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The SINPHONI-2 multicenter prospective cohort 
study in Japan (multicenter trial to assess lumbo-
peritoneal shunt [LPS] implantation in patients 

with idiopathic normal pressure hydrocephalus [iNPH]) 
showed that LPS surgery is not statistically inferior to the 
ventriculoperitoneal shunt (VPS) procedure in patients 
with iNPH.10,12 Increasing numbers of patients have since 
undergone LPS.15 LPS is an extracranial procedure that 
can minimize intracranial complications.2,7,15,18 While LPS 
does have potentially problematic features, such as tearing 
of the fragile spinal catheter and excessive drainage syn-
drome being more frequent with LPS than with VPS,3,8,11,18 
these issues are gradually showing resolution based on the 
development of valve systems as well as a wide range of 
pressure control strategies.3,13,14

Another technical problem of LPS involves operative 
positioning. To insert the spinal catheter into the subarach-
noid lumbar space, LPS is usually peformed with the patient 
in the lateral decubitus position.7,9,16 However, laparotomy 
around the periumbilical region in the lateral decubitus po-
sition can be quite difficult.9,16 Therefore, based on a com-
bination of factors, changing the patient’s position and/or 
tilting the operating bed to a significant degree is required 
in most cases.7,16 These cumbersome maneuvers are espe-
cially necessary in obese patients, and possibly a reason for 
surgeons choosing VPS surgery rather than LPS surgery.7,16 
To overcome this drawback, we added a simple modifica-
tion to the conventional LPS procedure. Few reports have 
described the abdominal procedure for an LPS in great de-
tail.5,9 Thus, in this paper we introduce an LPS method via 
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VPS = ventriculoperitoneal shunt.
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OBJECTIVE One of the technical problems encountered in performing lumboperitoneal shunt (LPS) surgery involves 
operative positioning of the patient. To insert the spinal catheter into the subarachnoid lumbar space, LPS is usually per-
formed with the patient in the lateral decubitus position. However, laparotomy around the periumbilical region, especially 
in obese patients in the lateral decubitus position, can be quite difficult. Thus, the authors added a simple modification to 
the laparotomy for LPS, altering the laparotomy site to the lateral side of the patient’s trunk. The aim of this study was to 
analyze this method in terms of technical features and outcomes.
METHODS Two LPS procedures were compared: routine periumbilical anterior abdominal laparotomy and our modified 
method using lateral abdominal laparotomy. The first 11 consecutive cases underwent routine anterior abdominal lapa-
rotomy with position changes or tilting of the operative bed, whereas the next 17 consecutive cases underwent lateral 
abdominal laparotomy not requiring position changes.
RESULTS In the anterior abdominal laparotomy group, the mean operative time was 72.36 ± 24.63 minutes. One pa-
tient had a spinal tube tear that required revision of the LPS 2 years postoperatively. In the lateral abdominal laparotomy 
group, the mean operative time was 38.82 ± 13.87 minutes. One patient experienced a postoperative headache and ex-
hibited a thin, chronic subdural hematoma on imaging studies, which disappeared after adjustment of the valve pressure.
CONCLUSIONS In the current series, the operative duration was shorter in the lateral abdominal group compared with 
the anterior abdominal group, with no differences in complication rates. Lateral abdominal laparotomy simplifies LPS.
https://thejns.org/doi/abs/10.3171/2019.10.SPINE19957
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lateral abdominal laparotomy. We aimed to analyze our 
method in terms of technical features and outcomes. Our 
modification of the routine LPS method simplifies the pro-
cedure and may make it more widely acceptable.

