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ABSTRACT

Background. Cytoreductive surgery (CRS) provides a

survival benefit when achieved without residual disease. As

diaphragm is frequently affected in peritoneal malignan-

cies, complete cytoreduction often requires surgical

techniques over the diaphragm. The purpose of the study

was to assess diaphragmatic resection impact on cytore-

duction completeness, morbidity and mortality compared

to less aggressive diaphragmatic peritonectomy in CRS and

hyperthermic intraperitoneal chemotherapy (HIPEC)

settings.

Materials and Methods. Patients with peritoneal carci-

nomatosis and supramesocolic disease undergoing CRS/

HIPEC from 2011 to 2019 were included in a prospectively

collected database. We compared patients who underwent

full-thickness diaphragmatic resection (DR) and diaphrag-

matic peritonectomy (DP). Epidemiological and clinical

data, morbidity, and mortality within 90 days of surgery

were documented.

Results. 232 patients were initially selected. Inclusion

criteria were met by 88 procedures. DR was performed on

32 patients and DP on 56. Number of resected organs was

5.21 in the DR cohort vs. 3.57 in the DP cohort (p\0.0001).

Rate of Peritoneal Cancer Index (PCI) score [14 was

higher in the DR group (75%) than in the DP group

(50.9%) (p=0.027). Tumor invasion of diaphragmatic

muscle after DR was confirmed in 89.3% patients. Post-

operative pleural effusion was observed in 28 patients

(50%) in the DP group and in 17 (53.1%) in the DR group.

Conclusions. CRS/HIPEC requires specific surgical tech-

niques over the diaphragm to achieve complete

cytoreduction. As diaphragmatic muscle invasion is fre-

quent, full-thickness resection may allow a cytoreduction

completeness increase without an increased morbidity.

Pleural drains are not systematically required as these

procedures show low incidence of major respiratory

complications.

BACKGROUND

Cytoreductive surgery with hyperthermic intraperitoneal

chemotherapy (CRS/HIPEC) is part of the currently

accepted treatment for different peritoneal surface malig-

nancies,1,2 as it has been found to prolong survival in

randomized controlled trials3,4 and long retrospective

studies.5–7

Given that diaphragmatic infiltration is a frequent find-

ing and that survival benefit is specially obtained when no

residual disease is left,5 the ability to perform upper

abdominal surgical techniques over the diaphragm influ-

ences oncologic outcomes, as cytoreduction completeness

is an independent prognostic factor for overall survival

(OS) and disease-free survival (DFS).8–10 However, the
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impact of diaphragmatic peritoneal peritonectomy versus

full-thickness resection on postoperative morbidity, mor-

tality, cytoreduction completeness, and survival is not well

documented.

The main purpose of this study was to describe the

impact of diaphragmatic resection (DR) on cytoreduction

completeness, morbidity, mortality, and OS compared with

the less aggressive diaphragmatic peritonectomy (DP)

procedure in CRS/HIPEC settings.

MATERIALS AND METHODS

Study Design and Patient Selection

This was a retrospective study of all peritoneal carci-

nomatosis patients with supramesocolic disease who

underwent CRS/HIPEC from January 2011 to October

2019. We compared patients undergoing full-thickness DR

(DR group) with those subjected to DP (DP group).

Inclusion criteria were Eastern Cooperative Oncology

Group (ECOG) score of 0–1, American Society of Anes-

thesiologists (ASA) score of 0–3, absence of extra-

abdominal metastases, identification of resectable peri-

toneal disease in the preoperative computed tomography

(CT) scan, and three or fewer resectable liver metastases

not requiring a major hepatectomy. Patients with non-re-

sectable disease, thoracic surgery in the same procedure,

ECOG score[ 1, or lacking follow-up data were excluded

(Fig. 1).

We recorded epidemiological and clinical data, includ-

ing age, sex, primary cancer type, neoadjuvant

chemotherapy, Peritoneal Cancer Index (PCI), organs

removed, and postoperative complications, and docu-

mented perioperative morbidity and mortality during

hospitalization and within 90 days of surgery following the

Clavien–Dindo classification.11 We also analyzed respira-

tory complications comparing both cohorts and using

version 5.0 of the National Cancer Institute’s Common

Terminology Criteria for Adverse Events (NCI–CTCAE)

classification.12 This classification has been validated in the

literature and takes into account the specific symptoms for

each complication type. A grading (severity) scale is pro-

vided for each adverse event term.

