hypothalamic nuclei [11–14, 16, 18, 19,

21]. It is known that paraventricular nuclei and zone

AV3V, which is located at the anterior part of the III

ventricle, exert the most considerable influence over sys-

temic hemodynamics [9, 10, 17, 20]. Hilton studied

hemodynamic response after electrical irritation of peri-

fornical area and anterior nuclei of hypothalamus in cats

[15]. There were two types of hemodynamic response. The

Table 6 Used hormonal drugs and plasma levels

Hormone 1st day 2nd day 3rd day

Hormonal agents used

Hydrocortisone (mg) 549.5 ± 522.9 529.2 ± 131.8 529.2 ± 131.8

Dexamethasone (mg) 12.8 ± 3.1 12.9 ± 3.3 12.9 ± 3.3

L-thyroxin (mcg) 206.7 ± 25.8 215.4 ± 24 200 ± 35.4

Desmopressin (mg) 0.92 ± 1.15 0.61 ± 0.57 0.48 ± 0.26

Hormone levels in plasma

N3 1.23 ± 1.06 1.04 ± 0.89 0.72 ± 0.47

N4 87.4 ± 28.8 72.5 ± 15.6 74.8 ± 32.1

Free N3 2.61 ± 0.76 2.21 ± 1.23 2.91 ± 0.86

Free N4 14.01 ± 3.37 16.43 ± 3.91 15.71 ± 1.37

Cortisol 458.1 ± 374.1 661.5 ± 444.1 787.3 ± 481.9

Renin 0.98 ± 0.27 0.65 ± 1.26 0.67 ± 0.44

Aldosterone 12.29 ± 5.72 26.53 ± 22.49 22.49 ± 8.08

Dexamethasone was used for anti-edematous therapy after craniotomy in neurooncology patients. Hydrocortisone was used in patients with

secondary/tertiary adrenal insufficiency. N3 (normal range: 1.2–2.8 nmol/l); N4 (normal range: 55–170 nmol/l); Free N3 (normal range: 2.76–

6.45 pmol/l); Free N4 (normal range: 10.1–22 pmol/l); Cortisol (normal range: 350–690 nmol/l); Renin activity (normal range: 0.5–1.9 ng/ml/h);

Aldosterone (normal range: 27.7–291.3 pmol/l); Data are presented as mean ± SD (m ± d)
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Fig. 4 Trends of average values of fluid balance. Fluid balance was

calculated as a difference between input and output during the 4-h

period. Data are presented as mean (m). Fluid balance was positive

during entire investigation period
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Fig. 5 Trends of CI of four cases with CI abnormalities. Normal

ranges are 2.5–4.0 l/min/m2. Data are presented as absolute values. CI

was discussed in four cases at different times of the investigation.

These patients required infusion of b-sympathomimetics (dopamine

in b-sympathomimetic doses: 4–9 mcg/kg/min)
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Fig. 6 Trends of heart rates in patients with bradycardia. Normal

ranges are 60–90 per min. Data are presented as absolute values. HR

was less than normal values in four cases. These patients required

infusion of b-sympathomimetics (dopamine in b-sympathomimetic

doses: 4–9 mcg/kg/min)
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first one, which developed more frequently, consisted in

diffuse vasoconstriction and arterial hypertension. The

second response was distinguished by diffuse vasodilata-

tion and severe arterial hypotension. Massive release of

catecholamines from adrenals subsequently stabilized the

blood pressure.

The mechanism of arterial hypotension in our study

population consists of severe decreased vascular tone due

to vasodilatation. All our patients had tumors which theo-

retically could impact diencephalon region directly or there

was tumor growth with infiltration of floor of third ven-

tricular and its cavity. Other causes of fluid-resistant

arterial hypotension in our patients could be adrenal

insufficiency, injury of caudal brainstem, or inhaled anes-

thetics. Injury of brainstem was not confirmed with MRI or

autopsy.

Theoretically, nitrous oxide can result in vasodilatation

and arterial hypotension. However, in practice, it is unli-

kely that nitrous oxide could result in resistant arterial

hypotension. First, nitrous oxide has minimal influence to

vascular tone [22]. Secondly, it is unlikely that nitrous

oxide would be a cause of hypotension that requires infu-

sion of phenylephrine in high doses (maximal average dose

was 4.9 mcg/kg/min). Thirdly, half-life of nitrous oxide is

5 min [23, 24]. In one patient, arterial hypotension

developed in the first postoperative day in 7 patients and in

the period 2nd to 7th day in 8 patients.