Methods
Study Population

We compared two LPS procedures: one using routine 
periumbilical anterior abdominal laparotomy, and the 
other lateral abdominal laparotomy. Twenty-eight patients 
who underwent LPS surgery in our institution from Janu-
ary 2016 to December 2018 were assessed retrospectively. 
All patients were confirmed to not have obstructive hy-
drocephalus, based on their normal intracranial pressure 
as determined by spinal lumbar puncture, and were diag-
nosed as having communicating normal pressure hydro-
cephalus (NPH). All patients received preoperative lumbar 
MRI and CT to detect the lumbar subarachnoid space and 
lumbar vertebral osseous changes. All patients underwent 
LPS under general anesthesia utilizing a Strata adjustable 
pressure valve (Medtronic Inc.) or CODMAN CERTAS 
Plus programmable valve with SiphonGuard system (Cod-
man Neuro). Initial valve pressure was determined based 
on the patient’s body weight and height, and was then ad-
justed depending on their activities and clinical manifesta-
tions as documented by periodic outpatient visits.

Anterior Abdominal Laparotomy
The first 11 consecutive cases (Table 1) underwent LPS 

with anterior abdominal laparotomy; each patient was 
given the anterior abdominal laparotomy and a midpoint 
skin incision in the lateral abdominal wall, after lumbar 
puncture. We used a passer to guide a catheter between 
the lumbar puncture site and the midpoint skin incision on 
the patient’s lateral abdominal wall. We then tilted the op-
erating bed horizontally to perform an anterior abdominal 
laparotomy around the periumbilical region. In those with 

obesity, we generally had to change the patient’s position 
from lateral to supine and redrape the surgical field. After 
laparotomy, the Strata adjustable pressure valve was in-
serted into the abdominal fat tissue between the midpoint 
skin incision and the anterior abdominal wall.

Lateral Abdominal Laparotomy
For the last 17 consecutive cases (Table 2), we applied 

our lateral abdominal laparotomy modification. This lapa-
rotomy does not require skin incision at the anterior ab-
dominal wall as with the routine LPS procedures (Figs. 1 
and 2). We made a small skin incision between the tenth 
costal inferior edge and the anterior superior iliac spine 
(Fig. 1, left), and then divided the muscles with a blunt 
dissector. After lumbar puncture, we set the CODMAN 
CERTAS Plus programmable valve with the SiphonGuard 
system between the puncture site and the laparotomy site 
without changing the patient’s position or tilting the oper-
ating bed.

All procedures performed in this study were in accor-
dance with the ethical standards of our institutional and 
national research committee and with the 1964 Helsinki 
Declaration and its later amendments or comparable ethi-
cal standards. This study also obtained approval from the 
ethics committee of our institution. Written informed con-
sent was obtained from all individual participants and/or 
their first-degree relatives, prior to inclusion in the study.

Results
In the anterior abdominal laparotomy group, all pa-

tients experienced symptomatic improvement and none 
showed deterioration of their activities postoperatively ac-
cording to the modified Rankin Scale (mRS). The mean 
operative duration (± SD) was 72.36 ± 24.63 minutes. The 
average postoperative follow-up was 32.09 ± 5.38 months. 
One patient had a spinal tube tear necessitating LPS re-
vision 2 years postoperatively. In the lateral abdominal 

TABLE 1. Patient characteristics in the routine (anterior) LPS group

Case No. Age (yrs), Sex Disorder BMI (kg/m2)
Postop FU 

(mos)
Surgical Time 

(mins) Complications

1 15, M NPH due to head trauma 19.2 37 108 None
2 57, F iNPH 22.8 34 82 None
3 60, M NPH due to SAH 17.3 43 131 None
4 66, M NPH due to SAH 25.8 31 70 None
5 73, M iNPH 24.7 37 60 None
6 73, M iNPH 24.2 31 55 Tear of spinal tube
7 74, F NPH due to head trauma 22.7 26 65 None
8 78, F NPH due to metastatic brain 

tumor
20.8 27 70 None

9 79, F iNPH 22.5 26 58 None
10 81, F iNPH 21.4 26 50 None
11 87, F NPH due to SAH 20.6 35 47 None

