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We studied the consequences on cerebral hemodynam-
ics of lengthy laparoscopic procedures requiring pneu-
moperitoneum and head-down positioning. From Oc-
tober 1995 to April 1999, 17 ASA status I or II patients
(16 women and 1 man; mean age, 38 yr) were treated
with laparoscopic anterior lumbar fusion. Besides stan-
dard perioperative monitoring for laparoscopic sur-
gery, the mean blood-flow velocity of both middle cere-
bral arteries and the pulsatility index were determined
by transcranial Doppler ultrasound. Adequate acoustic
windows were encountered in 11 of the 17 patients, and
the remaining 6 were excluded from the analysis. Paco2
and end-tidal CO2 were maintained within normal lim-
its (�40 mm Hg); ventilation was optimized in all cases.

There was a significant increase (P � 0.05) in heart rate
and central venous pressure with the change from su-
pine to head-down position in all patients. Transcranial
Doppler results for mean middle cerebral artery blood-
flow velocity and pulsatility index showed no signifi-
cant variations at any of the four time points studied
during the procedure. There were no technique-related
complications, except for moderate postoperative
headache in eight patients that resolved with rest and
oxygen therapy. We conclude that lengthy laparoscopic
procedures in the head-down position performed in
otherwise healthy patients do not significantly affect in-
tracranial circulation.

(Anesth Analg 2003;97:���–���)

L aparoscopic surgery requires the establishment of
artificial pneumoperitoneum by gas insufflation
(usually CO2) with controlled intraabdominal

pressure (IAP). This implies cardiocirculatory, respi-
ratory, and metabolic changes, which have been ex-
tensively studied (1). Nevertheless, the repercussions
of the pneumoperitoneum on cerebral homeostasis
and intracranial pressure (ICP) have not been thor-
oughly assessed.

In October 1995, after completing a training period
with animals (30- to 50-kg pigs), our group initiated
the use of a laparoscopic technique for anterior L5-S1
interbody fusion in the head-down (Trendelenburg)
operating position. The mean duration of the proce-
dure was 360 min, with a total head-down time of
approximately 240 min. This study determined the
consequences of pneumoperitoneum and lengthy
head-down positioning on cerebral hemodynamics in

patients having laparoscopic lumbar fusion, by mon-
itoring middle cerebral artery flow (MCA) velocity
with transcranial Doppler ultrasound.

Methods
From October 1995 to April 1999, 17 patients diag-
nosed with L5-S1 discopathy were treated with ante-
rior interbody fusion by using a laparoscopic ap-
proach and a head-down operating position. The
guidelines for new surgical techniques required by
Spanish laws and our institution were followed, and
an informed consent form was signed by all patients
before surgery (2).

The series included 16 women and 1 man, with
mean age 38 yr (range, 28–44 yr), weight 63 kg (range,
52–72 kg), height 164 cm (range, 152–173 cm), and
ASA physical status I or II. None of the patients had a
history of cardiovascular, respiratory, or cerebrovas-
cular disease.

All patients received atropine 0.5 mg, fentanyl
0.15 mg, midazolam 4 mg, and ondansetron 4 mg
before surgery. Anesthesia was induced with propofol
2.5 mg/kg and vecuronium 0.1 mg/kg IV. Mainte-
nance was provided with a 50% mixture of oxygen/
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air, desflurane at a minimum alveolar anesthetic con-
centration of 0.5, and continuous perfusions of
fentanyl and vecuronium. Normocapnia (Paco2
�40 mm Hg and end-tidal (ET)co2 �34–38 mm Hg)
was maintained throughout the study in all patients.
Mechanical ventilation was adjusted with the volume-
controlled mode (AS3; Datex-Engstroem, Helsinki,
Finland) by means of ETco2 monitoring. Temperature
was controlled with an esophageal thermometer, and
normothermia (36°C–37°C) was maintained during
the entire procedure by heated blankets (Warm
Touch®; Mallinckrodt Medical, Inc., St. Louis, MO)
and temperature-controlled fluids (Hotline®; Rockland,
Gilbertsville, PA).

The monitors used included the following.

1. Continuous electrocardiogram (leads DII and V5).
2. Invasive arterial pressure (AP) by cannulation of

the radial artery.
3. Central venous pressure (CVP) by right atrial

catheterization via the right internal jugular vein.
4. Urinary output.
5. Oxygen saturation (Sao2) by pulse oximetry.
6. ETco2 by capnography.
7. AP of carbon dioxide (Paco2).
8. Concentration of desflurane.