We focused the analysis on respiratory complications

(pleural effusion, pneumonia, pneumothorax, and respira-

tory failure) and included all NCI–CTCAE classification

grades: Grade 1 (asymptomatic or mild symptoms with

clinical or diagnostic observations only); Grade 2 (mini-

mal, local, or noninvasive intervention indicated); Grade 3

(severe or medically significant but not immediately life-

threatening, operative intervention including chest tube or

pleurodesis indicated); Grade 4 (life-threatening respira-

tory or hemodynamic compromise; intubation or urgent

intervention indicated); and Grade 5 (death related to the

respiratory complication). To evaluate pleural effusion, we

performed a daily chest radiography for all patients at 24

and 48 h, and repeated the chest radiography if patients

showed symptoms during hospitalization. The NCI–

CTCAE classification considers respiratory failure as a

Grade 4 complication.12

We stratified and analyzed OS and DFS by the most

common tumor types (gynecological, colorectal, and

appendiceal origin) in order to avoid bias.

The main purpose of this study was to describe the

impact of DR on cytoreduction completeness, morbidity,

mortality, and OS compared with the less aggressive DP

procedure in CRS/HIPEC settings.

This study was approved by our institutional Ethics

Committee and has been developed according to the Dec-

laration of Helsinki statements.

Preoperative Planning and Management

All cases were evaluated by a multidisciplinary com-

mittee on peritoneal surface malignancies, and indication

for surgery was determined according to their assessment.

We evaluated preoperative staging with CT scans of the

chest, abdomen, and pelvis in all patients, and with posi-

tron emission tomography (PET) when indicated by the

committee. When high PCI or thoracic disease were sus-

pected, laparoscopy ± thoracoscopy was performed to

assess the possibility of complete cytoreduction in order to

avoid unnecessary laparotomies. Extra-abdominal disease

TOTAL
232

6 (lack of monitoring)

Gynecological (51)
Colon (20)

Appendix (12)
Mesothelioma (2)

Gastric (2)
Carcinosarcoma (1)

Excluded patients:
1(CC-2)
1 Abdominal + thoracic
surgery
2 No HIPEC

Diaphragmatic
involvement: 98

Inclusion criteria 94

Total analyzed: 88

FIG. 1 Patient selection process. CC completeness of cytoreduction,

HIPEC hyperthermic intraperitoneal chemotherapy
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or non-resectable liver metastasis were contraindications

for CRS/HIPEC.

We applied the same treatment protocol for all patients.

Preoperative prophylactic intravenous antibiotics (cefo-

taxime 2 g and metronidazole 500 mg) were infused

30 min before incision and maintained over a 48-h period.

The anesthetic strategy was based on general anesthesia,

epidural analgesia, invasive monitoring, and goal-directed

fluid balance.13

Operative Technique

An xifopubic incision is performed while the patient is

in the Lloyd Davies position. The first step is to evaluate

the patient’s PCI and to determine whether complete

cytoreduction is achievable with no disease remaining

(CC-0).

Peritoneal peritonectomy is performed in the affected

areas to obtain a complete macroscopic resection, includ-

ing anterior parietal peritoneum, pelvis, and diaphragmatic

peritoneum. Appendectomy, omentectomy, and cholecys-

tectomy are performed as per protocol.1,2

DR is performed if disease extends beyond the peri-

toneal surface. In order to do so, we delimitate the resection

area using Crile forceps. In coordination with the anes-

thesiologist, we open the diaphragm. The parietal pleura

and the lungs are then assessed to rule out disease. After-

wards, we complete the resection under direct view,

ensuring tumor-free resection margins and taking special

care to avoid peritoneal fluid leakage inside the thorax to

prevent seeding.

Once resection is performed, we use a running

polypropylene 0 suture to close the defect. A surgical

aspirator is placed inside the defect before closing it and, in

coordination with the anesthesiologist, and while per-

forming a Valsalva maneuver, we proceed to knot the

suture while aspirating to avoid pneumothorax (Video 1).

