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OBJECTIVE: The risks of a high intraabdominal pressure during laparoscopy are poorly documented.
These aspects were studied in a relevant nonhuman primate model, the baboon (Papio anubis, Papio
cynocephalus).
STUDY DESIGN: The animals used were to be killed at the completion of a vaccine project. They were
anesthetized and intubated but allowed to breathe spontaneously. In group 1 (n = 10) a fixed
intraabdominal pressure (between 10 and 35 cm H20 [7 and 26 mm Hg]) was applied over 30 minutes.
In group 2 (n = 7) the intraabdominal pressure was increased up to a maximum of 105 cm H20 (77 mm
Hg). Blood vessels of the parietal peritoneum and omentum were systematically opened from 30 cm H20
(22 mm Hg) onward. Respiration and pulse rate were measured regularly, and the degree of respiratory
distress was assessed. After death of the baboons a necropsy was carried out immediately to study the
degree of lung atelectasis.
RESULTS: In group 1 the respiration rate increased and the heart rate decreased. At an intraabdominal
pressure of ;:;, 30 cm H20 (22 mm Hg) moderate respiratory distress was seen after 20 minutes. In group
2 one animal had a bilateral pneumothorax at a pressure of 60 cm H20 (44 mm Hg) and died at 90 cm
H20 (66 mm Hg). Severe respiratory distress was observed in the other six animals. Severe lung
atelectasis was present in only one of the five primates with moderate respiratory distress of group 1 and
in all baboons of group 2.
CONCLUSION: An increase of intraabdominal pressure up to 105 cm H20 (77 mm Hg) combined with
intraabdominal blood vessel injury is not lethal in most baboons. (AM J OeSTET GYNECOL
1993;1969:1352-6.)
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Although safety is of great concern in modern laparoscopy, it has not been well investigated. It has been
generally accepted that the intraabdominal pressure
during laparoscopy in women should not exeed 30 cm
H 2 0 (22 mm Hg), to prevent potentially dangerous
hemodynamic changes"" and air embolism, especially
during endoscopic surgery with damage to blood vessels. However, a further increase in intraabdominal
pressure up to 40 and 54 cm H 2 0 (29 and 40 mm Hg)
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has only been studied for a period of 10 minutes and
was not lethal for women," 4 or for dogs," although
significant hemodynamic changes were observed.
Effects of an intraabdominal pressure > 54 cm H 2 0
(40 mm Hg) cannot be studied in women because of
ethical considerations. Because of their similarity to the
human, baboons have been extensively used for research in cardiovascular physiology and surgery." An
opportunity for studying the effects of high intraabdominal pressure in this species was presented when 18
baboons had to be killed at the termination of a vaccine
project.

Material and methods
Animals. The study was performed on 18 baboons
(II Papio cynocephalus and seven Papio anubis) that had
to be killed at the end of a vaccine project. The
primates included 14 females (II Papio cynocephalus and
three Papio anubis) and four males (Papio anubis). They
had been maintained at the Institute of Primate Re-
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Table I. Clin ical effects of fixed intra abdominal pressur e during 30 minutes in 10 baboons
undergoing laparoscopy
l ntraabdominal pressure (em H20 )

Heart rat e/respiration rat e (mea n)
After 5 min
After 30 min
Heart rat e/respiration rate (change)

10 (n = 2)

20 (n = 2)

78119
60/27
- 18/ +8

78116
72/2 1*
-6/ +5

25 (n

= 1)

68118
68/25 *
0/+ 7

30 (n = 4)
71115
65/2 It
-6/ +6

35 (n

= 1)

9211 6
76/36t
-16/+20

*Mild respirat ory distress after 15 to 20 minutes.

t Mod erate respiratory distr ess after 20 minutes.