One could surmise that decompensated adrenal insuffi-

ciency can be an immediate cause of such severe fluid-

resistant arterial hypotension. Besides, decompensated

adrenal insufficiency inevitably lead to hyponatremia,

hyperkalemia, and hypoglycemia. However, our patients

had different homeostatic disturbances. Moreover, every

patient received hydrocortisone in high dose. In such

conditions only relative adrenal insufficiency can occur.

We doubt that relative adrenal insufficiency cannot be an

immediate cause of such severe fluid-resistant arterial

hypotension. Diencephalon injury as an immediate cause of

arterial hypotension can be implicated because neurologi-

cal deterioration preceded development of arterial

hypotension.

Our clinical model and Hilton’s experimental study are

similar. The major difference is the lack of compensation

due to massive release of catecholamines from adrenals in

our patients. This is not surprising because our patients had

compromised adrenals due to secondary adrenal insuffi-

ciency (40% before operations and theoretically 100% after

operation; all patients received hormonal therapy with

hydrocortisone after operation) (Table 6). Hydrocortisone

in doses, which we employed, prevents adrenal crises or

development of decompensated adrenal insufficiency, but

evidently it is not able to compensate in a critical setting.

Thus, we are faced with the question whether the dose of

glucocorticoids is adequate. Further investigations are

necessary to answer this complex question.

a-Sympatomimetics were used after determination of

the mechanism of arterial hypotension. Routine use of b-

sympatomimetics was unsuitable because myocardial

contractility was normal or increased. This was an unex-

pected result because we expected fluid-resistant arterial

hypotension after sellar region tumor resection was due to

cardiac failure. Prior data as shown the possibility of car-

diomyopathy in patients with sellar region tumor,

especially in patients with pituitary adenoma and acro-

megaly [25, 26].

b-sympatomimetics must be used as symptomatic ther-

apy for stabilization of CI and HR before adequate dose of

thyroid hormone can be used. Low T3 syndrome is com-

mon in critical care patients [27–29]. Perhaps this

syndrome is the cause of bradycardia which develops

during a-sympatomimetics usage. In our study bradycardia

occurred during phenylephrine usage only in patients with

decompensated hypothyroidism. On the other hand, bra-

dycardia did not develop in patients without signs of

hypothyroidism, even when the dose of phenylephrine was

extremely high (11–11.5 lg/kg/min). However, our patient

population is very small and we can only speculate about

this mechanism.
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Fig. 7 Trends of average values of mean arterial pressure. Normal

ranges are 70–110 mmHg. Data are presented as mean (m). Loga-

rithmic approximation is shown. Mean arterial pressure increased

during the period of the investigation. * Values significantly differed

from the beginning of the investigation (P < 0.05)

Table 7 Causes of death

In the period 1–28 days after operation

Ischemic insult at diencephalon: 1

Intraventricular hemotamponade: 2

In the period after 28 days from operation

Sepsisa: 4

Pulmonary embolism: 1

a Sepsis occurred 3 weeks after surgery
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We used high volumes of infusion therapy and this

treatment was successful. However, it would be very pos-

sibly hazardous to use high volumes without Swan-Ganz

monitoring. Recently, some authors cast doubt on efficacy

of pulmonary catheterization to outcomes [30]. However,

we could not safely implement such aggressive infusion

therapy without Swan-Ganz monitoring. Others, however,

presented better outcomes in patients monitored with pul-

monary catheterization, especially if patients had severe

conditions (APACHE II > 22–24) [31, 32].

Conclusion

Hypothalamic damage can be an immediate cause of fluid-

resistant arterial hypotension. We did not find other plau-

sible causes of fluid-resistant arterial hypotension after

sellar tumor resection. The mechanism of resistant arterial

hypotension consists in decrease of vascular tone and rel-

ative hypovolemia and responds to sympatomimetics. b-

sympatomimetics are indicated in cases with thyroid

insufficiency as symptomatic therapy. Simultaneously,

dose of thyroid hormone should be increased. Further

research is needed to better understand risk factors for this

syndrome, and to reduce the high mortality rate associated

with this disorder.
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