Neither intrathoracic drains nor mesh are placed to close

the defect.14 All patients are extubated in the operating

room and start early respiratory rehabilitation using a Tri-

Flow� in order to encourage slow sustained maximal

inspiration (SMI).

We use Sugarbaker’s complete cytoreduction (CC)

classification: CC-0 (no disease), CC-1 (\ 0.25 cm); CC-2

(0.25–2.5 cm); CC-3 ([ 2.5 cm).15, 16

The open approach (Coliseum) is our technique of

choice for delivering HIPEC. We apply it once we have

performed CRS, closed all diaphragmatic defects, and

completed all gastrointestinal anastomoses. We used

oxaliplatin in colorectal cancer until 2018, then changed to

mitomycin C (20 mg/m2 for 60 min and 10 mg/m2 for

30 min diluted in 3 L/m2 of a 1.5% glucose solution at

42 �C)0.17 In ovarian cancer, we used paclitaxel until 2016,

then changed to cisplatin (15 mg/m2/2L diluted in 3 L/m2

of a 1.5% glucose solution for 60 min at 42 �C) according

to the last published evidence.3

Statistical Analysis

SPSS version 26 was used for data analysis (IBM Cor-

poration, Armonk, NY, USA). For continuous variables,

we used Student’s t test if the distribution was normal, and

the Mann–Whitney U test if it was not. To compare cate-

gorical variables, we used the Chi square or Fisher’s exact

tests. Variables with a p-value\ 0.05 were considered

statistically significant. OS was represented using the

Kaplan–Meier method.

RESULTS

From the 232 patients who underwent CRS/HIPEC, 98

presented diaphragmatic involvement. Four patients were

excluded from the study: one due to incomplete cytore-

duction (CC-2), one due to combined surgery (the

abdominal and thoracic approaches), and two because they

did not receive HIPEC. Six patients were lost to follow-up,

thus resulting in a final sample of 88 patients (Fig. 1).

DR was performed on a total of 32 patients, and DP was

performed on 56 patients. The PCI was 14.51 in the DP

group and 16.75 in the DR group (p = 0.18). The clinico-

pathologic characteristics of both groups are reported in

Table 1.

The number of resected organs was higher in the DR

cohort, with 5.21 organs involved, versus 3.57 in the DP

cohort (p\ 0.0001). Operative time was 53.4 min longer

in the DR group (p = 0.022). PCI score[ 14 was higher in

the DR group (75%) than in the DP group (50.9%;

p = 0.027.

Anatomopathological analysis after DR confirmed

tumor invasion of the diaphragmatic muscle in 89.3% of

the specimens.

No difference was observed between the two groups

regarding other perioperative outcomes (Table 2). Only

two (3.6%) patients in the DP cohort and 4 (12.5%)

patients in the DR cohort required placement of an intra-

operative chest tube (p = 0.110).

Postoperative variables are reported in Table 3. Major

complications at 90 days (Clavien–Dindo classification

III–IV) were similar in both groups, with no significant

differences during hospital stay, intensive care unit (ICU)

stay, readmission, or reoperation.
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According to the NCI–CTCAE classification, pneumo-

nia was identified in two DP patients and one DR patient,

while respiratory failure was identified in one DP patient

and two DR patients. No patients experienced postopera-

tive pneumothorax.

Postoperative pleural effusion was identified in 28

patients (50%) in the DP group and 17 patients (53.1%) in

the DR group. Placement of the chest tube was necessary in

TABLE 1 Clinicopathologic characteristics

Group 1: Diaphragmatic

peritonectomy [n = 56]

Group 2: Diaphragmatic

resection [n = 32]

P-value

Age, years 58.94 (49.25–69.25) 60.32 (53–68.5) 0.597

Sex [n (%)] 0.789a

Male 10 (17.9) 5 (15.6)

Female 46 (82.1) 27 (84.4)

PC primary origin [n (%)] 0.304

Gynecological 30 (53.6) 21 (65.6)

Colon 11 (19.6) 9 (28.1)

Appendix 10 (17.9) 2 (6.3)

Gastric 2 (3.6) 0

Carcinosarcoma 1 (1.8) 0

Mesothelioma 2 (3.6) 0

ASA score [n (%)] 0.893a

1 7 (12.5) 5 (15.6)

2 41 (73.2) 22 (68.8)