search, Nairobi, Kenya, for 3.4 :!: 2 (0.7 to 5) years. The
colon y management has been described previously."
Their weight was 12.0 ± 2.6 (6.9 to 15.7) kg.
Equipment and insufflation procedure. The equipment used for intraabdominal carbo n dioxide insufflation esse ntially consisted of a mod ified water valve
system.' The long end of a hollow met al T tube (110
em) was inserted in to a cylinde r filled with water. One
short end of this tube was connected with plastic tub ing
to a carbo n dioxide cylinde r while the other was conne cted to a 10 mm lap aro scop e (Storz, Tuttlingen,
Ge rmany). The intraabdom inal pressur e equals the insufflation pressure, which is determined only by th e
len gth of the tube under wate r (em H 2 0 ). Warming or
moistening of the insufflated carbo n dioxide gas was
not carried out. The insufflation flow was kept < 2
U min in all the animals.
Ge ne ral anesthesia was induce d with a mixture of 1.4
ml ketamine (10% solution, Ketaset, Aveco) and 0.6 ml
thiazine hydrochloride (2% soluti on, Rompun, Bayer,
Leverkusen, Germany) given intramuscularly. Subsequ ently the baboons were intubat ed and allowed to
br eath e spon taneously, inh alin g a mixture of oxygen
and nitrous oxide (70%/30 %) and 1% halothane. The
baboon s were placed in a 20-degree Trendelenburg
position after 10 to 15 minutes of insufflation at 10 em
H 2 0 (7 mm Hg ). In group 1 (n = 10, all fem ales) th e
intraabdominal pressur e was further maintained for 30
minutes at 10 em H 2 0 (7 mm H g, n = 2), 20 em H 2 0
(15 mm Hg, n = 2), 25 em H 2 0 ( 18 mm Hg, n = 1), 30
em H 2 0 (22 mg Hg , n = 4), and 35 em H 2 0 (26 mm
Hg, n = 1). In group 2 (n = 7, including four mal es)
th e intraabdominal pressure was increased at J 0minute int erval s with incre men ts of 5 cm H 2 0 (4 mm
Hg , n = 1), 10 cm H 2 0 (7 mm Hg, n = 4), or 20 ern
H 2 0 (15 mm Hg , n = 2). When th e int raabdominal
pre ssure had reached 30 em H 2 0 (22 mm Hg), blood
vessels of omentum and parietal per itoneum were cut
with lap ar oscop y scissors and observe d for the presence
of gas bubbles. When a maximum int raabdominal pressure of 105 cm H 2 0 (77 mm Hg) was reached (n = 5),
th e Trendelenburg position was incre ased to 35 de-

gre es for another 10 minutes. Sub sequently the laparoscope was removed, allowing th e intraabdominal air to
escape, and the animals wer e immedi atel y killed with an
intraven ous or intracardial inje ction of 8 ml of sodium
pentobarb ital (20% soluti on ).
Clinical parameters. The heart ra te, respiration rate,
and degree of re sp irato ry distress were re corded before
an d at 5-minute intervals during the lap aroscopy. The
heart ra te was either palp ated at th e ax illary art ery or
counted during laparoscop y (heart muscle contractions
at the diaphragm ). Respir atory distr ess was clinically
defined as mild (superficial br eathing, prolonged inspiration time, or slight tira ge), m od er ate (pronounced
tir age or nostril breathing), or sever e (cen tral cyanosis,
gas ping, or undetectable re sp irati on).
Pathologic assessment. In all the animals a necrop sy
was performed imm edi atel y after death, and special
atten tion was pa id to th e degree oflu ng collapse. Lun g
specimens for biopsy were taken at the borderline
between normal and collaps ed lun g tissue, embedded
in par affin, cut into 7 urn sections, and stained with
hematoxylin-eosin.
Ethics. This project complied with the procedure
an d methods outlined in th e Gu ide for the Care and
Use of Lab oratory Anim als of Institute of Primate
Resear ch and received the ap proval of the In stitution
Scienti fic Resources Evaluat ion and Review Committee.
This committee reviews all prospective research
proj ects with respe ct to the experimental design , welfar e of the animals in use, man agem ent, ne cessity of the
use of th e primate model, and ex pe rience of the researche rs regarding th e ex perimental procedures required . T h is study was approved be cau se useful and
clinically rel evant informa tion could be obtained from
an ima ls th at had to be killed at th e termination of a
vaccine study.
Results

Clinical parameters. Table I shows the clinical effects
of a fixed intraabdominal pressu re (group 1, ti = 10).
After the onset of insufflation th e re spiratory rate increased and the heart rate decreased in all animals. The
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Table II. Clinical effects (heart rate/respiratory rate) of an intraabdominal pressure increase at lO-minute
intervals with increments of 5, 10 or 20 em H 2 0 in baboons undergoing laparoscopy (n = 7)
lntraabdominal pressure (em H 2O)

105*

0

+ 5 em (Nl)
+ 10 em
N2, 3, 4~
N5
+ 20 em (N6, 7)~

60/30

72/36 56/20t

83/26 84/21 85/23t
80/20 66/20 62/18
80/19 63/16 64/19

50/8t

52/3

80/28§ 86/40

120/3811

83/21
60/24t
-t

73/23
60/22§
57/22#

77/22§
52/22
-t

75/22
47/05

75/23t
??/25t
49/24#

84/23§
00/00
54/24#

83/21 94/21
67/28#

105/20
66/28#

*Trendelenburg position increased from 20 to 35 degrees.
tOnset of mild respiratory distress.
tOnset of severe respiratory distress.
§Onset of moderate respiratory distress.
IINo intraabdominal pressure increase beyond 85 em H2 0 (leakage of water column).
~Mean values for heart rate/respiratory rate.
#Respiratory rate of N7 only (not detectable in N6).