Mean (SD) 67.55 (19.55) 22.0 (2.37) 32.09 (5.38) 72.36 (24.63)

FU = follow-up; SAH = subarachnoid hemorrhage.
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laparotomy group, all patients experienced symptomatic 
improvement and none showed deterioration of their ac-
tivities after surgery according to the mRS. The mean 
operative duration was 38.82 ± 13.87 minutes. The aver-
age postoperative follow-up was 15.41 ± 4.12 months. One 
patient had a postoperative headache and exhibited a thin, 
chronic subdural hematoma on imaging studies, which 
disappeared after adjustment of the valve pressure. No pa-

tients in either group complained of severe postoperative 
pain at the surgical site.

Discussion
LPS does not require an intracranial surgical procedure 

and surgeons do not need to be concerned about intracere-
bral hemorrhage related to catheter insertion into the lat-

TABLE 2. Patient characteristics in the lateral abdominal laparotomy group

Case No. Age (yrs), Sex Disorder BMI (kg/m2) Postop FU (mos)
Operative Time 

(mins) Complications

1 49, M NPH due to head trauma 16.7 26 57 Excessive drainage
2 56, M NPH due to SAH 26.0 12 63 None
3 57, M NPH due to SAH 24.1 20 32 None
4 66, M NPH due to SAH 20.5 17 35 None
5 68, M NPH due to SAH 24.7 13 77 None
6 71, F NPH due to SAH 18.0 12 30 None
7 73, M iNPH 25.1 12 34 None
8 75, F NPH due to head trauma 26.7 19 28 None
9 75, M iNPH 22.5 18 37 None

10 77, F iNPH 24.1 18 29 None
11 78, M iNPH 16.1 11 30 None
12 79, M iNPH 24.5 15 40 None
13 79, M iNPH 24.8 20 24 None
14 79, M iNPH 25.7 12 44 None
15 81, F iNPH 18.7 11 25 None
16 85, F iNPH 26.5 14 38 None
17 88, M iNPH 20.9 12 37 None

Mean (SD) 72.71 (10.25) 22.68 (3.41) 15.41 (4.12) 38.82 (13.87)

FIG. 1. Anterior (left) and posterior (right) views, and the axial plane of the abdomen at the third lumbar vertebral level (center). 
The red line on the left figure indicates the skin incision for the lateral abdominal laparotomy and the arrow indicates the vertical 
trajectory to the peritoneum. The red line on the right figure indicates the skin incision for manipulating the lumbar catheter and 
valve system, and the red dotted line indicates the skin incision for lateral abdominal laparotomy on the opposite side. Figure is 
available in color online only.
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eral ventricle.2,7,18 However, the majority of neurosurgeons 
still avoid LPS, because certain unfavorable features of 
this procedure have been reported.8,11,18 In the current se-
ries, 1 patient had a spinal tube tear that required revision 
surgery 2 years after the LPS procedure. Collision of os-
seous spinous processes might be related to tearing of the 
spinal catheter, and we now insert the catheter through the 
interlaminar space using a paramedian lumbar puncture. 
Low-pressure syndrome due to excessive drainage is an-
other reported potential drawback of LPS.3,8,11,18 However, 
the development of valve systems now allows a wide range 
of pressure control, such that this problem is gradually be-
ing overcome.3,13,14

Another practical problem encountered in performing 
LPS insertion involves anterior abdominal laparotomy, 
which is the approach selected for routine LPS surgery.7,16 
This procedure requires that surgeons change the patient’s 
position or tilt the operating bed, and these maneuvers are 
especially necessary in obese patients, because the ab-
dominal fat around the umbilicus is difficult to control in 
the lateral decubitus position.9,16 These cumbersome steps 
prolong the operation. Lateral abdominal wall laparotomy 
has several advantages over anterior abdominal laparot-
omy: it can be performed with the patient in the lateral 
position, and never requires either a position change or bed 
tilting. This approach achieves a much shallower surgical 
field because abdominal fat is effectively shifted down-
ward to the umbilicus in the lateral position, and only two 
small skin incisions are required. In the current series, 
the operative time was significantly shorter for the lateral 
abdominal group (Fig. 3) than for the anterior abdominal 
group, and there were no statistically significant differ-
ences in age, BMI, or complication rates between the two 
groups. Even when the 2 patients who required reposi-
tioning were removed from the analysis (patients 1 and 3, 
Table 1), because repositioning and redraping are highly 
time-consuming, the same results were obtained.