3 8 (14.3) 5 (15.6)

ECOG [n (%)] 0.86a

0 43 (76.8) 17 (73.9)

1 13 (23.2) 6 (26.1)

PCI score 14.51 (7.25–21) 16.75 (12–21) 0.180

PC peritoneal cancer, ASA American Society of Anesthesiologists, ECOG Eastern Cooperative Oncology Group, PCI Peritoneal Cancer Index
aChi square test

TABLE 2 Perioperative variables

Group 1:

Diaphragmatic peritonectomy [n = 56]

Group 2:

Diaphragmatic resection [n = 32]

P-value

Surgery time, hours 8.84 (7.50–10) 9.73 (9–11) 0.022

CCS score [n (%)] 0.748a

0 47 (83.9) 26 (81.3)

1 9 (16.1) 6 (18.8)

Resected organs 3.57 ± 1.39 5.21 ± 1.60 \0.0001

PCI score [n (%)] 0.027a

1–14 27 (49.1) 8 (25)

[ 14 28 (50.9) 24 (75)

AP confirmation [n (%)]

Negative 19 (38.8) 3 (10.7)

Positive 30 (61.2) 25 (89.3)

IO chest tube [n (%)] 2 (3.6) 4 (12.5) 0.110a

CCS completeness of cytoreduction, PCI Peritoneal Cancer Index, AP anatomopathologic, IO intraoperative
aChi square test
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three patients (5.4%) in the DP group and one patient

(3.1%) in the DR group, with no significant difference

(Table 4).

DISCUSSION

Diaphragmatic Invasion and Complete Cytoreduction

CRS/HIPEC is part of the currently accepted treatment

for different peritoneal surface malignancies,1,2 as it has

been found to prolong survival in randomized controlled

trials.3,4 Furthermore, similar findings based on long ret-

rospective studies are available for appendiceal

malignancies, pseudomyxoma peritonei, and malignant

mesothelioma.5–7

Cytoreductive surgery is associated with a significant

survival benefit, but this benefit is only obtained when no

residual disease remains.5 Considering that complete

cytoreduction is an independent prognostic factor for OS

and DFS in these patients, the ability to perform upper

abdominal techniques may influence oncologic

outcomes.8–10,18

Techniques such as diaphragmatic procedures, including

peritonectomy or full-thickness resection, have been

reported to be required in 29.6–50% of CRS/HIPEC

surgeries.19,20 We performed these procedures in 42.2% of

our CRS/HIPEC cases.

Full-thickness DR is required when tumor has surpassed

the peritoneal barrier and infiltrated the diaphragmatic

muscle. When diaphragmatic invasion is suspected, peri-

tonectomy or electrovaporization are insufficient, as

residual tumor, located in the deeper muscle layers, will not

be eradicated.

TABLE 3 Postoperative variables

Group 1: Diaphragmatic

peritonectomy (n = 56)

Group 2: Diaphragmatic

resection (n = 32)

P-value

Complications (n %) 0.748a

None or minor complications (grade 0–II) 41 (73.2) 24 (75)

Major complications (grade III–IV) 14 (25) 8 (25)

Death (grade V) 1 (1.8) 0

Length of stay, days 17.45 (9–17) 18.06 (10–22.25) 0.861

ICU stay, days 3.42 (2–2) 4 (2–5) 0.656

Reoperation [n (%)] 6 (10.7) 4 (12.5) 0.800a

Readmission [n (%)] 4 (7.1) 1 (3.1) 0.542a

ICU intensive care unit
aChi square test

TABLE 4 Pleural effusion according to NCI–CTCAE

Group 1:

Diaphragmatic

peritonectomy [n = 56]

Group 2:

Diaphragmatic

resection [n = 32]

Total: Any diaphragmatic

procedure [n = 88]

P-value

No pleural effusion 28 (50%) 15 (46.9%) 43 (48.9%) 0.753a

Grade 1 16 (28.6%) 8 (25%) 24 (27.3%)

Grade 2 9 (16.1%) 8 (25%) 17 (19.3%)

Grade 3 3 (5.4%) 1 (3.1%) 4 (4.5%)

Data are expressed as n (%)

NCI–CTCAE National Cancer Institute Common Terminology Criteria for Adverse Events
aChi square test