five primates with an intraabdominal pressure of ~ 30
em H 2 0 (22 mm Hg) showed moderate respiratory
distress after 20 minutes. All the baboons of this group
survived the procedure.
Table II shows considerable interindividual variation
in the clinical effects of a stepwise increase in intraabdominal pressure (group 2, n = 7). All animals had
mild respiratory distress at 30 em H 2 0 (22 mm Hg) .
The onset of severe respiratory distress at 40 em H 2 0
(29 mm Hg, n = 1), 60 cm H 2 0 (44 mm Hg, n = 1), or
70 em H 2 0 (51 mm Hg) was usually associated with a
drop in heart rate, followed by a rise (n = 6). One
baboon (N5 ) developed a bilateral pneumothorax at 60
em H 2 0 (44 mm Hg), followed by a drop in heart rate
and respiratory rate, subcutaneous emphysema of head
and upper limbs at 80 em H 2 0 (59 mm Hg) , and death
at 90 em H 2 0 (66 mm Hg) . When intraabdominal
pressure was increased with 20 cm H 2 0 (15 mm Hg)
each for 10 minutes one animal (N6) had undetectable
respiration at 50 em H 2 0 (40 mm Hg), followed by a
drop in heart rate and facial edema at 90 ern H 2 0 (66
mm Hg). The other (N7) showed occasional gasping
from 70 em H 2 0 (51 mm Hg) onward.
Opening of the blood vessels of omentum an d parietal peritoneum resulted in variable degrees of intraabdominal bleeding and blood clot formation, but clear
gas bubbles were not observed. Electrocoagulation of
the cut vessel was never required because the bleeding
always stopped spontaneously soon after inj u ry, especially at high intraabdominal pressure.
Pathologic studies. The atelectatic areas of the lung
were generally collapsed, dark blue (widespread hemorrhage), and subcrepitant. These areas also appeared
shrunken, depressed, and well demarcated from the
rest of the lung tissue, especially when compensatory
emphysema was present. According to the degree of
atelectasis the animals were classified in three different

groups: mild, moderate, and severe lung collapse (Table III). A good correlation was found between the
degree of respiratory distress an d lun g collapse. Severe
lung collapse was present in eight baboons, including
all the primates with severe respiratory distress (n = 7)
and one animal with moderate respiratory distress. In
six of these eight baboons atelectasis was found in the
posterior lung lobes where respiratory excursions are
deep. The lung lobes of the baboon (N5) that died after
bilateral pneumothorax appeared liver-like and san k in
a 10% formalin solution, indicating complete collapse.
Microscopic examination confirmed complete atelectasis without compensatory emphysema. Severe congestion and multifocal intraalveolar hemorrhage were
present. Blood vessels and bronchioles appeared com pressed. Pulmonary edema was present in four animals,
including three with severe respiratory distress. Congestion and friability was found in the other visceral organs, and it correlated well with the level of intraabdominal pressure used. Obvious gas bubbles in the
cardiovascular system were not observed, and the blood
did not have a frothy appearance. No macroscopic or
microscopic alveolar collapse was evident in the one
baboon that was killed after induction of anesthesia and
without subsequent intraabdominal carbon dioxide insufflation.

Comment
From the results presented above it is obvious that an
increased respiratory rate and a dec reased heart rate
were observed when a fixed intraabdominal pressure
(between 10 and 35 em H 2 0 , or 7 and 26 mm Hg) was
used. The increased re spiratory rate can be considered
as a compensatory phenomenon for the reduction in
lung expansion and has also be en noted in patients
with epidural anesthesia" undergoing laparoscopy with
an intraabdominal pressure up to 34 em H 2 0 (25 mm
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Table III. Pathologic classification of lung collapse

I

Macroscopic

Microscopic

Mild

Peripheral collapse of at least one lung lobe

Moderate

Complete collapseof at most one lung lobe with peripheral collapse of the other lobes; normal areas
still present
Complete collapse of at least two lung lobes with peripheral collapse of the other lobes