Monitoring of right and left MCA blood flow was
performed by transcranial Doppler with a 2-MHz
pulsed-wave probe (TC-2-64; Eden Medizinische Elec-
tronik, Überlingen, Germany). After anesthesia was
induced and the patient was positioned, the best trans-
temporal acoustic window (just above the zygomatic
arch) was located on both sides. The probe was fixed
to the patient’s head with an elastic bandage to main-
tain a constant angle and avoid errors in the meas-
urement and location of the various portions of the
vessel. Doppler signals were measured at a depth of
50–55 mm. Blood-flow velocities were expressed in
centimeters per second. The pulsatility index (PI) was
calculated according to the formula PI � (peak systolic
velocity � minimum diastolic velocity)/mean veloc-
ity. Measurements were made by the same observer in
all cases. Among the 17 patients monitored, adequate
acoustic windows were encountered in 11; the remain-
ing 6 were excluded from analysis.

After the induction of anesthesia and with patients
in supine position, baseline measurements were taken
(Time 0 of the study). Patients were then placed in a
15°–20° head-down position, and CO2 insufflation was
started. IAP was maintained at 10–12 mm Hg during
the entire procedure. Measurements were taken at
Hours 1, 2, and 3 after head-down positioning and at
the time when the peritoneal cavity was deflated and
patients were returned to the supine position (end of
surgery). Any clinical alteration or complication ap-
pearing in the 24 h immediately after the procedure

and to the time of hospital discharge was descriptively
recorded.

Results are expressed as mean � sd. Analysis of
variance was performed for repeated measures, and
the �2 test was performed to compare proportions.
Significance was set at a P value of �0.05. Data were
processed with the SPSS statistics package (Version
8.0; SPSS Inc., Chicago, IL).

Results
Significant changes with respect to baseline values
were found for heart rate, CVP, Paco2, and ETco2.
There were no significant changes for mean arterial
blood pressure (MAP), Sao2, or hemoglobin (Tables 1
and 2).

Transcranial Doppler ultrasound results showed no
variations at any of the four time points studied (Table
3). There were no statistically significant changes in
right or left MCA blood-flow velocity or in the PI,
despite significant differences in ETco2 and Paco2
values.

Eight of the patients included in the analysis pre-
sented moderately intense headaches during the im-
mediate postoperative period. The characteristics of
the headaches were similar in all patients—holocra-
nial location and slightly pulsatile. All cases resolved
with conservative treatment consisting of bed rest and
oxygen therapy. All the patients were discharged from
the hospital at the expected time, according to the
criteria for surgery.

Discussion
The results of this study showed significant changes in
heart rate and CVP with respect to baseline values in
laparoscopic surgical patients with pneumoperito-
neum and head-down positioning. Significant differ-
ences were also recorded for Paco2 and ETco2. Nev-
ertheless, in contrast to the findings of other authors
(3,4), there were no significant changes in mean MCA
blood-flow velocity.

A study by Abe et al. (3) in a series of 14 patients
undergoing laparoscopic hysterectomy in head-down
positioning demonstrated a significant increase in
mean cerebral blood-flow velocity with respect to
baseline levels. The authors did not mention whether
bilateral measurements were taken to exclude inher-
ent differences between the two vessels; however, he-
modynamic variables showed no variation, in contrast
to the results obtained in our study, and mean MCA
blood-flow velocity was significantly increased com-
pared with baseline. In a study by Fujii et al. (4) in a
series of 10 patients undergoing laparoscopic chole-
cystectomy and placed in a head-up position, the
methodology used was identical to that of Abe et al.
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(3), and the results were similar; a significant increase
in mean cerebral blood-flow velocity with respect to
baseline levels was observed, even though the posi-
tioning of the patients was completely different. Using
methodology developed by Markwalder et al. (5) in
healthy subjects, both of these studies established a
regression equation between cerebral blood-flow ve-
locity and Paco2 and found a positive linear correla-
tion. This contrasts with Markwalder et al.’s proposal
in that the equation contemplates an exponential in-
crease in MCA blood-flow velocity values with respect
to Paco2; thus, one might question whether the statis-
tical method was applied properly in these works. Our
results in patients undergoing lengthier pneumoperi-
toneum and head-down positioning did not show this
linear correlation; instead, there was a significant vari-
ation in Paco2, and there were no significant changes
in MCA flow velocity—results that can be considered
consistent with Markwalder et al.’s methodology.

In a series of 15 patients undergoing laparoscopic
hysterectomy in a head-down position, Kirkinen et al.
(6) performed a complete hemodynamic study by us-
ing flow-directed pulmonary artery catheters to assess
all the variables that could alter or modify mean MCA
blood-flow velocity as determined by transcranial
Doppler imaging. The results from our series are com-
parable to those obtained by Kirkinen et al. There were
no significant changes in the PI or mean blood-flow

velocities in the MCA, despite significant changes in
the hemodynamic variables studied.