Grade 1: Asymptomatic; clinical or diagnostic observations only; intervention not indicated

Grade 2: Symptomatic; intervention indicated (e.g. diuretics or therapeutic thoracentesis)

Grade 3: Symptomatic with respiratory distress and hypoxia; operative intervention, including chest tube or pleurodesis, indicated

Grade 4: Life-threatening respiratory or hemodynamic compromise; intubation or urgent intervention indicated

Grade 5: Death

4680 A. Craus-Miguel et al.



Such cases can be recognized during surgery if the

diaphragmatic peritoneum and muscle cannot be easily

detached, and a tumor mass can be detected by digital

examination. In these cases, we perform a full-thickness

DR along with a peritoneal peritonectomy, as previously

described.

Invasion of the diaphragmatic muscle is not unusual. In

our series, 89.3% of patients who underwent full-thickness

DR had histological confirmation of diaphragmatic muscle

involvement. There are no previous reports in the literature

regarding the histological confirmation of this involvement,

but this figure allows us to estimate that the study CC-0 rate

(81.3%) would have been significantly lower if full-thick-

ness DR had not been performed.

Although pleural recurrence has been described as a

theoretical risk after DR, there are no published data in

peritoneal carcinomatosis contexts. As for our series, no

cases of pleural dissemination have been registered.

Overall Morbidity, Particularly Respiratory

Complications

Regarding-postoperative overall morbidity, particularly

respiratory complications, previous studies of CRS/HIPEC

describe complication rates of 27–56% and a mortality rate

of 0–11%, but the impact of diaphragmatic CRS on these

outcomes is unknown.21

Our findings showed that compared with peritonectomy,

full-thickness DR was not associated with higher values for

major complications (Clavien–Dindo III–IV) or longer

hospital or ICU stays, despite registering significantly

higher values for PCI and number of organs removed with

statistically significant differences. These results are simi-

lar to those reported in other diaphragmatic peritonectomy

versus resection studies.22,23

Regarding respiratory complications, previous studies

reported a pleural effusion rate of 42–98%.20,22 In our

study, 48.9% of patients undergoing a diaphragmatic pro-

cedure did not suffer postoperative pleural effusion, and

27.3% had asymptomatic pleural effusion with no inter-

vention indicated (Table 4). Only 4.5% of patients needed

a postoperative thoracic drain. The intraoperative chest

tube rate was low, after both peritonectomy (3.6%) and DR

(12.5%).

No postoperative pneumothorax was registered in any

patients, although the incidence reported in other studies

reached 16.5–33% after diaphragmatic procedures24,25.

The rate of respiratory complications of both peritonec-

tomy and full-thickness DR was low and was not

significantly different (Tables 3 and 4).

We hypothesize that low rates of respiratory complica-

tions may be explained by a constellation of factors. Our

anesthesiology team follows a standardized goal-directed

therapy protocol 13 that allows to individually adjust fluid

therapy, avoiding overhydration and probably reducing

postoperative pleural effusion. Moreover, the previously

described surgical technique, consisting of closing the

diaphragmatic defect during aspiration while performing a

Valsalva maneuver (Video 1), may have an impact

regarding pleural effusion and pneumothorax. Likewise,

early postoperative respiratory rehabilitation may also

contribute to reducing respiratory complications.

According to our experience, thoracic drains are not

routinely required.24 We advocate for selective use of

thoracostomy tubes during CRS/HIPEC with DR. Only a

few patients (4.5%) needed a postoperative thoracic drain,

as 95.5% of respiratory complications were minor (NCI–

CTCAE classification) and were medically managed.

Limitations

The main limitations of our study are our patient pop-

ulation heterogeneity and a reduced patient sample, which

made us focus on the procedure and the perioperative

outcomes rather than on OS.

CONCLUSIONS

CRS/HIPEC surgery frequently requires specific surgi-

cal techniques over the diaphragm to obtain complete

cytoreduction. As diaphragmatic muscle invasion is not

uncommon, full-thickness DR may allow for an increase in

cytoreduction completeness without an increase in mor-

bidity. Patients undergoing diaphragmatic peritonectomy

or resection do not systematically need pleural drains. The

incidence of major respiratory complications after these

procedures is low.
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