Severe

Hg). The relative bradycardia observed could be a
consequence of reflex vagal stimulation from stretching
or distention of the peritoneum." A mild decrease in
heart rate has also been reported in both spontaneously
breathing and artificially ventilated patients when a
laparoscopy was performed at an intraabdominal pressure up to 34 ern H 20 (25 mm Hg).10 However, most
investigators found a stimulation of the cardiovascular
system (tachycardia, increased central venous pressure,
mild hypertension) in the same patient population at
an intraabdominal pressure < 27 em H 20 (20 mm
Hg). I, 2. 4, II, 12 The hemodynamic effects of a further
intraabdominal pressure increase from 27 to 40 or 56
ern H 20 (from 20 to 29 or 41 mm Hg) were observed
only for 10 minutes in women" 4 and dogs,' respectively.
In both studies tachycardia and a decreased cardiac
output were found, suggesting diminished venous return. Normal values were measured shortly after the
release of the lAP. Similarly, in the current study tachycardia was observed in baboons that coped with or
recovered from severe respiratory distress. However,
the reversibility described in the studies mentioned
abovc'" cannot be extrapolated to our study because a
high intraabdominal pressure was maintained during
only 10 minutes compared with 30 minutes in the
baboons. Furthermore, both women and dogs were
artificially ventilated and baboons were not.
In this study on baboons the degree of respiratory
distress was defined according to clinical criteria only,
because facilities for taking an electrocardiogram or
measuring blood pressure, central venous pressure,
lung function, blood gases, and pH were not available.
Only mild respiratory distress was found if the intraabdominal pressure was < 30 em H 20 (22 mm Hg) for 30
minutes. Similarly, no major respiratory or hemodynamic dysfunction has been reported in spontaneously
breathing women during laparoscopies performed at
an intraabdominal pressure < 34 em H 20 (25 mm Hg)
during a maximum of 15 minutes. 10. 13 Furthermore, it
is worth noting that baboons recovered without any
problems after laparoscopy at an intraabdominal pressure up to 15 em H 20 (11 mm Hg) during 90 minutes." However, the reversibility of the severe respiratory distress noted in the current study cannot be

Few areas of atelectasis; rest of lung tissue appears
normal
Considerable atelectasis with congestion; a few areas
with hemorrhage or emphysema
Massive atelectasis, widespread congestion, hemorrhage, compensatory emphysema

addressed because, for ethical reasons, the animals were
killed immediately after release of the pneumoperitoneum. Reversibility would depend on the degree and
consequences of central hypoxia and on the reversibility
of lung collapse. Atelectasis is known to be reversible as
soon as the causative agent is removed. IS, 16 The
atelectasis resulting from abdominal distension is usually partial, typically affecting the anterior lung segments where respiratory excursions are shallow. However, collapse of the posterior lung lobes, where respiratory excursions are deep, was noted in six of the seven
cases of severe lung collapse in this study. It is known
that extensive atelectasis produces severe respiratory
difficulties, and if bilateral it can result in death. 15
Severe (acute) bloat in cattle" and gastric dilatation in
nonhuman primates 18 have been shown to be fatal,
primarily because of the resulting respiratory embarrassment.
It is remarkable that only one baboon died, taking
into account the high intraabdominal pressure and the
intraabdominal bleeding in the second group. Bilateral
pneumothorax associated with pneumoperitoneum has
been described before'?' 20 and is considered to be a rare
complication of laparoscopy. This could have resulted
either directly from the high intraabdominal pressure
leading to diaphragmatic and pleural rupture or indirectly from subperitoneal air extension to both pleurae
with secondary rupture. 19
Carbon dioxide embolism is considered another rare
complication of laparoscopy. However, criteria for diagnosis of this condition vary considerably in the literature, and this explains why data on prevalence are
difficult to obtain." Methods for diagnosing venous air
embolism include auscultation for characteristic "mill
wheel" murmurs, placement of a Doppler flow detector
over a specific area on the thoracic wall and measuring
end-tidal carbon dioxide concentrations." However, it
seems that the only absolute criterion for diagnosis of
gas embolism is the confirmation of gas bubbles in the
vascular system at the time of surgery or autopsy."
Opening of the heart and major pulmonary trunks
under water to detect the escaping gas has been reported to be a good test. 14 This was not done in the
current study, but obvious gas bubbles were not ob-
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served in the vascular system either during surgery or at
necropsy. T hese data suggest that major air embolism
did not oc cur, although a high intraabdominal pressure
was used a n d intraabdominal blood vessels were
opened. Be cause bleeding usually stopped soon after
the vessels were opened, it is possible that these were
sealed by the high intraabdominal pressure and that
the surface through which ca rbo n dioxide could enter
the circulation was limited . In other publications" it has
been sugges ted that in crea sed intraabdominal pressure
might lead to ve in rupture, allowing carbon dioxide to
enter the circulation. This hypothesis was not confirmed in this study; no significant intr aa bd o m inal
bleeding was observed from other sources than the
injured ve ssels.
In conclusion, this study presents the fir st exp er im e n tal evidence that an in crease of intraabdominal pressure, a t least up to 10 5 em H 2 0 (77 mm Hg), is n ot
lethal in the majority of anesthetized but sp o n ta n e ous ly
breathing baboons, even after intraabdominal bl ood
vessel injury . However, one a n im a l died as a consequence of bilateral pneumothorax, and severe effects
on clinical parameters a n d lung pathologic conditions
were observed in the o ther primates.
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