The consequences of the surgical technique on cere-
bral hemodynamics are not evaluable from the clinical
standpoint (3,4,6), and we did not find significant
variations in the Doppler variables investigated; how-
ever, we did find other hemodynamic changes, par-
ticularly in ICP. Experimental studies in animals and
only two case reports in patients with neurological
pathology are available on this subject (7,8). One in-
volved a 37-year-old patient diagnosed with a slow-
growing temporal lobe glioma who required laparo-
scopic cholecystectomy. ICP was monitored with a
Camino® intraparenchymal fiberoptic sensor. In-
creased ICP with respect to the baseline value was
registered with both head-down and head-up posi-
tioning of the patient (7). The second report included
an 18-year-old patient with a ventriculoperitoneal
shunt as a sequela of posttraumatic subdural hema-
toma, who also required laparoscopic cholecystec-
tomy. In this case, the authors also reported a signif-
icant increase in ICP after CO2 insufflation (8).

The various studies performed in experimental an-
imals provide insight into the mechanisms involved.
The first work on this subject was done by Josephs et
al. (9) in a porcine model. The authors assessed ICP in
healthy animals after pneumoperitoneum and in the
same animals after artificially increasing the ICP with

Table 1. Results for Hemodynamic Variables

Variable Baseline 60 min 120 min 180 min End

HR (bpm) 76 � 14 63 � 10* 63 � 10* 65 � 12* 73 � 16*
MAP (mm Hg) 81 � 9 90 � 9 87 � 15 87 � 12 89 � 13
CVP (mm Hg) 13 � 2 19 � 4* 22 � 5* 22 � 4* 20 � 1*

HR � heart rate; MAP � mean arterial blood pressure; CVP � central venous pressure; baseline start of study, supine position; 60–180 min � minutes of
head-down positioning and pneumoperitoneum; end � peritoneal cavity deflated and return to supine position.

* P � 0.05 as compared with baseline values.

Table 2. Results for Respiratory Variables

Variable Baseline 60 min 120 min 180 min End

Hb (g/dL) 12.2 � 2.6 12.2 � 2.5 12.0 � 2.6 12.0 � 2.3 11.9 � 2.4
Paco2 (mm Hg) 33 � 2 39 � 2* 42 � 5* 41 � 4* 41 � 3*
ETco2 (mm Hg) 30 � 3 36 � 5* 37 � 4* 37 � 3* 38 � 4*
Sao2 (mm Hg) 99 � 0.2 99 � 0.3 99 � 0.4 99 � 0.4 99 � 0.5

Hb � hemoglobin; ETco2 � end-tidal CO; concentration; baseline � start of study, supine position; 60–180 min � minutes of head-down positioning and
pneumoperitoneum; end � peritoneal cavity deflated and return to supine position.

* P � 0.05 as compared with baseline values.

Table 3. Results for Transcranial Doppler Ultrasound

Variable Baseline 60 min 120 min 180 min End

MCA (r) 49 � 12 41 � 12 42 � 14 46 � 8 42 � 14
MCA (l) 46 � 9 46 � 12 38 � 8 38 � 6 45 � 10
PI (r) 0.83 � 0.12 0.98 � 0.42 0.84 � 0.13 0.94 � 0.15 0.94 � 0.19
PI (I) 0.82 � 0.08 1.06 � 0.39 0.92 � 0.21 0.86 � 0.11 0.90 � 0.09

MCA � middle cerebral artery blood-flow velocity; PI � pulsatility index; (r) � right; (l) � left; baseline � start of study, supine position; 60–180 min �
minutes of head-down positioning and pneumoperitoneum; end � peritoneal cavity deflated and return to supine position.

balt5/af-ane/af-ane/af1203/af6973-03a bartleym S�6 9/29/03 7:16 Art: 134685
ANESTH ANALG TECHNOLOGY, COMPUTING, AND SIMULATION COLOMINA ET AL. 3
2003;97:���–��� TRANSCRANIAL DOPPLER IN LUMBAR FUSION



a Foley probe in the epidural space of the parietooc-
cipital region (head injury model). The animals were
placed in a 30° head-up position, and IAP was 15 mm
Hg. After establishing the pneumoperitoneum, the au-
thors found an increase in ICP that was independent
from the remaining hemodynamic and respiratory
variables (MAP, pH, Paco2, and Po2), suggesting that
a mechanical effect was the main cause of the increase
in ICP. The authors implicated two mechanisms in this
change:

1. Decreased thoracoabdominal compliance due to
the pneumoperitoneum provokes an increase in
intrathoracic pressure. This, in turn, leads to a
reduction in cerebral venous return and an in-
crease in ICP.