Lateral abdominal laparotomy is a simple and easily 
reproducible method, but there are pitfalls. Here we pro-
vide tips based on our experience. The lateral abdomi-
nal wall consists of three muscle layers: external oblique, 
internal oblique, and transverse abdominal. These three 
muscle layers lack the tough fascia of the anterior ab-
dominal muscle and can easily be divided with a blunt 

dissector. The peritoneal layer is clearly observed after 
division of these muscle layers. Based on our own experi-
ences, to perform lateral abdominal laparotomy, we do 
not recommend elevating the subcutaneous tissue exces-
sively as this may easily tear the connections between 
muscle layers and produce a large pocket in the extra-
peritoneal space, possibly preventing maintenance of the 
vertical and shortest trajectory between the skin and the 
peritoneum (Fig. 4). Surgeons should keep in mind that 
in the lateral position, with abdominal fat shifting down-
ward to the umbilicus, the distance from the skin to the 
peritoneum is no more than 10 cm, even in obese patients. 
Furthermore, surgeons should also approach the center 
of the trunk; if the procedure is attempted in the wrong 
direction regarding the peritoneal layer, especially one 
tangential to the peritoneum, there is a risk of reaching 
the retroperitoneal space.

Most patients who underwent LPS via lateral abdomi-
nal laparotomy had the potential to leave the hospital 
within a few days after surgery without postoperative 
pain. However, there was no statistically significant dif-
ference between the two groups in postoperative hospital 
stays. This might be due to patients being hospitalized for 
somewhat longer periods after surgery in Japan based on 
the national healthcare system. Although we did not use 
laparoscopy in this study, there are reports describing the 
use of laparoscopy in LPS.1,4,6,17 Although the advantages 
of our method include its simplicity, less equipment re-
quired, and short operative duration, the use of adjunctive 
laparoscopy might be a reasonable approach, especially 
for patients with a past history of abdominal surgery.

FIG. 2. Postoperative axial (left) and coronal (right) abdominal CT 
scans. The red circles indicate the distal catheter penetrating the lateral 
abdominal muscles. Figure is available in color online only.

FIG. 3. Bar graphs showing the average (± standard deviation) operative 
times for each LPS surgery.
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Limitations
The limitations of this study include the small number 

of patients and its retrospective nature. Another limitation 
is the short follow-up period. Although the complication 
rate in the current series was acceptable as compared with 
those in previous studies, a longer period is needed to as-
sess our conclusions.

Conclusions
The number of LPS procedures performed for patients 

with iNPH has been increasing in recent years. In this 
study we have described a lateral abdominal laparotomy 
approach, which does not require changing the patient’s 
position during the surgery. This approach greatly simpli-
fies LPS surgery, potentially making this approach more 
widely acceptable to surgeons.
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FIG. 4. Left: This figure shows the correct approach when performing 
lateral abdominal laparotomy. The arrow indicates the vertical trajectory 
to the peritoneum. Right: This figure shows an incorrect way to perform 
lateral abdominal laparotomy, in which the arrow indicates the tangential 
direction to the peritoneum. Excessive elevation of the subcutaneous 
tissue can result in tearing connections between muscle layers and 
thereby produce a large pocket in the extraperitoneal space, which may 
prevent maintaining the vertical and shortest trajectory between the skin 
and the peritoneum. Figure is available in color online only.
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