2. Decreased drainage of the lumbar plexuses can
increase spinal canal pressure and thereby in-
crease cerebrospinal fluid pressure and ICP.

Rosenthal et al. (10,11) presented another theory to
explain the repercussions of pneumoperitoneum at
the cranial level. Using the same methods as Josephs et
al. (9), the authors studied ICP variations in animals
placed in different head positions. Five animals were
successively placed in supine decubitus, head-up, and
head-down positions. IAPs were 0, 8, 16, and 24 mm
Hg. Paco2 remained stable at 35–45 mm Hg. The
authors observed a significant increase in ICP after
pneumoperitoneum in both the head-down and
head-up positions, with an earlier increase in the
former, which did not change substantially when IAP
was at 8–24 mm Hg. Additionally, analysis of varia-
tions in Paco2 at several time points after the pneu-
moperitoneum was established showed a linear, non-
significant increase in these values. The authors
suggested that besides the mechanisms postulated by
Josephs et al. (9), there is another, later mechanism,
which they termed chemical (variations in Paco2), that
contributes to increased ICP.

Corroborating this theory, a subsequent work by
this group analyzed the effects of hyper- and hy-
poventilation on ICP after CO2 insufflation in an ani-
mal model (11). On the basis of their results, the au-
thors presented the following conclusions:

1. An acute increase in IAP produces an increase in
ICP.

2. Two mechanisms are implicated in this associa-
tion: 1) an early passive mechanical effect pro-
duced by stasis and increased cerebrospinal fluid
pressure and 2) a late active chemical effect
caused by arterial vasodilation in response to
hypercapnia.

3. Increased IAP causes an increase in intrathoracic
pressure with superior and inferior vena cava
pressure.

4. Hypoventilation and hypercapnia can increase
the ICP.

5. Hyperventilation and hypercapnia do not signif-
icantly decrease the ICP when a pneumoperito-
neum with increased IAP (�10 mm Hg) is
established.

6. The hemodynamic changes that appear after an
increased IAP, such as increased MAP, can be
considered secondary to central nervous system
responses activated to maintain cerebral perfu-
sion pressure after increases in ICP.

7. Laparoscopic procedures requiring CO2 insuffla-
tion may be contraindicated in patients with sus-
pected or known neurotraumatic lesions or
cranioencephalic pathology.

8. Use of hyperventilation in patients with com-
bined abdominal and cranial trauma does not
significantly reduce ICP unless decompression of
the abdominal cavity is performed.

Related experimental and clinical studies show that
the cerebral hemodynamic changes occurring with
CO2 insufflation have few or no clinical consequences
in young, otherwise healthy subjects (12). In the pres-
ence of cranial or spinal canal compromise, however,
the consequences are greater, and many authors
(7,8,11,12) recommend caution when using this tech-
nique in patients with such conditions. The conse-
quences of increased IAP on cerebral homeostasis and
ICP are particularly relevant for patients affected with
cranial trauma or other neurological pathologies and
who might require examination by the laparoscopic
technique (9–12).

Although our series was composed of patients with
no associated pathologies, headaches with similar
characteristics were observed in 8 of the 17 patients
included. From the clinical standpoint, we were sur-
prised to see that none of the articles consulted (3,4,6)
mentioned the development of clinical manifestations
related to the operative technique. Because cerebral
hemodynamic conditions remained stable, from
among the possible causes of this postoperative com-
plication, we suggest that it may be related to the
effect of plasma absorption of CO2 breakdown prod-
ucts in the closed abdominal cavity after electrocau-
tery. Several studies have quantified the increase in
plasma concentrations of carboxyhemoglobin and
methemoglobin (13–15). Results have shown that the
levels reached are not in the range of toxicity, and,
thus, no clinical signs in the immediate postoperative
period would be expected. The design of this study
did not include carboxyhemoglobin and methemoglo-
bin determination, but this was one of the mechanisms
suspected initially as being responsible for the head-
aches. For this reason, we applied oxygen therapy in
the immediate postoperative period; this seemed to be
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helpful, because no other measures were needed to
resolve the headache.

None of the patients studied experienced other
complications. One patient presented with thrombosis
of the external jugular vein at seven days after the
procedure, which most likely had a multifactorial eti-
ology (16).

We conclude that lengthy laparoscopic procedures
in the head-down position performed in otherwise
healthy patients do not significantly affect cerebral
circulation. Nevertheless, this technique should be re-
considered in patients with associated neurologic pa-
thology when the means for proper measurement of
cerebral hemodynamics are not available. Studies in
larger series are necessary to assess clinical alterations
that could be related to variations in cerebral hemo-
dynamics, particularly when surgery requires lengthy
head-down positioning.

The authors thank Celine L. Cavallo for translating and editing the
text.
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